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Foreword

Power-generating capacity in India has increased steadily over the
years, and so has the demand for power. However, the growth in
demand has exceeded the growth in generation capacity, as a result
of which the country is facing acute energy and peak shortages. Over
the years, the focus has primarily been on implementing supply-side
measures, such as capacity addition, reduction of transmission and
distribution losses, and so on. Supply-side measures, though
extremely important, require large investments and are spread over
long periods of time. It is, therefore, important to adopt a multi-
pronged strategy that not only focuses on the supply side but also

incorporates improvements in efficiency at the demand side.

Demand-side measures like promotion of energy-efficient
appliances and load management are much faster to implement and
are cost-effective options in narrowing the gap between supply and
quantity demanded. Besides providing quick and viable options,
such measures also reliably mitigate the risk of global climate
change and environmental degradation associated with electricity
production and use. Above all, these options also prove attractive for
consumers and can result in significant benefits to them.

This publication, by way of a case study, demonstrates the
energy-saving potential of basic demand-side management
measures and the associated savings that can accrue to households
and utilities by adopting them.  The following pages also explore and
discuss the roles and responsibilities of key stakeholders in realizing
this potential.  The discussion also deals with means to sensitize
relevant stakeholders in moving towards this direction. I am sure this
will prove to be an extremely useful publication both for managers of
the power industry and general consumers of electricity.

R K Pachauri
Director-General, TERI
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AC Air conditioner
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AT&C Aggregate technical and commercial
BESCOM Bangalore Electricity Supply Company
BRPL BSES Rajdhani Power Ltd
BU Billion units
BYPL BSES  Yamuna Power Ltd
CEA Central Electricity Authority
CFL Compact fluorescent lamp
CGS Central generating station
CRF Capital recovery factor
DERC Delhi Electricity Regulatory Commission
DSM Demand-side management
DTL Delhi Transco Ltd
EETs Energy-efficient technologies
ESCO Energy supply company
GLS General lighting source
IB Incandescent bulb
KERC Karnataka Electricity Regulatory Commission
LPG Liquefied petroleum gas
MCD Municipal Corporation of Delhi
MERC Maharashtra Electricity Regulatory Commission
MVC Municipal Valuation Committee
NCT National capital territory
NDMC New Delhi Municipal Council
NDPL North Delhi Power Ltd
O&M Operation and maintenance
RH Room heater
RWA Resident welfare association
SEC Socio-economic class
SERC State Electricity Regulatory Commission
T&D Transmission and distribution
TL Tube light
ToD Time of day
VAT Value-added tax





1Managing power demand:  a case study of the residential sector in Delhi

CHAPTER 1

Power supply scenario in India

Power-generating capacity in India is increasing steadily over the
years, and so is the demand for power. However, the growth in
demand has exceeded the growth in generation capacity, as a result
of which the country is facing acute energy and peak shortages—
8.3% and 12.3%, respectively, in 2005/06 (Figures 1 and 2).

Figure 1 Energy requirement/availability in India (2002–06)
Source CEA General Review (2006); TERI (2006)

Figure 2 Peak demand/met in India (2002–06)
Source CEA General Review (2006); TERI (2006)
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As per the National Electricity Plan (CEA 2005), the energy
demand is likely to increase by 35.6% in 2011/12 from its
2006/07 value, and by another 35.2% in 2016/17 (Table 1).

Furthermore, the Government of India’s initiative to achieve
100% village electrification and provide power to all by 2012 will
lead to growth in demand for power at a much faster rate. Capacity
addition, forms a viable option of bridging this ever-increasing
demand–supply gap however, requires large capital investments and
is time-consuming. Also, the track record of capacity addition in the
past has not been satisfactory, with achievement consistently falling
short of the target (Figure 3).

The National Electricity Plan states that although power genera-
tion through non-conventional sources and nuclear energy is likely
to increase in future, coal is going to remain the main fuel in India.

Figure 3 Percentage of targeted capacity addition achieved during the past nine

plan periods
Source Ramanathan (2005)

Table 1 Energy and peak demand projections

Description 2006/07 2011/12 2016/17

Energy (BU) 719 975 1318
Peak (GW) 115 157 213

BU – billion units; GW – gigawatts
Source CEA (2005)
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In view of the depleting coal reserves and uncertainties in the avail-
ability and price of petroleum products, there is a need to explore
alternative options that would help in narrowing this demand–
supply gap, thus ensuring energy security in India. In this context, it
is important to look at measures that promote efficiency at both the
supply side and the demand side. Examples of such measures on the
supply side include using environment-friendly technologies, reduc-
ing T&D (transmission and distribution) losses, using better genera-
tion parameters, diversifying fuel-mix, and so on. On the demand
side, such measures include improving and promoting use of energy-
efficient appliances, promoting energy conservation, and so on.
Alongside, several other measures, such as regional energy coopera-
tion, facilitating private sector participation, promoting renewable
sources, and decentralized generation also need to be considered.

While other measures require huge investments and are also time
consuming, promotion of energy efficiency and DSM (demand-side
management) are the most cost-effective options for ensuring energy
security. Besides being a quick and viable option, DSM reliably
mitigates the risk of global climate change and environmental
degradation associated with electricity production and use.

With regard to DSM, the Ministry of Power specifies, ‘demand-
side management is used to describe the actions of a utility beyond
the customer’s meter, with the objective of altering the end-use of
electricity – whether to increase demand, decrease it, shift it between
high and low peak periods, or manage it when there are intermittent
load demands – in the overall interests of reducing utility costs.’

In other words, DSM is the planning, implementation, and
monitoring of a utility’s activities, designed to encourage customers
to amend their electricity consumption patterns with respect to
duration and extent of usage, so as to help them use electricity more
efficiently. It aims to modify consumer behaviour and facilitate the
adoption of EETs (energy-efficient technologies). DSM can be
achieved in the following manner.
� Improving the efficiency of various end-use appliances to reduce

both energy and peak power demand
� Developing and promoting EETs
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� Managing demand by adopting soft options like implementing a
tariff structure so as to stimulate a shift in consumption to off-
peak periods, seasonal tariffs, and interruptible tariffs
In order to implement these measures, it is important to under-

stand the behaviour of consumers in terms of their electricity usage
pattern and willingness to subscribe to such measures. This would
also help in estimating the energy-saving potential of this sector. It is
also important to understand the barriers against increased penetra-
tion of energy-efficient appliances into the households.

With this background, a survey of 1000 households in Delhi
(across different property classes1 ) was undertaken in December
2005 and January 2006 to understand the ownership and usage
pattern of electrical appliances and the willingness of the households
to adopt DSM measures.2  The objective of the study was to demon-
strate energy-saving potential and the associated savings likely to
accrue to households by adopting such measures. This publication
aims at disseminating the results of the case study and sensitize key
stakeholders on their role and responsibilities in this context.

1 MCD (Municipal Corporation of Delhi), based on the recommendations by
MVC (Municipal Valuation Committee), has classified a total of 1935 colonies in
Delhi under property classes from A to H, using the unit area value method (refer
Annexe A-1).

2 The questionnaire design, sampling methodology, extrapolation of results, and
other modalities relating to the survey are provided in Annexe A-1.
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CHAPTER 2

Case study: Delhi

The power scenario in Delhi is no better when compared with that of
the country. The state is highly dependent on the allocations from
the CGS (central generating station) and other states for fulfilling its
power requirement. Its own generation is considerably low with
ageing plants running at a low plant load factor. T&D (transmission
and distribution) losses, rampant theft, and consistent demand–
supply gap are some of the recurring issues. This chapter discusses
these issues in detail.

Generating capacity

Power requirement in Delhi is met by generation capacity from
within the state and allocations from CGS. Some banking and
bilateral arrangements have also been made to meet the power
demand. The total installed capacity in Delhi is 3512.6 MW
(megawatts), of which the state’s own generating capacity is
932.4 MW, and allocation to the city from CGS is 2580 MW
(MoP 2006).

As most of the city’s power plants are very old, they generate way
below their capacity, at an overall plant load factor of 43.6%
(Ministry of Finance 2004). The net cost of generating power from
Delhi’s own power plants is generally high due to their low capacity
utilization and high fuel consumption.

Demand–supply gap

There has been a consistent gap between energy requirement and
availability, and between peak demand and peak met, in the city
(Figures 1 and 2). In addition to being dependent heavily on the
northern grid to meet the demand, Delhi has some peculiar seasonal
demand characteristics due to which the power requirement keeps
changing. As a result, it becomes difficult to plan annual require-
ment in a supply-deficit scenario.
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The peak seasons in Delhi coincide with that of the other
neighbouring states, thereby creating a peak deficit in the grid. Apart
from the shortages, there are stability issues that the electricity-
starved northern grid faces due to overdrawl by a number of states.
In June/July 2006, the grid was on the verge of collapse, with fre-
quency of supply constantly hovering below the permissible value.
This resulted in poor and unreliable power supply, including fre-
quent power cuts due to shortages and considerable fluctuation in
voltage and frequency.

Figure 2 Energy requirement/availability in Delhi (2002–06)
Source CEA (2006)

Figure 1 Peak demand/met in Delhi (2002–06)
Source CEA (2006)
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With peak demand in Delhi likely to increase to 4310 MW (mega-
watts) by 2006/07 and to 7397 MW by 2016/17 (CEA 2005), the
gap between demand and supply is expected to grow further, making
the situation worse in the coming years.

Transmission and distribution system

The transmission lines are inadequate, and the capacity insufficient
to transfer the amount of peak power estimated as necessary for the
coming years. The supply-side measures of meeting the growing
demand for power will require not only augmenting generating
capacity but also upgrading and augmenting the transmission and
distribution system. Another major issue in city’s power system is the
high level of AT&C (aggregate technical and commercial) losses.
Though the AT&C losses have reduced from 50.2% in 2001/02 to
38.5% in 2005/06,1  they are still on the high side as compared to
several other states. Rampant theft and pilferage are some other
factors contributing to such high level of losses.

This scenario of Delhi’s power system clearly indicates that
supply-side options are not adequate and the state needs an inte-
grated resource planning initiative that includes both supply- and
demand-side measures.

Consumer mix in the state

Total sales of electricity in the residential sector, as a percentage of
total sales, have increased from 29% in 1980/81 to 51% in 2005/06
(Figure 3).

The share of the domestic sector in the total sales and connected
load is growing. The tariff of domestic sector is subsidized by indus-
trial and commercial consumers. Reduction in demand would help
not only in bridging the gap between demand and supply but also in

1 Tariff  orders of NDPL (North Delhi Power Ltd), BRPL (BSES Rajdhani Power
Ltd), and BYPL (BSES Yamuna Power Ltd) for 2003/04, 2004/05, and 2005/06,
issued by DERC (Delhi Electricity Regulatory Commission). Figure 38.5%
corresponds to the level of losses approved by DERC.
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reducing the subsidy burden on other consumer categories. This
study hence becomes important to understand the consumption
behaviour, energy-saving potential in this sector, barriers to
penetration in energy-efficient appliances, and strategies to
overcome these barriers.

Figure 3 Consumer mix in electricity sales in Delhi (2005/06)
Source DERC (2006)
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CHAPTER 3

Survey findings1

Data collected from the survey in Delhi was analysed in order to
ascertain the usage and ownership pattern of electrical appli-
ances in households, energy-saving potential in various end-
uses, cost incurred by consumers  to cope with unreliable and
poor-quality power supply, and barriers to implementation of
EETs (energy-efficient technologies) for the sample.

Ownership and usage pattern of electrical appliances

Detailed analysis of electricity consumption in terms of end-use is
best accomplished by analysing a representative sample of house-
holds. This exercise requires details like the number of appliances
used and their usage pattern. Table 1 lists the data collected from the
survey on ownership and usage patterns of electrical appliances.

For the sake of simplicity in the analysis, these appliances have
been categorized under lighting, space conditioning (cooling and
heating), water heating, cooking, and other appliances.

Lighting

The appliances used for lighting in a typical household include (1)
incandescent bulbs, (2) fluorescent TLs (tube lights), and in some
cases, (3) CFLs (compact fluorescent lamp). As estimated from the
survey results, a typical household has, on an average, four TL
fixtures, two bulbs, and one CFL. The per day usage of these appli-
ances is 5 hours, 3 hours, and 3.7 hours, respectively. These figures
are calculated as the weighted average of number of appliances and
hours of usage across all property classes.2  The number of hours of

1 Findings are based on the responses provided by various consumers during the
survey. Hence, their reliability depends largely on the accuracy of reports
provided by consumers.

2 For property classes F, G, and H, it is assumed that each household has two
incandescent bulbs, with three hours of average use per day.
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usage for an appliance is an important determinant in establishing
the economic viability of its replacement with an efficient appliance.
For example, it can be demonstrated that replacing bulbs, which are
used for less than an hour per day by CFLs, is not cost-effective.

Space conditioning

Commonly used appliances for space conditioning during summers
in residential sector are (1) ceiling fans, (2) air-coolers, and (3) ACs
(air conditioners).3 Survey results indicate that amongst these three,
the most commonly used/owned appliances are ceiling fans, fol-
lowed by coolers and ACs. Table 2 illustrates the penetration of these
appliances according to the property class. It is observed that there
are more coolers and less ACs in lower income groups, and vice-
versa in the case of higher income groups.

Water heating

Electricity requirement for water heating is reasonably high in Delhi
and is a major contributor to peak load in winters. A commonly used

Table 1 Number of appliances (per 1000 households) and hours of usage

Appliance Rating  (W) Appliances/1000hh Average hours of usage

Bulbs 60 2131 (~2IB/hh) 3.0

Tube lights and ballast 55 4131 (~4TL/hh) 4.9

Compact fluorescent lamps 11 1541 3.7

Ceiling fans 60 3728 11.2

Coolers 200 918 8.3

Air conditioner 1750 625 4.3

Room heater 1500 223 2.3

Refrigerator 200 987 24.0

Geyser 1500 717 1.7

Immersion rods 1500 104 1.2

Television 120 1252 5.3

Washing machine 700 576 0.7

Iron 1000 286 0.9

Pump 740 293 1.1

Computer 200 73 3.5

W –  watts; IB – incandescent bulb; hh – households; TL – tube light

Source Survey findings

3 Ownership and usage of room heaters for space conditioning during winters is
very low and do not contribute significantly to electricity consumption.
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appliance for heating water in Delhi is the electric geyser. Some
households also use immersion rods as an alternative.

The average number of geysers per 1000 households was 717,
implying that approximately 72% of total households use electric
geysers, with average usage of 1.7 hours per day. Immersion water
heaters are used by only approximately 11% of households, with an
average usage of 1.2 hours/day. The remaining households probably
do not use electricity for heating water.

Geysers are high rating appliances and are used particularly
during peak hours. Hence, adopting DSM (demand-side manage-
ment) measures in this end-use, either by load management or
efficiency improvement, or both, is imperative. As analysed in
subsequent sections, load management can be implemented by
shifting geyser load from peak to off-peak hours. One of the effi-
ciency measures can be replacing conventional water heaters with
efficient solar water heaters or LPG (liquefied petroleum gas)
instant water heaters. However, in the case of LPG instant water
heaters, issues pertaining to subsidized costs of LPG and shortage of
supply need to be considered for a long-term perspective.

Cooking

Unlike developed countries, the practice of using electricity for
cooking is not widespread in India. Table 3 indicates the ownership
pattern of electricity-based cooking appliances,  by property class.

Others

For the sake of simplicity, appliances other than lighting, space
conditioning, water heating, and cooking have been grouped under
‘others’. This category includes refrigerators, televisions, washing
machines, electric irons, pumps, and computers. On an average,

Table 2 Ownership of cooling appliances, by property class

Appliance Class A Class B Class C Class D Class E Average hours of

usage

Ceiling fans 4444 3795 4732 3448 2630 11.2
Coolers 667 1041 854 1014 866 8.3
Air conditioners 1556 671 976 454 98 4.3

Source Survey findings
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each household uses at least one refrigerator throughout the day.
Television is used for an average of 5.3 hours per day in the ON
mode.4  Washing machines, electric irons, and pumps are high power
rating and low usage appliances, used intermittently during the day.
Though they do not contribute significantly to the total electricity
consumption, if used during peak hours, they can increase the peak
demand significantly.

Estimated electricity consumption, by end-use

The electricity consumption of a household by appliances has been
estimated from the number of appliances used, usage hours, and
rating of appliance. Appliances used during summers and winters
have been divided in order to obtain a percentage of different end-
uses in total electricity consumption for both the seasons. Figure 1
shows the share of various end-uses, by appliance,5  in the monthly
consumption of all the households in the city.

Summer

Air conditioning and refrigeration are the major contributors to
electricity consumption during summers (Figure 1). In a typical
summer month, the total consumption in the city is about
746.6 million units. Lighting contributes to 9% of the total con-
sumption. Other appliances including television, washing machine,
iron, and electric pumps do not contribute significantly to the
consumption.

Table 3 Penetration and usage of electric cooking appliances (Per 1000 households)

Appliance Class A Class B Class C Class D Class E

Electric cooking heater 0 14 12 3 59
Electric hot plate 0 0 0 3 0
Oven toaster griller 111 27 0 14 4
Microwave oven* 444 315 329 80 16

* Though the number of microwave ovens is on the higher side for Classes A, B, and C, the hours of
usage per day is negligible.
Source Survey findings

4 It may be worthwhile to mention that these appliances consume significant
electricity even in stand-by mode.

5 Lighting here includes incandescent bulbs, tube lights, and compact fluorescent
lamps.
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Winter

Water heating and refrigeration are the major electricity-consuming
end-uses during winter (Figure 2). The total consumption in the city
is about 492.5 million units in a typical winter month, which is 64%
of consumption during summers. Lighting contributes to 14% of the
total consumption. As was the case during summer months, other
appliances including washing machine, iron, and electric pumps do
not contribute significantly to the consumption.

In the subsequent sub-sections, each of the end-uses has been
discussed in detail.

Lighting

Lighting requirements for a household do not differ significantly
between summers and winters. At an all-India level, bulbs account
for about 80% of the total lighting load, while in Delhi, the share is
estimated at 34%. TLs account for 63%, and the contribution of
CFLs is marginal at 4%. With increasing awareness, consumers are
shifting to energy-efficient appliances, reflected by high share of TLs.
However, this product segment still has considerable energy-saving
potential. Since lighting contributes significantly to peak demand,

Figure 1 Share of end-uses (by appliance) in electricity consumption during

summers (others include washing machine, computer, and iron)
Source TERI’s  estimates
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replacing IBs (incandescent bulbs) with CFLs would reduce not
only the energy requirement but also the peak demand. A cost–
benefit analysis for substituting IBs with CFLs, on the basis of
survey findings, is presented in the next chapter.

Space conditioning

Electricity requirement for space conditioning during summers (that
is, space cooling) is much higher than that in winters. During sum-
mers, electricity consumption by ACs is the highest, followed by
ceiling fans and coolers, which together constitute 52% of the total
electricity consumption. ACs are high-rating and high-usage de-
vices, fulfilling nearly 53% of the total requirement for cooling
during peak summers. Ceiling fans have high penetration and are
used for longer durations, thereby meeting 28% of the total require-
ment for cooling.

For space conditioning during winters, only a few households use
room heaters (223 out of 1000 households), and hence, their contri-
bution to total electrical consumption is only 8%.

Water heating

Water heating, required primarily in winters, contributes to 18% of
electricity consumption, of which 16% is consumed by electric

Figure 2 Share of end-uses (by appliance) in electricity consumption during

winters (others include washing machine, computer, and iron)
Source TERI’s  estimates
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geysers and 2% by immersion rods. Water-heating load contributes
significantly to peak load during winters, and hence, shifting this
load from peak hours to off-peak hours is a priority.

Others

Refrigerators are used in almost every household (Table 1) and are
low-rating, high-usage appliances. They operate throughout the day,
and their contribution to the total consumption is about 28% in
summers and 44% in winters. Use of efficient refrigerators can bring
down the energy demand of the city significantly.

Other appliances like televisions, washing machines, electric
irons, pumps, and computers do not contribute significantly towards
the total consumption. Nevertheless, there does exist saving poten-
tial through the use of more efficient appliances. At present, the
purchase of these appliances is cost-driven, and efficiency is not an
important consideration by the consumer. However, with increasing
awareness, the trend is shifting towards usage of efficient appliances.
Furthermore, now with the introduction of the labelling programme
by the Ministry of Power, this trend may gain further momentum.
It is, however, important to note that the penetration of efficient
appliances requires strong financial incentives, preceded by aware-
ness programmes.

Estimated peak load, by end-use

Peak load in the mornings and evenings during summers was
estimated at 1850 MW (megawatts) and 2415 MW, respectively.
Similarly, during winters, it was estimated at 2476 MW and
1861 MW, respectively (Figures 3 and 4). Methodology adopted
for estimation is given in Annexe A-1.

Summer

In summers, the evening peak is higher than the morning peak, ACs
being the major contributors. Furthermore, lighting load during
evenings is generally higher than that in the mornings. Other appli-
ances used include washing machines, refrigerators, televisions,
water pumps, and electric irons (Figure 3).
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Figure 4 Morning and evening peaks during a peak winter month in Delhi
Source TERI’s  estimates

Figure 3 Morning and evening peaks during a peak summer month in Delhi
Source TERI’s  estimates
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Winter

Morning peak in winters is higher than the evening peak, and is
nearly equal to the evening peak during summers. As expected,
water heating is the major contributor to this peak load. Figure 4
shows the break up of the estimated peak load for the residential
sector, by end-use. As mentioned earlier, water heating contributes
significantly. Other appliances used include washing machines,
refrigerators, televisions, water pumps, and electric irons.

Based on the above findings, Chapter 4 discusses the economic
viability of DSM measures in some of the end-uses, and presents a
cost–benefit analysis for various stakeholders.
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CHAPTER 4

DSM measures and cost–benefit analysis

In order to actively implement load management measures, there is a
strong need for a combination of market-based instruments, and
policy and regulatory interventions. Accordingly, this chapter in-
cludes immediate steps/short-term measures that can be undertaken
to reduce/shift peak load in lighting and water heating, and presents a
cost–benefit analysis of implementing these measures. The short-
term measures considered are as follows.
�  Shifting geyser usage from peak to off-peak periods by using

automatic timers1

�  Replacing incandescent bulbs with CFLs (compact fluorescent
lamps)

�  Replacing conventional TLs (tube lights) and electromagnetic
ballast with energy-efficient TLs and electronic ballasts

While there may be a number of other DSM (demand-side man-
agement) options that can be implemented in other end-uses, which
can result in significant savings,2 for the purpose of this study, the
aforementioned measures have been considered. The aim is to
demonstrate saving potential that such measures offer.

Introduction of differential tariff for residential
consumers

One of the measures to reduce/shift the load from peak to off-peak
hours can be the implementation of differential tariffs, that is sepa-
rate peak and off-peak tariffs in the residential sector. The consumers

1 This shall be subject to presence of a differential tariff regime, discussed later in
this chapter.

2 For instance, several measures in building design, such as installation of solar
water heating systems, use of photo sensors for auto switch-off of lights, better
thermal and visual comfort levels in house through proper sizing of windows and
openings for ventilation and day lighting, and so on can result in significant
savings.
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can be given an option to either choose the existing tariff plan or opt
for ToD (time of day) tariff plan. Shifting load from peak hours for
any of the end-uses will result in a lower peak power purchase by the
utility (in this case, Transco), and hence, result in considerable
savings. To motivate consumers to shift their load to off-peak periods,
these savings need to be passed to the consumers as well. This can be
done by designing the peak and off-peak tariffs in the ToD plan in
such a way that the differential offers enough benefits to the consum-
ers, and prompts them to opt for such plans.

In order to estimate the extent to which peak load can be shifted to
off-peak hours, and benefits accruing to consumers if ToD tariff is
given as an option, the following assumptions have been made.
� Option to consumers in tariff plan Residential consumers will be

given options to choose their tariff plan. They can either opt for
the existing tariff plan (with no differential pricing) or the ToD
tariff plan, under which they are billed not only based on the units
of electricity they consume but also on the time of day when they
consume it. The difference between the peak and off-peak tariff is
an essential component of the ToD tariff design.

� Differential pricing In case of Delhi, the difference between cost
of peak and off-peak hours is approximately Rs 3/unit. Ideally,
design of the ToD tariff should reflect this difference, since tariffs
are to be cost-reflective. However, for the purpose of calculating
consumer’s savings (in this study), 50% of this has been consid-
ered, that is a differential of Rs 1.5/unit.3

� ToD meters In Delhi, a significant percentage of the total house-
holds have already been provided with electronic meters that have
ToD features, such as a communication port, real-time chip,
and so on. Thus, for the purpose of this analysis, no metering
cost has been considered.4

3 Although the difference considered for the saving is towards the lower side,  it still
results in considerable savings for both Transco and the consumers.

4  Even if there are costs associated with this in terms of upgrading of meters,
change in billing software, and so on, these are not substantial. Furthermore,
appropriate mechanisms can be devised to incur such costs, if any.
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Shift of water-heating load from peak to off-peak
period

Under the differential tariff regime, a shift in the usage hours of water
heaters from peak hours to off-peak hours is expected. However,
the extent of the shift would depend heavily on the differential given
in the design of the ToD tariff plan. It is hence suggested that the
tariff differential should be substantial enough to drive the consum-
ers to shift their consumption to off-peak periods. Shift of usage
would mean that the consumer switches on his/her geyser early in the
morning and switches it off during peak hours. For the sake of
convenience, a consumer may also opt to use an automatic timer,
easily available in the market. These timers can be programmed to
switch on or switch off the electric supply to a particular appliance.
When installed with geysers, they can automatically switch on the
geysers early in the morning (off-peak periods) and switch it off
during the peak periods, obviating the need for consumers to alter
their behaviour. The cost of these timers, when purchased in bulk, is
approximately Rs 1200 each.

Cost–benefit analysis (consumers)

For calculating savings to a consumer, it is assumed that the
consumer shifts his/her geyser usage from peak to off-peak hours.
So, if the consumer was using the geyser for X hours/day during
peak hours, his/her monthly savings would be

Monthly saving (Rs/month) = Rating of geyser (kW [kilowatt]) ×
X (hours/day) × differential price Rs/kWh (kilowatt-hour) × 30 days

Taking the geyser rating as 1.5 kW and differential price as
Rs 1.5/unit (assuming peak tariff at Rs 2.8 and off-peak at Rs 1.3
per unit), the monthly savings of consumers fall in the range of
Rs 80–165, depending upon the consumption level. Furthermore,
the upfront cost of the timer device (Rs 1200) will be recovered
within 7–14 months of its usage. The life of timers is usually
about 10 years.
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Cost–benefit analysis (Transco)

Reduction in cost of purchase of power during peak hours is esti-
mated in terms of savings, for every 10% shift in geyser usage. It is
found that a 10% shift in load results in a peak shift of 113 MW
(megawatts). This corresponds to Rs 81.4 million savings annually.

Replacement of incandescent bulbs with compact
fluorescent lamps

As per the findings of the survey undertaken by TERI, lighting load
in the residential sector is dominated by IBs (incandescent bulbs)
(60 W [watts]). In the following section, we undertake a cost–benefit
analysis of replacement of IBs with CFLs.5

For the purpose of cost–benefit analysis, the following consumer
survey results and assumptions have been used.

Survey results

� Average number of IBs/household: 2
� Average hours of usage: 3 hours/day

Assumptions

� Discount rate: 5.5%6

� Each household replaces one bulb with a CFL

Cost–benefit analysis (consumers)

When consumers shift from using incandescent lamps to CFLs,
savings accrue to them by way of reduced consumption due to the
lower wattage rating of CFL. The cost–benefit analysis indicates that
replacement of one incandescent lamp with a CFL results in an
annual saving of Rs 138. Table 1 compares the life and cost of these
two appliances and Table 2 indicates the annual savings that would
occur if CFLs were to replace IBs.

5 A number of studies have shown that an 11W (watt) compact fluorescent lamp
produces the same level of illumination as a 60 W incandescent bulb. A similar
assumption has been made for calculation of cost–benefit analysis for consumers
and Transco.

6 Equivalent to returns earned on fixed deposit securities.
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This is minimum savings that the consumer will make on his/her
electricity bill. Furthermore, in case of presence of a differential
tariff regime, the savings shall be even higher.

Cost–benefit analysis (Transco)

Based on the above criteria, the total peak savings  for Transco works
out to be 56 MW, which further translates to Rs 217 million.7  The
savings here are calculated with the assumption that 50% of IBs are
replaced with CFLs in the city.

7 For calculating peak power saved, only the days when the city had to buy power at
higher price due to peak condition and peak hours are taken into account.

Table 1 Rating, life, and cost of appliance

Appliance Rating (W) Life of appliance (hours) Cost of appliance (CC)

Bulb 60 1000 10

CFL 11 6000 130a

W – watt; CC – capital cost; CFL – compact fluorescent lamp
a over time, the price of CFLs has been decreasing. In addition, there have been

schemes like buy one get one free that provide additional benefits.

Source Osram India Pvt. Ltd

Table 2 Benefit to the consumers

Annual energy

Capital recovery Annual capital consumption Annualised Life

Appliance factora cost (Rs)b  cost (Rs) cycle cost (Rs)c

Bulb 1.14 11.4 187.5 200.6

Compact

fluorescent

lamp 0.21 27.9 34.4 62.6

Annual savings

to the consumer 138.0

a Capital recovery factor is used to annualise the one time capital cost for given life of

the appliance.
b Annual capital cost = CRF (capital recovery factor) * CC (capital cost).
c Sum of annual capital cost and annual operating cost gives the annualised life cycle

costs. Difference between the annualised life cycle costs of ineff icient and eff icient

appliances would give the annual savings to the consumer.

Source TERI’s  estimates
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Replacement of conventional tube light fixtures with
efficient tube light f ixtures

The majority of TL fixtures in Delhi include 40 W conventional TLs
(38 mm diameter), and 15 W electromagnetic ballast. Out of a
number of replacement options available in the market, a combina-
tion of a 28-W tri-phosphor energy-efficient TL (16 mm diameter)
and electronic ballast (4 W) is being considered for cost–benefit
analysis, as mentioned in the previous section.

While conducting the cost–benefit analysis for consumers, the
following survey results and assumptions have been used.

Survey results

� Average number of TLs/household: 4
� Average hours of usage: 4.9 hours/day

Assumptions

� Discount rate: 5.5%
� Number of TL fixtures replaced: 1TL (40 W) + 1 ballast (15 W)

Cost–benefit analysis (consumers)

Table 3 indicates the rating, life, and cost of these appliances, and
Table 4 indicates the monthly savings that would be accrued as a
result of the replacement.

Annual minimum saving by replacing one conventional TL and
copper ballast with energy-efficient TL and electromagnetic ballast
is approximately Rs 90. Furthermore, in case the consumer opts for
the ToD tariff plan, the saving shall be even higher.

Table 3 Rating, life, and cost of appliance

Rating Life of appliance Cost of appliance

Appliance (Watt) (hours) (Rs)

Conventional tube light 40 7 500 50
Copper ballast 15 20 000 90
Energy-efficient tube light 28 20 000 195
Electronic ballast 3 50 000 450

Source Philips India Ltd
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Cost–benefit analysis (Transco)

Based on this measure, the total peak savings for Transco work out to
be 33 MW, which further translates to Rs 210.2 million. The savings
here are calculated with the assumption that 50% of TL fixture is
replaced with energy-efficient TLs in the city.

Total estimated saving

Considering the total impact of the aforementioned measures of
replacing one bulb with a CFL; one TL + copper choke with one
energy-efficient TL + electronic choke; and switching over of 50%
of geyser from peak to off-peak hours, the annual savings to a
household would be about Rs 650–1050; this amounts to 6%–15%
reduction in the monthly bill. The corresponding impact on Transco
will be a peak reduction of 650 MW, translating into approximately
Rs 840 million annually.

Table 4 Benefit to the consumers

Annual energy

Capital Annual consumption Annualised life

Appliance recovery factor capital cost (Rs) cost (Rs) cycle cost (Rs)

Conventional
tube light 0.27 13.7 202.5 216.2
Energy-efficient
tube light 0.12 23.8 141.7 165.5

Annual savings by replacing conventional tube light with energy-efficient tube light 50.7

Electromagnetic
ballast 0.12 11 75.9 86.9
Electronic ballast 0.07 31.9 15.2 47.1
Annual savings by replacing ballast 39.8
Total annual savings 90.5

Source TERI’s estimates
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CHAPTER 5

Consumer perceptions

From the preceding chapter, it is apparent that there exists a consid-
erable potential for energy efficiency in the residential sector, and
that the adoption of EETs (energy-efficient technologies) shall
result in significant benefits to both consumers as well as the utility.
Although the government and other stakeholders have taken several
initiatives in Delhi, the current level of penetration of such EETs is
low, and the adoption of such technologies is still to gain the desired
momentum. This chapter analyses the behaviour of the consumers
and their willingness to adopt energy-efficient measures. It also
provides an estimate of costs incurred by consumers in coping with
poor quality and unreliable power supply.

Consumer awareness1

Lighting

Following points emerge from an analysis of the results obtained
from the survey undertaken in Delhi (Figure 1).
� 85% of the households in the sample were aware of energy-saving

options in lighting and have taken measures in this respect.
� 26% had replaced one or more bulbs with CFLs (compact fluo-

rescent lamps).
� 29% use their lighting appliances carefully to avoid wastage of

electricity.
� 30% are using TLs (tube lights) with electronic ballast.
� 15% of the households have not taken any of the measures,  of

which 12% were not aware and 3% were not keen on adopting
such measures.

1 In order to analyse the barriers in the urban residential sector, the respondents in
the sample were asked several questions, such as energy-saving measures (less
usage of power, use of compact fluoroscent lamp, and so on) that they have taken,
reasons for opting/not opting for a particular measure, source of information on
energy-efficient technologies, and so on.
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It is clear that energy-efficient measures are more common in the
lower- and middle-income group, with more than 80% respondents
resorting to some kind of measure to save electricity. In the high-
income group, more than 56% of the respondents have not taken any
such measure.

Water heating

With reference to water heating, the following points emerge from
the analysis of the survey data of Delhi (Figure 2).
� 68% of the households in the sample use their water heating

appliances carefully to avoid wastage of electricity.
� 32% of the households have not taken any measure.

A reverse trend is obtained when studying the water-heating
pattern in households (classified by income), which is in stark
contrast with what is seen in case of lighting. It is observed that the
high-income group is more cautious in using electricity for water
heating (to avoid wastage), with 89% of respondents resorting to
such measures. Lower-income group consumers become less
cautious in electricity usage.

Figure 1 Energy-efficient measures taken by consumers in lighting

* None – no measure taken; less usage – careful use to avoid wastage

Source Survey findings
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Consumer willingness

In order to gauge the extent to which residential consumers are
willing to shift their usage pattern from peak to off-peak hours,
they were asked, if given an incentive, would they be willing to shift
their time of using geysers (during which electricity price will be
lower). The following points emerge from analysis of the survey data
(Figure 3).
� 27% of the survey respondents were willing to shift time of their

geyser use. The highest percentage of such respondents was in the
middle-income group (Class C, followed by Class B).

� All the respondents in Class A were unwilling to shift time of their
usage, indicating that convenience takes a higher priority.
However, their response is a function of incentives that shall be
offered in terms of savings that would accrue to them through the
adoption of energy-efficient measures.

To summarize, it is evident from this analysis that there exists a
high level of awareness among the respondents about efficiency
options in lighting. However, in case of water heating and other end-
uses (like use of washing machine, space conditioning, and so on),

Figure 2 Measures taken by consumers to save electricity in water heating
Source Survey findings
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awareness is very low. Some reasons for the same are high initial cost,
unavailability of financing schemes,  and resistance to change. Other
major barrier is lack of interest among consumers, which is primarily
because of uncertainty regarding savings.

Cost of coping strategy

An additional dimension of the survey was to assess the underlying
tariff that consumers are paying in using appliances like generators,
inverters, and stabilizers to cope with the poor quality and unreliable
power supply. As per TERI’s estimates, the cost of electricity pro-
duced using a generator ranges between Rs 27 and Rs 34 per unit,
and that using an inverter ranges between Rs 14 and Rs 18 per unit
depending on the rating of the appliance. Similarly, cost associated
with using stabilizers works out to be Rs 295 per month.2

Figure  3 Respondents’ willingness to shift usage of geysers to off-peak hours
Source Survey findings

2 These estimates are based on certain assumptions. Annexe A-2 details out the
calculations in this regard.
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In addition, following results are obtained with respect to the
weighted price of electricity.
� A consumer using generator at full load for two hours per day and

a stabilizer for three appliances (refrigerator, AC [air condi-
tioner], and television) spends about Rs 6.30 per unit for the
overall consumption.

� Consumer using inverter for two hours per day at 50% load and a
stabilizer for three appliances (refrigerator, AC, and television)
spends about Rs 4.00 per unit for the overall consumption.

The weighted price of electricity for an average consumer who
uses generator/inverter along with stabilizers for two hours per day
has been calculated by taking the weighted average of the cost
incurred for generating electricity through generators/ invertors and
that incurred by using grid electricity (Annexe A-2). The number of
units consumed through each source was used to assign the weights.

The above behavioural pattern is indicative of the value that
consumers attach to reliable and good-quality power, and signifies
their willingness to pay for quality power, if they are ensured the
same.
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CHAPTER 6

Strategies to overcome barriers to DSM
measures and role of stakeholders

Improving efficiency in energy use leads to the efficient utilization of
scarce resources, and is essential from India’s energy security per-
spective.1  While many programmes and policies have been devised
to promote the use of EETs (energy-efficient technologies), there
are still a number of barriers that hinder the penetration of these
measures and technologies, as discussed below.

Barriers

Non-availability of efficient end-use equipment and appli-
ances in the market

Owing to a low demand in the market, manufacturers are reluctant
to manufacture energy-efficient appliances. Consumers, despite
being aware of such options, are not able to obtain these equipments
conveniently in the market. There are limited incentives from the
government in terms of providing relaxation in excise duty to manu-
facturers and encouragement to consumers. All these factors con-
tribute to the vicious cycle that restricts the penetration of energy-
efficient appliances.

High initial cost and uncertainties in savings

Majority of the consumers are unaware of the fact that high upfront
cost of appliances can be recovered in time much less than the life
of appliance, thereby resulting in net savings (Annexe A-3). High
excise duty and VAT (value-added tax) are the reasons for high initial
costs; for instance, existing excise duty is 16% in case of geysers,

1 India’s energy intensity per unit of gross domestic product is very high compared
to the world average. It is 1.4 times that of Asia, 3.7 times that of Japan, and 1.5
times that of the US, which indicates a very high level of energy wastage (TERI
2005).
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immersion rods, ACs (air conditioners),2  and 20% in the case of
CFLs (compact fluorescent lamps) (Osram India Pvt. Ltd). In case
of CFL, VAT forms approximately 8% of the purchase cost (Osram
India Pvt. Ltd).

Absence of appropriate financing mechanisms

Absence of an appropriate mechanism, which can help in bringing
down the high upfront cost, can prove to be a major deterrent in the
adoption of energy-efficient appliances by the consumers. Provisions
of appropriate financing options can result in overcoming the high
initial cost barrier. Annexe A-4 lists some of the initiatives taken by
few discoms in India in this regard.

Inefficient pricing regime

Irrational tariffs often result in wasteful usage of electricity particu-
larly by subsidized consumer categories. Electricity tariffs should be
designed in a way that they reflect its scarcity value, thus encourag-
ing its efficient use and conservation. In designing differential tariffs,
it is important to keep in mind that the tariff differential between
peak and off-peak tariff should be high enough to motivate consum-
ers to shift their use to off-peak period. In case of Delhi, the differ-
ence between cost of peak and off-peak power is approximately Rs 3
per unit (2005/06). As per the Electricity Act,  2003, and according
to the principle of cost causation, tariffs should be cost-reflective,
and hence, should reflect this difference.

Attempts have been made by a few state electricity regulatory
commissions to implement ToD (time of day) tariffs, but these have
primarily been in the industrial category. For instance, Maharashtra
Electricity Regulatory Commission in an order issued in March
2004 significantly enhanced the differential in peak and off-peak
tariffs to Rs 1.45/unit. In addition, tariff rebates have also been
provided to consumers who use options like using solar water heater.
For example, Karnataka Electricity Regulatory Commission pro-
vided a rebate of Rs 0.15 per unit on the total electricity consumed
by households that had installed solar water heaters (2004/05).

2 Central Board of Excise and Customs, details available at<http://
www.cbec.gov.in/cae/excise/cx-tariff0506/Chap%2085.pdf>, last accessed on 10
May 2006.
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Insufficient information

Lack of information about energy-efficient measures and appliances
available in the market is a major barrier to the implementation of
EETs. As seen in case of Delhi, while consumers were aware of
energy-efficient options in lighting, lack of information hampered
their ability to make an informed decision regarding the adoption
thereof. Some utilities, however, have already made efforts in this
direction. For instance, a marketing programme for information
dissemination about energy-efficient options in the Bangalore
Electricity Supply Company area of supply involved holding road
shows, leaflet distribution by meter readers, putting up posters in
approved retail stores, distributing car stickers, and so on.

Furthermore, it has been observed in a number of cases that
consumers are unaware of new cost-effective technologies available
in the market. The simple installation process of such appliances can
also result in considerable savings. One such appliance is the sensor
discussed in Box 1.

Role of stakeholders to overcome barriers

At this juncture, where the barriers to implementation of EETs have
been identified, it is important to look into the roles and responsibili-
ties of various stakeholders in overcoming these impediments.

Box 1 Use of sensors as a demand-side management measure

Sensors can play a vital role in reducing power demand and have already become

popular in most of the developed countries. The most frequently used sources are

‘occupancy sensors’ that automatically turn lights on when the space is occupied or

in use, and turn the lights off within a predetermined time (two to five minutes) after

the space is rendered empty. Another popular type of sensor is the ‘daylight sensor’

that permits lights to switch on only when the illumination level drops below the

desired level. These can be used in conjunction with occupancy sensors as well. The

use of sensors can save 15%–25% of power used for lighting and can help in the

significant reduction of demand in the country. Suitably designed sensors can also

replace standard switches in the longer run (TAEW 2005).
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Role of the government

Responsibility of providing the road map, creating an enabling legal
and policy environment, and removing the above-mentioned barri-
ers are the government’s responsibility. For instance, mandatory use
of efficient appliances in certain end-uses would ensure higher
penetration of energy-efficient appliances.3  The government also
needs to consider options like reducing excise duty and other such
fiscal measures to make energy-efficient appliances readily available.
It should encourage sale of energy-efficient appliances through an
attractive tax structure that would result in lowering of the high
upfront cost. A telescopic tax structure can be evolved wherein
the tax decreases as the efficiency of a product improves. Such
provisions shall also provide thrust to the Energy-labelling
Programme launched by the Ministry of Power in May 2006.

Role of the regulator

Regulator, both at the centre and state level, can play an important
role in creating an enabling regulatory framework for facilitating
implementation of DSM (demand-side management) measures. For
instance, in the implementation of ToD/seasonal tariffs, the role of
regulator shall be crucial in terms of defining scope, designing the
duration and magnitude of incentive, and enforcing its implementa-
tion. Furthermore, it would also need to define an appropriate
mechanism for sharing costs (metering, and so on) between con-
sumers and utility.

Regulators can also direct the state utilities to consider DSM
measures as an integral part of the system and further its
implementation.

Role of utility

With the policy framework and a road map in place, the next step of
actual implementation lies with the utility. Utilities can take several

3 Renewable Energy Department of the Government of Haryana has mandated the
use of solar water heating systems in certain categories of building including
hospitals, hotels, government buildings, group housing societies, and so on.
Lately, Delhi government has also taken active steps in this regard, however, still
much needs to be done.
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initiatives to prompt the consumer to adopt DSM measures. For
instance, in a differential tariff regime, utility can consider financing
options to reduce the initial cost burden on the consumers. It can
also play an important role in sensitzing and educating consumers
regarding possible savings, thus motivating them to opt for differen-
tial tariff plan. Further, to overcome barriers like non-availability of
energy-efficient appliances, utilities can make such appliances
available through consumer care and billing centres.

Role of consumer associations

Consumer associations act as a link between the utility and the
consumer, and can play an important role in educating and sensitiz-
ing consumers about the benefits associated with the use of energy-
efficient appliances. They can also organize information campaigns
and education programmes to disseminate information relating to
the availability of these appliances, possible savings, financing
options offered by the utilities, and tax benefits on the use of efficient
appliances (EECP 2006).

Conclusion

It may hence be reasonably concluded that in order to realize the
huge untapped energy-saving potential, there is a need for a multi-
pronged strategy that integrates measures at all levels and involves all
stakeholders— government, regulator, utility, resident welfare
associations, and consumers. All these stakeholders should be
actively involved in designing and implementing DSM programmes.

In addition, increased focus should be given to awareness creation
and promotion of energy-efficient appliances, and higher invest-
ments should be made in the research and development of energy-
efficient systems. Once this happens, DSM initiatives will gain the
much-needed momentum and will contribute more towards ensur-
ing the energy security of India.
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ANNEXURES
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ANNEXE A-1

Survey design

Objective of the survey

The survey involved the urban residential sector and had three
major objectives: (1) to estimate energy-saving potential while
using household electrical appliances, (2) to identify barriers to
implementation of EETs (energy-efficient technologies) in these
appliances, and (3) to determine the cost of coping strategies
adopted by households in dealing with poor quality and non-
availability of power.

Approach

A questionnaire-based survey was undertaken, wherein a field
investigator carried out personal interviews in sample households,
which were carefully chosen to be representative of the population of
Delhi. The questionnaire design and sampling methodology adopted
for the survey are detailed in subsequent sections.

Questionnaire design

The questionnaire for the survey was designed after extensive
discussions and deliberations with sector experts and a market
research agency. To achieve the outlined objectives, data was re-
quired on (1) ownership and usage patterns of electrical appliances,
(2) whether or not a consumer has adopted any of the energy-
efficient measures, and (3) details of the strategies used for unreli-
able and poor-quality power. A draft questionnaire was prepared,
tested in the field, and modified as was necessary. Before the actual
commissioning of the survey, one day’s training was provided to the
field investigators by the TERI team. In the subsequent sections, the
parameters on which the information was collected in the survey are
discussed. Also explained is the need for obtaining such information,
and manner in which it will be used to arrive at a specific conclusion.
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Ownership and usage pattern of electrical appliances

The methodology adopted for this study is analogous to the engi-
neering approach1 used in a number of studies that require survey
for collection of data on variables such as (1) type and number of
appliances, (2) rating of appliance, and (3) average usage hours.2

Table 1 lists appliances, their end-use, and the type of data ob-
tained through the survey.

Barriers to implementation of energy-efficient technologies

Demand-side measures and EETs are receiving growing recognition
both from the government and utilities. Though there are many
energy-efficient appliances available in the market, their penetration
rate is quite low. In order to assess the barriers to implementation of
EETs, data on the following aspects was collected.
� Whether any energy-saving measures are adopted in the end-

uses? (Table 1).
� If yes, then what are the measures taken and what is the source of

awareness.
� If no, then reasons for failure to do so.

Probable answers to each of these questions are listed in
Box 1.

Cost of coping strategy

Over the years, Delhi has been witnessing poor and unreliable power
supply, including frequent power cuts due to shortages, and large
fluctuations in voltage and frequency. Poor power quality, unreliable
power supply, and unscheduled power outages have a detrimental
impact on electrical appliances used in the residential sector. There-
fore, consumers are opting for alternate sources of power like
invertors and generators to address the unavailability of power, and

1 To study electricity consumption of end-use devices in a household, Reddy and
Shreshtha (1998)  have used three different approaches: engineering approach,
appliance stock approach, and appliance census approach.

2 As these figures are obtained from users they represent the actual demand by
consumer, excluding power outages, and their accuracy depends largely on the
reliability of the number of usage hours indicated by the consumers.
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Table 1 Questionnaire section I

Appliance End-use Type of data obtained

Incandescent bulbs/tube light/ Number of appliances, average
compact fluorescent lamps Lighting hours of usage/day
Ceiling fans/table fans Space conditioning Number of fans, usage in peak

summer months in a day, usage
in morning and evening peak
perioda

Coolers Space conditioning Size (small/medium/large),
usage in peak summer months in
a day, usage in morning and
evening peak period

Air conditioners Space conditioning Rating, number of usage months
in a year, usage during the day
(morning and evening) in peak
summer months and other
months

Room heaters/blowers Space conditioning Rating, number of usage months
in a year, usage during the day in
peak winter months

Cooking heater/hot plate/ Rating, cost, hours of usage in a
oven toaster grill/microwave Cooking day (including usage during

morning and evening peak
hours)

Geysers/immersion rods Water heating Rating and type of appliance,
cost, hours of usage/day,
number of usage months in a
year

Television/computer/ Rating and type of appliance,
washing machine/electric iron/ cost, hours of usage/day, usage
water pump Others in morning and evening peak

hours, days/week (only for
washing machine)

Refrigerator Others Rating, type, and cost of
appliance

a Morning peak period: 6–10 a.m.; evening peak period: 6–10 p.m.

stabilizers for poor power quality. In view of this, it was found im-
perative to assess the capital and operating expenditure incurred by a
household in using these appliances. Table 2 shows the type of data
obtained in this regard.

Sampling methodology

The selection of sample required careful consideration regarding its
size and coverage. These are explained in subsequent sections.
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Box  1 Code list used in the questionnaire

Measures

1 Replacing the appliance; for example, replacing bulbs with compact fluorescent

lamps

2 Less usage

3 Others (please specify)

4 None

Source of awareness

1 Newspaper/radio/TV

2 Journal/magazine/technical reports

3 Friends/relatives

4 Electrician

5 Conference/seminar/workshop/public lectures/exhibitions

6 Internet

7 Brochures/pamphlets/newsletters

8 Professional forum/association/clubs

9 Others (please specify)

10 None

Reasons for not taking measures

1 High initial cost

2 Not easily available

3 Not interested

4 Uncertainty about benefits

5 Unavailability of finance

6 Option of a cheap substitute

7 Non-availability of spare parts

8 Uncertainty of resale value

9 Does not know about it

Sample size

During the planning of the study, the question of sample size for the
survey was addressed keeping in mind the precision desired. A
number of approaches/formulae were studied to determine the
sample size. The approach adopted is based on the methodology
developed by Cochran (1977) (Box 2).

For the study, the sample was selected from the total households
falling under the MCD (Municipal Corporation of Delhi) region in
NCT (national capital territory) of Delhi. N was calculated using
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Table 2 Questionnaire section II

Appliance Type of data obtained

Generator 1 Shared or owned
2 Rating in kW (kilowatts)
3 Generator cost
4 Fuel cost (Rs/month)
5 Monthly expenditure on operation and maintenance

Inverter 1 Rating in kVA (kilovolt ampere)/kW
2 Inverter cost
3 Battery cost
4 Number of bulbs and fans supported

Stabilizers for If using
computer, 1 Stabilizer cost
refrigerator, air 2 Years in use
conditioners/ 3 If satisfied with the performance
television/ 4 Any failure due to voltage fluctuations
entire house

If not using, reasons

 
MCD data on population, which is 13 383 877, and census data on
average household size, which is 5. Taking the ratio, the total number
of dwellings works out to be 2 676 775. Based on the formula,
different combinations for confidence interval and permissible level

Box 2 Formula for sample size

−=
2

0 2

z *p*(1 p)
n   

d

where

n
o
 = sample size,

z = z value (1.96 for 95% confidence interval and 2.57 for 99% confidence

interval)

p = percentage picking a choice, expressed as decimal

d = allowable level of error

If n
o
/N is negligible, n
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where N = population
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of error were tried. These are illustrated in Table 3. Of these four
options, option 1 returned a statistically adequate sample size, given
the precision required.

Sample coverage

The consumption pattern of a household is a strong function of its
income. This pattern varies with the location of the household within
the city, subject to power supply conditions in those areas. For the
best representation of the city in the data, complete geographical
coverage and sample from each income strata were deemed crucial.
A number of schemes were discussed with sector experts and the
market research agency3  to realize this objective, and eventually, the
following method was finalized.

To ensure geographical coverage, for a sample size of 1000 house-
holds, more than 200 starting points were selected randomly from
the electoral database that was available with the research agency.
From these starting addresses, the ones coming under NDMC (New
Delhi Municipal Council)/Cantonment/SEC (socio-economic class)
categories D and E (equivalent to property categories F, G, and H),
and other areas that do not qualify under urban households were
filtered. Making first contact at the randomly selected addresses in
each starting point, 30 structures were skipped (wherever the inter-
view took place), following the right hand rule to contact the next
household. If the contact was terminated because of refusal/unavail-
ability of the desired person or for any other valid reason, then the
structure immediately next was contacted. In this manner, a mini-
mum of 120 structures were covered in each location, ensuring each

Table 3 Sample size for different combination of confidence interval and permissible
error

Options Number of households Confidence interval Permissible error

1 1000 95 3.10
2 1000 99 4.06
3 500 95 4.38
4 500 99 5.75

3 Survey work, including data collection through personal interviews and data
entry, was conducted by T E R I along with an external market research agency.
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locality/area adequate representation. Despite this detailed proce-
dure, the random selection could not ensure adequate representa-
tion from each income strata. Hence a component of boost sampling
was added to the existing random sampling methodology by ensur-
ing significant representation of each income group.

In due course, it was recognized that when a respondent is ques-
tioned regarding the income of a household, there are chances of
incorrect reporting. Hence, after much deliberation, it was decided
that for analysis purposes, the sample would be classified on the
basis of the property tax paid, which is a satisfactory representation
of a household’s income.

Based on the recommendations by MVC (Municipal Valuation
Committee), MCD has classified a total of 1935 colonies in Delhi
under property classes from A to H, using the unit area value
method. The unit area values for these eight classes are listed in
Table 4.

Based on the above methodology, the sample that was finally
selected for the study is indicated in Table 5.4

Although the per capita consumption in F, G, and H categories
would not be significant, the total consumption by these categories

Table 4 Unit area values for various property classes

Unit area value Number  of colonies

Category (in Rs m2)

A 630 46
B 510 73
C 410 189
D 320 183
E 250 192
F 220 494
G 190 758
Ha 100 —
Total 1935

Source MCD (2006)
aAdded recently

4  Property categories F, G, and H were not included in the sample because a large
number of these households were resettlement colonies, slums, JJ (jhuggi jhopri)
clusters, and village areas.
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may be a significant percentage of the total consumption by the
domestic category in the city. Accordingly, while calculating the total
connected load and electricity consumption in the city, reasonable
assumptions have been made regarding the number of appliances
and the extent of their usage by these categories of consumers.

Conducting the survey

The responsibility of data collection and entry for the survey was
undertaken by T E R I along with the market research agency, and
was conducted in a time span of one month.5  The data collected was
analysed using the statistical software SPSS.

Extrapolation of survey results

The previous section describes the sampling methodology and the
division of samples into five property classes. The results obtained
from the survey have been extrapolated for the entire city by com-
puting the weighted average based on the area occupied by each
property class (Table 6).

Methodology for peak load estimation

The household questionnaire included questions on usage hours
and whether a particular appliance is used during peak hours. Peak
hours were specified beforehand as 6 a.m. to 10 a.m. in the morning
and 6 p.m. to 10 p.m. in the evening. If the appliance was used
during peak hours, it was taken as a contributor to peak load.

Table 5 Sample selected for the study

Category Number of households interviewed

A 9
B 73
C 82
D 348
E 507
Total 1019

5 During December 2005 and January 2006.
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The ratings of all such appliances were added to obtain the contri-
bution of a household to the total peak demand. This exercise was
carried out separately for mornings and evenings during peak
winters and peak summers. In order to take the incidence of load
into account, an incidence factor of 0.7 was assumed.

Table 6 Extrapolation of survey results

Category km2 Percentage Population Number  of households

A 21.2 4.1 548 739.0 98 872
B 31.5 6.1 813 739.7 174 998
C 72.0 13.9 1 861 697.3 410 065
D 94.0 18.2 2 430 512.1 498 056
E 57.7 11.1 1 490 963.9 267 198
F 129.2 25.0 3 340 615.7 655 023
G 112.1 21.7 2 897 609.4 568 159
Total 517.7 100.1 13 383 877.0 2 672 371

Source TERI’s estimates
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ANNEXE A-2

Cost of coping strategies

There has been a consistent increase in the ownership of generators,
inverters, and stabilizers, which are used in the face of poor-quality
and unreliable power supply. During purchase, consumers are
mostly unaware of the amount that they would incur while using
these appliances. In this section, the cost analysis of using these
appliances is conducted in an attempt to determine the underlying
tariff that consumers are paying while using them. The details of the
ownership of these appliances were obtained from the survey carried
out in the city. However, due to limited awareness among respon-
dents data relating to costs and rating of these back-up appliances
was found lacking and incomplete. In order to realistically assess the
cost of using generators, inverters, and stabilizers, specifications of
the appliances were taken from some of the leading manufacturers/
dealers in Delhi through telephonic interviews and information
available on their websites.

 Generators

Ownership pattern

The ownership pattern of generators amongst various property
categories is shown in Figure 1. Twenty-two per cent of the house-
holds in Class A were reported to own a generator. The ownership is
highest in Class A and least in Class E, indicating the high-income
group’s tendency towards the use of generators.

Cost analysis

Per unit cost of electricity generated using generators is a function of
a number of factors, including cost of the generator, its rating, type
of fuel used, and its utilization (number of hours used).
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In this context, data obtained from some of the leading manufac-
turers/dealers in Delhi is tabulated in Table 1.

Cost components

The costs incurred by a consumer for using a generator are given
below.
� Capital cost is the upfront cost incurred on purchase of the

equipment.
� Expenditure on fuel is the amount spent on fuel used for power

generation (for example, kerosene, diesel, or petrol).
� O&M (operation and maintenance) expenditure is the expen-

diture incurred from time-to-time on account of maintenance
or servicing.

Figure 1 Percentage of households using generators
Source Survey findings

Table 1 Specification of generators from manufacturers/dealers

Type I Type II Type III

Rating (kVA)* 0.50 1.05 2.2
Fuel consumption
(litres/hour) 0.53 1.3 2.2
Cost (Rs) 19 792.00 34 144.0 49 133.0

*  kVA – kilovolt ampere
Source Manufacturer’s product list
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To calculate the monthly expenses and cost of per unit electricity,
the following formula is used.

C
ag

 = (CRF
g
 [r,n

g
] × C

ig 
+ C

fg
 + f C

ig
)

where
C

ag
 is the annual expenditure incurred

C
ig 

is the initial capital cost of generator
r is the discount rate
n

g
 is the life of the generator

CRF
g
 (r,n

g
) is the CRF (capital recovery factor) at discount rate r

and life n
g

C
fg
 is the annual expenditure on fuel

f C
ig
 = C

O&Mg
 which is annual O&M expenses as a fraction f of initial

capital cost

Assumptions
� Life of generator: 15 years
� Discount rate: 5.5%
� Annual O&M expenses: 1% of the capital cost
� Average duration of daily power cut: 2 hours
� Cost of kerosene: Rs 18/litre1

� The generator is operating continuously during a power cut, at
rated load, assuming a power factor of 0.8.

Under these assumptions and using the formula given above, the
cost is calculated for generators of different ratings, as shown in
Table 2.

While the tariffs charged by discoms for grid supply range from
Rs 2.8 to Rs 4.6 per unit (in addition to the fixed charges), the cost of
electricity produced using a generator is approximately Rs 27 to
Rs 34 per unit.

1  Although the subsidized price of kerosene is Rs 9.08 per litre, most of the
purchase is through the black market, with rates ranging from Rs 18.00 to
Rs 32.00. For the purpose of this analysis, the lower limit of the above range
has been considered.
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Actual outgo from consumer: underlying tariff

To calculate the underlying tariff being paid by the consumers using
generators, the monthly expense of running the generators is added
to the average monthly bill paid to the utility, and then divided by the
total units consumed by the household.

Tariff for household using generator = (Ec × tariff + Cmg)/(Ec + Eg)

where
Ec = electricity consumed by a household in a month when power
supply is available
Eg = units generated using generator
Cmg = total amount spent on the use of generator, in a month
The underlying tariff for a consumer with Type II generator (1.05
kVA [kilovolt amperes]) works out to be Rs 5.7 per unit.

Inverters

Ownership pattern

The ownership pattern of inverters amongst various property
categories is shown in Figure 2. Inverters have lower capital and
operating costs, and hence, are more popular as a back-up option.
Out of the total sample, 23% of households were using inverters. The
ownership was high in the higher property categories of A, B, and C.

Table 2 Per unit cost of electricity generation using generator

Type I Type II Type III

Annualised capital cost (Rs) 1971.8 3 401.60 4 894.90
Operation and maintenance cost (Rs) 99.0 170.70 245.70
Fuel cost (at full load) (Rs) 6964.2 17 082.00 28 908.00
Total (Rs) 9034.9 20 654.30 34 048.60
Monthly cost (Rs/month) 752.9 1 721.20 2 837.40
Load connected in kilowatt 0.4 0.84 1.76
Hours of operation/year 730.0 730.00 730.00
Total units generated per year 292.0 613.00 1 285.00
Per unit cost (Rs/unit) 30.9 33.70 26.50

Source T E R I’s estimates
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Figure  2 Percentage of households using inverters
Source Survey findings

Cost analysis

There are a variety of inverters and batteries available for household
use in the market. For the purpose of analysis, specifications from
one of the suppliers/dealers have been used (Table 3).

Cost components

Costs associated with the use of inverters include the capital cost of
inverter and battery, maintenance costs of battery, and cost of
electricity consumed on account of battery charging.

Table 3 Inverter specifications

Type Rating (VA) Load Number of Total cost (Rs)

batteries

1 250 2 tubes + 2 fans 1 5 300

2 400 3 tubes + 3 fans 1 6 400

3 650 5 tubes + 5 fans 2 8 500

4 750 6 tubes + 6 fans 2 9 000

5 1 000 8 tubes + 8 fans 2 13 500

VA – volt ampere

Source Manufacturer’s product list
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The formula used for calculating the total cost is given below
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AMC is annual maintenance charges of battery
E

cc
 is the electricity consumed in charging and is calculated as

shown below

E
cc
 = (Load connected × hours of power cut)/inverter efficiency

The following assumptions have been made in undertaking the
above analysis
� Duration of power cut: 2 hours per day
� Tariff: Rs 2.83 per unit (equivalent to effective tariff for domestic

grid supply)
� Rating of TL (tube light) and ballast: (40 + 15) W
� Rating of fans: 60 W
� Overall efficiency of inverter: 80%
� Life of inverter: 10 years
� Life of battery: 3 years
� Discount rate: 5.5%
� Battery specifications: Exide EHD 800; 115 ampere-hour/12 V

(volts); Rs 3400/battery
Using the formula and assumptions given above, the charges

pertaining to the use of inverters are calculated for different ratings
as shown in Table 4.

Actual outgo from consumer: underlying tariff

To calculate the underlying tariff being paid by consumers using
inverters, the monthly expenses of running inverters is added to the
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average monthly bill, as estimated from the survey, and is then
divided by the total units consumed by the household.

Tariff for households using inverter = (Ec × tariff + Cim)/(Ec+Ei)

where
Ec = electricity consumed by a household in a month when power
supply is available
Ei = units generated using inverter
C

im
 = total amount spent on use of inverter in a month (excluding

charging expenses3 )
The underlying tariff for a consumer with Type III inverter (650

VA [volt ampere]) works out to be Rs 3.5 per unit.

Stabilizers

Ownership pattern

To meet the power requirement of the city, Delhi draws from the
northern grid. The grid faces stability issues due to overdrawing of
electricity by a number of states. The frequency in the grid stays
consistently below the permissible value at 49.5 Hz (Hertz). This
results in poor-quality power supply including large fluctuation in
voltage and frequency. To deal with this poor condition, consumers
are forced to use voltage stabilizers for some of their expensive house-
hold appliances including refrigerators, ACs (air conditioners),

3 As this is already reflected in the monthly bill paid by the consumer.

Table 4 Cost of using inverters

ALCC Charging Monthly

ALCC (inverter) (battery) expenses expenses

Type (Rs) (Rs) (Rs/year)  (Rs) Rs/unit

1 703.1 1 260.2 593.9 246 18
2 849.1 1 260.2 890.9 283 14
3 1 127.7 2 520.4 1 484.9 494 14
4 1 194.0 2 520.4 1 781.8 525 13
5 1 791.0 3 780.7 2 375.8 762 14

ALCC – annualised life cycle cost
Source TERI’s estimates
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television, and personal computers, and in some cases, for the entire
house as well. The survey indicated that there were 721 stabilizers
per 1000 households. Table 5 shows the ownership pattern amongst
different property categories.

Cost analysis

Costs associated with the use of stabilizers include the capital cost of
an appliance and the cost of electricity consumed by it. The follow-
ing assumptions have been made to arrive at the associated costs.
� Cost of stabilizers: Rs 8000.00
� Life: 10 years
� Discount rate: 5.5%
� Stabilizers efficiency: 80%
� Prevailing tariff: Rs 2.83 per unit
� Operating expenses: Rs 176.4

To arrive at the total costs, the approach used is similar to that of
inverters.

Csa = CRFs (r,ns) × Csi+ Eca × (1 – ηs) × tariff

where
Csa is the annual expenditure incurred
Csi is the initial capital cost of inverter
r is the discount rate
ns is the life of inverter
ηs is the efficiency of the stabilizer
CRFs (r,ns) is the CRF at discount rate r and life ns of stabilizer
Eca is the electricity consumed by all appliances connected to
stabilizers

The associated cost of using a stabilizer, determined as per the
aforementioned formula, is Rs 295 per month. This cost is used to
calculate the actual underlying tariff for consumers using stabilizers
along with either a generator or an inverter.

Table 5 Ownership of stabilizers per household

Property category A B C D E

Number of stabilizers 1.4 1.4 2.4 0.6 0.5

Source Survey findings
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Weighted price of electricity

The weighted price of electricity for an average consumer who uses
generator/inverter along with stabilizers for two hours per day has
been calculated by taking the weighted average of the cost incurred
for generating electricity through generators/invertors and that
incurred for using grid electricity. The number of units consumed
through each sources was used to assign the weights. The results
obtained are as follows.
� A consumer using generator at full load for two hours per day and

a stabilizer for three appliances (refrigerator, AC (air condi-
tioner), and television) spends about Rs 6.30 per unit for the
overall consumption.

� A consumer using inverter for two hours per day at 50% load and
a stabilizer for three appliances (refrigerator, AC and television)
spends about Rs 4.00 per unit for the overall consumption.
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ANNEXE A-3

Indicative savings at all-India level

Energy savings at all-India level by using energy-
efficient measures in lighting

As per a study undertaken by TERI (TAEW 2005), lighting load in
India was 17% of the installed generating capacity in 2003. Corre-
sponding contribution of lighting load in developed countries is only
7%. The lighting load in China, in the early 1990s, was similar to that
of India. However, with deliberate strategies and rigorous imple-
mentation, lighting load was brought to less than 10% by 2000.
China has not only encouraged the use of CFLs (compact fluores-
cent lamps) in a big way, but it has also become the largest producer
of these appliances. This success story can be replicated in India as
well because there is a huge potential of savings in the lighting sector
of the country, as discussed subsequently.

Energy savings by replacement of conventional tube light
(along with copper ballast) with energy-efficient tube light
(along with electronic ballast)

There are approximately 240 million conventional lamp points in
India. If we assume replacement of 25% of these lamps with energy-
efficient TLs (tube lights) (and electronic ballasts), the savings on
account of lower wattage will be equivalent to 2400 MW (mega-
watts) of generating capacity. Savings at the consumer’s end would
be 3285 MU (million units) per annum, which translates into
Rs 9860 million annually. This would also account for an annual
saving of 2.4 MT (million tonnes) of coal, resulting in saving of
approximately Rs 3120 million. This is based on the assumption that
1 W (watt) saved at consumer-end equates to 1.6 W of generating
capacity to allow for transmission and distribution losses, planned
and unplanned outages, power thefts, and so on.
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Other advantages of using energy-efficient TLs and electronic
ballast include the following.
� They have a longer life, 20 000 hours against 5000 hours for

conventional TLs.
� Electronic ballast automatically switches off in case of a failed or

defective lamp and, therefore, virtually eliminates the risk of
electrical fires.

� The electronic ballast operates on a wide range of 145 V (volts) to
285 V, has a high power factor (>0.95), and hence, is ideal for the
Indian conditions of wide voltage fluctuations.

� Also because of their longer life, far fewer lamps would be pro-
duced per annum, thereby saving raw materials, transport cost,
and energy.

Energy saving by replacement of general lighting source
incandescent lamps by compact fluorescent lamps

Similarly, there are approximately 320 million GLS (general
lighting source) points in the country and if we assume replace-
ment of only 25% of these with CFLs, the savings will be equiva-
lent to 5760 MW in generating capacity, the installation cost of
which is approximately Rs 288 000 million (@ Rs 50 million/MW).
At consumer end, this would result in a savings of 7884 MU,
translating into Rs 23 650 million. This would further result in
saving of 6 MT of coal per annum, costing Rs 7500 million (TAEW
2005).
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ANNEXE A-4

State initiatives

Given below are the demand-side management initiatives taken by
some states in the residential sector.

BELP (BESCOM1 Energy Efficient Lighting Programme)

Consumers were given the option to purchase CFLs from the
market against utility coupons and repay the cost through utility
bills. Consumers benefited on two accounts. First, the CFL cost was
lower due to bulk purchase by the utility and second, the consumers
could repay the cost through savings achieved by the use of CFLs.
Reputed CFL suppliers were selected through tenders and a one
year warranty was provided on the appliance. The scheme resulted in
a 15% reduction in the cost of CFL. The initiative reached out to 1.3
million residential consumers

Gujarat (Ahmedabad Electricity Company)

High-efficiency fixtures like energy-efficient tubes, electronic
ballast, and so on were leased under a programme, in collaboration
with ESCO (energy supply company). Utility involvement cultivated
consumer confidence in the quality of device and consumer could
pay capital cost over a long period—through the savings achieved.
As the initial investment was done by ESCO, it became a no-cost-
affair for the utility. In a span of two years, over 50 000 appliances
were distributed under this programme (Prayas Energy Group
[Pune] 2005).

1 Bangalore Electricity Supply Company, Karnatka



Managing power demand:  a case study of the residential sector in Delhi58

References

CEA (Central Electricity Authority). 2005
National Electricity Plan
New Delhi: CEA, Ministry of Power, Government of India

CEA (Central Electricity Authority). 2006
Details available at <www.cea.nic.in>, last accessed on 31 March 2006

CEA (Central Electricity Authority) General Review. 2006
General Review 2006, All India Electricity Statistics
New Delhi: CEA, Ministry of Power, Government of India

Cochran W G. 1977
Sampling Techniques
New York: John Wiley and Sons

DERC (Delhi Electricity Regulatory Commission). 2006
Tariff Orders for North Delhi Power Ltd, BSES Rajdhani Power Ltd and BSES
Yamuna Power Ltd for FY 2003/04, FY 2004/05 and FY 2005/06, issued by Delhi
Electricity Regulatory Commission

EECP ( Energy Efficiency and Conservation Programme). 2006
Inputs received during ‘Workshop on Developing
an Energy Efficiency and Conservation Programme for Delhi’
[held in April 2006, organized by The Energy and Resources Institute]

MCD (Municipal Corporation of Delhi). 2006
Details available at <http://mcdonline.gov.in>, last  accessed on 3 March 2006

Ministry of Finance. 2004
Economic Survey of Delhi, 2003–04
New Delhi: Economic Division, Ministry of Finance

MoP (Ministry of Power). 2006
Details available at <www.powermin.nic.in >, last accessed in June 2006

Osram India Pvt. Ltd
Product list
Details available at <www.osram.com>, last accessed on 10 April 2006



59Managing power demand:  a case study of the residential sector in Delhi

Philips India Ltd
Product list
Details available at <www.lighting.philips.co.in>, last accessed on 10 April 2006

Prayas Energy Group (Pune). 2005
Demand-side Management in the Electricity Sector: urgent need for
regulatory action and utility driven programs
New Delhi: Climate Change and Energy Programme, World Wide Fund for
Nature–India

Ramanathan K. 2005
Indian Power Sector: future trends
[Paper presented in ‘India Review Meeting, International Copper Promotion
Council (India), Mumbai, 12 May 2005]

Reddy B S and Shrestha R M., 1998
Barriers to the adoption of efficient electricity technologies; a case study
for India
International Journal of Energy Research 22: 257–270

TAEW (Technology Assessment Expert Workshop). 2005
Inputs received during ‘Technology Assessment Expert Workshop: Lighting Sector,
National Energy Map for India – Resources and Technology Vision up to 2030’ 18–
24 August 2004, organized by TERI, New Delhi

TERI (The Energy and Resources Institute). 2005
Energy Security Issues for India, TERI 2005
[Paper prepared for British High Commission by TERI under the project, ‘Devel-
oping an Energy Security Policy for India’]
New Delhi: TERI

TERI (The Energy and Resources Institute). 2006
TERI Energy Data Directory and Databook, 2004/05
New Delhi: TERI



Managing power demand:  a case study of the residential sector in Delhi60

Bibliography

CEA (Central Electricity Authority) General Review. 2005
General Review 2005. All India Electricity Statistics
New Delhi: CEA, Ministry of Power, Government of India

Clark A.  2000
Demand-side management investment in South Africa: barriers possible
solutions for new power sector contexts
Energy for Sustainable Development IV(4): 27–34

ESPEE (Energy Security: Promoting energy efficiency). 2006
Inputs received during focused group discussion on ‘Energy Security: Promoting
energy efficiency’
[held in New Delhi in February 2006, organized by TERI in association with World
Business Council for Sustainable Development]

Eto J, Prahl R, and Schlegel J. 1996
A scoping study on energy-efficiency market transformation by California
utility DSM programs
[Submitted to The California Demand Side Management Advisory Committee
(Project 2091T)]

Parikh J K, Reddy B S, Banerjee R, Koundinya S. 1996
DSM survey in India: awareness, barriers and implementability
Energy 21(10): 955—966

Sauer I L, Mercedes S S P, Herrera A H, Chacon L C. 2001
Demand-side management for the residential sector of the San Jose, Costa
Rica, metropolitan region
Energy for Sustainable Development V (3): 60–80



61Managing power demand:  a case study of the residential sector in Delhi

Today, India is one of the fastest-growing
economies of the world, characterized by rapid
urbanization and growing consumer markets. This
development has been accompanied by increasing
demand for energy to sustain modern ways of
living, placing tremendous strain on the existing
resources. Overtime, capacity augmentation has
not been able to keep pace with demand, resulting
in energy and peak shortages in the country. It,
therefore, becomes important to supplement
interventions at the supply side with measures on
the demand side like load management and
efficient use of energy.

This publication, through a case study, exhibits
potential savings for utilities and consumers
through basic energy management practices at the
household level. It assumes even greater
importance in view of the expanding share of
domestic sector in the total electricity
consumption. It is based on an extensive field
survey conducted by TERI to gather data on the
ownership and usage pattern of electrical
appliances in the households of Delhi. Analysis of
the data and information collected demonstrates
the impact of simple demand-side measures on the
city’s peak demand and consumers’ electricity bills.

This publication shall be useful for academics,
policy-makers, regulators, managers of power
utilities, and general consumers of electricity.


