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EXECUTIVE SUMMARY
 

INTRODUCTION
 

This report is a component of the Indian Power Sector Assessment
 
being 
conducted by the World Bank in coordination with the
 
Government of India and bilateral donor agencies. 
 This report
 
examines opportunities and barriers to improved end-use efficiency
 

in India.
 

In recent years, power demand in India has grown by approximately
 
9% per year. To sustain this level of growth, the power sector in
 
India has accounted for 15-19% of five-year plan outlays.
 
Virtually all of this money has been spent on supply-side resources
 
(power plants and transmission lines). However, as a result of
 
severe resource cunstraints being faced by the Indian government,
 
Plan outlays are not keeping pace with the growth of the Indian
 
economy and therefore expenditures of 15-19% of Plan funds will not
 
be sufficient to meet projected pcwer needs. 
 As a result, it is
 
increasingly unlikely that reliance on supply-side resources alone
 
can bring demand and supply into balance.
 

As an alternative to reliance on only supply-side resources, this
 
report examines opportunities to reduce electricity demand by
 
promoting efficiency improvements at the end-use (customer) level.
 
The cost of these efficiency improvements per unit of power saved
 
is usually less than the cost to build a new 
power plant (and
 
almost always less than the cost to build and operate a new power
 
plant): thereby having a greater impact on India's power balance
 
for each 
Rupee spent. This is not to say that efficiency
 
improvements alone can meet India's future power needs. 
While the
 
efficiency potential i substantial, power needs are greater still.
 
Rather, the most efficient use of resources, and perhaps the only
 
viable strategy for bringing power demand and supply into balance,
 
is to pursue a mixed strategy of end-use efficiency improvements,
 
supply-side efficiency improvements (improvements to existing power
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plants and transmission/distribution systems), and new supply-side
 
resources.
 

In investigating opportunities for end-use efficiency, we began our
 
work by investigating 
current and projected electricity use
 
patterns in India, and building upon this base, then estimated the
 
amount of cost-effective efficiency measures that axe 
available.
 
ne next examined barriers to achievement 
of these efficiency
 
opportunities, and existing efforts in 
india, and elsewhere, to
 
overcome these barriers and achieve significant efficiency savings.

Finally, building upon existing program efforts, we examined polk y

options that can be pursued in India to significantly increase the
 
rate at which end-use efficiency is improved in India. 
The results
 
of each of these tasks are discussed in the paragraphs below.
 

ELECTRICITY CONSUMPTION PATTERNS IN INDIA
 

Our analysis began by examining 
current levels of electricity

consumption in India, and how this consumption is divided among the
 
different end-uses. 
End-use breakdowns were based on studies that
 
have been prepared in India in recent years, supplemented with data
 
from other countries. 
In maily cases the available Hata were very

limited, 
 and thus the end-use estimates are subject to a
 
considerable degree of uncertainty. 
 This analysis, which is
 
summarized in Figure ES-i, found that the largest electricity end
uses are industrial motors (38% all
of electricity use),

agricultural pumps (23%), lighting (13%), 
and domestic Ipliances
 
(11%).
 

We 
next examined projected future trends in electricity use and 
adopted two forecasts for further analysis -- a high case and a low
 
case. The high 
case is based on the Central Electricity
 
Authority's Thirteenth Electric Power Survey and projects average

growth in electricity use of approximately 10% per year over the
 
1989/90 to 2004/05 period. 
The low c.se is based on tbh Advisory

Board on Energy's Case I forecast, and projects an average annual
 
growth rate of almost 7% over the same period.
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The final step in this analysis was to estimate how electricity use
 
in 2004/05 will be divided among the different end-uses. This
 
analysis is also summarized in Figure ES-I and shows that end-use
 
shares 
in 2004/05 will generally b& similar to that at present,
 
except that the share of total electricity use consumed by domestic
 
appliances will rise to 16% 
(due to increases in the proportion of
 
families owning appliances) while the 
 share consumed by
 
agricultural pumps will decline 
 to 16% (due primarily to
 
limitations on the amount of water available).
 

OPPORTUNITIES FOR EFFICIENCY IMPROVEMENTS
 

For each of the major electricity end-uses examined
we 

opportunities for cost-effective efficiency improvements. 
A total
 
of 27 efficiency measures 
were examined. For each measure we
 
examined measure cost per kW saved and per kwh saved. 
Whenever a
 
measure costs less per kW than a new power plant (approximately Rs
 
23,500/kW for a baseload plant and 
Rs 12,900/kW for a peaking
 
plant) and/or less than short-term or long-term marginal generation
 
costs (approximately Rs 1.1/kWh and RE 
1.9/kWh respectively), a
 
measure 
is likely to be cost-effective in India. 
 In addition to
 
examining measure cost-effectiveness, we also examined the amount
 
of savings that are available in India if each measure is widely
 
used. 
 The results of these analyses are summarized in Table ES
1.
 

Thi.s analysis shows that all of the efficiezicy m,asures examined
 
cost less per kW than new power plants, and cost less per kWh than
 
marginal operating costs. 
If all measures examined are implemented
 
wherever cost-effective and technically 
feasible, forecasted
 
electricity use and peak generating requirements in 2004/05 can be
 
reduced by approximately 20%. 
 The average capital cost of these
 
measures is only Rs. 3,800/kW -- substantially less than the cost
 
of both baseload and peaking power plants. 
The majority of savings
 
are due to a limited number of measures, and thus promotion of
 
these measures should be a priority for future program efforts.
 
These priority measures include improvements to new and existing
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Table ES-1. Lost-Effectiveness and Savings Analysis for 27 Conservation & Load Manag-ment Keesures 

Energy Savings 
Possible in 
2004/05 (G~h) 

Savings as a % of 
Projected GIh Sates 

Peak Generation Savings 
Savings Possible in 
2004/05 (MW) 

Savings as a 2 of 
Projected Generating 
Coaecity 

Measure RsikU Rs/kh -------------------------------Low-case Iigh-case ----------
Individual ----------

Cututative 
----------

Low-case 
---------
High-case 

----------
Individual 

----------
Cumwative 

E) 

TLD tamp 

Centrif. refrig. compressor 
1rp-oved arc furnaces 
Meter agricultural pmpets 
Incand. to fluor. fixture 
HPSV tamp & baltat 
Motor rewinding, etc. 
High efficiency motors 
Air compressor OM 
HVAC effic. improvements 
Two-speed motors 
High effic. new pwmpsets 

0 

3,200 

3,400 

4,700 
2,200 

3.800 

7,400 

8,400 

7,300 

7,000 

9,700 
7,3,)0 

0.00 

0.09 

0.13 

0.18 

0.19 

0.20 

0.25 

0.25 
0.26 

0.28 

0.29 
0.30 

3.324 

872 

1,242 

3,985 

8,227 

1,263 

10,214 

3,860 
1,682 

2,465 

3,792 
9,086 

5,331 

1,398 

1,998 

6,385 

13,202 

1,989 

16,369 
6,186 
2,695 

3,974 
6,077 
14,558 

0.662 

0.172 

0.25A 

0.802 

1.64% 

0.25% 

2.042 

0.772 
0.34% 

().49% 

0.76% 
1.81% 

0.662 

0.4% 

1.09% 

1.88% 

3.522 

3.752 

5.81% 

6.582 
6.922 

7.41% 

8.172 
9.93% 

1,140 

200 

311 
1,275 

,808 
442 

2,918 

1,103 

505 

822 

1, ('3 
3,060 

1,828 

321 

500 
2,043 

9,319 
696 

4,677 

1,767 

809 
1,325 

1,736 
4,904 

0.60% 

0.11% 

0.162 

0.672 

3.06%2 

0.23% 

1.54% 

0.582 
0.272 

0.43% 

0.572 
1.61% 

0.60 

0.71% 

0872 

1.54% 

4.602 
4.83X 

6.372 

6.95% 
7.22% 
7.652 

8.222 
9.84% 

Ln Moderate effic. refrig.
Membrane chtor-atk process 
Room A/C EER 9 
Circular fluorescent tms 
optimize industriat pumps 
optimize industrial fans 
More efficient fan 
Improved altuminu smetterz 
Electronic Ballast 
High effic. refrigerator 
Variable sied drives 
Compact fluorescent tasp 
Agrig pimpset rectification 
Efficient evap. cooter 
Storage cooling 

12,600 
12,500 

4,000 

3,700 

11,200 

12,200 

6,300 

17,600 

11,2 0 
20,000 

17,200 

6,800 

15,900 

10,100 
13,300 

0.32 
0.32 

0.33 

0.37 

0.38 

0.41 

0.42 

0.46 

0.47 
0.50 

0.62 
0.67 

0.77 

0.79 
.. 

3,232 
1,704 

1,105 

2,859 

3,113 

2,450 

2,779 

3,366 
7,479 
3,667 
11,140 
3,311 

7,950 

455 

.. 

5,182 
2,741 

1,777 

4,588 

4,995 

3,925 

4,446 

5,406 

11,995 

5,830 

17,852 
5,313 

12,738 
728 
...... 

0.65% 
0.34% 

0.22% 

0.572 

0.622 

0.49% 

0.55% 

0.57 

1.492 
0.73% 

2.222 
0.662 

1.592 

0.09% 

10.63% 
10.97. 

11.192 

11.762 

12.38% 

12.872 

13.422 

14.10% 

15.592 
16.322 

18.54% 
19.21% 

20.792 

20.882 

738 
379 

737 

2,018 

889 

TOO 

1,556 

748 

2,564 

837 

2,674 
2,337 

2,678 

303 
604 

1,1 r 
609 

1,164 

3,239 

1,427 

1,121 

2,490 

1,201 

4,112 
1,342 

4,285 
3,750 

4,291 

485 

972 

0.392 
0.202 

0.392 

1.062 
0.472 

0.372 

0.822 

0.392 

1.35% 
0.44% 

1.41% 
1.21% 
1.41% 

0.162 
0.322 

10.23% 
10.422 
10.81% 

11.382 

12.35% 

12.71% 

13.53% 

13.932 

15.28% 
15.72% 
17.13% 
18.36% 

19.77% 

19.93% 
20.25% 

TOTAL 104,624 167,727 20.8q 20.882 38,430 61,616 20.25% 20.25% 



agricultural pumping systems, metering of agricultural pumpsets,
 
use of fluorescent fixtures instead of incandesccnt fixtures in new
 
construction, improved operations and maintenance practices in the
 
industrial sector, and the development and promotion of efficient
 
end-use equipment including motors, variable speed drives, compact
 
and circular fluorescent lamps, electronic ballasts, and domestic
 
refrigerators and other appliances.
 

BARRIERS TO ENERGY EFFICIENCY IN INDIA
 

There are many barriers to implementation of cost-effective energy
 
efficiency measures in India. 
 Among the major barriers are the
 
following:
 

1. 	 Many end-users are unaware of opportunities to improve
 
energy efficiency.
 

2. 	 Even where end-users are aware of efficiency

opportunities, they are unlikely to make efficiency

investments that cost more than minimal amounts. 
On the

other hand, failure by end-users to invest in efficiency
 
measures with modest cost obligates utilities to invest
 
in new power plants with much higher costs.
 

3. 	 Electricity prices in India do not generally cover the
 
full costs of electricity production. End-users do not
 
use electricity efficiently because they pay only a
 
portion of the full cost. This is particularly a problem

in the agricultural and domestic sectors.
 

4. 	 Some end-users lack the capital to finance efficiency

investments. Also, there is a shortage 
of foreign
 
currency which can be used to finance imports of
 
efficient equipment or the machinery and raw materials
 
needed to produce efficient equipment in India.
 

5. 	 Implementing efficiency projects takes time that many

end-users do 
not have, and can disrupt day-to-day
 
operations.
 

6. 	 Many of the most promising efficiency measures are not
 
widely available in India. Many efficient devices are
 
not produced in India. Due to high import duties,

availability of models produced overseas is very limited.
 
For devices that are produced in India, availability and
 
use are restricted by limited production capacity,

quality control problems, the high cost of imported
 
components, and a vicious circle in limited
which 
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availability leads to high cost which leads to limited
 
demand.
 

7. 	 Problems with 
 power quality in India obligate

manufacturers and end-users to produce and use equipment

that can withstand 
large voltage fluctuations. This
equipment is often less efficient than equipment designed

to operate in a narrower voltage band.
 

8. 	 Some of the energy-saving equipment produced in India is

of poor quality, which decreases the energy-savings, and

makes end-users reluctant to make efficiency investments.
 

9. 	 Small-scale manufacturers produce a substantial share of
end-use equipment, 
but 	 these firms often produce

equipment tiiat is low in cost and 
low in efficiency.

Larger firms are restricted from entering these markets,
and 	small-scale firms often 
lack the resources and

interest to improve their products.
 

10. As in other countries, end-users have aversion
an

taking risks associated with 	

to
 
new technologies, or new
 

uses of old technologies. Many energy efficiency
 
measures fall into these categories.
 

11. 	 Many decision-makers are biased towards large visible
 
projects they can show-off. While some energy efficiency

measures meet this criteria, many other measures, such
 as operations and maintenance measures, and small
equipment improvements are relatively invisible.
 

12. 	 The presence of a large used-equipment market which

delays the retirement of inefficient equipment.
 

13. 
 A shortage of skilled staff in India needed to identify,

install, and maintain energy-efficiency measures.
 

EXISTING PROGRAMS AND POLICIES TO IMPROVE EFFICIENCY IN INDIA
 

Governments and organizations in India have undertaken a number of
 
programs and policies to improve electricity efficiency in India
 
including information and education programs, income tax
 
incentives, excise and customs duty relief, sales tax reductions,
 
energy audit schemes, subsidies for equipment finance, agricultural
 
pumpset rectification efforts, and equipment efficiency standards.
 

While laudable, these efforts have generally been limited, and as
 
a result, have had limited effect. 
 For example, reductions in
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taxes and duties emphasize measures to conserve oil and to produce
 
renewable energy. Only a few measures to save electricity are
 
eligible. Similarly, energy audit and pumpset rectification
 

programs have served only a limited number of customers due to
 
limited availability, and financing programs have been even more
 
limited. Furthermore, financing programs require substantial
 
paperwork and usually involve only a limited interest subsidy.
 

Experience in other countries indicates that most loan programs
 
have disappointing participation rates, and that other forms of
 
financial incentive are usually more effective. Also, experience
 
around the world indicates that information and education programs
 
will generally have limited impact unless offered in combination
 
with financing and other program services. Likewise, equipment
 

efficiency standards in India apply to only a few types of
 
equipment, are usually voluntary (manufacturers are not required
 
to comply), and frequently they specify only modest efficiency
 

improvements.
 

While efforts to date have been limited, they have resulted in some
 
energy savings and, perhaps more importantly, they provide a useful
 
foundation upon which to build for the future. For example,
 

pumpset rectification programs can be expanded. Utility-operated
 

education programs can be expanded to include technical and
 
financial assistance. Equipment efficiency standards can be
 
expanded, strengthened, and made mandatory. Efforts to promote
 

local production of quality, efficient equipment can build upon
 
efforts now underway in India.
 

POLICY RECOMMENDATZONS
 

In developing our recommendations, we decided not to develop a long
 
"laundry list" of detailed program and policy recommendations.
 
Such lists have been compiled in India before, and we do not seek
 
to replicate them. Instead, we chose to concentrate our analysis
 

and recommendations on a few initiatives that could have a
 
significant effect on the level of efficiency investment in India.
 

These recommendations are as follows:
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1. 
 Prepare and implement "least-cost" plans.
 

2. Expand efforts to promote the production of high
efficiency technologies in India, including 
advanced
 
technologies.
 

3. Expand existing programs 
and start new programs to
improve the efficiency of agricultural pumps, lighting

systems, and industrial facilities.
 

4. Implement 
institutional modifications to increase the
priority accorded electricity conservation efforts and
to improve the coordination of these efforts.
 
Each of these recommendations is discussed briefly below.
 

Least-Cost Utility Planning
 

In 
most of the world, including India, utilities concentrate on
 
building 
new power plants, and limit conservation activities to
 
public education efforts. 
 However, investments 
in many conser
vation and load management measures are less expensive per kW than
 
new power plants. In order to decide the best mix of new power

plants and conservation and load management programs to 
pursue,
 
many utilities in the 
U.S., 
as well as other countries, are
 
conducting a "least-cost planning process" in which the cost of new
 
generating facilities, supply-side efficiency improvements, and
 
end-use efficiency measures 
are all examined, and the mix of
 
resources which can meet future power needs at the lowest cost are
 
selected. Experience 
 in other countries suggests that
 
implementation of a least-cost plan can save many millions, if not
 
billions, 
 of dollars by substituting 
 low-cost efficiency
 
improvements for some of the most expensive new power projects.
 

In order to establish least-cost planning in India, some technical
 
assistance might be needed from experts who have participated in
 
previous least-cost planning processes. Least-cost planning

efforts should begin at the Central Electricity Authority and at
 
a few of the more progressive State Electricity Boards. 
Only over
 
time can all utilities be expected to undertake such 
a process.

In the long-term, the Government 
of India, or multilateral
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financial institutions could require preparation of a least-cost
 
plan, before providing financing for utility projects, be they
 
power plants or conservation programs. As part of their least
cost planning processes, utilities will need to decide which
 
conservation and load-management programs are most suitable for
 
India. The best way to learn which programs are best is to conduct
 
pilot programs. For example, a pilot lighting program is now being
 

planned in Bombay.
 

Promote High Efficiency Technologies
 

Many of the efficiency measures with the greatest savings potential
 
involve technologies that are routinely produced in other countries
 
in the world, but not in India. Examples include circular
 
fluorescent lamps; compact fluorescent lamps; improved efficiency
 
refrigerators, air conditioners, evaporative coolers, and 
fan
 
motors; and storage cooling systems. In addition, a few
 
technologies that are produced in India could benefit from
 
improvement. Examples include electronic ballasts (which suffer
 
from quality control problems) and variable-speed drives (where
 
costs are high).
 

If these technologies are to realize their savings potential, a
 
major effort needs to take place to promote the widespread
 
production, availability, and use of these products. Components
 
of such a strategy include: (1) research, development, and
 
demonstration projects with an emphasis on adapting technologies
 
developed overseas to the Indian context; (2) technical and
 
financial assistance to manufacturers so they can produce the
 
equipment; (3) selective reductions in import duties, both on the
 
manufacturing equipment needed to produce products domestically,
 

and on limited quantities of actual products, so that a sufficient
 
market can be established to make domestic manufacture attractive;
 
(4) mandatory efficiency standards for selected equipment; and (5)
 
purchases of efficient equipment by government agencies and
 
institutions to help create a market for this equipment within
 

India.
 

S-10
 



Expand Efficiency Programs in Hiah-Priority Areas
 

Many of the largest opportunities for saving electricity fall in
three areas: agricultural pumping; 
lighting in 
all ,ectors: and

improved operations, maintenance and equipment selection in the
industrial 
sector. These 
three 
areas should receive priority
 
attention.
 

Agricultural Efficiency Programs
 

Agricultural 
pumps represent one of 
 the largest efficiency

opportunities in India. 
 Pumpset rectification programs operated

by the Rural Electrification Corporation and individual states have

shown that the energy use of existing pumpsets can be reduced by
30% 
or more at low cost. 
Similar savings are possible if only high

efficiency equipment is used in new installations. Furthermore,
 
pumpset electricity use 
is not metered, and thus farmers have no

incentive 
 to use them efficiently. 
 To 
 tap into these

opportunities, 
 all pumpsets should be 
 metered, existing

rectification programs should be greatly expanded, and efficiency

standards for new pumps should be strengthened.
 

Lighting Efficiency Programs
 

Lighting efficiency measures account for approximately 35% 
of the

available 
 demand savings identified by this 
 project, and
approximately 40% 
of these savings are available from just one
 
measure --
 use of fluorescent fixtures instead 
of incandescent
 
fixtures. Accordingly, extensive 
efforts should 
be made to
 
encourage customers 
to install fluorescent 
fixtures instead of

incandescent 
fixtures when lighting systems
new 
 are installed.
 
Possible approaches that can be used include: (1) offering domestic
 
customers a special low rate for the first few kWh -- just enough

to operate two 20-watt fluorescent l&mps; additional kwh would be
charged at a significantly higher rate; and (2) provide fluorescent
 
fixtures to 
customers at subsidized prices, 
so that fluorescent
 
fixtures cost no more than 
incandescent 
fixtures. 
 The first
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approach has been successfully used in Thailand; the second
 
approach would have a capital cost substantially less than even
 

peaking power plants.
 

Industrial Efficiency Programs
 

Nearly 40% of the energy savings and over 25% of the available peak
 
generating capacity savings identified in our research involve
 

improvements to industrial motors and processes. These savings
 
fall into three general groups -- low-cost operations, maintenance, 
and equipment optimization measures; new production equipment in
 
key electricity-intensive industries (aluminum, chlor-alkali, and
 
steel); and use of more efficient equipment 3n motor systems.
 

To encourage the first group cf measures, expanded training,
 
information, and technical assistance programs are needed, building
 
on current efforts in this area. Another way to promote these
 
measures is to encourage firms to hire energy managers who would
 
be responsible for identifying energy waste within their plants and
 

for developing solutions. While a number of Indian manufacturers
 

have energy managers, most do not.
 

The second group of measures involve a small number of firms.
 

These firms often have technical expertise, but lack the capital
 
needed to fund these improvements. Financial assistance in the
 
form of low-cost and/or long-term loans for efficiency improvements
 

could be of great benefit to these firms. Given the amount of
 
money required, assistance from multilateral development banks will
 

probably be needed.
 

The third group -- improvements to motor systems -- involve nearly
 

all industries in India. While a few of these industries have the
 
information, technicel expertise and capital to implement these
 

measures, most do not. This group of measures may be the most
 
difficult of the three groups to implement. Achieving these
 
savings will require a combination of information, technical
 
assistance, and financial assistance. Since many small firms are
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involved, loans may be too complex to administer -- partial gcants
(perhaps 50% of measure cost) may be preferable. This approach has 
been very successful in China. 

INSTITUTIONAL MODIFICATIONS 
TO IMPROVE ELECTRICITY CONSERVATION
 
EFFORTS
 

In order to successfully implement the recommendations discussed
 
above, strong leadership and extensive coordination will be needed
 
in the Center and in each state. 
 At present, responsibil.ty for
 
electricity conservation Pctivity is diffused among many government
 
departments and agencies, 
and is not generally accorded high

priority by the leadership of their respective agencies.
 

Many of our recommendations flow from our first recommendation 
-

-to develop and implement a least-cost planning process. 
At the
 
Center, power planning is coordinated by the Central Electricity
 
Authority (CEA). 
 CEA is responsible for developing the National
 
Power Plan and for working closely the
with states on their
 
individual plans. In a companion report to this report, demand
 
fcrecasting and investment planning issues were investigated. The
 
principle recommendation of 
this review was that 
a new post be
 
created in CEA the Member
at level, 
to be known as the Member
 
(Energy Efficiency). 
 We endorse this recommendation. Similar
 
steps should be undertaken at each State Electricity Board.
 

While CEA can coordinate preparation of least-cost plans in India,
 
implementation of the plans will require money,. 
 The major source
 
of funds used by State Electricity Boards for capacity expansion
 
is the Power Finance Corporation (PFC). Since demand-side programs
 
are essentially another form of capacity expansion, the PFC is the
 
logical organization to fund SEB demand-side efforts. 
PFC in turn
 
could obtain funds from the World Bank and the Asian Development
 
Bank. 
In order to implement this mandate, PFC will need to develop
 
expertise in the development and implementation of demand-side
 
programs. 
We recommend that a unit be established within PFC for
 
this purpose.
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A substantial number of energy efficiency efforts are now underway
 
in India and this number is likely to grow significantly in future
 
years. 
 While these programs will likely be administered by many
 
different agencies and organizations, there is a danger that
 
efforts will not be planned as an integrated whole, with the result
 
that some important efficiency meeures are missed entirely, while
 
other measures are the subject of duplicdtive efforts. In orcer
 
that resources be most efficiently and usefully spent, we recommend
 
that an All-India electricity conservation program be established,
 
whose charge is to coordinate planning and administration of the
 
many o.-)grams that will be offered by different organizations and
 
agencies.
 

To some extent, the mission of the electricity conservation program
 
is similar to that of thc Energy Management Center (EMC). EMC is
 
new and it is too early to say for sure how well it will be able
 
to 
carry out its mission. However, a recent review of energy
efficiency agencies in number of
a countries, including India,
 
found that autonomous agencies 
like EMC are unlikely to have a
 
major impact because they are too far removed from key decision
makers in the government. 
In order to remedy this deficiency, EMC
 
should be brought personally under the charge of the Secretary of
 
the Department of the Power. 
At the same time, consultation with
 
other relevant government agencies should be 
increased and the
 
input of universities, 
SEBs, and private industry should be
 
actively sought. 
 A program of this type has been established in
 
Brazil, and early results are highly encouraging.
 

ACHIEVABLE SAVINGS FROM THESE POLICY INITIATIVES
 

The policies recommended here can have 
a substantial impact on
 
future power needs in India, but given the many barriers that must
 
be overc-.e, achieving all ot'the conservation potential identified
 
by our 
research will be close to impossible. Accordingly, we
 
developed a rough estimate of the amount of sa';ings that couid be
 
achieved by 2004/05 if our recommendations are implemented.
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Overall, we estimate that peak generating needs can be reduced by

approximately 12% by 2004/05. This amounts to just over half of
 
the cost-effective technical potential identified in our research
 
(see Figure ES-2). 
 To achieve half of the available cost-effective
 
savings over a 14 year period is ambitious, but less than recent
 
estimates of the achievable conservation potential made in the U.S.
 

If 12% 
savings are achieved, peak generating requirements will be
 
reduced by 22,000-36,000 MW (depending on which demand forecast is
 
employed), saving approximately Rs. 25,000-40,000 crores in capital
 
costs (Rs. 250-400 billion). * 

CONCLUSION
 

A concerted effort 
to 
improve end-use efficiency in India is a
 
critical element in any stLategy for India's power sector. 
India 
cannot build its way out of its current power shortage -- the cost 
of the power plants that would be required is more than India can 
afford. 
 End-use efficiency investments offer the opportunity to
 
acquire "saved power" at a cost substantially less than new power

plants. 
 Thus, efficiency investments 
offer an opportunity to
 
stretch available funds, for they provide more kW and kWh for each
 
Rupee spent.
 

In this report, 
we recommend four strategies to tap into thii
 
efficiency "gold mine" 
-- least-cost utility planning; expanded
efforts to promote the production India
in of high-efficiency

technologies; expanded 
programs 
to improve the efficiency of
 
agricultural pumps, lighting systems and industrial facilities; and
 
institutional 
modifications 
designed to increase the priority

accorded electricity conservation efforts and to improve 
the
 
coordination of these efforts.
 

A billion is a thousand million.
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Figu ES-2. Technical and Achievable Cmservam Potential 
for 2004/2005 -- Low-Case Forcast 
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In order to implement these recommendations will require the active
 
participation of many parties including the Governmeont of India
 
(who will help establish, operate, 
and finance many of the
 
programs), State Electricity Boards (who will prepare and implement

least-cost 
plans), State governments 
(who can assist in the
 
establishment 
 and operation of the programs), multilateral
 
development banks 
(who can provide financing to implement least
cost plans and 
to establish production facilities for high

efficiency equipment), and bilateral donor agencies and the 
new
 
multilateral Global Environment Facility (who 
can provide technical
 
and financial assistance). Establishing 
a successful end-use
 
efficiency program, one 
that will have a significant impact 
on
 
future electricity needs in 
India, will 
require a substantial
 
committment 
by each of the parties listed above. 
 Without a
 
concerted effort by all parties, effic.enry improvements are likely
 
to be modest, and India's power problems could well become worse.
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Chapter I
 

INTRODUCTION
 

BACKGROUND
 

The power sector in India has grown considerably in the four
 
decades since independence in 1947. 
 Utility generating capacity
 
increased from 1,712 MW in 1950/511 to 
59,588 MW in 1988/89 as a
 
result of the high priority placed on the power sector by Indian
 
planners. In addition, captive 
generation capacity (on-site
 
generators 
in homes and businesses) has grown substantially.
 
Between 1950/51 and 1988/89, total gross generation of electricity
 
by utilities and non-utilities increased from 7 to 236 TWh (billion
 
kWh), recording an average annual growth rate of about 10%. 
 In
 
recent years, there has been a slight decrease in the growth rate.
 
Total gross electricity generation 
doubled between 1980/81 and
 
1988/89 corresponding to a 9% rate of growth (Centre for Monitoring
 
Indian Economy, 1990).
 

Despite this rapid growth, the power sector continues to be the
 
bane of the Indian energy sector, with demand exceeding supply and
 
consequently 
 severe peak demand and energy shortages being
 
experienced by the economy. 
 During 1989/90, the all-India power
 
availability 
deficit was 7.9%.2 However, there were wide
 
variations at the regional and state levels, with the deficit in
 
the state of Karnataka being high 23.4%
as as (Centre for
 
Monitoring Indian Economy, 1990).
 

The projections made in the Thirteenth Electric Power Survey
 
(CEA, 1988) indicate that by the end of the Ninth Five Year Plan
 
in 1999/2000 the public utilities would be required to meet a peak
 
load requirement of 112,000 MW and an energy generation requirement
 

1 Refers to Indian fiscal year which begins April 1 and ends
 
March 31.
 

2 The power availability deficit is 
an estimate of lost
 
electricity sales due to voltage reductions and involuntary service
 
interruptions.
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of 594 TWh. These projections represent an annual growth rate of
 
approximately 10% per 
year. In order to meet this projected
 
demand, an extremely ambitious 
program for planned capacity
 
additions will be needed. Historically, the power sector has
 
accounted for 15-19% of total Plan outlays (Centre for Monitoring
 
Indian Economy, 1990). However, as a result of 
severe resource
 
constraints being faced by the Indian government, Plan outlays are
 
not keeping pace with the growth of the Indian economy and 
therefore expenditures of 15-19% of Plan funds will not be 
sufficient to meet projected power needs. Thus, estimates for 
planned capacity additions in the Eighth Plan (expected to 
start
 
in 1992/93) have been revised successively downwards from 48,000
 
MW in the original formulation to 38,000 MW in a later formulation,
 
and further to about 26,000 MW recently.
 

The response to the chronic power shortages in India has been poor
 
quality of service including voltage and frequency fluctuations and
 
involuntary load shedding because of 
power cuts imposed by the
 
utilities, whether pre-announced or abrupt. Clearly, this is not
 
an acceptable solution and neither can this practice be a long
term response. Increased efficiency of electricity end-use
 
(reducing the amount of energy used) and load management (shifting
 
energy use from peak to off-peak periods) are two approaches which
 
have the potential of being important and cost-effective strategies
 
to mitigate or eliminate the shortfall between electricity demand
 
and supply as well as to complement supply capacity additions.
 
These approaches are equally, if not more, important in the context
 
of the high energy intensity of the Indian economy.
 

The World Bank, in association with bilateral donor agencies, is
 
conducting a series of comprehensive studies on the Indian power
 
sector. 
One of the components, involving the participation of the
 
United States Agency for International Development, is this study
 
on end-use efficiency of electricity use. The objectives of the
 
study are to identify important factors constraining end-use
 
efficiency and to suggest how constraints might be eased and how
 
such initiatives could complement expansions in supply capacity.
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The study has been conducted jointly by a team of Indian and U.S. 
consultants -- National Productivity Council (NPC) and Innotem 
Services Private Limited (INNOTEM) from India and the American 
Council for an Energy-Efficient Economy (ACEEE) from the United 

States.
 

TECHNICAL APPROACH AND METHODOLOGY
 

Although electricity is used in all 
sectors of the economy, its
 
consumption in different sectors takes place in different end-uses
 
and equipment, and with different efficiencies. Thus an end-use
 
analysis approach 
was used for this study. The methodology
 
followed for each sector broadly consists of the following
 
elements:
 

- Develop a list of end-uses and major equipment types;
 

- Estimate and analyze current electricity use for each 
sector in total and disaggregated by end-use/equipment 
type; 

- Estimate and analyze forecasted electricity use for each
 
sector in total and disaggregated by end-use/equipment
 
type;
 

- Develop a list of major energy-conservation and load
management options for each end-use and sector; 

- Conduct a technical and economic assessment of each option; 

- Identify constraints to adoption of efficiency measures; 

- Review current programs and policies to promote energy 
conservation and load management in India; 

- Building on current programs and policies in India and in 
other countries, identify strategies to overcome 
constraints; 

- Identify and evaluate policy options; 

- Develop recommendations, including steps that can be taken 
by the Government of India, state governments, the World 
Bank, and bilateral donor agencies. 

Following the above methodology, the study was organised into a
 
series of tasks, as follows:
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Task 1: Analysis of current and projected electricity use
 
patterns in India;
 

Task 2: Review of major opportunities to improve end-use
 
efficiency;
 

Task 3: Identification of constraints to adoption of
 
efficiency measures and strategies to overcome these
 
constraints;
 

Task 4: Review of major energy conservation programs and
 

policies in India;
 

Task 5: Development of policy options;
 

Task 6: Field interviews with end-users, equipment
 
manufacturers, industry associations, electric utilities,
 
financial institutions, government agencies, government
 
officials, and other energy experts;
 

Task 7: Evaluation of policy options;
 

Task 8: Preparation of draft report;
 

Task 9: Review of draft report by experts;
 

Task 10: Preparation of final report.
 

Each member of the study team was primarily responsible for
 

specific tasks although close interaction among all members was
 

maintained throughout the study. Tasks 1 and 4 were carried out
 

by INNOTEM, Tasks 2 and 3 by NPC, and Task 6 by NPC and INNOTEM
 

jointly. ACEEE was responsible for Task 7, for the Task 2 economic
 

analysis of conservation and load management opportunities, and for
 

overall direction of the project. The report preparation tasks
 

involved the participation of all team members.
 

ORGANIZATION OF REPORT
 

This report is organized into six chapters, roughly corresponding
 

to the different tasks discussed above. Following this
 

introductory chapter, Chapter 2 discusses present and projected
 

electricity use patterns in India, with a particular focus on use
 

at the sector and end-use level. Chapter 3 discusses some of the
 

major opportunities to improve efficiency of electricity use in
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India, including an analysis of measure economics, current
 
technology status, and the savings that are available from each
 
measure on a country-wide basis. Chapter 4 discusses the barriers
 
which thus far have limited the adopcion of efficiency measures and
 

identifies options for overcoming these barriers. Chapter 5
 
addresses current programs and policies to promote energy
 
efficiency and load management in India. Finally, Chapter 6 builds
 

on the findings of each of the previous chapters to discuss
 

programs and policies that can be pursued in India, to overcome the
 

many barriers identified, and substantially increase the amount of
 

conservation and load management achieved over the Eighth, Ninth,
 
and Tenth five-year plan cycles (the present through approximately
 

2004/05). This chapter includes discussions of programs and
 

policies pursued in other countries which could be adapted to
 
India, and includes some rough estimates of the savings in India
 
from the recommended programs and policies. Two appendices include
 
detailed analyses on several of the issues discussed in the main
 

body of the report.
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Chapter 2
 

ELECTRICITY CONSUMPTION BY SECTOR AND END-USE
 

TRENDS IN ELECTRICITY CONSUMPTION
 

Between 1980/81 and 1987/88, total electricity purchased from
 
public utilities increased from 82,367 GWh (million kWh) to 146,206
 
GWh, corresponding to an average annual increase of 8.5%. 
Detailed
 
data on electricity sales over this period is provided in Table 2
1. In addition, a significant amount of electricity (approximately
 
16,000 GWh in 1989/90 -- CEA, 1988) is provided by captive
 

generation (self-generation).
 

Sales of electricity by sector over the 1980/81 to 1987/88 period
 
is also summarized in 
Table 2-1. These data show that the
 
industrial sector accounts 
for the largest share of electricity
 
sales followed by the agriculture and domestic sectors. 
However,
 
the share of the industrial sector has been declining gradually,
 
while the shares of the agriculture and domestic sectors have been
 
increasing. 
 In 1980/81, the shares of the industrial, agricul
tural, and domestic sectors were 
58%, 18% and 11% of All-India
 
electricity sales respectively. By 1987/88, these shares had
 
changed to 49%, 24% and 15% respectively. The shares of the other 
sectors (commercial, traction (railway] and other), have been 
relatively stable. 

Growth rates exhibited by the various sectors between 1987/88 and
 
the preceding 2, 5, 10 and 15 years are 
summarized in Table 2-2.
 
The agricultural sector exhibits the highest growth rate followed
 
by the domestic sector. Compared to the overall growth rate, the
 
growth rate of the industrial sector has been consistently lower,
 
while the growth rates of all the other sectors have been compara

ble.
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Table 2-1
 
Trends in Electricity Sales
 

Year 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 P
 

Electricity Sales. GWh
 

Total 82,367 )-,245 95,589 102,344 114,068 122,999 135,952 146,206 

Industrial 
Agriculture 
Domestic 
Commercial 
Traction 
Others 

Public Water Works 
Public Lighting 
Misc.Non-Indust'l. 

48,069 
14,489 
9,246 
4,682 
2,266 
3,615 
1,534 

749 
1,332 

53,064 
15,201 
10,440 
5,194 
2,505 
3,842 
1,674 

813 
1,355 

52,967 
17,817 
12,092 
5,846 
2,633 
4,234 
1,757 

836 
1,641 

57,094 
18,234 
13,235 
6,561 
2,710 
4,511 
1,828 

934 
1,749 

63,019 
20,960 
15,506 
6,937 
2,880 
4,765 
2,065 
1,052 
1,648 

66,980 
23,422 
17,258 
7,290 
3,082 
4,967 
2,106 
1,096 
1,765 

70,297 
29,444 
19,323 
7,772 
3,229 
5,887 
2,561 
1,210 
2,116 

71,361 
34,814 
21,498 
8,754 
3,699 
6,080 

Share, %
 

Industrial 58.4 58.8 55.4 55.8 55.2 54.5 51.7 48.8
 
Agriculture 17.6 16.8 18.6 17.8 18.4 19.0 21.7 23.8
 
Domestic 11.2 11.6 12.6 12.9 13.6 14.0 
 14.2 14.7
 
Commercial 5.7 5.8 6.1 6.4 
 6.1 5.9 5.7 6.0
 
Traction 2.8 
 2.8 2.8 2.6 2.5 2.5 2.4 2.5
 
Others 4.4 4.3 4.4 4.4 4.2 4.0 4.3 
 4.2
 

Public Water Works 1.9 
 1.9 1.8 1.8 1.8 1.7 1.9
 
Public Lighting 0.9 0.9 0.9 0.9 0.9 0.9 0.9
 
Misc.Non-Indust'l. 1.6 1.5 1.7 1.7 1.4 1.4 1.6
 

p: provisional
 

Source: Central Electricity Authority, "Public Electricity Supply -- All India Statistics 
- General Review," New Delhi, various issues. 
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Table 2-2
Average Percent Annual Growth Rate in Electricity Sales
 

Total Domes- Commer- Indus- Traction Agri- Others
 

tic cial trial 
 culture
 

Up to 1987/88 over period of:
 

2 years 9.03 11.61 
 9.58 3.22 9.55 
 21.92 10.63
5 years 8.87 12.20 8.41 
 6.14 
 7.04 14.34 7.50
10 years 7.76 12.16 7.05 5.29 
 4.88 13.16 7.44
15 years 7.55 11.31 
 7.94 5.44 
 4.80 12.54 7.68
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BASELINE SECTORAL ELECTRICITY CONSUMPTION ESTIMATES
 

The starting point for the study was the establishment of a
 

baseline electricity consumption pattern for each sector as a whole
 

and for the major end-uses and generic equipment categories within
 

each sector. The sectoral estimates are presented and discussed
 

in this section, while the end-use estimates are provided in the
 

following section.
 

The only primary source for national level data on electricity 

consumption is the annual statistical compilation, "Public 

Electricity Supply -- All India Statistics -- General Review," 

published by the Central Electricity Authority (CEA). However, 

there is considerable delay in the publication and availability of 

this compilation. The most recent editicn available was the 

1986/87 issue (CEA, 1990) which also contained provisional 

estimates of 1987/88 electricity consumption. However, during the 

course of the study, it was decided that 1989/90 was to be taken 

as the base year for all sectoral and end-use estimates. Hence, 

sectora] estimates for 1989/90 were determined based on L 

regression analysis of historical trends. A detailed description 

of the analysis procedure is provided in Appendix A. 

In addition to estimating sectoral electricity sales by utilities
 

in this manner, we also made an adjustment for captive generation.
 

This adjustment was based on the estimated value of 16,118 GWh for
 

net captive generatior in 1989/90 as given in CEA's Thirteenth
 

Electric Power Survey (CEA, 1988). Since captive generation takes
 

place predominantly in the industrial sector, the entire amount was
 

allocated to the industrial sector.
 

We also considered making an adjustment for electricity that is
 

used but not paid for (theft). Traditionally in India, theft is
 

includcd as part of transmission and distribution (T&D) losses.
 

We attempted to find good data on the extent of theft, so we could
 

include stolen electricity in our end-use breakdowns.
 

Unfortunately we could not obtain good data, and thus were forced
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to follow the traditional approach of including stolen electricity
 
as part of losses.
 

The resultant estimates for electricity consumption in 1989/90 are
 
summarized in Table 2-3 and Figure 2-1. 
Due to the simple analysis
 
procedures employed, and the lack of data for 1988/89 and 1989/90,
 
these estimates should be considered approximate, rather than
 
exact.
 

FORECASTED SECTORAL ELECTRICITY CONSUMPTION ESTIMATES
 

A similar exercise was carried out to determine projected energy
 
use patterns for the year 2004/05. 
 The forecasts given in the
 
Thirteenth Electric Power Survey (CEA, 1988) formed the basis of
 
these projections. While forecast
this is somewhat dated and
 
suffers from a number of limitations, more recent data, such as
 
that contained in the forthcoming Fourteenth Electric Power Survey,
 
was not available to us.
 

A discussion of the assumptions and the methodology employed by CEA
 
in arriving at the forecasts would be out of place here, but
 
certain aspects of the methodology do require mention. For the
 
period from 1986/87 to 1990/91, forecasts were developed based on
 
detailed consideration of number of
the consumers in different
 
sectors and electricity consumption per consumer. 
Beyond 1990/91
 
and up to 1994/95, CE. made sectoral or category-wiLa forecasts by
 
extrapolating energy consumption in different categories 
on the
 
basis of trends during tLe period from 1986/87 to 1990/91. Beyond
 
1994/95, for the period from 1995/96 to 2004/05, no forecasts of
 
end-use electricity consumption are provided by CEA, and the
 
forecasts for generating requirements (at the power plant level)
 
were projected on the basis of anticipated growth rates during
 
1986/87 to 1994/95.
 

Sectoral estimates for 2004/05 for the purposes of this study were
 
therefore determined based on a regression analysis of the
 
forecasted sectoral electricity consumptions from 1986/87 to
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Table 2-3
 

Estimated 1989/90 Purchased and Total Electricity Consumption
 

Purchased Total
 

Electricity Consumption. GWh
 

Total 


Industrial 

Agriculture 

Domestic 

Commercial 

Traction 

Others 


Public Water Works 

Public Lighting 

Misc.Non-Industi'l. 


Share, %
 

Industrial 

Agriculture 

Domestic 

Commercial 

Traction 

Others 


Public Water Works 

Public Lighting 

Misc.Non-Industr'l. 


175,000 191,100
 

81,600 97,700
 
44,400 44,400
 
27,600 27,600
 
10,100 10,100
 
4,100 4,100
 
7,200 7,200
 
3,100 3,100
 
1,600 1,600
 
2,500 2,500
 

46.6 	 51.1
 
25.4 	 23.2
 
15.8 	 14.4
 
5.8 	 5.3
 
2.3 	 2.1
 
4.1 	 3.8
 
1.8 	 1.6
 
0.9 	 0.8
 
1.4 	 1.3
 

Notes: 	 Totals may not sum due to rounding.
 
Electricity that is stolen is not included in these
 
figures.
 

12
 



Fign 2-1. Distribution of Electricity Use by Sctn. 
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1994/95. Details on the analysis are provided in Appendix A. The
 

results of the regression analysis are summarized in Table 2-4,
 

which provides calculated forecasts of sectoral electricty use over
 

the 1.989/90 to 2004/05 period at five year intervals.
 

As mentioned earlier, the CEA only forecasts generation
 

requirements beyond 1994/95. These estimates are also shown in
 

Table 2-4, together with the calculated ratio of total consumption
 

to public utilities' generation. This ratio shows an increasing
 

trend, which, if true, would imply any or all of the following
 

factors: reduced auxiliary consumption, reduced transmission and
 

distribution losses, and increased captive generation. However,
 

it seems unlikely that any of these factors would explain the
 

encire increase; more likely, much of the increase is just a
 

manifestation and result of flaws in the forecasting methodology.
 

The forecast described above is an extension of CEA's forecast in 

the Thirteen Electric Power Survey. This forecast assumes rapid 

economic growth (explicit GNP growth rates are not provided in the 

forecast), with even more rapid growth in electricity demand -- an 

average growth rate of 10% per year. This electricity growth rate 

is significantly higher than India has sustained at any point in 

the past 15 years (see Table 2-2). Growth rates of this magnitude 

have been sustained for a 15 year period by only a few countries. 

Examples include South Korea, Thailand, Indonesia, Brazil, and 

Taiwan over the 1970-1986 period (Meyers and Campbell, 1990). 

Thus, while a growth rate of this magnitude may be possible, it 

likely represents an upper-bound scenario. 

In order to balance this upper-bound scenario, we also sought to
 

develop a lower-bound scenario. For this purpose, other official
 

forecasts of electricity consumption in 2004/05 were reviewed,
 

namely those made by the Advisory Board on Energy (ABE, 1985) and
 

the Energy Demand Screening Group set up by the Planning Commission
 

(1986). These forecasts are summarized in Table 2-5. The two
 

cases in the ABE forecast correspond to a rate of growth in gross
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Table 2-4
 
Forecasted Electricity Consumption
 

Year 1989/906* 1994/950 1999/00 f 2004/05f
 

Electricity Consumption. GWh
 

Total 


Industrial 

Agriculture

Domestic 

Comm, Misc, Non-Industrial 

Traction 

Public Lighting 

Public Water Works 


Utility Generation 

Consumption/Generation 


Share, %
 

Industrial 

Agriculture 

Domestic 

Comm, Misc. Non-Industrial 

Traction 

Public Lighting 

Public Water Works 


191,100 308,500 500,700 803,000
 

97,700 162,200 256,400 397,100
 
44,400 54,300 83,700 127,700

27,600 51,500 95,A00 174,900

12,500 23,300 37,400 58,300

4,100 7,200 11,800 18,600

1,600 2,700 4,300 
 6,800

3,100 7,200 12,000 19,600
 

240,200 384,800 593,800 919,100
 
0.80 0.80 0.84 0.87
 

51.1 52.6 
 51.2 49.5
 
23.3 17.6 16.7 15.9
 
14.5 16.7 19.0 21.8
 
6.6 7.6 
 7.4 7.3
 
2.1 2.3 
 2.4 2.3
 
0.8 0.9 0.9 0.8
 
1.6 2.3 
 2.4 2.4
 

e*: 
1989/90 estimate based on historical trends (Table 2-3)
e: 
estimates as given in Thirteenth Electric Power Survey

f: forecasted values based on trends from Thirteenth Electric Power
 
Survey
 

Notes: 
 Totals may not sum due to rounding.

Electricity that is stolen is included under utility

generation and is not included in the other figures.
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Table 2-5
 
Other Forecasts of Electricity Consumption in 2004/05
 

Advisory Board Energy Demand
 
on Energy Screening Group
 

Sector Case I Case II
 

Electricity 	Consumption. GWh
 

Industry 302,000 366,000 367,000
 
Household 96,000 107,000 145,610
 
Agriculture 42,000 45,200 45,200
 
Transport 8,920 11,670 11,670
 
Others 52,080 62,130 59,770
 

Total 	 501,000 592,000 629,250
 

Share. %
 

Industry 60.3 61.8 58.3 
Household 19.2 18.1 23.1 
Agriculture 8.4 7.6 7.2 
Transport 1.8 2.0 1.9 
Others 10.4 10.5 9.5 

Note: 	 Others includes Commercial, Miscellaneous and Non-

Industrial, Public Lighting, and Public Water Works and
 
Sewage.
 

Sources: 	 Advisory Board on Energy, 1985 and Energy Demand
 
Screening Group, 1986.
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domestic product (GDP) at constant prices of 4% and 5% per annum
 
compounded over the 1985-2005 period. Without going into details
 
of the assumptions behind the forecasts, we elected to use Case I
 
forecast of the ABE to represent our lower-bound scenario, because
 
it shows the slowest growth rate of the forecasts examined. This
 
forecast projects total electricity consumption in 2004/05 to be
 
about 500,000 GWh, representing an average annual growth rate over
 
the 1989/90 to 2004/05 period of 6.6% (slightly lower than the
 
growth rate in India over the past 15 years -- see Table 2-2). 3
 

The upper- and lower-bound forecasts used in this study represent
 
a large range of uncertainty. The difference between these two
 
forecasts (803 TWh in 2004/05 versus 501 TWh) amounts to 300 TWh 
- an amount approximately 50% greater than total electricity use
 
in India in 1989/90. The two forecasts are illustrated in Figure
 
2-2, which also includes historical and estimated data for the
 
1980-1990 period.
 

BASELINE END-USE ELECTRICITY CONSUMTIONS ESTIMATES
 

Since the focus of this study is on end-uses, a list of end-uses
 
and major equipment types in all sectors was prepared at the outset
 
of the study. These are given below:
 

- Industrial sector
 
- Lighting
 
- Mechanical drive
 

3 In electing to 
use the ABE forecast for our lower-bound
 
estimate, we only used the ABE forecast of All-India electricity

consumption. This figure was then allocated to the different
 
sectors based on the percentages derived for the upper-bound

forecast. We did this because the ABE forecast projects that 60%
 
of All-India electricity sales in 2004/05 will go to the industrial
 
sector, a significant increase from the 51% share in 1989/90

(although a modest increase from the 55-56% level prevailing at the
 
time the ABE forecast was prepared). As discussed previously, the
 
recent trend in India is for the industrial proportion of All-

India electricity sales to decline slightly; in line with the
 
allocations in the upper-bound forecast.
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- Pumps 
- Compressors 
- Fans and blowers 
- Other 
Process heat
 
-
 Electric arc furnaces (steelmaking)
 
Electrolytic processes
 
- Aluminium
 
- Chlor-alkali
 
Other
 

Agricultural sector
 
- Irrigation pumps
 

Residential sector
 
- Lighting
 
- Space cooling/ventilation
 
- Fans
 

- Ceiling fans 
- Table fans
 

- Evaporative air coolers (desert coolers)
 
- Air conditioners
 

- Refrigerators 
- Television 

- Black & white TV sets
 
- Color TV sets
 
Other
 

Commercial sector
 
- Lighting
 
-
 Heating, ventilating and air conditioning (HVAC)
 
- Other
 

Transport sector
 
- Electric Traction
 

Existing studies, literature references, and results of surveys
 
that have been carried out in the past were reviewed to obtain
 
disaggregated data at the end-use level or to develop a basis for
 
performing the disaggregation. In addition, a series of interviews
 
was carried out with equipment manufacturers, major end-users, and
 
other experts, to gather additional inputs for this analysis.
 
However, no new primary data were generated in this study.
 

The basic approach that was used to estimate disaggregated end
use electricity consumption was to derive estimates of equipment
 
population, typical daily or annual operating hours, and typical
 
electrical rating (Watts) or 
 typical annual electricity
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consumption, and thereby calculate end-use consumption. However,
 
severe data problems were encountered during the process of
 
deriving these estimates. The major problem was unavailability or
 
very limited availability of data. Among the limitations of
 
available data at disaggregated levels are poor quality of data,
 
inadequate or insufficient data, and poor statistical design in the
 

case of surveys. Due to these limitations, the estimates described
 
below should be considered approximate, and subject to a
 
considerable degree of uncertainty.
 

Descriptions of the data inputs and methods to derive each of the
 
end-use estimates are provided in Appendix A. Results of the
 

analysis are summarized in Table 2-6 and Figure 2-3.
 

In the industrial sector, electric motors are the dominant end
use, accounting for nearly 75% of sector electricity use. Other
 
significant end-uses are lighting (9% of sector electricity use)
 
and aluminum smelting (8%). In the agriculture sector, nearly all
 
electricity is used by irrigation pumps. In the domestic sector,
 
the largest end-use is fans (34% of sector use), followed by
 

lighting (28%) and refrigerators (13%). cooling equipment (air
 
conditioners and evaporative coolers) account for an estimated 11%
 

of sector electricity use. In the commercial/miscellaneous sector
 
the two major end-uses are lighting and HVAC, accounting for an
 
estimated 60% and 32% of sector electricity use, respectively.
 

When all the sectors are combined, the largest end-use is 
industrial motors -- 38% of All-India electricity use. 

Agricultural pumps account for an estimated 23% of nationwide 
electricity use, following by lighting (14%), domestic appliances 

(11%), and other industrial end-uses (9%). HVAC and miscellaneous 
uses in the commercial sector amount to approximately 3% of
 
nationwide electricity use while all other end-uses total 4% of
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Table 2-6. Estimated Electricity Use by End-Use -- 1989/90
 

Use in 1989/90

% of GWh (GWh/yr) % of All-India Use
Use in-----------------


End-Use 
 Sector Total By End-Use Total By End-Use
 

.Industrial 
 97,700 
 51.1%
 
Motors
 

Pumping 14.1% 
 13,800 
 7.2%
Fans 
 8.3% 
 8,100 
 4.2%
Air compressors 3.6% 
 3,500 
 1.8%
Refrigeration 
 3.6% 
 3,500 
 1.8%
Other 
 44.1% 
 43,100 
 22.6%
 
Lighting


Incandescent 
 0.3% 
 300 
 0.2%
Fluorescent 
 6.7% 
 6,500

Mercury vapor 3.4%
 

1.2% 
 1,200

Sodium vapor 0.8% 

0.6%
 
800 
 0.4%
Electric arc furnaces 
 2.8% 
 2,700 
 1.4%
 

Electrolysis

Chlor-Alkali 
 3.0% 2,900 
 1.5%
Aluminum 
 8.0% 
 7,800 
 4.1%
Other 
 3.6% 
 3,500 
 1.8%
 

Agricultural

Pumps 
 100.0% 44,400 44,400 23.2% 
 23.2%
 

Domestic 
 27,600 
 14.4%
 
Lighting


Incandescent 
 26.73% 
 7,400 
 3.9%
Fluorescent 
 1.27% 
 300 
 0.2%
Refrigerators 
 12.5% 
 3,500 
 1.8%
Fans 
 34.3% 
 9,500 
 5.0%
Evaporative coolers 
 4.2% 
 1,200 
 0.6%
Air conditioners 
 7.1% 
 2,000 
 1.0%
Televisions 
 3.9% 
 1,100 
 0.6%
Other 
 10.0% 
 2,800 
 1.5%
 

Commercial & Misc Non-Ind'l 
 12,600 
 6.6%
 
Lighting


Incandescent 
 9.3% 
 1,200 
 0.6%
Fluorescent 
 49.1% 
 6,200

Mercury vapor 3.2%
 

1.1% 
 100 
 0.1%
Sodium vapor 
 0.4% 
 100 
 0.1%
HVAC 
 32.0% 
 4,000 
 2.1%
Other 
 8.0% 
 1,000 
 0.5%
 

Public lighting 
 1,600 
 0.8%

Incandescent 
 11.8% 
 200 
 0.1%
Fluorescent 
 58.2% 
 900 

Mercury vapor 

0.5%
 
13.6% 
 200 
 0.1%
Sodium vapor 16.4% 
 300 
 0.2%
 

Transportation 
 4,100 4,100 2.1% 
 2.1%
Public water works 
 3,100 3,100 
 1.6% 1.6%
 

TOTAL 
 191,100 191,100 
 100.0% 100.1%
 

Note: Totals may not sum due to rounding.
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Figure 2-3. DistribuUtn of Electiity by End-Use -- 19139/1990 

Arc-Furnaces (3%) 

Chlor-Akali (3%) Other (4%) 
Aluminum (8%) 
Ughting (9%) 

~ Motors (74%) 

Industrial 

TV's (4%) 
Evaporative Other (10/) 
Coolers (4%) Fans (34%) 

Room A/C (7%) "-

Refrigerators .\ 
(13%) 

Ughting (28%) 

Domestic 

Other (8%) 

HVAC (32%) 

Ughting (60%)
 

Commercial/ Miscellaneous
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electricity use. These figures are illustrated in Figure 2-4.
 
Interestingly, over 70% of electricity use is for motors including
 
industrial motors, agricultural pumps, and domestic and commercial
 
appliances and equipment.
 

FORECASTED END-USE ELECTRICITY COUSUMPTION ESTIMATES
 

Given our reliance in this study on electricty-use forecasts
 
developed by others, and 
given the paucity of end-use data in
 
India, the estimates for end-use electricity consumption in 2004/05
 
were made based on simple and reasonable assumptions, and no
 
attempt was made to obtain or generate the detailed data and
 
assumptions that would normally be made when developing forecasts.
 
In general these forecasts are based on current trends, and assume
 
that no radical transformation of the Indian economy takes place
 
during the 1990-2005 period.
 

For the industrial sector, motors constitute the largest single
 
end-use, and the shares of other end-uses are comparatively small.
 
Since no 
radical changes in the mix and output of manufacturing
 
industries are expected up to 2004/05, no significant changes are
 
expected in the shares of the end-uses. Accordingly, the end-use
 
allocations estimated for 1989/90 are also assumed to hold true in
 
2004/05. Similarly, in the agriculture sector, irrigation pumps
 
are the dominant end-use, and we project they will be equally
 
dominant in 2004/05. In the commercial sector, due to lack of
 
adequate data, the end-use shares are assumed to be the same as in
 
1989/90.
 

Only in the residential sector was there sufficient data to develop
 
a new end-use allocation for 2004/05. For this 
analysis,
 
production trends over the 1970-1999 period were examined to
 
estimate growth rates in equipment saturations. This production
 
trend analysis, which was based on data compiled by the Center for
 
Monitoring Indian Economy 
(1987 and 1991), revealed the growth
 
rates to be approximately 6% for ceiling fans and table fans, 5%
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R 2-4. DistWbuUm of Eecticity End Use --- AD ectors 
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for room air conditioners, 15% for refrigerators, 30% for black &
 
white TV sets, and 20% for color TV sets. 
 The high growth rates
 
for retrigerators and TV sets 
are probably due to their recent
 
emergence as necessary rather 
than luxury consumer durables
 
especially in middle-class households, and also due to a low
 
starting base. It is unlikely that these growth rates 
can be
 
sustained in the long run as the market saturates. Thus, a lower
 
growth rate of 10% was assumed. Desert coolers (evaporative
 
coolers) were assumed to grow at the same rate as fans, i.e. 6%.
 

These growth rates were applied to current energy consumption
 
levels to obtain 2004/05 estimates. Electricity use by "other"
 
equipment (e.g., water heaters, clothes washers, stereos, etc.) was
 
assumed to double to 20% of total sector energy use, in line with
 
other equipment use in present-day Egypt (Turiel et. al., 1990).
 
We also assumed, 
in the absence of better data, that equipment
 
operating hours and electrical ratings would remain 
at 19V4/90
 
levels (average equipment size can be expected to grow somewhat,
 
but these size increases are assumed to be offset by modest market
driven efficiency improvements).
 

The resulting domestic-sector end-use estimates are summarized in
 
Table 2-7. 
 The total for the sector lies near the lower-bound
 
scenario. The end-use proportions for all sectors, shown in
as 

Table 2-8, 
were then applied to both scenarios. Table 2.8
 
summarizes the end-use breakdown in 2004/05 for the high case while
 
Table 2-9 provides analagous data for the low-case. These end
use allocations are also illustrated in Figure 2-1.
 

In summary, due to a paucity of data, and to an assumption that
 
profound changes in the Indian economy will not take place over the
 
next decade and a half, our end-use allocation for electricity use
 
in 2004/05 is very similar to our allocation for 1989/90.
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Table 2-7
 
Residential Equipment: Estimated Stock
 
and Electricity Consumption, 2004/05
 

1989/90 Growth 2004/05 % of
 
Stock Rate Stock 2004/05 Sector
 

Equipment (million) (%/yr) (million) GWh 
 GWh
 

Lighting 
 7 25,604 24.5%
 
Ceiling fan 61.2 
 6 146.7 25,667 24.6%
 
Table fan 15.3 
 6 36.7 1,541 1.5%
 
Room A/C 0.9 5 
 1.9 4,927 4.7%
 
Air cooler 5.0 6 
 12.0 3,307 3.2%
 
Refrigerator 7.6 10 
 31.7 17,118 16.4%
 
B&W TV 20.9 10 87.3 3,141 3.0%
 
Color TV 5.5 10 
 23.0 2,206 2.1%
 

Other 
 20,878 20.0%
 

Total 
 104,389 100.0%
 

Note: 
 Stock means the total number of devices in use.
 

Source: Appendix A.
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Table 2-8. Projected Electricity Use by End-Use 
-- High Case
 

Projected Use in
 
% of GWh 
 2004/05 (GWh/yr) % of All-India Use
Use in


End-Use 
 Sector Total By End-Use Total By End-Use
 
.Industrial 
 397,100 
 49.5%
 

Motors
 
Pumping 
 14.1% 
 56,000 
 7.0%
Fans 
 8.3% 
 33,000 
 4.1%
Air compressors 
 3.6% 14,100

Refrigeration 
 3.6% 14,100 

1.8%
 
1.8%
Other 
 44.1% 
 175,100 
 21.8%
 

Lighting

Incandescent 
 0.3% 
 1,200 
 0.1%
Fluorescent 
 6.7% 26,600 
 3.3%
Mercury vapor 
 1.2% 
 4,800 
 0.6%
Sodium vapor 0.8% 
 3,200
Electric arc furnaces 
 2.8% 11,100 

0.4%
 
1.4%
 

Electrolysis

Chlor-Alkali 
 3.0% 11,900 
 1.5%
Aluminum 
 8.0% 31,800 
 4.0%
Other 
 3.6% 14,300 
 1.8%
 

Agricultural

Pumps 
 100.0% 127,700 127,700 
 15.9% 15.9%
 

Domestic 
 174,900 
 21.8%
 
Lighting


Incandescent 
 23.4% 
 40,900 
 5.1%
Fluorescent 
 1.1% 
 1,900 
 0.2%
Refrigerators 
 16.4% 
 28,700 
 3.6%
Fans 
 26.1% 
 45,600 
 5.7%
Evaporative coolers 
 3.2% 
 5,600 
 0.7%
Air conditioners 
 4.7% 
 8,200 
 1.0%
Televisions 
 5.1% 
 8,900 
 1.1%
Other 
 20.0% 
 35,000 
 4.4%
 
Commercial & Misc Non-Ind'l 
 58,300 
 7.3%
 
Lighting


Incandeecent 
 9.3% 
 5,400 
 0.7%
Fluorescent 
 49.1% 
 28,600 
 3.6%
Mercury vapor 
 1.1% 
 600 
 0.1%
Sodium vapor 
 0.4% 
 200 
 0.0%
HVAC 
 32.0% 
 18,700 
 2.3%
Other 
 8.0% 
 4,700 
 0.6%
 

Public lighting 
 6,800 
 0.8%
Incandescent 
 11.8% 
 800 
 0.1%
Fluorescent 
 58.2% 
 4,000

Mercury vapor 0.5%


13.6% 
 900 
 0.1%
Sodium vapor 16.4% 
 1,100 
 0.1%
 
Transportation 
 18,600 18,600 
 2.3% 2.3%
Public water works 
 19,600 19,600 
 2.4% 2.4%
 

TOTAL 
 803,000 803,000 
 100.0% 100.0%
 

Note: Totals may not sum due to rounding.
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Table 2-9. Projected Electricity Use by End-Use -- Low Case
 

Projected Use in
 
2004/05 (GWh/yr) 


Total By End-Use 


247,800 


34,900 

20,600 

8,800 

8,800 


109,300 


700 

16,600 

3,000 

2,000 

6,900 


7,400 

19,800 

8,900 


79,700 79,700 


109,100 


25,500 

1,200 


17,900 

28,500 

3,500 

5,100 

5,600 


21,800 


36,400 


3,400 

17,900 


400 

100 


11,600 

2,900 


4,200 

500 


2,400 

600 

700 


11,600 11,600 

12,200 32,200 


501,000 501,000 


% of All-India Us8
 

Total By End-Use
 

49.5%
 

7.0%
 
4.1%
 
1.8%
 
1.8%
 

21.8%
 

0.1%
 
3.3%
 
0.6%
 
0.4%
 
1.4%
 

1.5%
 
4.0%
 
1.8%
 

15.9% 15.9%
 

21.8%
 

5.1%
 
0.2%
 
3.6%
 
5.7%
 
0.7%
 
1.0%
 
1.1%
 
4.4%
 

7.3%
 

0.7%
 
3.6%
 
0.1%
 
0.0%
 
2.3%
 
0.6%
 

0.8%
 
0.1%
 
0.5%
 
0.1%
 
0.1%
 

2.3% 2.3%
 
2.4% 2.4%
 

100.0% 100.0%
 

End-Use 


Industrial 

Motors
 

Pumping 

Fans 

Air compressors 

Refrigeration 

Other 


Lighting
 
Incandescent 

Fluoreacent 

Mercury vapor 

Sodium vapor 


Electric arc furnaces 

Electrolysis
 
Chlor-Alkali 

Aluminum 


Other 


Agricultural
 
Pumps 


Domestic 

Lighting
 

Incandescent 

Fluorescent 


Refrigerators 

Fans 

Evaporative coolers 

Air conditioners 

Televisions 

Other 


Commercial & Misc Non-Ind'l 

Lighting
 
Incandescent 9.3% 

Fluorescent 49.1% 

Mercury vapor 1.1% 

Sodium vapor 0.4% 


HVAC 32.0% 

Other 8.0% 


Public lighting 

Incandescent 11.8% 

Fluorescent 58.2% 

Mercury vapor 13.6% 

Sodium vapor 16.4% 


Transportation 

Public water works 


TOTAL 


% of GWh 

Use in
 
Sector 


14.1% 

8.3% 

3.6% 

3.6% 


44.1% 


0.3% 

6.7% 

1.2% 

0.8% 

2.8% 


3.0% 

8.0% 

3.6% 


100.0% 


23.4% 

1.1% 


16.4% 

26.1% 

3.2% 

4.7% 

5.1% 


20.0% 


Note: Totals may not sum due to rounding.
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Chapter 3
 
OPPORTUNITIES TO IMPROVE ELECTRICAL END-USE EFFICIENCY
 

INTRODUCTION
 

While the projections of 
future electricity 
use and demand

discussed 
in the previous chapter 
appear staggering, these
estimates generally assume that the efficiency of electricity use
in India will be 
largely unchanged from 
present-day levels.

However, much of the equipment 
in India is less efficient than
equipment used in other countries, and even equipment in developed

countries can benefit from efficiency improvements.
 

In this chapter, some of the major opportunities to improve enduse efficiency 
are explored. While there 
are hundreds of
efficiency measures which can, and are, being applied in India, in
this chapter we concentrate on 27 measures 
(or sets of measures)

which provide particularly large opportunities for savings. 
This

discussion has two objectives 
-- to examine the current status of
promising efficiency measures 
in India, and to provide a first
cut estimate of the cost-effective technical savings potential in
 
India from efficiency measures.
 

The technical savings potential is the amount of energy that can
be saved if all measures which are 
technically feasible 
are

implemented. However, not all measures 
which are technically

possible are cost-effective. 
Hence, we further limit our analysis

to measures which are cost-effective to Indian society as a whole

(meaning that the benefits of the measure to society are 
greater

than the costs of the measure to society --
details are discussed
 
below). However, there are 
many reasons why cost-effective,

technically viable 
measures 
are not implemented, 
and thus the

achievable efficiency potential is generally lower than the cost
effective 
technical potential. In Chapter 6 we make 
a rough

estimate of the achievable efficiency potential.
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Both the estimate of cost-effective technical savings potential in
 
this chapter, and the estimate of achievable savings potential in
 
Chapter 6 are for 2004/05 -- a period far enough into the future
 
for significant savings to be made, but near enough to be of
 
concern to policy-makers today.
 

As discussed in Chapter 2, electricity use in India is projected
 
to grow by a factor of 2.6 (low case) to 4.2 (high case) during the
 
1989/90 - 2004/05 period. 
Thus, the majority of electricity use
 
in 2004/05 will be attributable to equipment purchased between now
 
and 2004/05 (see Figure 3-1). Since so much new equipment is being
 
purchased, our analysis emphasizes the purchase 
of efficient
 
equipment whenever new equipment is needed (including replacement
 
of existing equipment as well as purchase of equipment for new
 
applications). At these times, the cost 
of the efficiency
 
improvement is the difference in cost between standard-efficiency
 
equipment and high-efficiency equipment. For few measures,
a 

primarily low-cost operations and maintenance-type measures, we
 
assume that efficiency improvements must be made on a retrofit
 
basis. 
In these cases, the full cost of the measure is used in our
 
analysis.
 

As noted above, in undertaking this analysis of the potential for
 
efficiency savings, we take a societal perspective. The societal
 
perspective considers not only the costs paid and benefits received
 
by the end-user, but also costs paid and benefits received by other
 
parties, such as central and state governments who collect excise
 
taxes whenever equipment is purchased, and who subsidize
 
electricity prices for many end-users. In order to examine
 
efficiency measure costs from the societal perspective, we examine
 
the cost exclusive of excise taxes, sales taxes, and import duties,
 
because monies paid in taxes and duties are offset by compensating
 
benefits -- the services provided when the revenues are spent. 
Likewise, in examining the benefits of energy and power savings, 
we value these benefits at the full cost to produce this power, and 
not the subsidized cost paid by many end-users. 
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Figure 3-1. Electricity Use by New &Existing Equipment -- [ow Case 
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This simplified analysis illustrates that even in the low-growth 
case, new equipment accounts for the majority of electricity use 
over the 1989/90 - 2004/05 period. This analysis assumes that 
existing equipment has an average remaining life of 20 years and 
hence that 75%of existing equipment will be replaced over the 15 
year analysis period ALs growth in electricity sales is assumed 
to be due to new equipment, and not to increased use of existing 
equipment 
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For each measure examined in this chapter, we assess measure
 
economics using two approaches.
 

First, we calculate the cost of the measure per saved kilowatt (kW)
 
of peak generating capacity. This calculation is done using the
 
following formula:
 

Rs/kW = Measure cost
 

(Average kW * (Peak coincidence * (T&D/Capacity 
savings) factor) utilization factor) 

Measure costs and average kW savings are unique for each
 
application. In the sections that follow, we provide some typical
 
examples. These costs are 
taken for a 20-year period -- for 
measures with shorter lives, discounted equipment replacement costs
 
are included in the calculations. Peak coincidence factor is the
 
proportion of equipment that is actually operating during India's
 
period of peak demand 
(5-9 pm during weekday evenings). These
 
factors are 
based on very limited data from India, supplemented
 
with data 
 from overseas. The T&D (transmission and
 
distribution) /Capacity utilization factor is an adjustment for T&D
 
losses, and for power plant utilization factors. For these
 
calculations we assume 20% T&D losses, and an average 60% capacity
 
factor. These estimates are conservative in light of recent Indian
 
experience. For example, in 1987/88, average T&D losses were 21.5%
 
and average power plant utilization was 42.5% (including 53.2% for
 
thermal plants) (TERI, 1989).
 

To illustrate the use of this formula, assume an efficiency measure
 
with a capital cost (net of taxes) of Rs. 1000 and an average
 
installed life of ten years. 
The cost of the measure, for the 20
year analysis period, is Rs. 1386 (Rs. 1000 initial cost plus Rs.
 
386 discounted replacement cost in year ten assuming a 10% real
 
discount rate 
-- all costs are in Rupees and reflect conditions in
 
1991). If the measure saves 1 kW on average, and has a peak
 
coincidence factor of 60%, then the cost per kW is Rs. 1155 
(Rs.
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1386 cost / (1 kW average savings * .6 coincidence factor * 1.2 T&D 
factor * 1/.6 capacity factor)). 

Cost per kW numbers for efficiency measures can be compared to the
 
cost of new power plants. For example, a companion report to this
 
analysis (IDEA, 1991) estimated the cost of a new baseload plant
 
in India at Rs. 22,000/kW and a new peaking plant at Rs. 12,000/kW.
 
These costs were estimated before the Rupee was devalued in July,
 
1991. As a result of the devaluation, these costs increase to
 
approximately Rs. 
23,500 and Rs. 12,900 respectively.' For
 
efficiency measures that primarily save at the time of the evening
 
peak, a measure is likely to save capital if its cost per kW is
 
less than Rs. 12,900. Likewise, for measures that save throughout
 
the day, capital savings are likely whenever cost per kW are less
 
than Rs. 23,500.
 

While such comparisons provide useful insights measure
into 

economics, given the uncertainties inherent in the data,
 
particularly the estimates of peak coincidence factor, care must
 
be taken not to impute too much validity into this analysis. Where
 
measures clearly have lcwer capital costs than new power plants,
 
capital cost savings are likely. But when the cost of efficiency
 
measures and power plants 
are within approximately 20% of each
 
other, more detailed analysis is needed before conclusions can be
 
drawn.
 

A further limitation to cost per kW values is that they include no
 
credit for power plant operating cost savings -- an efficiency 
measure which saves 1 kW and operates for 4,000 hours each year has 
much higher kWh savings than a similar measure that operates only
 
1,000 hours each year. 
Savings in kWh translate into savings in
 

1 As a result of devaluation, the exchange rate rose from Rs.
21/U.S. $ to Rs. 26/$. Gadgil 
and Januzzi (1989) cite a
presentation by Dr. 
John Besant-Jones of the World Bank that
foreign exchange accounts for approximately 30% of power plant cost
in India. Accordingly, the devaluation leads to a 7% increase in
 
power plant cost (.7 + .3(26/21)).
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fuel and other operations and maintenance costs. In order to
 
account for these cost savings, we calculate a second measure of
 
cost-effectiveness -- cost of conserved energy (CSE). Cost of 

conserved energy is the levelized average cost of a measure per kWh
 
saved. It is calculated with the following formula:
 

CSE (Rs/kWh) = Measure cost * Capital recovery factor
 
Annual kWh savings
 

Measure costs are primarily initial costs, but where on-going costs
 
are substantial, we also include them in the analysis. The capital
 
recovery factor can be thought of as the annual payments on a loan
 
used to finance an efficiency measure, assuming an interest rate
 
equal to the discount rate, and a loan term equal to the measure
 

life.2 In our calculations, we assume a 10% real discount rate
 
(real means excluding the effects of inflation -- the real rate
 
is lower than the nominal rate charged by banks because the nominal
 
rate includes an allowance for inflation).
 

The CSE can be compared to societal marginal costs to estimate the
 
cost-effectiveness of efficiency measures. In a companion report
 
to this study, RCG/Hagler, Bailly, Inc. (1991) estimates that the
 
long-run marginal cost of electricity generation for four typical
 
State Electricity Boards (SEBs) in India range from Rs. 1.77/kWh
 

to 2.02/kWh.3 This means that over the long-term, efficiency
 

2 Typically CRF is calculated using the loan payment formula
 
in a computer spreadsheet program. The full formula for CRF is:
 
(d(l+d)n)/((l+d)n-l) where d is the discount rate and n the measure
 
life. Thus, for a measure with a 10 year life, the CRF is 0.16,

assuming a 10% discount rate. Note that since the CRF varies with
 
measure life, no additional adjustment is needed in the CSE formula
 
for measures with short measure lives.
 

3 These costs are at the end-user level, and hence should be
 
compared to kWh savings at the end-user level. For this reason,
 
an adjustment for T&D losses is not included in the CCE formula,
 
since the T&D loss factor reflects kWh savings to the utility, not
 
kWh savings to end-users. Also, these marginal costs were
 
calculated prior to the recent devaluation of the Rupee. Thus,

these marginal costs can be expected to increase somewhat, to
 
reflect the impact of the devaluation on equipment and fuel costs.
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measures with a CSE of less than Rs. 
1.77-2.02 will be cost
effective.
 

However, long-run marginal cost estimates are based on the implicit
 
assumption that power demand and power supply are in balance, and
 
therefore a kWh saved means one less kWh that needs be
to 

generated. 
While such an analysis may be appropriate for India in
 
the long-term, over the short-term, demand and supply are not in
 
balance, so a kWh saved will be immediately resold to someone else.
 
With this in mind, the short-run marginal value of a kWh saved can
 
be conservatively approximated by looking at the marginal revenues
 
from additional kWh sales. 
 In India, it is the industrial sector
 
that usually faces load curtailments and voltage reductions first,
 
and thus the short-run marginal value can be approximated by the
 
average revenues per 
kWh from industrial customers. In the
 
RC3/Hagler, Bailly study, these figures range from Rs. 0.92/kWh to
 
Rs. 1.27/kWh. Thus, over the short-term, efficiency measures can
 
save Indian utilities money whenever the CSE is less than
 
approximately Rs. 0.9-1.3/kWh.4
 

In interpreting CSE data calculated in this report, it iz important
 
to keep in mind that CSE calculations represent typical cases, and
 
that individual applications will vary considerably. Accordingly,
 
when CSE figures are substantially less than Rs. 0.9-1.3/kWh,
 
short-term cost-effectiveness is likely, but when CSE figures are
 

4 This figure is conservative because it values additional kWh
at the average price, when in fact the value may be much higher.
For example, some customers purchase captive generators to provide
additional power at 
a cost per kWh in excess of Rs. 2. Other
customers reduce production. For example, a study by the National
Council for 
Applied Economic Research (1985) found that in the
early 1980's production losses in industry due to power shortages
were in excess of $2 billion annually, or about 1.5 percent of GNP.
If be divide this figure by the 
estimated power availability

deficit during the 
same period (approx. 10,000 GWh/year -- TERI,
1989), 
the value of lost production is approximately $0.20/kWh of
 power deficit (about Rs. 5/kWh at current exchange rates).
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near these threshold values, more detailed analysis needs to be
 
performed.
 

In the sections below, we discuss our analysis of the 27 different
 
measures we examined in depth. Our analysis begins a
with 

discussion of lighting efficiency measures, 
across all sectors.
 
We then turn to sector-specific measures, beginning with the
 
industrial sector, prcceeding to the agriculture sector, and ending
 
with the domestic and commercial sectors.
 

In discussing individual measures, or sets of measures, we review
 
current equipment efficiencies in India, and opportunities to
 
improve these efficiencies, including measures that are presently
 
available in India, as well as measures which are now used overseas
 
and which could be produced in India given sufficient encourage
ment. Our discussion also covers measure costs 
and savings, and
 
reports the cost per kW and the CSE of each measure. The actual
 
calculations are summarized in Table 3-6 
near the end of this
 
chapter.
 

In addition, for each measure, we 
estimate the proportion of
 
applications in 2004/5 for which each measure is suitable. 
 Few
 
efficiency measures are technically feasible and cost-effective for
 
all applications and hence an estimate of the number of appropriate
 
applications 
is needed to develop a reasonable estimate of the
 
savings potential. For example, if a 
measure involves the purchase
 
of a high-efficiency refrigerator 
 instead of a standard
 
refrigerator, if the high efficiency refrigerator is available in
 
India today, and if 80% of the refrigerators in use in 2004/05 are
 
purchased after 1991, then the percent applicable factor will be
 
80%. The measure is not applicable for the 20% of refrigerators
 
which will not be replaced. For measures that do not involve new
 
equipment, based on discussions with industry experts, we estimated
 
the proportion of applications in 2004/05 for which a measure is
 
likely to be technically feasible and have a CSE of less than the
 
long-run marginal costs discussed above.
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In some cases, more than one measure is analyzed that affects the
 
same end-use. In these cases, the measure with the lowest CSE is
 
generally assumed to be adopted first, and the savings, cost, and
 
percent applicable factors for subsequent measures assume that the
 
first measure is in place. 
In a few cases, one type of equipment
 
may be n,.st appropriate for some applications and another type of
 
equipment more appropriate for other applications. For example,
 
two-speed motors have a lower CSE than variable-speed drives, but
 
cannot be used in all speed-control applications. In these cases
 
we allocate the available inarket among the competing technologies
 
based on professional judgement.
 

This analysis draws heavily from a companion report, Review of
 
Power End-Use Efficiencies, prepared by the National Productivity
 
Council (1991) as part of this project. Readers desiring detailed
 
information on the measures discussed here should refer to the full
 
NPC report. In addition to drawing on information from the NPC
 
report, we also draw from a recent study prepared for the Asian
 
Development Bank on end-use efficiency in India (Dutt, 1991), 
and
 
on a variety of other reports prepared in India arid overseas.
 

LIGHTING
 

Lighting systems account for approximately 13% of total electricity
 
consumption in India (see Cnapter 2). 
 In India, four different
 
types of lighting systems are widely used --
 incandescent,
 
fluorescent, mercury vapor, and sodium vapor. 
Estimated lighting
 
electricity use by sector and system type for 1989/90 is summarized
 
in Table 3-1.
 

As can be seen in this table, over 80% of incandescent lighting
 
energy use is in the domestic sector, over 90% of fluorescent
 
energy use is in the 
industrial, commercial, and miscellaneous
 
sectors, and over 60% of mercury and sodium vapor lamp energy use
 
is in the industrial sector.
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Table 3-1
 
Lighting Electricity Use by Sector and Lamp Type (TWh)
 

Lighting System Tve
 

Incan- Fluor- Mercury Sodium
 
Sector descent escent Vapor Vapor Total
 

Domestic 7.4 0.3 0.0 
 0.0 7.7
 
Commercial & Misc. 1.2 6.2 0.1 0.1 
 7.6
 
Industrial 0.3 6.5 1.2 0.8 8.8
 

Public Lighting 0.2 0.9 0.2 0.3 1.6
 

Total 9.1 13.9 1.5 1.2 25.7
 

Source: Table 2-6.
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For our analysis of energy-saving opportunities, we examined six
 
lighting conservation measures, including three directed at
 
incandescent lamps, two directed at 
fluorescent lamps, and one
 
directed at mercury vapor lamps. 
 These measures are:
 

1. 	Replace incandescent lamps with fluorescent tube fixtures.
 

2. 	Replace incandescent lamps with circular fluorescent lamps.
 

3. 	Replace incandescent lamps with compact fluorescent lamps.
 

4. 	Replace "TL" fluorescent tubes with "TLD" fluorescent
 
tubes.
 

5. 	Install electronic ballasts when conventional ballasts wear
 
out.
 

6. 	Use high pressure sodium lamps and ballasts instead of
 
mercury vapor lamps and ballasts.
 

We focus on these measures because they have the largest savings
 
potential of the many different lighting efficiency measures which
 
can be used in India. In addition to these measures, there are
 
many other opportunities to reduce lighting energy use, including
 
improved efficiency incandescent lamps, improved efficiency
 
lighting fixtures, and lighting controls such as occupancy sensors
 
and daylight dimming systems.5 Each of the six featured lighting
 
conservation opportunities are discussed following Table 3-1.
 

Incandescent Lamy Replacements
 

A conventional Indian 60 Watt incandescent lamp (often called a
 
"GLS" lamp, for General Lighting Service) puts out approximately
 
720 lumens of light, making for an efficiency of 12 lumens/watt
 
(TERI, 1990). Fluorescent 
lamps are much more efficient, with
 
efficiencies of 50-80 lumens per watt 
for products produced in
 
India, and efficiencies as high as 90 lumens per watt for products
 
produced in developed countries. In addition to efficiency
 
advantages, fluorescent lamps generally have longer lives than
 
incandescent lamps; the rated life of fluorescent lamps in India
 

5 For information on some of these 
other measures in a
 
developing country context, please see Geller, 1990.
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is approximately 
 5000 hours, compared to 1000 hours for
 
incandescent lamps. 
Furthermore, recent developments in phosphor

technology allow fluorescent lamps to put out nearly the same color
 
of light as an incandescent lamp, albeit at a cost premium. 
These
 
phosphors are widely used overseas, but are not presently used in
 
lamps produced in India.
 

For our analysis of fluorescent substitutes for incandescent lamps,
 
we examined three measures -- new fluorescent fixtures, ballasted
 
circular fluorescent lamps, and compact fluorescent lamps.
 

New Fluorescent Fixtures
 

The majority of incandescent fixtures in use in India in 2004/05

will be fixtures that 
have yet to be installed. In new
 
applications, 
 the most cost-effective 
 alternative 
 to the
 
incandescent 
fixture is a fluorescent tube 
fixture. While the
 
initial cost of a new fixture is high (typical cost of Rs. 160 for
 
a fluorescent fixture; including fixture, ballast, starter, lamp,

and installation, versus 30
Ps. for an incandescent fixture),

operating costs 
are far lower and lamps need to be replaced less
 
often. Compared to 60 Watt incandescent lamp, a 20 Watt
 
fluorescent tube puts out approximately 40% more light. 
Relative
 
to 75 and 100 Watt incandescent lamps the fluorescent lamp puts out
 
10% 
more and 25% less light respectively (TERI, 1990). 
 If we use
 
a 75 Watt incandescent as 
the basecase, switching to a 20 Watt
 
fluorescent fixture saves 41 Watts (60 watts for the incandescent
 
minus 20 watts for the fluorescent tube minus 14 
watts for the
 
fluorescent ballast). 
 If we assume each lamp operates an average

of 1700 hours per year (the energy-use weighted average 
for
 
incandescent lamps across all sectors as ishown in Appendix A), 
and
 
estimate the peak coincidence factor 
for incandescent lighting
 
across all sectors at 60%, the capital cost of a new fluorescent
 
fixture is Rs. 2200/kW saved. 
 Assuming a 15 year life for the
 
fixture (and ignoring the fact that 
one fluorescent tube costs
 
slightly less 
than five incandescent bulbs), the CSE is Rs.
 
0.19/kWh. 
 We estimate that this measure is appropriate for most
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new fixtures in India, representing approximately 50% of the
 
incandescent fixture stock in 2004/05.
 

Ballasted Circular Fluorescent Lamps
 

Ballasted circular fluorescent lamps feature a fluorescent tube
 
bent into a circle, with a fluorescent ballast incorporated into
 
a adapter that inserts into a standard incandescent lamp socket.
 
A 22 Watt ballasted circular fluorescent supplies over 800 lumens
 
of light. Thus, substituting a 22 Watt fluorescent for a 60 Watt
 
incandescent reduces electricity use by 63% 
(the 22 Watts includes
 
the ballast), while increasing light output slightly. Circular
 
fluorescents are lower in cost than 
compact fluorescent lamps
 
(described below), but bulkier, which limits the of
number 
fixtures they fit in. Circular fluorescents are reportedly now 
being imported into India. At current exchange rates ($1 = Rs. 26) 
the cost is approximately Rs. 150 including lamp, ballast, and
 
base, but excluding taxes and duties (Sathaye, 1991). While these
 
products are not presently produced in India, introducing
 
production into India should not present any technical difficulties
 
as the technology is similar to fluorescent tubes.
 

Ballasted circular fluorescent lamps are particularly appropriate
 
as a retrofit replacement for incandescent lamps. In the U.S.,
 
ballasted circular fluorescent lamps have a rated life of 10,000
 
hours. If we assume a 7,000 hour life for India (due to the impact
 
of voltage fluctuations) and 1,700 operating hours per year (the
 
same as for the previous measure) then the average life will be
 
four years. With this average life, a ballasted circular
 
fluorescent lamp will replace nine standard incandescent lamps (750
 
hour typical life), which at Rs. 10 per incandescent lamp, results
 
in a present value savings over four years of Rs. 75. Thus, the
 
net cost of a ballasted circular fluorescent is only Rs. 75 (Rs.
 
150 initial cost minus Rs. 75 incandescent cost). If we estimate
 
the same peak coincidence factor as above (60%), a ballasted
 
circular fluorescent has a capital cost of about Rs. 3,700/kw. The
 
CSE is Rs. 0.37/kWh. We previously indicated that 50% of
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incandescent lamp applications are appropriate for new fluorescent
 

tube fixtures. We estimate that an additional 15% of incandescent
 

lamp energy use is appropriate for ballasted circular fluorescent
 

lamps. The remaining applications cannot either accommodate the
 

size of a circular fluorescent or operating hours are insufficient
 

(significantly lower than the 1700 hours/year assumed here) for the
 

circular fluorescent to be cost-effective).
 

Compact Fluorescent Lamps
 

Compact fluorescent lamps are more efficient and smaller in size
 

than circular fluorescent lamps, but also more expensive. A 16
 

Watt compact fluorescent lamp (including ballast) puts out about
 

the same amount of light as a standard 60 Watt incandescent lamp,
 

representing an energy savings of nearly 75% over the incandescent
 

lamp. CoTpact fluorescent lamps can come with adaptors which fit
 

into incandescent lamp sockets, or they can plug into fixtures
 

designed for use with compact fluorescent lamps. Due to their
 

small size, compact fluorescents can be fit into many (though not
 

all) fixtures designed for incandescent lamps. Compact fluorescent
 

lamps are not presently produced in India, although several
 

manufacturers are reportedly considering opening up production
 

lines in India. In the meantime, compact fluorescents are imported
 

into India in small quantities, and proposals for increased imports
 

have been submitted by several companies (Mamak, 1990). We
 

estimate that compact fluorescent lamps would primarily be used in
 

the residential sector, although they will also be appropriate for
 

some applications in the commercial and industrial sectors.
 

A study by Lawrence Berkeley Laboratory (Gadgil and Jannuzzi, 1989)
 

estimated that compact fluorescents could be imported to India at
 

a cost of Rs. 135, exclusive of taxes and duties. If we adjust
 

this cost for the difference in exchange rate since the study was
 

done (an increase from Rs. 15/U.S. $ to Rs. 26/U.S. $), then the
 

cost of a compact fluorescent is Rs. 235. This price is also in
 

line with a Rs. 200 price quoted in a 1990 study (TERI, 1990). As
 

with the ballasted circular fluorescent lamp, a compact fluorescent
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can be expected to last 7,000 hours in India 
(Mamak, 1990) and
 
displace nine regular incandescent bulbs. Subtracting the present
 
value cost of nine incandescent lamps 
over four years (assuming
 
1,700 average operating hours per year), the net 
cost of the
 
compact fluorescent is Rs. 160 and the capital cost works out to
 
Rs. 6,800/kW saved. 
The CSE is Rs. 0.67/kWh.
 

Compact fluorescents are more costly per kWh 
savea than new
 
fluorescent fixtures or circular fluorescent lamps. 
Thus compact
 
fluorescents will be limited to incandescent applications for which
 
these other products are not suitable. Since compact fluorescents
 
are smaller than the other fluorescents, they can be used in more
 
applications, although even compact fluorescents are too big for
 
all applications. Furthermore, some applications have very low
 
operating hours, for which compact fluorescents will not be cost
effective. 
 With these factors in mind, we estimate that compact
 
fluorescents are appropriate 
 (technically viable and cost
effective) for 15% of incandescent lamp applications. This is in
 
addition to the applications for which new fluorescent fixtures and
 
circular fluorescent lamps are most appropriate.
 

Improving Fluorescent Lamp Efficiency
 

In India, the most common fluorescent lighting system is a 40 Watt
 
fluorescent tube plus 
a 12-15 Watt magnetic ballast. 40 Watt
 
fluorescent tubes are standard throughout the world. 
 Magnetic
 
ballasts are also common, although in other countries a ballast to
 
control one 40 Watt lamp typically consumes about 8 Watts (Philips
 
Lighting, 1988). 
 The reason for the higher consumption in Indian
 
ballasts vary from product to product, 
and may include use of
 
aluminum wire (aluminum wire is a less efficient conductor of
 
electricity than copper), 
poor quality lamination materials, and
 
poor stamping of laminations. 
In addition to low efficiency, most
 
Indian ballasts suffer from another problem 
-- low power factor.
 
The power factor of a typical Indian ballast is .5 to 
.6 (TERI,
 
1990). The lower the 
power factor, the higher the losses 
in
 
distribution circuits, including those 
on the utility grid and
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those within customer facilities. Most of the losses occur on the
 
utility side of the meter, and thus low power factor presents a
 
major burden to utilities, but is usually of limited consequence
 
to end-users.
 

For our analysis of efficiency improvements to fluorescent lighting
 
systems, 
we examined two measures -- "TLD" lamps and electronic 
ballasts. These measures apply to all of the fluorescent lamp
 
energy use reported in Chapter 2, and also to the new fluorescent
 
tube fixtures discussed above.
 

"TLD" Lamps
 

The standard "TL" fluorescent tube used in India uses 40 Watts of
 
power. Tubes half this length 20 Watts.
use For the past few
 
years, several Indian manufacturers (Philips, Laxman, and Prakash)
 
have made "TLD" lamps which use only 36 Watts (18 Watts for the
 
shorter tubes), yet provide the same light output. The TLD lamps
 
are thinner than the TL lamps. The major disadvantage of the TLD
 
lamp is that it will extinguish when voltage drops to 155-165
 
volts, whereas TL lamps will not extinguish until voltage drops to
 
130 volts (Mamak, 1990). Philips reports that 
40% of their
 
fluorescent 
lamp sales are TLD lamps (Mamak, 1990), although
 
another 
recent analysis estimated that only 12% of All-India
 
fluorescent lamp sales 
are TLD lamps (TERI, 1990). In Western
 
Europe, TLD lamps dominate fluorescent lamp sales, and TLD lamps
 
are increasingly being used in developing countries. 
For example,
 
by the end of 1991, fluorescent lamp manufacturers in Egypt plan
 
to produce only TLD lamps (Turiel et al., 1990). In discussions
 
around India, some lighting industry officials reported that TLD
 
lamps are actually less expensive than TL lamps (because they use
 
less materials), while others claimed that TLD lamps cost slightly
 
more. For our analysis, we assumed TLD lamps cost the same as TL
 
lamps, and therefore the cost per kW and the CSE are zero. 
 Over
 
the long-run, as voltage variability problems are solved, this 
measure should be appropriate for all fluorescent lamp 
applications. 

44
 



Electronic Ballasts
 

Electronic ballasts use power electronics, instead of an electro
magnet, to regulate power supply to the fluorescent lamps, thereby
 
eliminating power losses at the 
magnet. A typical electronic
 
ballast draws only 1-3 Watts, representing an 85% saving compared
 
to 14 Watt conventional ballasts (the power used by the lamps is
 
not affected). In addition, many electronic ballasts have a high
 
power factor (greater than 0.9), although we could not obtain
 
sufficient data to estimate the amount 
of energy that would be
 
saved from the improved power factor.
 

Several small manufacturers produce electronic ballasts in India,
 
although these products reportedly suffer from quality control
 
problems which can dramatically shorteni their life. 
 HMT, a major
 
lamp producer, has recently applied to the Government of India for
 
permission to produce an electronic ballast. 
 This ballast will
 
reportedly have a life of 15-20 years (HMT, 1991). 
 Electronic
 
ballasts in India range in cost from approximately Rs. 200 to Rs.
 
300, substantially more than the Rs. cost of
60 a conventional
 
ballast (NPC, 1991; TERI, 1990). 
 If we assume an incremental cost
 
for an electronic ballast of Rs. 190, and further estimate a peak
 
coincidence factor of 60%, the capital cost of upgrading from a
 
standard to an electronic ballast at the time of 
 ballast
 
replacement is Rs. 11,200/kW saved. 
 Assuming a 15 year ballast
 
life (based on the HMT estimate reported above), the CSE is Rs.
 
0.47/kWh.
 

Over the long-run, as 
the quality of Indian electronic ballasts
 
improves, and as existing ballasts need replacement, this measure
 
should be appropriate for nearly all fluorescent fixtures in India.
 
Since not all ballasts will be replaced between the time when
 
electronic ballasts are widely available in India, and 2004/04, we
 
estimate that electronic ballasts will be technically and
 
economically feasible for 75% of applications in 2004/05.
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Improving Mercury Vapor Lamp Efficiency
 

Mercury vapor lamps are less efficient than other types of high
 

intensity discharge lamps such as sodium vapor lamps. For example,
 
a 250-watt mercury vapor lamp produced in India puts out
 
approximately 13,000 lumens of light. This is approximately half
 
the light output of an Indian 250-watt high-pressure sodium lamp
 
(TERI, 1990). In most applications, mercury vapor lamps can be
 

replaced with high pressure sodium lamps, resulting in an energy
 
savings of approximately 40% (for example, a 150-watt high

pressure sodium lamp can be substituted for a 250-watt mercury
 
lamp, with a modest increase in light output). Even greater
 
savings are possible through the use of low-pressure sodium lamps,
 

although these lamps provide an extremely yellow light which is not
 
suitable for many applications.
 

High-pressure sodium lamps are produced by several Indian
 
manufacturers. These lamps require a high-pressure sodium ballast
 

that is also produced in India.6 The cost of a new 150 Watt high
 

pressure sodium lamp and ballast in India is approximately Rs.
 
1480, Rs. 515 mcre than a mercury lamp and ballast (NPC, 1991).
 
If we estimate ballast life at 10 years and the peak coincidence
 

factor for mercury vapor lamps to be 70% (they are extensively used
 
for exterior lighting), the capital cost of a high pressure sodium
 

lamp and ballast installation is Rs. 3,800/kW saved. The CSE is
 
Rs. 0.20/kWh. These figures are conservative because they assume
 
that lamp replacement costs are the same for both sodium and 
mercury. In actuality, sodium lamps should have lower replacement 

costs because they have a rated life three times longer than 

mercury lamps produced in India (15,000 hours versus 5,000 hours 
- TERI, 1990), which more than compensates for the 2.2 times higher 

cost of replacement sodium lamps (NPC, 1991). 

6 High pressure sodium lamps designed to run on mercury vapor
 
ballasts are produced abroad, but these provide less than half the
 
savings of a high pressure sodium lamp/ballast combination.
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Over the long-run, this measure should be appropriate for nearly

all applications of mercury-vapor lamps in India. Initially, high
pressure sodium lamps could not be used in all applications due to
 
poor color rendering. However, 
in recent years high color
 
rendering sodium lamps were introduced into India, and thus this
 
obstacle no longer remains.
 

INDUSTRIAL SECTOR
 

Motors
 

Industrial motors 
 account for approximately 
 38% of total
 
electricity consumption in India (see Chapter 2). 
 Electric motors
 
are used to power many different types of equipment including fans,
 
pumps, air compressors, refrigeration comprwsors, and production
 
machinery. For our analysis 
of opportunities reduce
to motor
 
energy use, we examined eight different measures. These measures
 
do not capture all motor system efficiency opportunities, but they
 
represent a good start. 
The eight measures are:
 

1. Inproved motor rewinding, sizing, and maintenance
 

2. High-efficiency motors
 

3. Two-speed motors
 

4. Variable-speed drives
 

5. Optimize industrial pumps
 

6. Optimize industrial fans
 

7. 
Air compressor operation and maintenance improvements
 

8. Centrifugal refrigeration compressors
 

Improved Motor Rewinding, Sizing, and Maintenance
 

In India, as well as other countries, motor efficiency in the field
 
is often lower than the tested efficiency of a new motor in the
 
laboratory. 
 Reasons for the difference are many and include
 
oversizing of motors, phase-imbalance, poor rewinding of 
motors
 
(replacement of 
the wire windings on 
a motor when the original
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windings wear-out),7 and less than adequate motor maintenance. For
 
erample, a recent study on motors in the U.S. estimated that total
 
motor energy use could be reduced by 5-12% by correct'ng for these
 

problems (Nadel et al., 1991).
 

In India, a field survey conducted by TERI (1988) found that the
 
efficiency of motors in the field ranged from 4-13% lower than
 
manufacturer ratings for new motors. The discrepancy was highest
 
for small motors and lowest for large motors. For a typical mid
size motor (20 hp), the motor in the field consumed 7% more power
 
than its rating when new. Several other estimates have also been
 
made of the energy savings available in India from improved motor
 
rewinding, sizing, and maintenance. NPC (1991) estimates that
 
motor energy use on average can be reduced by 2-3% due to improved
 
repair and rewinding practices, plus some additional savings that
 
are possible from proper motor sizing. Savings of 16% have been
 
estimated by Ashok Gadgil at Lawrence Berkeley Laboratory for a
 
combination of measures including improved motor sizing, power
 
factor correction, correcting core damage from improper rewinds,
 
phase balancing, maintenance measures, and use of high efficiency
 
motors (Dutt, 1991). Since high-efficiency motors save
 
approximately 2-5% (discussed below), Gadgil estimates that the
 
rc".maining measures will save 12-13% or so.
 

For our analysis we use a typical 20-hp motor with an efficiency,
 
when operating properly, of 88.5%. Due to problems with sizing,
 
maintenance, phase balance, and rewinding, we estimate the motor
 
uses 7% more energy than its rated efficiency would indicate. The
 
7% figure ccmes from the TERI study noted above and is slightly
 
lower than the midpoint of the range estimated above for both India
 
and the U.S. If we estimate that the typical motor operates for
 

7 During the rewinding process the motor is heated in order to
 
loosen the "glua" that helps hold the windings in place. Research
 
in the U.S. has found that whenever the core of the motor is heated
 
above 260-340 degrees Celsius, damage occurs which can reduce the
 
efficiency of the motor by approximately 2% (Nadel et al., 1991).

In India, motors are commonly heated in open fires, where high

temperatures, and core damage are likely.
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0.5 

2,500 full-load hours!year 
(from Appendix A), and operates, on
 
average, at 60% 
of full load, then 4,200 part-load hours can be
 
inferred.
 

The incremental 
cost of these measures, relative 
to standard
 
practices, are usually very low (Nadel et al., 1991; Dutt, 1991).

If we estimate that these measures on average have a simple payback
 
of one year (the incremental cost of the measure is equal to the
 
value of one year of kWh 
savings at Rs. 1/kWh), and that the
 
average life of these measures is five years, the capital cost of
 
these measures is Rs. 7,400/kW, and the CSE is Rs. 0.25/kWh. 
Based
 
on the U.S. experience, and our observations in India, we estimate
 
these measures are applicable to 80% of the Indian motor stock.
 

High-Efficiency Motors
 

The efficiency of motors produced in India varies somewhat from
 
manufacturer to manufacturer. In particular, some of the small
scale manufacturers who make only small motors produce motors with
 
lower efficiencies than manufacturers in the organized sector. 
In
 
addition, several manufacturers (Si,.mens, Crompton 
Greaves,
 
Kirloskar, and Jyoti) produce two lines of motors 
-- a standard
efficiency line and a high-efficiency line, Data on motor 
efficiencies in India are summarized in Table 3-2. Data for motors
 
produced in the U.S. 
are also shown for comparison. 8 As can be
 
seen in this table, high-efficiency motors produced in India 
are
 

more
from 2-5% efficient than standard-efficiency 
 motors.
 
Standard-efficiency motors 
produced in the organized sector in
 
India appear to 
be of comparable efficiencies to U.S. standard
 
motors. High-efficiency motors produced in India are approxi.' -ly
 

efficiency point less efficient than their U.S. counterparts
 
due to the use of better-quality steel in the U.S. high-efficiency
 
motors.
 

8 It appears that the 
same testing procedures are used in
India and the U.S., 
both based on IEEE Standard 112- Method B.
Thus, efficiency data should be comparable.
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Table 3-2
 

Efficiencies of Indian and U.S.
 
Standard and High Efficiency Motors
 

Motor
 
Size Indian Motors
gtA~ jHiEfc tandard 

1 	 71-73 

1.5 74-75
 
2 76 

3 79 

4 80
 
5 81.5-85 

7.5 84-87 


10 85-87 

12.5 86-88 

15 87-89.5 

20 87-89.5 

25 90-90.5 

30 90-91 

40 90.5-92 

50 90-92.5 

60 91-93 

75 91.5-93.5 

100 92-94 


92.5-94.5
120 

125 

150 92.5-94.5 

170 92.5-93.5 

200 

220 93-95.5
 
250 

270 95-95.5
 

90.5 

90.5-91.0
 
91 

92 


93.5 

94.0 

94.5 

94.5 

95.0
 

95.0 

95.2
 

U.S. MotorsHigh Effic. 

76.8 84.0 

81.1 85.3 
81.4 88.8 

83.9 89.0 
84.7 90.8 
86.4 91.0 

87.1 92.0 
88.3 92.7 
89.7 92.9 
90.4 93.2 
90.6 93.6 
91.5 93.8 
91.8 94.4 
92.1 94.6 
91.9 95.0 

92.1 95.1 
93.1 95.4 

94.0 95.6 

94.3 95.6 

Note: All data are for (three-phase, four pole) totally enclosed,
 
fan-cooled motors.
 

Sources:
 
* 	 Indian data from NPC, 1991. Only companies in the organized 

sector are included. 
* 	 U.S. data from Nadel et. al., 1991. This is an average for 

eight different manufacturers. 
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Use of high-efficiency motors in India can reduce motor electricity
 
use by 2-5%. Examination of the U.S. data for motors less than 10
 

hp shows that even greater savings are possible in small motors
 

(Indian manufacturers do not produce high-efficiency small motors,
 
due to expectations of limited purchaser demand). Indian
 
manufacturers have produced high efficiency motors for only a few
 

years. Discussions with manufacturers indicate that high
 

efficiency motors probably account for less than 1% of motor sales
 

in India today.
 

A primary reason for the low sales of high-efficiency motors is
 

that they cost more than standard efficiency motors -- Indian 

manufacturers estimate that high efficiency motors cost 25-35% more
 
than standard-efficiency motors (NPC, 1991). Part of the increased
 

cost is import duties on low-loss silicon steel which is used in
 
the cores of high efficiency motors. A standard 20-hp motor
 

(efficiency of 88.5%) costs approximately Rs. 18,600 (including
 
excise duty and typical discounts), a high-efficiency motor (92%
 
efficient) costs about 30% more -- Rs. 24,200. The incremental
 

price of the high-efficiency motor is thus Rs. 5,600. Using these
 
assumptions, plus assumptions on the operating hour and percent of
 
full load made for the previous measure, the incremental capital
 

cost of a high-efficiency motor is Rs. 8,400/kW saved (assuming a
 

60% coincidence factor). If the motor has an average life of 30
 

years, the CSE is Rs. 0.25/kWh.
 

High-efficiency motors are not appropriate for all applications.
 

For some specialized applications, high-efficiency motors are not
 
commonly made. For applications with very limited operating hours,
 

high-efficiency motors may not be cost-effective. Also, for some
 

applications, multi-speed motors are more appropriate.
 
Furthermore, high-efficiency motors primarily make sense when an
 
existing motor wears out and must be replaced. Some existing
 

motors will remain in place beyond 2004/05. With these factors in
 
mind, we estimate that over the next 15 years, high efficiency
 

motors will be technically feasible and cost-effective for
 
approximately 55% of motor applications, including a much higher
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proportion of new applications, and a lower proportion of existing
 
applications.
 

Motor Speed Contrc!
 

Motor efficiency is genarally highest when motors operate within
 
about 50% of their rated load. However for many applications, the
 
load placed on a motor varies over time. For example, a motor in
 
a commercial cooling system generally operates at full-load during
 
the hottest days of the year, but at other times, the load placed
 
on the motor is significantly lower, varying with the cutdoor
 
temperature and humidity. 
In addition, for some applications, such
 
as fans and pumps, the load varies with the cube (V3) of the air or
 
water velocity. Thus, when the velocity is reduced by 20%, 
the
 
load on the motor is reduced by 50%. For applications where the
 
load varies with time, some means of speed control is usually
 
employed. Traditionally speed is controlled with fluid couplings,
 
eddy-current couplings, throttles, and guide 
vanes, but these
 
controls are inefficient because speed is varied by introducing
 
friction, thereby wasting energy. 
A far more efficient way to vary
 
speed is at the motor itself, either through use of a multi-speed
 
motor, or with a variable-spead drive.
 

Multi-Speed Motors: Multi-speed motors generally contain two (or
 
more) sets of windings, which allow the motor to operate at two (or
 
more) different speeds. Use of a multi-speed motor allows gross
 
changes in motor speed to take place at the motor, with fine tuning
 
left to traditional speed-control devices such as guide vanes.
 
Multi-speed motors a fairly low-cost
provide approach to motor
 
speed control. In India two-speed (and even three-speed) motors
 
are produced by several manufacturers. These motors typically cost
 
from 30-80% more than a similar-sized single-speed motor. Savings
 
vary depending on the application but savings of 8-10% axe typical
 
(NPC, 1991). For a typical application involving a 30 hp motor,
 
incremental capital costs relative 
to a single-speed motor are
 
approximately Rs. 9,700/kW, and the CSE Rs. 0.29. These
is 

calculations, which are relative to a 90%-efficient single-speed
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motor, assume 9% savings and a Rs. 20,850 incremental cost (55%
 
more than a single-speed motor the same
of size). Other
 
assumptions are the same as 
those made above for high efficiency
 
motors.
 

Multi-speed motors are not appropriate for all motor applications.
 
First, not all applications need variable speed. 
 Second, multi
speed motors are typically larger than one-speed motors, so
 
physical space limitations may apply.9 Third, for some
 
applications, variable speed drives (VSDs 
-- discussed below) offer 
additional cost-effective savings, thusand are technically
 
preferable. 
 With these factors in mind, we estimate that motors
 
accounting for approximately 25% of motor energy use can benefit
 
from multi-speed motors.
 

Variable Speed Drives: 
Variable speed drives (VSDs) are electronic
 
devices that are placed between the motor and the power supply.
 
VSDs can continuously vary the speed of a motor from 100% down to
 
very low speeds. In many applications they provide significantly
 
higher savings than multi-speed motors (for example, one study in
 
the U.S. estimated average savings in appropriate applications to
 
be 22.5% (Miller et al., 1989)). In addition to energy savings,
 
VSDs offer a number of other advantages including improved
 
equipment lifetimes (due to the soft-start capability incorporated
 
into many VSDs), better process control and product quality,
 
isolation of motors from the power 
line (providing limited
 
protection 
from power failure and line voltage problems), and
 
operation at higher speeds than standard line frequencies allow
 
(Baldwin, 1989).
 

Variable-speed drives are manufactured by six companies in India 
-
- BHEL, NELCO, Siemens, Hirel, Asea, and Larsen & Toubro. 
 These
 

9 In the U.S. and other developed countries, a special type of
two-speed motor is produced called 
a pole-amplitude-modulation

(PAM) motor. PAM motors are approximately the same size as singlespeed motors and cost about the 
same as conventional two-speed

motors (Nadel et al., 1991).
 

53
 



companies generally import electronic components into India, and
 
then assemble them into a drive. VSDs are presently fairly
 
expensive in India, and as a consequence are primarily used with
 
large motors. 
VSD costs in India range from Rs. 2,500-10,000/kW
 
in the 10-400 kW range, and for slip power recovery systems with
 
ratings above 1,000 kW, costs range from Rs. 1,200-1,500/kW (NPC,
 
1991).
 

For illustrative purposes, we examine a 250-hp VSD (186 kW)
 
operating 5,000 hours each year. A high-efficiency motor is
 
assumed (95% efficiency). At a VSD cost of Rs. 5,000/kW, and a
 
peak coincidence factor of 60%, the capital cost is Rs. 17,200/kW
 
saved, assuming 
the 22.5% typical savings noted previously.
 
Assuming a ten-year life for the VSD (common for electronics of
 
this type), the CSE is Rs. 0.62/kWh. Prices have been steadily 
dropping in the U.S. (Nadel et. al., 1991), and further price 
reductions are likely. 

We estimate that VSDs are appropriate for motors representing
 
approximately 30% of Indian motor use. 
This figure is in addition
 
to the 25% of applications for which we estimate two-speed motors
 
are appropriate.
 

Optimize Industrial Pumps
 

As noted in chapter 2, an estimated 20% of industrial motor energy
 
use is for pumps. Other estimates place the proportion as high as
 
40% (NPC, 1991). In addition to industrial pumps, water supply and
 
rewage disposal plants, and auxiliaries in power plants are other
 
major pump applications (irrigation pumps in the agriculture sector
 
are discussed later). There 
are a number of opportunities to
 
improve the efficiency of pump systems, including use of high
 
efficiency pumps, minimizing friction losses in the piping network,
 
and derating/replacement of oversized 
pumps. Analysis by NPC
 
(1991) indicates that except for the small-scale sector, pump
 
efficiencies have increased by 5-10% 
in recent years. Thus, as
 
existing pumps are replaced, efficiencies should increase.
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According to the NPC analysis, high-efficiency pumps often cost the
 
same as less efficient pumps, and if there is a cost premium, it
 
is modest (on the 
order of 5-10%). Much 
larger savings are
 
available 
on average by minimizing piping-friction losses. 
 NPC
 
estimates a potential for average savings of 15-20%, and provides
 
an example of a typical application with a simple payback of less
 
than three years (NPC, 1991). 
 The NPC analysis also estimates that
 
savings of 5-10% are generally possible by derating or replacing
 
oversized pumps.
 

Combining this 
entire package of measures, we conservatively

estimate that 70% of industrial pump systems in India can benefit
 
from cost-effective 
efficiency improvements 
and that average

savings in these systems will total 15%, 
with an average simple

payback of three years. 
 Applying these assumptions to a typical

20-hp pump operating at an average of 60% of full-load for 4,200

hours/year, and further assuming a 60% peak coincidence factor and
 
a 70% basecase pump efficiency (which incorporates the motor
 
efficiency improvements discussed above), 
we calculate a capital

cost of Rs. l1,200/kW saved. Assuming a pump life of 
20 years
 
yields a CSE of Rs. 0.38.
 

Optimize Industrial Fans
 

As noted in Chapter 2, fans and blowers account for 
over 10% of

industrial motor use. 
As with pumps, there are many opportunities
 
to improve the efficiency of fan systems including high-efficiency

fans, replacement of oversized impellers and fans, and reduction
 
of friction losses. 
 NPC (1991) explores these opportunities in
depth. Their 
analysis indicates that even 
greater efficiency

improvements are possible in fan systems than in pump 
systems,

because in addition to savings from reduced friction losses, and
 
derating/replacement 
of oversized fans, substantial efficiency

improvements are possible from high efficiency backward-curved fan
 
systems (10% savings typical when 
replacing radial 
fans, 20%
 
savings when replacing forward-curved fans). 
 If, for illustrative
 
purposes, we 
 assume 20% savings are possible in 70% of
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applications, with all other assumptions the same as discussed
 
above under pumps,I0 the capital cost of the efficiency

improvements is Rs. 12,200/kW saved, and the CSE is Rs. 0.41/kWh.
 

Air Compressor Operations and Maintenance Improvements
 

Many factories have compressed air systems that provide air for
 
cleaning and industrial process applications. Compressors tre
 
typically located at central locations and supply lines carry the
 
compressed air throughout the plant. Compressed air systems are
 
notorious for air leakage, leading to energy waste. 
In addition,
 
some systems operate at higher pressures than needed, and
 
maintenance of compressor systems is often less than adequate (for
 
example, air filters are not cleaned). Furthermore, some
 
compressors are oversized, or are 
inefficient. NPC (1991) found
 
that energy savings of 20-40% are possible at low cost. Assuming
 
30% energy savings, a one-year simple payback period, an average
 
measure 
life of five years, and the basic operating assumptions
 
made above for pumps and fans, the cost per kW is Rs. 7,300/kW and
 
the CSE is Rs. 0.26. We estimate that these measures are
 
applicable to compressors representing 75% of compressor
 
electricity use in India. Additional savings 
are possible from
 
improved compressor controls, and from use of staged compressors
 
in a facility.11 
 We did not conduct a detailed analysis of these
 

measures.
 

10 The assumption of a three-year average simple payback

period for fan efficiency measures is rrobably conservative, as
NPC's analysis shows many measures with simple paybacks of

approximately one year. 
 Only in the case of measures to reduce

friction losses in ducts are longer simple payback periods common.
 

11 With staged compressors, when air requirements are low, a
 
small compressor is used; when requirements increase, a medium
sized compressor is used; and when requirements are large, both
 
compressors are used together. 
 Such a system allows better
matching of compressor power to the load, thereby avoiding part
load operation of compressors (as discussed previously, part-load

operation can result in considerable energy waste).
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Centrifugal and Screw Refrigeration ComDressor.
 

Refrigeration compressors 
are used extensively in industry 
to
 
preserve food and for other processes requiring cold temperatures.

Most compressors in India are reciprocating compressors. A typical
 
new reciprocating compressor in India has an efficiency of 1.05
1.10 kW/ton of refrigeration. Centrifugal compressors have much
 
better efficiencies. 
 For example, 
 one Indian company, in
 
cooperation with a Japanese manufacturer, is selling centrifugal
 
chillers with efficiencies of 0.60-0.74 
kW/ton (NPC, 1991). A
 
third type of compressor -- the screw compressor -- is also
 
available. While 
not quite as 
efficient as the centrifugal
 
compressor, 
these units are available in smaller 
sizes than
 
centrifugal compressors, allowing more applications to be served.
 
In the U.S., 
100-ton screw compressors with efficiencies as low as
 
0.66 kW/ton are available (Block, 1991).
 

For a typical 200-ton compressor, an 
efficiency improvement from
 
1.05 kW/ton to 0.70 kW/ton can 
be expected by switching from a
 
reciprocating to a centrifugal or screw compressor. 
A centrifugal
 
compressor of this size will cost approximately Rs. 400,000 more
 
than a reciprocating chiller 
(NPC, 1991). Assuming load and
 
coincidence factors of 70%, and a measure 
life of 20 years, the
 
capital cost is Rs. 3,200/kW and the CSE is Rs. 0.09/kWh.
 

This measure is not appropriate for all compressors -- some
 
compressors are 
large enough that use of centrifugal chillers is
 
common. Other 
compressors are 
too small for a
even screw
 
compressor to serve the 
load. With these factors in mind, 
we
 
estimate that this 
measure is appropriate for 35% 
of industrial
 
refrigeration loads in India.
 

Additional savings are available from use of improved efficiency
 
compressors in applications for which a change in compressor type

is not possible or justified. We did not examine the costs and
 
savings of these improvements.
 

57
 

http:0.60-0.74


Electric Arc Furnaces
 

Electric arc furnaces are used to manufacture specialty steels and
 

to manufacture steel from scrap metal. Electric arc furnaces
 

account for nearly 3% of industrial electricity use in India and
 
approximately 1.4% of total electricity use in India (see Chapter
 

2). Electric arc furnaces are employed both in mini-steel plants
 
located throughout India that rely almost exclusively on electric
 
arc furnaces, and in foundry plants which use electric arc furnaces
 

alongside more traditional steelmaking processes.
 

Electricity costs are one of the major costs of operating an
 
electric arc furnace, so users are conscious of the need for energy
 

conservation. Many conservation measures are in widespread use in
 
India today including scrap segregation, improved melt-down
 
practices, and standardization of tapping temperature (NPC, 1991).
 

Still, many additional techniques ara available to improve electric
 
arc furnace efficiency, techniques which are not widely used in
 
India. NPC, in its companion to this report (NPC, 1991), examined
 

eleven different measures to improve the efficiency of electric arc
 
furnaces in India. NPC's findings are summarized in Table 3-3.
 

By way of reference, electric arc furnaces consume 600-900 kWh/ton
 

of product. Thus, if all the measures listed in Table 3-3 are
 
implemented, e1%tricity savings of over 50% could result.
 
However, not all measures will be suitable for all furnaces.
 
Therefore, for our analysis, we assume an average savings of 30%
 
at a cost of Rs. 5 million for a 10 ton furnace. We estimate
 
these savings can be achieved in 60% of the electric arc furnaces
 

in India. Other key assumptions needed for our analysis include
 
an assumed energy consumption of 800 kWh/ton, an average "tap time"
 
(time for each batch of steel) of 200 minutes, and an assumed
 
annual operating hours of 4,000 hours for each furnace (these
 

figures are based on data reported in NPC, 1991). Finally, -e
 
estimate that 50% of electric arc furnaces are on at the time of
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Table 3-3
 
Measures to Improve Electric Arc Furnace Efficiency in India
 

Approx. 
Saving Cost 
Measure JkWh/to ) otUO 


Oxygen assisted up to 75 1.0-2.0 
melting 

Oxyfuel burner up to 50 1.0 Needs water cooled panels 
& computer controls for 
best results 

Scrap preheating 30-40 6.0 Best suited for a shop with 
more than one furnace as 
cost can be spread among 
several furnaces 

Use burnt lime 70-100 NA Needs installation of a 
lime kiln or purchase of 
burnt lime. Some energy
is consumed in the process 
to make burnt lime. 

Power factor NA NA 
correction & 
control 

Ladle furnace 10-15 4 Also improves product 
quality and productivity. 
Cost given here is for a 
new ladle furnace. The 
difference in price between 
a nte. electric arc furnace 
and a new ladle furnace is 
much lower. 

Eccentric bottom 10-15 NA 
tapping 

Foaming slag up to 40 NA 
practices 

Computerized up to 50 NA 
control & 
automation
 

Notes: Costs are for a 10-15 ton electric arc furnace.
 
NA = not available.
 

Source: NPC, 1991.
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system peak -- on grid on
either the or auxilary generation
 
equipment. Based on these assumptions, the capital cost of these
 
improvements is 3,400/kW saved and the CSE Rs. 0.13/kWh.
 

Chlor-Alkall Processes
 

The chlor-alkali industry uses electrolysis to produce chlorine and
 
related products from brine (saltwater) solutions. In India, the
 
chlor-alkali industry accounts for approximately 3% of industrial
 
electricity use and 1.5% of total electricity use (see Chapter 2).
 

Three basic processes are used throughout the world to produce
 
chlorine -- the mercury amalgam process, the diaphragm process, and 
the membrane process. In India, approximately 90% of chlor-alkali 
production is with the mercury process, 7% with the diaphragm
 
process, and 3% with the membrane process. In India, the mercury
 
process uses the most electricity (nearly 3400 kWh/ton produced,
 
including auxilaries) and the diaphragm process uses slightly less
 
electricity (approximately 3000 kWh/ton). The membrane process is
 
the most efficient (electricity use as low as 2500 kWh/ton), but
 
has higher capital costs than the other processes. In addition to
 
electricity, all three processes require some fuel; the diaphragm
 
process uses the most fuel, the mercury process the least fuell
 
(NPC, 1989). Several other considerations also affect the
 
selection of the best process including environmental and health
 
concerns and foreign-currency concerns. Mercury is highly toxic
 
and the use of mercury cells has been banned in several countries
 
(Streicher and Geller, 1990). 
 The mercury process requires
 
extensive imports of mercury, a drain on India's foreign currency
 
reserves (Raghuraman, 1989).
 

Considering all of these factors, conversion of mercury and
 
diaphragm cells to the membrane process is 
a viable option.
 
Relative to the mercury process, the membrane process saves
 
approximately 880 kWh/ton and reduces environmental, health and
 
foreign currency concerns, but requires slightly more fuel.
 
Relative to the diaphragm process, the membrane process saves
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approximately 500 kWh/ton, 
and reduces fuel consumption. In
 
addition, relative to both the mercury and diaphragm processes, the
 
membrane process improves product quality, reduces consumption of
 
chemicals, and improves plant operations through benefits such as
 
fast restarting 
after power interruptions and stable 
caustic
 
concentrations after power fluctuations (NPC, 1991).
 

Since India currently 
has a very large chlor-alkali capacity,
 
including substantial excess capacity (NPC, 1991), 
our analysis

emphasizes the conversion of existing chlor-alkali plants to the
 
membrane process. For our analysis, we assume that a baseline 100
 
ton per day (TPD) plant consuming 3300 kWh/ton is replaced with a
 
membrane plant consuming 2500 kWh/ton at a capital cost of Rs. 2.5
 
million/TPD 
(NPC, 1991). Since existing plants likely
are to
 
require extensive improvements in order to remain operational in
 
2004/05, we assume a net cost of Rs. 2.0 million/TPD. The plant
 
operates for 7200 hours/year (NPC, 1989) 
and this use is spread

evenly throughout the day and year. 
Capital cost per kW saved is
 
Rs. 12,500, and the CSE Rs. 0.32/kWh. This measure is appropriate

for nearly all existing chlor-alkali capacity -- we estimate a 95%
 
applicability factor.
 

Aluminum Smeltina
 

Aluminum production is very energy 
intensive -- energy costs
 
account for 40-45% of the costs of manufacture. India today has
 
seven smelters 
located in five different plants two in the
 
public sector and three in the private sector. With the exception

of the National Aluminum Company (NALCo), 
set up in 1987-88, the
 
other 
 old
units have smelters with technology and energy

consumption inferior to other current technology. 
Estimates of the
 
average energy consumption of Indian aluminum plants range from
 
14,000 to 18,000 kWh/metric tonne, with the 
most-likely figure

approximately 16,000 
kWh/tonne. 
 The NALCo plant uses 12,800
 
kWh/tonne -- approximately 20% less than the 
Indian average
 
(Raghuraman, 1989).
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In the low-case scenario discussed in Chapter 2, electricity use
 
for aluminum production is projected to increase by 70%. If we
 
assume this increase will all be due to new plants, and we further
 
assume that 50% of current production capacity (much of the portion
 

not served by NALCo) also needs replacement by 2004/05, then 85%
 
of the production capacity in place in 2004/05 will be in new
 
plants. Based on the NALCo e:rperience, we assume an average
 
savings of 20% relative to the norm of 16,000 kWh/tonne. In the
 
absence of good data, we estimate a five-year average payback, at
 
an electricity price of Rs. 1/kWh. This is the same assumption
 
made by Geller (1991) in his analysis of conservation opportunities
 
in Brazil. If we assume a 80% load and peak coincidence factor,
 

the capital cost is Rs. 17,600/kW saved, and the CSE is Rs.
 

0.46/kWh.
 

AGRICULTURAL SECTOR
 

Pumps
 

In the past ten years, electricity use for irrigation pumps has
 
grown by over 13% per year. Pumpsets now represent over 20% of
 
electricity use in India. While many pumpsets are very wasteful
 
users of electricity, there is much that can be done to improve
 

their efficiency. In this report, we analyze three efficiency
 

measures:
 

1. Metering of agricultural pumps
 

2. Rectification of existing agricultural pumps
 

3. New high efficiency pumpsets
 

In addition to these measures, we briefly discuss one other
 
measure -- use of diesel pumpsets.
 

Pump Metering
 

Presently in India agricultural pumpsets are not metered --users
 
pay a set fee based on pump size, regardless of how many hours the
 
pump operates. Needless to say, such a system provides no
 
incentive to limit pump operating hours nor to improve pump
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efficiency, and as a result, reports from the field indicate that

considerable energy and water waste results. 
 If pump electrical
 
use were metered, and customers billed on the basis of their kWh
 
use, considerable savings would likely take place.12
 

For our analysis, 
we assume that installing meters would reduce

electricity use by 5%. 
 This figure is based on estimates provided

by Indian experts. This 
estimate is 
 much lower than the
 
approximately 15% savings achieved in the U.S. when rental housing

tenants are 
billed 
for their electricity use (prior to meter
 
installation, 
a set 
charge for electricity was included 
in the
 
rent, regardless of actual electricity use) (Rosenberg, 1984;
 
NYPSC, 1989).
 

For our analysis, a few other assumptions are needed. 
Cost of the

three-phase meters is estimated to be Rs. 250, based on information
 
provided by BHEL, a meter manufacturer. 
These costs are increased
 
to Rs. 400 to allow for labor costs associated with installation.
 
The typical motor 
is assumed to be a 4-kW motor operating 1,000

full-load hours/year, with a peak load coincidence factor of 
16%
 
(these assumptions are documented by NPC (1991) based on 
a review
 
of the literature). 
 Based on these assumptions, the capital cost
 
of agricultural metering is Rs. 4,700/kW saved. 
If we assume a 20
 
year meter life, the CSE is Rs. 0.18. 
 These costs are based only

on 
initial costs, and do not include the cost of periodic meter
 
readings. 
 IMeter reading costs 
will raise the cost per kwh
 

12 Agricultural electricity 
prices in India are 
highly
subsidized, with an average cost per kWh in 1987/88 of Rs. 0.15/kWh
(TERI, 1989). 
 A number of observers have
agricultural electricity were 
suggested that if


priced at the of
(greater than Rs. 
cost service
1/kWh), substantial electricity 
conservation
would result. 
However, ending agricultural subsidies is a highly
charged political issue, and 
is unlikely to happen in the
future. near
Our proposal is based on keeping the average electricity
price at or 


kWh 
near current levels, but charging customers for each
they use. Once meters are installed, additional
strategies could be tried. pricing


For example, an increasing block rate
could be used under which small users 
of electricity (primarily
small farmers) pay 
a low charge per kWh, 
and larger users of
electricity pay higher charges.
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somewhat, but given the very low capital costs involved, even if
 
our estimate of costs 
is off by a factor of four, installing
 
agricultural meters is likely to be cost-effective to utilities.
 
This measure is appropriate for all agricultural pumps.
 

Rectification of Existina Agricultural Pumvs
 

The typical pumpset features an inefficient pump, linked with a
 
belt to a motor, and foot valves and return and supply pipes with
 
high friction losses. As 
a result of path-breaking research in
 
Gujarat, a standard package of retrofit measures for existing pumps
 
has been developed including replacement of the existing foot
 
valve, return, and supply lines with low friction equivalents (for
 
example, PVC pipe is used for the return and supply lines), 
and
 
replacement of the existing pump and motor with a new monoblock
 
pumpset (pump and r tor are a single unit). 
 This retrofit package
 
reduces electricity use by 30-50%, at a cost of approximately Rs.
 
9,000 (NPC, 1991). In assessing this measure we assume that meters
 
are in place, and hence operation is reduced to 950 full-load hours
 
per year. If we assume the same typical pump size and peak
 
coincidence factor as 
for the analysis of metering, and estimate
 
a 15-year average pump life, the cost per kW saved is Rs. 18,900
 
(based on ?5% savings). 0.77/kWh.
The CSE is Rs. As pumpsize
 
increases, the cost-effectiveness 
of this package increases
 
dramatically. 
For example, Dutt (1991) calculates a CSE of Rs.
 
0.20/kWh for the same package, assuming an average pump electricity
 
use approximately five times greater than is assumed here.
 

Most of the cost of this retrofit package is for the new pumpset.
 
If only the foot valve and return and supply pipes are replaced,
 
the cost drops to approximately Rs. 1,150, with typical savings of
 
18-27% (NPC, 1991). Assuming the midpoint of this savings range,
 
the capital cost of this package is approximately Rs. 4,900 per kW
 
saved, and the CSE Rs. 0.20.
 

We estimate that this 
package of retrofits is appropriate for
 
approximately 30% of pumpsets that will be in place by 2004/05.
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Most of the remaining pumpsets will be new units for which the next
 
efficiency measure is most appropriate.
 

Vew High-Efficiency Pumpsets
 

If agricultural electricity use grows by 80% during the 1989/90 to
 
2004/05 period, as estimated for the lower-bound case in Chapter
 
2 (or 190% growth in the upper-bound case), the majority of
 
pumpsets in use 
in 2004/05 will be units that are purchased and
 
installed after 1989-90 (including a combination of new
 
applications and replacement of worn-out pumpsets in existing
 
applications). If at the time these systems 
are purchased and
 
installed only efficient equipment is used, savings of
 
approximately 20% can be achieved relative to the typical system
 
being purchased today (NPC, 1991). The extra costs of the more
 
efficient pump system are modest -- perhaps Rs. 2,000 for a typical 
4-kW system. Assuming operating hours and other parameters as for 
pumpset rectification, the cost per kW for these savings is only 
Rs. 7,300/kW, with a CSE of Rs. 0.30/kWh. 
 We estimate that this
 
package is appropriate for nearly all new pumpsets, which will
 
represent approximately 60% of the pumpset stock in 2004/05.
 

Diesel and Wind Pumpsets
 

The analysis above assumes that use of electrical pumpsets will
 
grow rapidly. If agricultural electr..city prices remain highly
 
subsidized, as at present, electrical pumpsets are the lowest cost
 
system for farmers to purchase and operate. However, if electric,
 
diesel, and wind pumpsets are all subsidized to the same degree,
 
then diesel and wind pumpsets may be less expensive than electrical
 
pumpsets to own and operate, and substantial electricity savings
 
could result (Dutt, 1991, citing previous work by Ramesh and
 
Natarajan, and Srivastava and Sharan).
 

DOMESTIC SECTOR
 

In the domestic sector, major end-uses are fans, lighting,
 
refrigerators, and cooling equipment. Efficiency opportunities for
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lighting were discussed previously. In this section we discuss
 
opportunities for improving the efficiency of refrigerators, fans,
 
air conditioners, and air coolers.
 

Refrigerators
 

Refrigerators in India appear to be among the most inefficient in
 
the world. 
Interviews with manufacturers indicate that a typical
 
new 165 liter Indian refrigerator uses approximately 5IO kWh per
 
year (NPC, 1991). O.der models 
use considerably more (TERT,
 
1991a). In comparison, an average Brazilian model of about 225
 
liters uses 410 kWh/year, while a new Korean 200 liter model uses
 
approximately 240 kWh/year (Meyers et al., 
1990). 13 Experience in

Korea during the 1980's illustrates the type of efficiency
 
improvements that are possible in refrigerators. During this
 
period the typical 200 liter model produced in Korea decreased from
 
672 kWh/year (similar to models produced in India a few years ago)
 
to 240 kWh/year. These improvements were achieved by reducing the
 
wattage of the anti-sweat heater, use of more efficient compressors
 
and fans, and 
use of more and better insulation. 
 This data is
 
summarized in Table 3-4.
 

Even greater efficiency improvements are possible. 
 For example,
 
in response to a competition sponsored by the Swedish government,
 
Elactrolux agreed to produce two different 290 liter combination
 
refrigerator/freezers 
 one with a 210 kWh/year consumption, and
 
one with a 313 kWh/year consumption (Department oi Energy
 
Efficiency, 1991). 
 Since Indian units are smaller, and do not
 
include a large freezer compartment, the Swedish work indicates
 
that Indian units with annual consumption of less than 150 kWh/year
 
are possible.
 

13 There are differences in appliance testing procedures from
country to country, and thus differences in th tGns of kWh may not
be significant. However differences of several hundred kWh/year
are likely to be significant, regardless of the testing procedures
 
used.
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Table 3-4
 
Progress in Improving Refrigerator Efficiency in Korea
 

kWh/year
 
Year t200 liter model)
 

1980 
 672
 

1981 
 456
 

1982 
 336
 
1983 
 312
 
1984 
 288
 
1985 
 264
 
1986 
 240
 
1987 
 240
 

Notes: Data 
are for the simple average of models produced during
 
the year. It is unclear what test procedure was used to develop
 
this data.
 

Source: Korean Electric Power Corporation, as reported in Meyers,
 
et al., 1990.
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In addition to poor efficiency, Indian refrigerators suffer from
another problem 
 poor power factor. 
 The Tata Energy Research
Institute measurements 
of Indian refrigerators 
has shown power
factors in the 0.5-0.7 range (Natarajan, 1991). 
 Low power factors
 
result in excessive distribution losses.
 

In this context, we examined two efficiency raasures:
 

1. Moderate-efficiency refrigerators
 

2. High-efficiency refrigerators
 
We could not obtain sufficient data to estimate the energy savings
 

from power factor correction.
 

Moderate Efficiency Refrigerators
 
For this analysis, we assumed that Indian manufacturers improve the
efficiency of 
new 
units to levels common in 
today's Brazilian
 
models (that is, to an 
annual consumption of approximately 410
kWh/year). 
 In order to accomplish 
 these improvements,

manufacturers could usA foam instead of fiberglass insulation (a
transition that has recently begun in India, under the marketing
name "Puf"), 
increase the thickness of insulation (thicknesses of
6 cm and more 
are common in developed countries), 
use high

efficiency compressors, increase evaporator surface area, and use
tighter door seals. 
 Not all of these improvements would need to
be incorporated 
in each model -- incorporation of all of these
 
improvements would likely exceed the 410 kWh target.
 

The cost of these improvements is likely be
to modest. 
 For
example, visits to 
appliance stores 
in Brazil 
found that retail
prices of high-efficiency models are practically equal to standard
efficiency models (Geller, 1991). 
 However, in order to be
conservative, based on experience in the U.S. in the early 1980's

(Geller, 1985), 
we assume an incremental cost of $20 (Rs.520). 
If
 we further assume 
 ;hat power consumption for refrigerators is
equally divided among all hours of the year, then the cvpital cost
of this measure is Rs. 12,600/kW saved. Assuming a 25-year average
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refrigerator life, 
the CSE Rs.
is 0.32/kWh. 
 This measure is
appropriate for all new Indian refrigerators. Assuming about three
 years to make the necessary manufacturing changes, approximately

75% of the refrigerators installed in 2004/05 can take advantage
 
of this change.
 

High-Efficiency Refrigerators
 

In addition to examining modest improvements to new refrigerators,

we also examined further improvements to refrigerators in order to
reduce consumption to 205 kWh/year 
-- similar to the consumption

of the much larger Swedish model discussed above, and a 50% energy

saving from the previous measure. Consumption levels in this range
are now being discussed in Brazil, for units sold in 1998 
(Geller,
 
1991).
 

In order to achieve this consumption level, a number of technical

improvements to Indian refrigerators would be needed relative to
the previous measure 
including: 
 improved insulation, thicker
insulation, improved fan and compressor efficiencies, improved door
gaskets, and increased and improved heat exchange surfaces.
 

An important consideration which affects the development of highefficiency refrigerators is the pending international phase-out of
CFC's --
inert gases which are commonly used as refrigerants and
foam blowing agents. 
Analyses by the Lawrence Berkeley Laboratory

indicate that work on CFC substitutes is advancing steadily, and
with optimized design, the elimination of CFC's is likely to have
winimal impact on refrigerator efficiency 
(Turiel and 
Levine,
 
1989).
 

Based on analyses of the costs of these efficiency improvements in
the U.S. (DOE, 1969) 
and Brazil (Geller, 1991), 
we estimate the
cost to be $50, which at current exchange rates is Rs. 1,300. 
This
estimate is in line with Swedish projections which indicate that
the high-efficiency models discussed above will cost 10-20% more
than standard 
Swedish 
units (Department of 
Energy Efficiency,
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1991). Based on this incremental cost, the capital cost for this
 
measure is Rs. 20,000/kW saved, and the CSE Rs. 0.50/kWh.
 

As with the measure above, this measure is appropriate for all new
 
refrigerators. However, models of this efficiency are unlikely to
 
be widely available in India for at least five years. Accordingly,
 
only about 50% of the refrigerator stock in 2004/05 can incorporate
 

this measure.
 

Fans
 

Fans are the largest user of electricity in the domestic sector.
 
This includes both ceiling fans and table fans. 
 Recent analyses
 
suggest that there are at least two major opportunities to improve
 
the efficiency fans India more
of in -- efficient fais and 
electronic fan speed controls-

More Efficient Fans
 
A recent analysis in Pakistan (de Almeida and Geller, 1987) found
 
that fan efficiencies vary significantly between manufacturers, and
 
that the more-efficient fans use approximately 20% less energy than
 
the less-efficient fans. 
A review of their data indicates that the
 
energy efficiency of Pakistani fans is similar to Indian fans. 
The
 
price difference between the more- and less-efficient fan was Rs.
 

200.14
 

Furthermore, even the more-efficient fans can be improved. Ashok
 
Gadgil, as cited by Dutt (1991), has investigated fan motors in
 
India and estimates that fan motor efficiency can be improved by
 
10%, which would reduce the electricity consumption of the fan by
 
10%. Such fan motors are not presently produced in India, but it
 
ks within the 
technical capability of Indian manufacturers to
 
produce them. The efficiency increase would raise the cost of the
 
motor approximately 30%. Gadgil estimates the cost of a typical
 

14 While this price is in Pakastani Rupees, the value of the
 
Indian and Pakistani Rupee are within about 10% of each other.
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fan motor to be approximately Rs. 175, and thus a 30% cost increase
 
represents a price increase of Rs. 50.
 

Based on these two analyses, we estimate that the efficiency of the
 
average 
new fan can be increased by 15%, 
at a cost of Rs. 125.
 
Such an improvement should be appropriate for all new fans, which
 
will represent approximately 65% of the: fan stock in 2004/05 (the

remaining 35% will be fans existing today). 
Assuming a typical fan
 
size and annual operating hours of 70 
Watts and 2,500 hours
 
respectively (from Appendix A), 
a fan Life of 20 years, and a peak

coincidence factor of 70% yields 
a capital cost of Rs. 
6,300/kW
 
saved and a CSE of Rs. 0.42/kWh.
 

Electronic Speed Controls
 
Fans are not alway; operated at full speed 
-- many times fans are
 
operated at or
"low" "medium" speed. 
 Most fans in India use
 
resistance type fan speed regulators which reduces fan speed by

intoducing resistance into fan circuit. 
 This resistance results
 
in considerable energy waste. 
An alternative to conventional speed

controls is electronic controls, which are 
basically simplified

versions of the variable speed drives for industrial motors that
 
were discussed earlier. 
 Singh and Kumar (19S9) compared
 
conventional and electronic fan speed regulators and 
found that
 
relative to conventional regulators, electronic regulators reduce
 
energy use by 10-20% when the fan 
is operated at low speeds.

However they also found that electronic regulators now being used
 
in India introduce harmonics 
into the line 
(they distort the
 
electrical wave shape which in turn can affect the lifespan of the
 
fan and utility distribution transformers) and reduce fan power

factor (which increases line losses). 
 These problems can probably

be solved with the use of harmonic filters and capacitors, but we
 
could not obtain information on how costly these improvements would
 
be. For this reason 
we did not include electronic fan speed
 
controls in our analysis.
 

71
 



Room Air Conditioners
 

Room air conditioners are not widely used in India at present, for
 
only the wealthy can afford them. However, air conditioner sales
 
have been increasing, and thus in the future room air conditiorers
 

may be a significant electricity user and contributor to peak
 

demand.
 

Room air conditioner efficiency is measured with an energy
 
efficiency ratio (EER) which is the Btu of cooling output divided
 
by the Watts of power input. The higher the EER, the more
 
efficient the air conditioner. Bureau of Indian Standards (BIS)
 
specifications call for an EER of 6.6-7.0 (depending on unit size)
 
to receive BIS certification. However, certification is voluntary
 
and many units are sold with EERs perhaps as low as 5.0. In the
 
U.S., as a result of federal efficiency standards, EERs must exceed
 
a level of 8.6 and units with EERs as high as 12.0 are available
 
(ACEEE, 1991;. In Thailand, units with EERs of 9.0-10.6 are also
 

readily available (IIEC, 1990).
 

Based on the experience in other countries, it appears that an EER
 
level of 9.0 can be readily obtained in India. In fact, a few such
 
uvits are presently imported from overseas. Gadgil (as cited in
 
Dutt, 1991) estimates that the efficiency of a typical 6.0 EER one
 
ton (12,000 Btu/hour) air conditioner can be increased to an EER
 
of 9.0 at a cost of approximately Rs. 2,000. Assuming 1,200
 
operating hours per year (from Appendix A), an air conditioner life
 
of 15 years, and a peak coincidence factor of 40%, the capital cost
 
is Rs. 4,000/kW and the CSE Rs. 0.33. This measure would affect
 
only new units -- an estimated 65% of the room air conditioner 

stock in 2004/05. 

Evaporative Coolers
 

Evaporative coolers, commonly called "desert coolers" provide 
a
 

low-cost form of air conditioning in regions with low humidity.
 
Evaporative coolers blow w7Azm room air across a spray of water,
 
causing the water to evaporate, which cools the air (since the heat
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required to vaporize the water is removed). In India, evaporative
 
coolers are primarily used in the northern part of 
the country
 
.%here relative humidity levels are generally less than 50% during
 
the hot summer months. In Delhi alone, according to a recent study

sponsored by the Energy Management Centre (EMC), there are 
an
 
estimated 1.1 million coolers 
(Centre for Research, Planning &
 
Action, 1990).
 

In addition to estimating the current stock of evaporative coolers,
 
the EMC study cited above also examined opportuniti03s to improve

the efficiency of the coolers. 
 This study found that a typical
 
evaporative ccoler uses about 20% more energy than a unit meeting
 
BIS's voluntary standards, and that BIS's 
standards could be
 
strengthened to a considerable degree. 
For our analysis, we assume
 
a 20% energy saving relative to typical current units, an
at 

incremental cost of Rs. 500 (NPC, 1991). 
 Assuming a 230-watt unit
 
operating for 1,200 hours/year (from Appendix A), a 20-year cooler
 
life, and a 40% peak coincidence factor, the capital cost of more
 
efficient evaporative coolers is Rs. 10,100/kW and the CSE is Rs.
 
.79/kWh. This improvement will affect new evaporative coolers (an
 
estimated 65% 
of the 2004/05 stock) but not existing coolers.
 

COMMERCIAL SECTOR
 

in the commercial sector, the major end-uses are lighting and HVAC 
(heating, ventilating, and air conditioninS 
-- including fans).
 
Lighting improvements were discussed previously. 
For our analysis
 
of 
HVAC efficiency opportunities we examined two measures -- a 
package of HVAC conservation improvements, and storage cooling
 
systems.
 

HVAC Efficiency Improvagats 

Many measures are available to improve the efficiency of HVAC
 
systems including reducing heat gain into the building, improved
 
efficiency equipment, improved controls, and use of more efficient
 
distribution systems such as variable-air-volume (VAV) systems.
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The more a building heats up, the more power an air conditioning
 
system uses. Building heat gains can be reduced substantially
 

through use of roof insulation, use of window coatings and
 
overhangs which reduce heat gain, use of light-colored paint or
 
construction materials, and orienting a building to reduce the
 
amount of sunlight directly striking the building while increasing
 

the amount of natural ventilation and daylight reaching the
 
building. Specific guidelines in the Indian context have been
 
provided by the Central Building Research Institute (Saxena,
 

Agarwal and Chand, 1989). In addition to reducing equipment
 
operating hours, efforts to reduce heat gain allows equipment to
 

be downsized, resulting in additional cost savings.
 

The energy savings from these measures can be subtantial. For
 
example a set of computer simulations conducted in Brazil found
 
that by combining all the these measures, heat gains could be
 
reduced by up to 60-75% (Alucci, 1989). Even one of these measures
 
in isolation can result in significant energy savings. For
 
example, NPC (1991) found that use of heat-control window film in
 
an office building and a hotel reduced total building electricity
 
use by 1.6%. If HVAC represents 40% of the typical building load
 
(from Appendix A), this amiounts to a 4% reduction in HVAC energy
 

use. The simple payback on these projects ranged from 2-5 years.
 

The efficiency of a typical Indian water-cooled reciprocating
 

compressor is 1.05-1.10 kW/ton. A typical unit produced in the
 
U.S. has an efficiency of .90-.95 kW/ton -- a savings of about 14%. 
Savings for smaller cooling systems may be even greater. 

Thermostats and other controls turn specific pieces of equipment
 
on ztnd off. One particularly sophisticated control, a building
 
automation system, allows the user to reduce energy use by
 

operating equipment in the most efficient manner. Among a wide
 
range of functions, such systems can reduce equipment operation
 
during unoccupied periods, optimize the distribution of cool air
 
to the sections of the building needing it the most, and turn
 

eq-.ipment on in stages in order to optimize operating efficiency.
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Laghate and Sardesai (1989) estimate that such systems can reduce
 
energy use in Indian commercial buildings by 10-30%. 
 A proposal
 
for such a system is now pending at a major international hotel 
- 27% savings and a one-year payback are predicted on the proposed
 
investment of 
Rs. 4 million (NPC, 1991). Less sophisticated
 
controls are also available, which cost less, 
but result in
 
somewhat lower energy savings.
 

Based on these and other measures, a study in the U.S. for New York
 
State found that commercial building HVAC energy 
use could be
 
reduced by about 
 50% with an average simple payback of
 
approximately two years (Miller, Eto, and Geller, 1989). 
 Geller
 
(1991) estimates that 25% HVAC savings are possible in Brazil by
 
2000, and 40% savings are possible in 2010 at an average CSE of
 
$0.012/kWh (Rs. 0.31/kWh).
 

We estimate that on 
average 25% HVAC savings can be achieved in
 
India when new HVAC systems are installed, with an average simple
 
payback of three yearn (at Rs. 1/kWh saved). For purposes of the
 
analysis, a 20-ton rooftop air conditioner with an EER of 7.5 is
 
used as a basecase. If we further assume a 20 year measure life,
 
1,800 operating hours per year, and a 30% peak coincidence factor,
 
the capital cost is Rs. 7,000/kW saved and the CSE is Rs. 0.28/kWh.
 

This result is very similar to the result obtained in the Brazilian
 
analysis.
 

This measure is appropriate for all new commercial 
buildings
 
(approximately 70% 
of the 2004/05 stock) and for those existing
 
buildings which will receive 
new HVAC systems between now and
 
2004/05. 
 In total, we estimate that this measure is feasible for
 
85% of commercial buildings in use in 2004/05.
 

Storage Coolinq Systegs
 

Commercial cooling loads primarily occur 
during the daytime and 
early evening -- at night most systems are shut off. Thus, for 
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buildings which operate through the evening hours, such as hotels
 
and hospitals, cooling systems contribute to peak loads. Storage
 
cooling systems allow this load to be switched to the nighttime,
 
thereby reducing peak demand. A storage cooling system consists
 
of water or ice storage tanks, and a control system. During the
 
night, chilled water from the cooling systems are fed into *the
 
storage tanks, creating ice or chilled water. During the day and
 
early evening hours, the main chiller 
is shut off, and chilled
 
water from the storage tanks is used to cool the building. In the
 
U.S., many utilities are actively promoting storage cooling
 
systems. 
 The economic rationale for customers to install these
 
systems is the use of time-of-day electrical rates (high kWh &/or
 
kW charges during peak hours, lower charges during off-peak hours).
 

Storage cooling systems are presently being imported into India.
 
Perhaps 35 systems have been installed. Systems are primarily used
 
by hotels who want to provide cooling even during power blackouts
 

(Block, 1991).
 

For our analysis on storage cooling economics in India, we assumed
 
a 300-ton cooling system. Cost of a storage cooling system is
 
approximately $500/ton in the U.S., and we assumed the same price
 
in India (Rs. 13,000/ton). Experience in the U.S. indicates that
 
on average, storage cooling systems reduce peak demand by
 
approximately 85%, but increase kWh use by about 5% (Piette et al.,
 
1988; Block, 1989). The peak reduction is only 85% because
 
circulation pumps continue to operate during the peak period. 
KWh
 
use increases due to the both the pumping b'erav needed to charge
 
and discharge the storage tanks, and the heat gained by the stored
 
cold water/ice (between the time of production and use). If we
 
further assume a baseline system efficiency of 0.90 kW/ton
 
(allowing for HVAC system efficiency improvements), 2,400 annual
 
full-load operating hours (for buildings which operate for both the
 
day and evening), and a peak coincidence factor of 50% for
 
commercial cooling in buildings with evening operation, the cost
 

per kW saved is Rs. 13,300.
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These systems are appropriate for large commercial buildings which
 
operate throughout the evening. They are also 
appropriate for
 
industrial refrigeration systems which operate during the evening
 
but not late at night (during the night the system can recharge).
 
We estimate that these factors apply to 20% of commercial cooling
 
and industrial refrigeration systems. Our calculations of storage
 
cooling savings assume that 
commercial HVAC and industrial
 
refrigeration efficiency improvements have previously 
 been
 
implemented.
 

TECHNICAL POTENTIAL FOR COST-EFFECTIVE SAVINGS
 

In preceding sections of this paper, specific conservation and load
 
management measures discussed,
were 
 including illustrative
 
calculations of the cost/kW and CSE of each measure. 
This section
 
summarizes the findings from the rest of this chapter and estimates
 
the amount of conservation and load management savings that could
 
be achieved in India in 2004/05 if all measures are pursued.
 

In the preceding sections the cost/kW and CSE of each measure were
 
reported. These calculations were produced by a spreadsheet model
 
developed by ACEEE. This -odel, 
and the model results, are
 
summarized in Table 3-5. 
With this model we examined the economics
 
for a typical application of each measure. The unit 
used for
 
analysis is described in column (a]. 
 Basic data for each measure
 
are inserted in columns (b), Cc], [d], 
[f], (j], [m], and [o]. In
 
addition, data on savings fo:: 
each measure are inserted in either
 
column [g) or 
(i] (given one of these values, the other can be
 
calculated). Rationales and sources 
for most of this data are
 
described in the sections above dealing with the specific measures.
 
The data in column (o] -- the taxes included in the cost of each 
measure -- comes from Table 3-6. In cases where the text indicates
 
that taxes are excluded from the cost estimates, a zero is entered
 
in the column (0). Additional adjustments are made to the data in
 
column [k] 
 (to eliminate overlap between savings estimates) and
 
column [n] (to include repurchase costs for measures with a life
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Table 3-5. Cost-Effectiveness and Savings Analysis for Conservation & Load
 
Management Measures
 

Per yr Initial
 
Unit Base kW Coinci- Assumed (without Cost of
 

Used for (without dance Operating measure) Measure
 
Measure Analysis measure) Factor Hours (b-d) (Rs)
 

[a] (b] (c] (d] fe] If]
 

TLD lamp 40 Watt 0.054 60% 3,500 189 0
 
Centrif. refrig. compressor 200 T 210 70% 6,100 1,281,000 400,000
 
Improved arc furnaces 10 T 2,400 50% 4,000 9,600,000 5,000,000
 
Meter agriculturcl pumpsets 4 kW 4.0 16% 1,000 4,000 400
 
Incand. to fluor. fixture 75 Watt 0.075 60% 1,700 128 130
 
HPSV lamp & ballast 250 Watt 0.285 70% 4,000 1,140 565
 
Motor rewinding, etc. 20 hp 10.9 60% 4,200 45,811 3,000
 
High efficiency motors 20 hp 10.1 60% 4,200 42,604 5,584
 
Air compressor O&M 200 hp 128 60% 4,000 511,543 150,000
 
HVAC effic. improvements 20 ton 32 30% 1,800 57,600 43,200
 
Multi-speed motors 30 hp 14.9 60% 4,200 62,664 20,850
 
High effic. new pumpsets 4 kW 4.0 16% 950 3,800 2,000
 
Moderate effic. refrig. 540 kWh 0.062 100% 8,760 540 520
 
Membrane chlor-alk procesa 100 TPD 17,188 80% 7,200 123,750,000 200,UC0,COC
 
Room A/C EER 9 1 ton 2.0 40% 1,200 2,400 2,000
 
Circular fluorescent lamps 60 Watt 0.06 60% 1,700 102 75
 
Optimize industrial pumps 20 hp 12.8 60% 4,200 53,712 33,000
 
Optimize industrial fans 20 hp 12.8 60% 4,200 53,712 50,000
 
More efficient fan 70 Watt 0.070 70% 1,500 175 125
 
Improved aluminum smelters 600 TPD 500,000 80% 7,200 3.60E+09 3.60E+09
 
Electronic ballast 40 Watt 0.054 60% 3,500 189 
 190
 
High effic. refrigerator 410 kwh 0.047 100% 8,760 410 1,300
 
Variable speed drives 250 hp 117.8 60% 5,000 588,947 932,500
 
Compact fluorescent lamp 60 Watt 0.06 60% 1,700 102 160
 
Agrig pumpset rectification 4 kW 4.0 16% 950 3,800 9,000
 
Efficient evap. cooler 230 Watt 0.23 40% 1,200 276 
 500
 
Storage cooling 300 tons 270 50% 2,400 648,000 3,900,000
 

Notes:
 

" 	Specific assumptions are generally discussed in the text.
 
* Calculations assume 20% T&D losses, 60% capacity utilization factor, 10% real
 
discount rate, and $1=Rs.26.
 

* The adjustment for previous measures is designed to prevent double-counting of
 
savings when measures overhap. It is equual to (1-(column 1]) for each measure that
 
is assumed to be adopted before the current measure. When more than one measure is
 
adopted previously, column k is the product of (1-(l]) for each previous measure.
 

* Present value of replacement costs equals ((column f)/1.1n) where n is the year at
 
which the measure is replaced. Measures are replaced up to the 20th year. For
 
measures replaced in the 15th year, only 5/15 of measure coats are used in the
 
calculations (prorated replacement cost thru the 20th year).


* 	Tax information comes from Table 3-5. For the three measures for which tax 
information was not available (aluminum smalting, HVAC equipment, and storage 
cooling systems) we assumed the same rates as for industrial pumps.

* 	Measure costs and measure replacement costs are multiplied by (1-[column o]) before 
calculating Rs./kW and Rs./kWh. 
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Table 3-5 (continued) 

Peak Gross % % 
Adjust. 

for 
PV of 

Net % Measure Replace. Taxes 
kWh kW Savings Appli- Previous Savings Life Costs as %
 

Savings Savings (g/e) cable Measures (i*j*k) (yrs) (Rs) of Cost Rs/kW Rs/kWh
 
(g] (h) (i] (j] [k] Il] m] [n] (o] (p1 [q]
 

14 0.005 7% 100% 100% 7% 
1.57 0 18.2% 0 0.00
 
427,000 98.0 33% 35% 85% 
 10% 20 0 21.7% 3,200 0.09
 

2,880,000 720 30% 60% 100% 18% 10 398,987 54.2% 3,400 0.13
 
200 0.064 5% 100% 100% 5% 20 0 25.4% 4,700 0.18
 

69.7 0.049 55% 50% 100% 27% 15 10 21.7% 2,200 0.19
 
360 0.126 32% 100% 100% 32% 10 45 21.7% 3,800 0.20
 

3,207 0.9 7% 80% 100% 6% 5 3,738 0.0% 7,400 0.25
 
1,737 0.5 4% 55% 94% 2% 30 0 25.4% 8,400 0.25
 

153,463 46.0 30% 75% 85% 19% 5 186,878 0.0% 7,300 0.26
 
14,400 4.8 25% 85% 100% 21% 20 0 21.7% 7,000 0.28
 
5,640 1.6 9% 25% 92% 2% 30 0 25.4% 9,700 0.29
 

760 0.256 20% 60% 95% 11% 15 160 13.0% 7,300 0.30
 
130 0.030 24% 75% 100% 18% 25 0 27.9% 12,600 0.32
 

30,000,000 6,667 24% 95% 100% 23% 
 20 0 58.5% 12,500 0.32
 
800 0.533 33% 65% 100% 22% 15 160 0.0% 4,000 0.33
 

64.6 0.046 63% 15% 100% 10% 4 93 0.0% 3,700 0.37
 
8,057 2.3 15% 70% 85% 
 9% 20 0 21.7% 11,200 0.38
 
10,742 3.1 
 20% 70% 85% 12% 20 0 25.4% 12,200 0.41
 

26 0.015 15% 65% 100% 10% 20 0 25.4% 6,300 0.42
 
7.20E+08 160,000 20% 85% 100% 17% 20 
 0 21.7% 17,600 0.46
 

42 0.014 22% 75% 100% 17% 
 15 15 21.7% 11,200 0.47
 
205 0.047 50% 50% 82% 20% 25 0 27.9% 20,000 0.50
 

32,513 31.9 22.5% 30% 90% 6% 10 74,411 45.7% 17,200 0.52
 
74.8 0.05. 73% 15% 100% 11% 4 199 0.0% 6,800 0.67
 
-,330 0.448 35% 30% 95% 10% 
 15 718 13.0% 18,900 0.77 

55 0.037 20% 65% 100% 13% 20 0 25.4% 10,100 0.79 
(32,400) 230 43% 20% 84% 7% 20 0 21.7% 13,300 -
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Table 3-6. Excise Taxes, Sales Taxes and Customs Duties on Efficiency Measures
 

Taxes
 
Excise Sales Customs as %
 

Tax Tax Duty of Cost
 
Measure [a] (b] (c] (d]
 

Fluorescent fixture 	 11.0% 15.0% NA 21.7%
 
Circular & compact fluorescent 33.0% 15.0% 225.9% 79.9%
 
Fluorescent lamp Re. 2.2 15.0% TA 18.2%
 
Electronic ballast 11.0% 15.0% NA 21.7%
 
Sodium vapor lamp 11.0% 15.0% NA 21.7%
 
High effic. & 2-speed motor
 

<= 7.5 kW 	 27.5% 15.0% NA 31.8%
 
> 7.5 kW 16.5% 15.0% NA 25.4%
 

Variable speed drive 16.5% 15.0% 37.5% 15.7%
 
Industrial pump 11.0% 15.0% NA 31.7%
 
Industrial Lan & blower 16.5% 15.0% NA 25.4%
 
Electric arc furnace 16.5% 15.0% 63.1% 54.2%
 
Membrane technology 16.5% 15.0% 80.0% 58.5%
 
Aluminum cmelting equip. ? ? ? ?
 
Electric meter 16.5% 15.0% NA 25.4%
 
Agricultural pumpeet 0.0% 15.0% NA 13.0%
 
Refrigerator - 165 liters Rx. 1650 15.0% NA 27.9%
 
Domestic fan 16.5% 15.0% ;TA 25.4%
 
Air conditioner - 1 tonne Rs. 13200 15.0% NA 39.6%
 
Evaporative cooler 16.5% 15.0% NA 25.4%
 
HVAC equipment & control= ? ? ? ?
 
Storage cooling system 	 ? ? ? ?
 

Notes:
 
* 	 Column d = 1 - I/{[i/(l+a)]*[i/(l+b)]} 
* 	NA = not applicable; measure widely produced in India 
* = not available 
* 	 Sales taxes vary from item to item and state to state; 15% is an overall average. 
* 	 Information on taxes 
* 	Duty on electronic components varies from approximately 125-175%. For the 
iariable speed drive we assume electronic components account for 30% of VSD cost,
 
at an average duty of 150%.
 

* 	 In calculating column d for fluorescent lamps, refrigerators, and air 
conditioners, base costs of Rs. 35, Rs. 8,000, and Rs. 30,000 were assumed. 
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of less than 20 years). The formulas used to calculate data for
 
these two columns are discussed in the notes to Table 3-5.
 

Based on these assumptions, the model calculates the 
peak kW
 
savings (at the generation plant level, after allowing for T&D
 
losses and capacity utilization rates), net savings (gross savings
 
times percent applicable times the adjustment factor to eliminate
 
double-counting), the cost per kW and the CSE.
 

in Table 3-5, results of the model are reported in order of CSE,
 
starting with the lowest-cost measures and proceeding to the
 
highest-cost measures. conservation 
measures are listed first.
 
The one load management measure (storage cooling), for which no kWh
 
savings are obtained, is reported at the bottom. 
In examining the
 
results of this model, please bear 
in mind that most of the
 
assumptions are 
inexact and subject to a considerable degree of
 
uncertainty. In particular, 
the estimates of peak coincidence
 
factor and measure applicability factor are subject to a 
substantial degree of uncertainty because they are based on 
professional judgement and not on meaaured survey data. 

Despite the uncertainties, the results 
of our analysis clearly
 
indicate that there are large opportunities for cost-effective
 
electricity savings in India. 
As can be seen in Table 3-5, all of
 
the measures have a CSE of Rs. 0.79 or less and a capital cost of
 
Rs. 20,000/kw or less. Since even 
the most expensive of these
 
measures has 
a lower cost than the marginal cost of electricity
 
production in India (Rs. 0.90 - 2.02/kWh) and a lower capital cost
 
than a new baseload power plant (Rs. 23,350/kW), all of the
 
measures are likely to be cost-effective.
 

Using the results from this model, potential All-India savings for
 
each measure were calculated by multiplying net savings from Table
 
3-5, by estimates of 2C04/05 .nergy consumption in each end-use,
 
as summarized in Tables 2-8 and 2-9. 
 Results of this anal}sis are
 
summarized in Table 3-7. 
 This table also includes estimates of
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---------- -------------------------------------------------- -------------------------------------------

Table 3-7. 
 Savings Potential in India in 2004/05 from 27 Conservation L Load Management Measures 

Projecte-d Guh in Energy Savings 
 Peak Generation Savings Savings as a % of
 
200405 for this Possible in Savings as a % of 
 Savings Possible in Projected Generating
 
End-Use 2004/05 (Gkh) Piojected G~h Sates 
 2004/05 (MU) Capacity
 

Low-case High-case Low-case High-case Individual Cumulative
Measure [a) (b] 
Low-case High-case Individual Cumilative
(c] (d) [e] [f] 
 [g] (h [i ED]
 

TLD tamp 44,873 71,96e 3,324 5,331 0.66% 0.66% 1,140 1,828 0.60% 0.60%

Centrif. refrig. compressor 8,800 14,100 872 1,398 0.17% 
 0.84% 200 321 
 0.11% 0.71%
 
Improved arc furnaces 6,900 11,100 1,242 1,998 0.25% 1.09% 311 
 500 0.16% 0.87%
 
Meter agricultural numpsets 79,70C 127,700 3,985 
 6,385 0.80% 1.88% 1,275 
 2,043 0.67% 1.54%
Irscand. to fluor. fixture 30,100 48,300 
 8,227 13,202 1.64% 3.52X 5,808 9,319 3.06% 
 4.60%
 
HPSV Lamp & ballast 4,000 6,300 1,263 1,989 0.25% 
 3.78% 442 696 0.23% 
 4.83%

Motor 7ewinding, etc. 182,400 292,300 10,214 16,369 2.04% 5.81% 2,918 
 4,6-7 1.54% 6.37%
 
High efficiency motors 182,400 292,300 3,860 6,186 
 0.77% 6.58% 1,103 1,767 0.58% 6.95%
 
Air compressor O&M 8,800 14,100 1,682 2,695 0.34% 6.92% 505 
 809 0.27% 7.22%
 
HVAC effic. improvements 11,600 18,700 2,465 3,974 0.49% 7.41" 822 1,325 
 0.43% 7.65%

Two-speed motors 182,400 292,300 
 3,792 6,077 0.76% 8.17% 
 1,083 1,736 0.57% 8.22%

High effic. new purpsets 79,700 127,700 9,086 14,558 1.81% 9.98% 3,060 
 4,904 1.61% 9.84%

Moderate effic. refrig. 17,90u 
 28,700 3,232 5,182 0.65% 
 10.63% 738 1,183 
 0.39% 10.23% CNl

Membrane chlor-alk process 7,400 11,900 1,704 2,741 0.34% 
 10.97% 379 609 0.20% 
 10.42% 0o
 
Room A/C EER 9 5,100 8,200 1,105 1,777 
 0.22% 11.19% 737 
 1,184 0.39% 10.81%

Circular fluorescent lamps 30,100 48,300 2,859 4,588 0.57% 
 11.76% 2,018 3,239 1.06% 
 11.88%
 
Optimize industrial xtaips 34,900 56,000 
 3,113 4,995 0.62% 12.38% 
 889 1,427 0.47% 12.35%
1 -timize industrial fans 20,600 33,000 2,450 3,925 0.49% 12.87% 700 
 1,121 0.37% 12.71%
 
More efticient fan 28,500 45,600 
 2,779 4,446 0.55% 13.42% 
 1,556 2,490 0.8% 13.53%

Improved alurinum smelters 19,800 31,800 3,366 5,406 
 0.67% 14.10% 748 
 1,201 0.39% 13.93%
 
Elcctronic Ballast 44,873 71,968 7,479 11,995 1.49% 15.59% 2.564 
 4,112 1.35% 15.28%

High efiic. refrigerator 17,900 28,700 3,667 5,880 0.73% 
 16.32% 837 1,342 
 0.44% 15.72%

V.-iable speed drives 182,400 292,300 
 11,140 17,852 2.22% 18.54% 
 2,674 4,285 1.41% 17.13%
 
Compact fluorescent tamp 30,100 48,300 3,311 5,313 0.66% 
 19.21% 2,337 3,750 1.23% 
 18.36%
 
Agrig pumpset rectification 79,700 127,700 7,950 12,738 1.59% 20.79% 2,678 4,291 1.41% 
 19.77%
 
Efficient evap. cooler 3,500 5,600 
 455 728 0.09% 20.88% 
 303 485 0.16% 19.93%
 
Storage cooling 20,400 32,800 .. 604
...... 
 972 0.32% 20.25%
 

TOTAL 
 104,624 167,727 20.88% 20.88% 38,430 61,616 20.25% 
 20.25%
 

* Numbers in columns [al and (b] are from Tables 2-8 and 2-9.
 
* Cotivins (c) and Cd] are calculated by multiplying column (I0 in Table 3-6 by columns [a] and [b] in this table.
 
Coluns (9) and (h] are calculated from the kUh savings (columns (c] 
and [d].;. To calculate k'l savings, kWh savings are divided by operating
hours (for 
inat measure) and the capacity factor (0.6) and multiplied by the coincidence factor (for that measure) and the T&D factor (1.2).

The percentage savings figures asssjne 2004/05 :ales of 501,000 G~h (low case) and 802,000 GWh (high case). 
 Generatinr capacity for 2004/05 is

190,000 MU (tow case) and 304,000 (high case). Geneiating capacity figures are based on the average ratio of GWh sales to MU peak during the
 
1981-88 period as reported in CEA, 1987, 
and an assumed capacity utilization factor of 60%.
 



potential peak generation savings (the method used to 
calculate
 
these savings is described in the notes to Table 3-7).
 

Overall, the 27 measures 
examined in this study can reduce
 
projected 
kWh sales and peak generation needs in 2004/5 by

approximately 20%. 
This estimate of available savings is probably
 
very conservative. 
We only examined a limited number of measures;
 
if more measures were 
added to the analysis, the savings would
 
increase. 
Also, if the time horizon were not limited to 2004/05,
 
there would be more time for the technologies considered here to
 
penetrate the Indian market.
 

Another way to examine the 
results of our analysis is with 
a
 
"conservation supply curve." 
 Such a curve plots the amount of
 
energy that 
can be saved from each measure as a function of the
 
cost of e-ach measure, starting with the lowest cost measures first,
 
and ptoceeding to higher cost measures Figures 3-2 and 

present conservation supply for
curves our results, based
 
respectively on 
the CSE and cost/kW of the different efficiency
 
measures examined. 
 These curves are derived from the data in
 
tables 3-! and 3-7.
 

Higher savings potential have been shown in 
studies in other
 
countries. For example, in a study for New York State in the U.S.,
 
Miller, Eto and Geller (1989) examined 62 efficiency measures and
 
found a cost-effective technical savings potential 
from the
 
societal perspective of 34% of GWh sales and 42% 
of peak demand.
 
Studies in several developing countries have also found 
a cost
effective technical savings potential equal 
or greater than the
 
potential estimated here. 
 For example, Geller (1991), in his
 
analysis of Brazil, found a savings potential of 17% of GWh sales
 
in 2000, and 24% in 2010. Likewise, de Almeida and Geller (1987)
 
examined the potential for savings in Pakistan's industrial and
 
commercial sectors, and found 
a GWh savings potential of 30% in
 
2005.
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Figure 3-2. Supply Curve for Conserved Electricity in India. 
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Figure 3-3. Supply Curve for Conservad Generating Capacity in India. 
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In examining the results in Table 3-7, it is clear that several
 

measures account for a large share of the available savings.
 

Measures with the largest kWh and kW savings, on an All-India
 

basis, are summarized in Table 3-8. Several trends emerge from
 

this analysis. First, many of the measures with the largest
 

savings relate to the agricultural sector, indicating that this
 

sector should receive priority attention. Second, many of the
 

measures with large savings involve advanced technology -

technology that is being used with increasing frequency in
 

developed countries, but are not yet readily available in India.
 

This indicates that "technology transfer" efforts should also
 

receive attention. Third, many lighting measures tie in this list
 

of measures with high savings, indicating that lighting across all
 
sectois is another potential priority target. Fourth, several
 

basic industrial operations and maintenance-type measures (motor
 

repairs and rewinding, and indu3trial fan efficiency improvements)
 

offer large savings, indicating a need to promote improved
 

operations and maintenance efforts in industry. We return to these
 

points in Chapter 6.
 

In summary, this chapter identifies potential savings in India,
 

over the next 15 years, that can reduce kWh sales and peak
 

generating needs by approximately 20%. This estimate is probably
 

conservative as only a limited number of mearires were examined.
 

All of the measures discussed here are likely to be highly cost

effective relative to the capital and operating costs of power
 

plants.
 

Overall, the weighted average capital cost of all measures examined
 

is Rs. 8,800/kW (weighted based on peak savings). If we assume an
 

average generating plant cost of Rs. 20,000/kVw (since our measures
 

will primarily displace baseload plants, but some displacement of
 

peak plants will occur as well), then implementation of all the
 

measures examined will save Rs. 430 billion ($17 billion U.S.) in
 

capital costs under the low growth scenario, and Rs. 690 billion
 

($27 billion U.S.) under the high growth scenario.
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Table 3-8. Measures with the Largest Energy and Demand Savings
 

Energy savings: 


Variable speed drives 

Motor rewinding, etc. 

High effic. new pumpsets

Incand. to fluor. fixture 

Agrig pumpset rectification 

Electronic Ballast 

Meter agricultural pumpsets 

High efficiency motors 

Two-speed motors 

High effic. refrigerator 

Improved aluminum smelters 

TLD lamp 

Compact fluorescent lamp 

Moderate effic. refrig. 

Optimize industrial pumps 


Demand Savings: 


Incand. to fluor. fixture 

High effic. new pumpsets

Motor rewinding, etc. 

Agrig pumpset rectification 

Variable speed drives 

Electronic Ballast 

Compact fluorescent lamp 

Circular fluorescent lamps 

More efficient fan 

Meter agricultural pumpsets 

TLD lamp 

High efficiency motors 

Two-speed motors 

Optimize industrial pumps 

High effic. refrigerator 


Savings as a % of 2004/05
 
Projected GWh Sales
 

2.22%
 
2.04%
 
1.81%
 
1.64%
 
1.59%
 
1.49%
 
0.80%
 
0.77%
 
0.76%
 
0.73%
 
0.67%
 
0.66%
 
0.66%
 
0.65%
 
0.62%
 

Savings az a % of 2004/05
 
Projected Generating Capacity
 

3.06%
 
1.61%
 
1.54%
 
1.41%
 
1.41%
 
1.35%
 
1.23%
 
1.06%
 
0.82%
 
0.67%
 
0.60%
 
0.58%
 
0.57%
 
0.47%
 
0.44%
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However, achieving these savings will not be easy. The next
 
chapter discusses barriers to the achievement of these savings.
 
The last chapter discusses programs and policies that can be
 
implemented in India to get around the barriers, and achieve a
 
substantial share of the available savings.
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Chapter 4
 

BARRIERS TO ENERGY EFFICIENCY IN INDIA
 

INTRODUCTION
 

In the previous chapter we examined how India could 
cut needed
 
generating capacity by 20% 
in 2004/05 through application of 27
 
conservation and load management measures. However, actually
 
achieving these savings will not be easy because there are a number
 
of constraints which 
hinder adoption of conservation and load
 
management measures in India. 
 In this chapter we discuss many of
 
the major barriers and include examples of how specific barriers
 
apply to individual conservation measures. 
 At the end of this
 
chapter we summarize how these barriers affect each of the measures
 
examined in Chapter 3. 
For each barrier we also briefly discuss
 
some possible approaches to overcoming the barrier (many of these
 
potential solutions are discussed in more detail in Chapters 5 and
 
6).
 

The specific barriers discussed are as follows:
 

1. 	 Lack of information;
 

2. 	 Measure costs exceed willingness to pay;
 

3. 	 Electricity prices are less than marginal costs and the
 
cost of electricity production;
 

4. 	 Limited capital, especially foreign currency
 

5. 	 Hassles of implementing efficiency projects;
 

6. 	 Limited availability of efficient equipment and the raw
materials and components needed to manufacture efficient
 
equipment;
 

7. 	 Poor power quality and reliability;
 

8. 	 Problems with equipment and material quality;
 

9. 	 Small-scale manufacturing firms which produce inefficient
 
products;
 

10. 	 Aversion 
 to 	 taking risks associated with 
 new
 
technologies;
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11. Bias towards visible projects;
 

12. 
 Presence of a large used-equipment market which delays

the retirement of inefficient equipment;
 

13. Shortage of skilled staff.
 

LACK OF INFORMATION
 

With some notable 
exceptions (primarily in energy-intensive
 
industries), Indian consumers are usually unaware of opportunities
 
to improve energy efficiency. 
 In India, as in other countries,
 
consumers and businesses concentrate on the services provided by
 
energy consuming equipment 
(such as light or cooling) and are
 
usually not interested in information on energy efficiency.
 
Furthermore, information 
on the energy consumption or energy
 
efficiency of equipment is frequently not available, and even when
 
available, is rarely publicized.
 

Many organizations in India have attempted to address this problem
 
through 
the preparation of educational materials (examples are
 
discussed in Chapter 5). 
 However these materials are often very
 
general in nature and lack detailed information needed by specific
 
types of end-users. 
 Also, in order to affect equipment purchase
 
decisions, information is best 
presented immediately before
 
equipment purchase. Unfortunately, few mechanisms are in place to
 
provide efficiency information at this critical time.
 

The solution to this problem is more detailed educational efforts,
 
customized to each end-use segment, with an emphasis on providing
 
information immediately before the decisions are made. 
 Options
 
include: energy labels on appliances, motors and pumps; and
 
training programs for industrial energy managers on specific topics
 
relevant to their industry. While some efforts in these areas have
 
taken place in India, efforts to date have reached only a small
 
portion of Indian energy users.
 

90
 



MEASURE COSTS EXCEED WILLINGNESS TO PAY
 

As in many countries, most Indian consumers seek to minimize the
 
initial cost of a piece of equipment and do not pay much attention
 
to operating costs. 
 Thus any measure that adds to initial costs
 
is less likely to be considered. However, some consumers will pay
 
more for an efficiency measure that reduces operating costs.
 
However, even these consumers generally focus on measures with a
 
simple payback period of one to two years (meaning that additional
 
purchase costs are offset by energy savings in only a year or two).
 
While some efficiency measures have simple payback periods this
 
low, many measures have a higher simple payback period, but still
 
cost less than the cost of building and operating a new power
 
plant. 
When consumers elect not to invest in these cost-effective
 
measures, they obligate utilities to invest in new power plants
 
with much higher costs, thereby wasting societal resources.
 

In addition to general consumer reluctance to invest in efficiency,
 
there are a number of other constraints which limit consumer
 
willingness to invest money in efficiency improvements.
 

First, efficient equipment often carries a cost premium beyond the
 
cost of the efficiency improvement itself. For example, efforts
 
to improve equipment efficiency are often reserved for high quality
 
pieces of equipment, and thus the user must pay for both the
 
quality and efficiency improvement, presenting a steep first-cost
 
barrier. This is the case with evaporative coolers and room air
 
conditioners where low-quality, low-efficiency equipment produced
 
by the small-scale sector competes with higher quality, higher
 
efficiency equipment produced by the organized sector (although 
not
 
all equipment produced by the organized sector is of higher
 
efficiency). Furthermore, excise duties can contribute to the
 
price disparity. For example, the excise duty on air
room 

conditioners (Rs. 13,200 for a 1 ton model 
-- see Table 3-6) is 
equal to the pre-tax price of the product. If it costs Rs. 2,000 
to increase the EER to 9.0 (including price markups in the 
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distribution chain), then the extra cost to consumers is Rs. 4,000 
-- the Rs. 2,000 cost of the improvement, plus Rs. 2,000 tax (Dutt, 

1991). 

Second, even for efficiency measures proven abroad, the cost in the
 

Indian context is often higher because of limited production
 
quantities in India and/or use of imported components which drive
 

up costs.
 

When production quantities are limited, there are few economies of
 

scale, and thus the cost per unit is high. High prices lead to low
 
demand, creating a vicious circle which makes it difficult for
 

prices to fall. In many industries, India has many small
 

manufacturers, instead of a few large manufacturers as in many
 

other countries. Reasons for this development are many and
 

include: (a) a poor transportation infrastructure in India, which
 
makes it difficult to produce goods for the entire country out of
 

one plant; (b) capacity licensing restrictions, used by the
 
government to match production to planned demand, but which also
 

restrict capacity expansion;1 (c) incentives provided by many
 
states to build small plants in backward areas; and (d)
 

restrictions on capacity expansion in some areas, such as Bombay,
 

in order to control environmental problems. While each of these
 

policies have many desirable effects (economic development in
 

backward areas and environmental protection for example), they also
 

have some undesirable side effects.
 

Imported components are expensive for two reasons: the shipping
 
costs involved and import duties. Shipping costs may add 20% to
 

the cost of a measure. Import duties vary widely from product to
 

product (see Table 3-6), and can raise component costs from as
 

little as 10-20% to 200% or more. While duties are often designed
 
to protect Indian manufacturers, at times, high duties even apply
 

1 In July, 1991, the Government of India eased many of these
 

restrictions for most industries. Restrictions 
selected industries, among them the appliance 

still apply to 
industry (TERI, 

1991b). 
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to equipment that is not manufactured in India. For example, the
 
import duty on membrane chlor-alkali technology is 80%.
 

Third, in some regulated sectors of the economy (pr-marily
 
intermediate products 
such as steel, petroleum, and selected
 
chemicals), prices are fixed by the 
government using complex
 
formulas, many of which are cost-plus 
based. Some goods are
 
uniformly priced, but the price of others may vary according to the
 
age of the plant producing the product or according to the category
 
of the customer. Overall, costs are 
far higher than their
 
equivalents in world markets. This cost-plus approach provides no
 
incentive to public sector firms to energy
reduce costs
 
(Padmanabhan, 1991). 
 This system of price regulation has been
 
largely eliminated from some industries in recent years, including
 
cement, aluminum, and pulp and paper, but remains in place in other
 
industries (Baldwin, 1991).
 

Fourth, some equipment purchases are made by people who do not pay
 
the electricity bills. Examples 
of this situation include
 
commercial building developers (who decide what efficiency measures
 
to incorporate in 
a building, while tenants pay the electricity
 
bills), and operating departments in some industrial facilities
 
(who chose equipment, while bills are paid out of a central account
 
and are not traceable to individual operating departments).
 
Equipment purchasers who do not pay operating costs have little
 
incentive to consider efficiency improvements.
 

There are a number of possible solutions to the problem of measure
 
costs exceeding willingness to pay. First, government and industry
 
can work together to develop markets for efficient technologies,
 
so that there is a sufficient market in India to produce equipment
 
on a large scale. Likewise, government and industry can work
 
together to ensure that production capacity is done at sufficient
 
scale to take advantage of economies of scale. Second, consumers
 
can be educated about life-cycle cost economics, and how paying a
 
little more at first can save 
a lot over the life of a piece of
 
equipment. Third, industries can allocate operating and capital
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costs to individual departments so that those who purchase
 
equipment also pay the operating costs (such a step is reportedly
 
occurring in some Indian firms). Third, financing (loans) can be
 
offered to end-users (although experience in many countries
 
indicates that only a minority of end-users will take advantage of
 
the loans -- see Appendix B). Fourth, utilities can offer 

financial incentives to encourage efficiency measures, with the
 
amount of incentive dependent on the amount of money the utility
 
saves by reducing demand (this approach is becoming widespread in
 
the U.S., and is also discussed in Appendix B). Fifth, excise
 
taxes and import duties 
can be reduced or waived for efficient
 
equipment. For example, the Indian Electrical and Electronics
 
Manufacturer's Association (IEEMA) has recently recommended such
 
a step for energy efficient motors (IEEMA, 1990). Sixth,
 
electricity prices can be modified so they send clear price signals
 
on the value of energy savings (this issue is discussed further
 
below).
 

ELECTRICITY PRICES ARE LESS THAN CONSTRUCTION AND OPERATION COSTS
 

Electricity prices in India are generally less than the 
cost of
 
electricity production (average cost) and substantially less than
 
the cost to build and operate a new power plant (marginal cost).
 
This situation is illustrated by a recent analysis by RCG/Hagler,
 
Bailly, Inc. (1991) which examined electricity revenues/kWh and
 
compared these revenues to the average and marginal cost of
 
producing this power. The average revenue/kWh (approximately Rs.
 
0.6-0.9/kWh) was significantly less than the average cost of
 
production (approximately Rs. 1.0.-1.25/kWh) and substantially less
 
than the marginal cost of production (which averaged Rs. 1.8
2.0/kWh). An illustrative sector by sector example from this study
 
is summarized in Table 4-1. As can be seen in this table, the
 
underpricing problem is particularly acute in the agriculture and
 
domestic sectors, and is not a major issue for high tension
 
industrial customers. This underpricing causes consumers to place
 

little value on saving energy.
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Table 4-1. 
Comparison of Electricity Prices and
 
Long-Run Marginal Costs in Maharastra, 1990/91.
 

Customer Class 


Domestic 


Commercial 


Industrial
 
Low tension 


High tension 


Agriculture 


Railway 


Other 


TOTAL 


Revenues/kWh 


Rs. 0.55 


1.03 


0.92 


1.27 


0.09 


1.15 


1.15 


0.88 


Source: RCG/Hagler, Bailly, Inc., 1991.
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Long-Run
 
Marginal Cost
 

Rs. 2.28
 

2.08
 

1.67
 

1.28
 

1.89
 

1.36
 

2.08
 

1.77
 



In most states, agricultural electricity is not only underpriced,
 
it is unpriced. 
 In these states electricity use by agricultural
 
customers is not metered; 
instead customers pay a fixed fee each
 
time period based on the power rating of the equipment. A 10 hp
 
pump that runs continuously is charged no more than a 10 hp pump
 
that runs one hour a day. In this tituation, farmers have no
 
incentive to conserve.
 

Problems with retail electricity pricing also constrain efficiency
 
invcstments for several other reasons. 
First, most customers pay
 
for ele-tricity Lased on total kWh use over a certain period, with
 
no distinction between use during peak periods (when electricity
 
is more expensive to produce) and off-peak periods (when the cost
 
of productibn is lower). 
 This lack of proper prl.(e signals
 
discourage load management actions. 
Second, with the exception of
 
large industrial customers, most customers do not pay be poor power
 
factor. Poor customer power factor increases transmissl'on and
 
distribution losses, thereby raising the cost per kWh delivered.
 
Since most customers are not penalized for poor power factor, they
 
have little 
incentive to purchase high power factor equipment.
 
This is particularly a problem in the agriculture, domestic, and
 
commercial sectors.
 

The obvious solutiun to these problems, is to reform electricity
 
pricing, although the political barriers to pricing reTorm are
 
formidable.
 

LIMITED CAPITAL AND FOREIGN CURRENCY
 

Capital is in tight supply in India, so even consumers who want to
 
invest in efficiency may not have the capital available for these
 
investments. This is particularly a problem in the domestic and
 
small-scale sectors, but even large industrial firms often devcte
 
most of their available capital to their core 
business (e.g.,
 
making steel) and limit efficiency investments to an arbitrary,
 
small pool of money. 
Also, capital is generally more available for
 
facility expansion than for modernization because of more liberal
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debt to equity requirements used by some programs which finance
 
expansion (Padmanabhan, 1991).
 

India has limited foreign currency with which to pay for imported
 
equipment and materials. This problem applies to all sectors of
 
the economy, and not just to efficiency investments. In addition
 
to a general shortage of foreign currency, in an effort to limit
 
the outflow of 
scare currency reserves, the Government of India
 
places a variety of restrictions to limit imports. Examples of
 
these restrictions include import duties 
(discussed previously),
 
restrictions on the amount of material that can be imported (unless
 
a product is covered by an Open General 
License, a specific
 
application 
must be submitted for each import transaction, and
 
applications can be denied), and denying licenses to Indian firms
 
to manufacture equipment in India which requires extensive use of
 
imported components. These restrictions hinder efficiency
 
improvements because they limit the availability 
of efficient
 
equipment.
 

In July of 1.991 the Government of India took a number of steps to
 
ease these problen.s including easing restrictions on foreign
 
investments in industries. the
high-priority Among 
 industries
 
included are 
the electric motor and electric furnace industries
 
(TERI, 1991b).
 

Even with these changes, foreign currency is likely to remain in
 
tight supply. While some restrictions on the spending of foreign
 
currency are probably needed to protect foreign currency reserves,
 
by restricting foreign currency expenditures for efficiency
 
improvements, the need for power plants increases. 
 As a result,
 
more capital is needed to finance power plants, including capital
 
to pay for imported components used in these power plants. It
 
would be useful to conduct a study to see whether foreign capital
 
could be saved by easing foreign currency related restrictions on
 
efficiency measurs. If foreign capital would be saved, then these
 
restrictions should be eased, at least on a temporary basis (i.e.,
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long enough for domestic productionMt fOffidIi tehho1oies to
 
be established)4
 

HASSLES IN IMPLZJ3ENTING EFFICIHROV PRO |2C|
 

Implementing efficiency measures Cah invelv8 Oteftlive hassles for
 
customers. 
 For example, it takes time to research efficiency
 
measures 
and oversee their inotaliktifh. The tite involved is
 
likely to be ptrticularly larld fbr fIrst
a tpoaJttl with
 
subsequent projects the lessons learned on the firat ptoject can
 
help shorten the time involved. Most people it$ Ugy enough that
 
new time commitments appear uninviitnq. This Ptoblem is not
 
limited to efficiency measures, bUt pertaifisg to any new
 
undertaking. 
Some large firms have hired energy Managers and other
 
staff who quickly master the process of implementitg efficiency
 
projects, 
But for small firms who must assign etficiency projects
 
to staff without specialized training 
in the energy efficiency
 
field, the hassles of implement-ing efficiency projects can be
 
formidable.
 

Another major hassle is that when measures are installed, it may
 
disrupt normal operations. This is particularly a problem in
 
industrial facilities where an entire production line may need to
 
be shut down in order to replace a single piece of equipment.
 

Each of these problems has a potential solution. 
 For example,
 
technical assistance can be provided to end-users to 
reduce the
 
time and other hassles of implementing efficiency projects. Also,
 
large industries that do not have a full-time energy manager can
 
be encouraged to hire one. 
 Likewise, equipment installations can 
be scheduled during periods of planned .hutdown -- for example, the
 
annual shutdown period in many industrial facilities, or during
 
nights and weekends in commercial facilities.
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LIMITED AVAILABILITY OF EFFICIENT EQUIPMENT AND COMPONENTS
 

As noted in Chapter 3, many types of efficient equipment are not
 
readily available in India. 
Examples include compact fluorescent
 
lamps, circular fluorescent lamps, and efficient refrigerators,
 
room air conditioners, and evaporative coolers.
 

While this equipment can be imported, transportation costs and
 
import duties often raise the costs to unacceptable levels. For
 
example, the import duty on compact fluorescent lamps is 226% (see
 
Table 3-6). Indian manufacturers are often reluctant to produce
 
new equipment until they are assuued that there will be sufficient
 
consumer demand, but consumer demand cannot be established until
 
products are available.
 

Another reason for limited availability of efficient equipment is
 
that the raw materials and components needed to produce efficient
 
equipment are sometimes not readily available. For example,
 
discussions with motor manufacturers indicate that better quality
 
materials such as cold-rolled non-grain oriented steel and properly
 
enameled winding wire are not readily available indigenously. The
 
difference between domestic production and demand must be imported,
 
which adds to costs, particularly when import duties high.
are 

Other components that are frequently imported include high
 
efficiency phosphors for fluorescent lamps, discharge tubes and
 
sintered aluminum dioxide powder for high pressure sodium lamps,
 
and electronic components for electronic ballasts and variable
 

speed drives.
 

Furthermore, at times, the Government of India restricts imports
 
of materials or restricts licenses for production within India.
 
For example, copper wire has lower electrical losses than the
 
aluminum wire used in most Indian motors and ballasts, but domestic
 
copper production is not sufficient to meet to demand and copper
 
imports are restricted in order to limit the outflow of hard
 
currency. Likewise, several Indian firms have 
applied to
 
manufacture compact fluorescent lamps in India, but the
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applications have yet to be approved. 
 With the recent easing of
 
licensing requirements for most industries, this problem may
 
largely disappear.
 

Even when efficient equipment is produced in India, it can 
be
 
difficult for an end-user to purchase this equipment. For example,
 
high efficiency motors are rarely stocked by dealers. 
 If a user
 
wants a high efficiency motor, the motor must be specially ordered,
 
which typically adds a delay of one to two months. Since most
 
users cannot afford such a delay, high efficiency motors are rarely
 
requested. This creates another vicious circle efficient
 
equipment is not stocked because there is no demand, but there is
 
no demand in part because efficient equipment is not stocked (this
 
problem also exists in many other countries, including the U.S. 
- Nadel et. al., 1991).
 

These problems are not easily solved. One possible solution is for
 
government and industry to identify products and materials meriting
 
high priority attention, and through a combination of direct
 
purchases (purchases by the government and utilities for 
use in 
their own facilities), selective duty waivers (waiving duties on 
a limited quantity of product -- just enough to interest Indian 
industry to produce these products domestically) and other policy 
interventions, develop a market for these products. 

POOR POWER QUALITY AND RELIABILITY
 

In India, voltage can deviate by 30% or more from the nominal 230
 
volt value of the Indian electrical system. Fluctuations are
 
particularly great in rural areas. 
These voltage fluctuations are
 
due to a shortage of generating capacity during peak periods; in
 
order to stretch available capacity, voltages 
are reduced. In
 
addition, power outages are also widespread, including both planned
 
and unplanned outages. Planned outages (called "rostering")
 
generally involve cutting power to large customers, usually with
 
several hours advance notice.
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These power quality and reliability problems impede efficiency
 
measoires in several ways. First, some equipment operates less
 
efficiently at low voltages. For example, rectifiers 
used in
 
chlor-alkali plants use 1-4% 
more energy at low voltage than at
 
normal voltage (NPC, 1991).
 

Second, some efficient equipment cannot be used at low voltages.
 
For example, high pressure sodium lamps do not operate at very low
 
voltages. As a result, in rural 
areas where low voltages are
 
common, the penetration of high pressure sodium lamps 
 for
 
streetlighting and other purposes is limited.
 

Third, due to voltage variability, electrical components must be
 
made more robust, and more robust components are often less
 
efficient. For example, in designing fractional horsepower motors
 
for refrigerators, manufacturers are compelled to trade off
 
efficiency for improved reliability at low voltage (NPC, 1991).
 
Even where designing equipment to withstand wide voltage
 
fluctuations does not hurt efficiency, it can add to costs. 
 For
 
example, electronic ballasts can be designed to withstand large
 
voltage variation, but the resulting designs are likely to be more
 
expensive than designs for a stable voltage environment.
 

Fourth, to deal with low voltages, some end-users oversize
 
equipment. For example, a pumping load may require a 5 hp motor
 
under normal voltage conditions, but under low voltage the 5 hp
 
motor will not supply enough power to meet the load. Therefore the
 
user selects a 10 hp pump which can lead to extra energy use 
if
 
pump operating hours are not cut in half or if inefficient speed
 
controls are used to 
slow down the motor during periods of full
 

voltage.
 

Fifth, power stabilizers (voltage regulators) often used by
are 

end-users to reduce voltage fluctuations at individual pieces of
 
equipment, but these stabilizers consume energy.
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Sixth, some 
industrial managers do not take conservation actions
 
for fear that reductions in use will lead to a reduction in their
 
electricity quota. 
Under rostering programs, large customers are
 
often given a quota for the amount of power they can use during
 
peak periods. 
If electricity use is reduced through conservation,
 
the quota can be reduced as well. Thus, some industrial managers
 
hold potential conservation measures in abeyance, saving 
these
 
actions for some future time when the 
power they represent is
 
needed elsewhere in the plant.
 

The solution to these problems, improved power quality and
 
reliability, can likely be achieved only in 
the long-term as a
 
result of many years of 
effort to bring electricity demand and
 
supply into balance. 
One possible option for the short-term is to
 
reward customers who implement significant conservation and load
 
management actions by limiting the number of planned power outages
 
they receive. 
For example, if a customer reduces electricity use
 
by 30%, the customer could be exempt from planned outages.
 

PROBLEMS WITH EQUIPMENT AND MATERIAL QUALITY
 

While most measures have proven reliable in use, there have been
 
some problems. For example, electronic ballasts sold in India have
 
unacceptably high 
failure rates (TERI, 1990b). To date these
 
ballasts have been manufactured by small firms who have not worked
 
out all the engineering details (two larger, established firms 
-

- HMT and APR -- have recently announced plans to try to enter the
 
electronic ballast business). Similar problems have been reported
 
for energy-saving motor controllers (NPC, 1991).
 

In addition to problems with equipment failure, many types of
 
electronic equipment marketed India
now in 
 suffer from other
 
problems. For example, the electronic ballasts sold in India have
 
a high harmonic content (they distort electric wave forms) and can
 
cause radio frequency interference problems (they interfere with
 
radio reception). Both of these problems have been solved in
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somewhat to product cost. 

these problems adds
 

The solution to these problems are improved engineering of products
and improved quality control in the manufacturing 
process. 
Options
to spur these improvements include increased manufacturer interest
in these issues (for example, good quality control will be needed

in order 
to take advantage of 
export opportunities), 


increased
government attention to these issues (including direct government
purchases of quality equipment and efforts by the Bureau of Indian
Standards to develop standards for products for which no standard
presently 
exists, 
such 
as eleatronic 
ballasts), 
 and 
end-user
 
education (on how to specify and recognize high quality products).
 

THE SMALL-SCALE SECTOR
 
Small-scale manufacturers 
play a very important role in the Indian

context. 
 Many types of energy-using equipment
predominantly are manufactured
by small-scale 
 companies, 
 including
lighting fixtures, small electric motors and pumps, domestic fans,
 

ballasts,
 
room 
air conditioners, and 
evaporative
companies often use 

coolers. 
 Small-scale
manual assembly, and hence 
are
source of employment an important
 
small-scale companies 

for India's large workforce 
 Furthermore,
are often well 
organized Politically, and
 
thus receive special protections from the government.
production of ballasts and lighting fixtures are largely reserved
 

For example,
 
for the 
small-scale 
sector 
(exceptions mainly pertain
firms who manufactured ballasts and fixtures before the regulations
 

to large
 
reserving 
these 
products 
to the 
small-scale 
sector 
went 
into
effect).
 

India's 
reliance 
on the 
small-scale

efficiency in several ways. 

sector affects 
equipment
 
very good 

First, quality control is generally
not in the small-scale 

asually suffers as a result. 

sector, and energy efficiency
 
BIS standards. 

Rarely does a small-scale firm meet
Second, small-scale 
firms compete primarily 
on
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price. 
In an effort to minimize costs, efficiency considerations
 
are generally ignored. 
 Third, the organized sector (large-scale
 
firms), in an effort to compete with the small scale sector on
 
price, often scrimp on product quality and efficiency.
 

options for dealing with these problems are several. First,
 
technical assistance can be provided to small-scale firms to
 
improve the quality and efficiency of their products. Experience
 
in countries throughout the world indicates 
that as a country
 
becomes more deqeloped, consumers increasingly demand improved
 
product quality. Thus, if small-scale 
firms want to remain
 
competitive over the long-term, product quality will need 
to
 
increase. Second, in cases 
where the small-scale sector cannot
 
produce equipment of the efficiencies desired, allow the organized
 
sector to enter the market. For example, while ballasts are
 
generally reserved for the small-scale sector, it is very difficult
 
for small scale firms to make reliable electronic ballasts. Thus,
 
it makes a lot of sense to allow large firms to make electronic
 
ballasts.
 

AVERSION TO TAKING RISKS ASSOCIATED WITH NEW TECHNOLOGIES
 

Most end-users are reluctant to invest in new technologies, until
 
they have been proven to work in the local context. To the extent
 
measures are unproven in India, most end-users will not adopt them.
 
This problem can be addressed through demonstration projects on
 
promising technologies, incentives for 
 "early adopters" of
 
promising technologies, and development and dissemination of case
 
studies on successful installations of new technologies.
 

BIAS TOWARDS VISIBLE PROJECTS
 

Many facility managers and utility managers have a bias towards
 
visible projects, such as a new advanced production line or a new
 
power plant (Reddy, 1990). Efficiency projects are rarely large
 
and showy -- instead efficiency projects are generally made up of
 
many small measures which are not especially impressive to look at.
 
Often, for example, the efficiency improvement may be hidden within
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an existing piece of equipment. Furthermore, many efficiency
 
measures do not involve hardware changes at all, but instead
 
involve operational changes which are invisible to most observers.
 

This is not an easy problem to solve. What is required is to
 
change the attitudes of managers so that 
the efficient use of
 
resources is valued instead of the visible use of resources. This
 
problem is common in many countries and is not unique to India.
 
One option that is used by several companies in the U.S. is 
to
 
provide year-end bonuses to industrial and utility executives based
 
on progress made towards specified efficiency goals.
 

USED EQUIPMENT MARKET DELAYS RETIREMENT OF INEFFICIENT EQUIPMENT
 

In India there is a very extensive market in used equipment.
 
Broken equipment is usually repaired, and is only retired when no
 
further repairs are possible. The main concern in this market is
 
how well equipment operates; efficiency considerations rarely enter
 
the picture. Due to this market, equipment in India has a very
 
long in-service life, which means that it will take many years for
 
inefficient equipment to be retired.
 

There are several things that can be done to address this problem.
 
First, efforts can target the new equipment market, since new
 
equipment today becomes the used equipment of tomorrow. Saturation
 
rates for many types of electrical equipment are growing rapidly,
 
so that by 2005 the majority of equipment in place will be
 
equipment produced during the 1991-2005 period. 
Second, programs
 
can be offered to 
promote the early retirement of particularly
 
inefficient pieces of equipment. 
 For example, several utilities
 
in the U.S. will buy inefficient appliances from customers, and
 
then destroy the equipment so that it does not reenter the market.
 
It costs these utilities less to buy and destroy the equipment than
 
it costs to build power plants to service these inefficient loads
 
(Nadel, 1991a).
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SHORTAGE OF SKILLED STAFF
 

A final constraint that hinders efficiency efforts in India is 
a
 
shortage of skilled manpower to identify, install, and maintain
 
efficiency measures. In particular there is a shortage of people
 
who can take a systems approach to efficiency issues, meaning they
 
examine the entire system and recommend the package of improvements
 
that best optimizes the system as a whole. 
The number of engineers
 
and technicians in India who are experienced in efficiency issues
 
is small relative to the need for these people. 
For example, there
 
is a shortage of experienced electrical technicians who can
 
maintain variable speed drives 
(NPC, 1991). Likewise, skilled
 
private sector energy auditors and efficiency consultants have been
 
in short supply (Padmanabhan, 1991). Similar shortages exist in
 
the areas of lighting design and industrial energy management.
 
While training programs do exist, these efforts are generally small
 
relative to the need.
 

In order to address this 
problem, training programs can be
 
expanded, including classroom-based 
programs and in-the-field
 
programs. Also, as 
demand for energy efficiency services grow,
 
employment opportunities will grow, which provides a strong impetus
 
for students to seek training in these areas.
 

BARRIERS SPECIFIC TO INDIVIDUAL MEASURES
 

While many of the barriers discussed above apply to many different
 
efficiency ruasures, for each efficiency measure only some barriers
 
are of p!7imary importance. 
 In Table 4-2 we summarize which
 
barriers apply to the individual efficiency measures examined in
 
Chapter 3. This summary is based on an in-depth treatment of these
 
issues prepared by NPC (1991) 
as part of this project. Readers
 
desiring a detailed discussion on how specific barriers apply to
 
specific efficiency measures should refer to the NPC report.
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Table 4-2. Major Barriers to Adoption of 27 Conservation And Load Management Measures
 

Limited Limited 
 Poor
 

Capital Hassles Avail. 
 Power Equip. Risks 
 Bias Shortage

Lack Low 
 and of of Quality and Small- of Towards Used of
 

of High Electric Foreign Implement. Equip. & and Material 
 Scale New Visible Equip. Skilled
 
Measure 
 Info Cost Prices currency Projects Raw Mat't Retiabit. Quality Sector 
 Technot. Projects Market Staff 

Circular fluorescent tamps X X X X X X X 
Compact fluorescent tap X X X X X X X X 
Incand. to fluor. fixture 
 X X X 
.................--------------------------------------------------------------------------------------------------------------------------------------------


TLD tamp X X X X 
ELectrnic ballast 
 X X X X 
 X X X X 
HPSV tamp & ballast X X 
 X X X
 

Motor rewinding. etc. X X X X X X 
High efficiency motors X X 
 X X 
 X X X X
 
MuLti-speed motors X X 
 X 
 X X
 

Variable speed drives X X X 
 X X X X 
 X 
 X
 
Optimize industrial pumps X 
 X X 
 X X X

Optimize industrial fans X 
 X X 
 X X X
 

Air copressor 0&M KX 

X X 

Centrif. refrig. compressor X X 
 X
 
-Improved arc furnaces X X X X 

Membrane chLor-alk process X X X X 
Improved aluminum smelters X X X X 
Meter agricuLturaL pumpsets X X X 
 X
 

Agrig pumpset rectification X X X 
 X 
 X X
 
High effic. nw pumpsets X X X X 
 X X 
 X X X
 
Efficient evap. cooler X X X X 
 X 
 X X X
 

Room A/C EER 9 X X X X X X X X 
Moderate effic. refrig. X X X X 
 X 
 X X
 
High effic. refrigerator X X X X 
 X 
 X X
 

More efficient fan X X X 
 X 
 X X X
 
HVAC effic. improvements X X X X X X X X X 
Storage cooling X X X X X X X X 



DISCUSSION
 

The barriers to efficiency improvements are extensive, but for each
 
barrier there are a variety of options to overcome the barrier.
 

Significant efforts to overcome these barriers have already begun,
 
In Chapter 5 we discuss many of these efforts. In Chapter 6, we
 
discuss which of the many options discussed in this chapter should
 
become priorities for implementation.
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Chapter 5
 

REVIEW OF EXISTING POLICIES AND PROGRAMS
 
RELATING TO ENERGY EFFICIENCY
 

INTRODUCTION
 

This section provides an overview of various policies and programs
 
relating to energy efficiency that exist currently in India. In
 
addition, a number of new initiatives are discussed. The review
 
covers policies and programs for all forms of energy and is not
 
limited to just those dealing with electricity use -- mainly for
 
two reasons. First, there are very few policies and programs that
 
are related specifically to electricity end-use. Second, and more
 
importantly, the experience with all such policies and programs,
 
irrespective of the energy source, provides a useful background to
 
the types of measures that have been adopted and implemented in
 
India as well as insights and lessons for future policy direc
tions.
 

This review outlines policies and programs of the government as
 
well as efforts being undertaken by other agencies, organizations
 
and institutions, such as state electricity boards, state energy
 
development agencies, and financial institutions. We cover efforts
 
to encourage energy conservation through various fiscal and non
fiscal measures and other provisions. The review is not intended
 
to be exhaustive or comprehenaive, since this was n-.t possible
 
within the constraints of the study; rather, the intent is to
 
provide the reader with an adequate feel of the various dimensions
 
and aspects of energy policies and programs in India.
 

The Department of Power functions as the nodal point for
 
facilitating the implementation of a coordinated strategy on energy
 
conservation. The thrust of the strategy being followed at present
 
is on the promotion of energy conservation in energy-intensive
 
sectors by assessing the efficiency of energy use through energy
 
audits, fixing specific energy consumption targets and evolving
 
action plans for reducing the level of energy consumption per unit
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of production, and 
monitoring the 
targets. The strategy also
 
promotes energy-savings 
 measures 
 and technologies through

demonstration projects, fiscal incentives and setting performance

standards for electrical equipment. 
The other important elements
 
are undertaking studies to evaluate specific technical and policy

options, 
training professionals to create a cadre of energy

managers and auditors, and educating consumers 
through publicity

campaigns to create mass 
awareness 
on 
tht&L need and benefits of
 
energy conservation (Department of Power, 1990).
 

The existing policies and programs can be categorized broadly into
 
tax incentives and duty reliefs; schemes and subsidies for energy

audits; schemes and subsidies for equipment finance; agricultural
 
pumpset programs; equipment standards; research, development and

demonstration programs; monitoring of energy consumption; training;

and information dissemination. 
Brief descriptions of each of these
 
follow.
 

TAX INCENTIVES AND DUTY RELIEF
 
Four different types of tax incentive and duty relief schemes are
 
presently used in India: income tax incentives, excise duty relief,

customs duty relief, 
and sales tax relief. 
 Each are discussed
 
below:
 

Income Tax Xncentivos
 

For certain specified energy 
saving devices and systems, 100%

depreciation is allowed for income tax purposes. 
 Specific items

covered are listed in Table 5-1. 
As can be seen, most of the items

do not pertain to 
electricity use, although a few electricity
saving items are listed including electric load monitoring systems,

demand controllers, heat pumps, and electronic motor controls such
 
as VSDs.
 

Available evidence indicates that these incentives have had only

a marginal impact 
 (Padmanabhan, 
 1991). The 
 accelerated
 
depreciation facility requires 
that the depreciation also be
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charged in a company's balance sheet 
-- a very significant expense
 
that can 
erode firm profits in the year the expense is charged.
 
As 
a result, it appears that the incentive primarily is used by
 
highly profitable firms who can afford to expense equipment in a
 
single year. For example, a 
study by the National Council of
 
Applied Economic Research (1987) 
 of purchasers of eligible
 
equipment founzd that only 25% of the 196 industries surveyed had
 
used the accelerated depreciation facility.
 

Excise Duty Relief
 
A number of renewable energy devices are exempted from payment of
 
excise duty. The particular devices covered largely those
are 

listed in section H of Table 5-1.
 

Customs Duty Relief
 

A number of renewable energy devices are fully exempt from all
 
customs duties. 
In addition, a number of energy-saving devices are
 
partly exempted from customs duties. 
 Specific equipment covered
 
is listed in Table 5-2. 
 As with the devices receiving income tax
 
incentives, only a few electricity-saving devices 
are listed
 
including heat pumps, load demand controllers, photocell controls
 
for streetlights, and microprocesser controls for the aluminum and
 
chlor-alkali Lidustries.
 

Sales Tax Relief
 
Sales tax exemptions have been granted by 
various state gov
ernments and union territories for a number of different renewable
 
energy and saving
energy devices. A compilation of these
 
concessions has been prepared 
by the Petroleum Conservation
 
Research Association (undated). 
 Devices receiving exemptions are
 
generally a subset of the devices listed in Tables 5-1 and 5-2.
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Table 5-1. 
 Energy Saving Devices for Which 100% Depreciation is
 
Allowed
 

A. 	Specialized bcilers and furnaces
 
1. 	Ignifluid/fluidized bed boilers
 
2. 	Flameless furnaces
 
3. 	Fluidized bed type heat treatment furnaces

4. 
High efficiency boilers (thermal efficiency greater than
75 per cent in case of coal fired boilers and 80 per cent


in case of oil/gas fired boilers)
 

B. Instrumentation and monitoring systems for monitoring energy

flows
 
1. 	Automatic electric load monitoring systems

2. 	Digital heat loss meters
 
3. 	Microprocessor based control systems

4. 	Infra-red thermography

5. 	Meters for measuring heat losses, furnace oil flow, steam


flow; electric energy and power factor meters
 
6. 	Maximum demand indicator and clamp-on power meters
 
7. 	Exhaust gases analyzer

8. 	Fuel oil pump test bench
 

C. 	Waste heat recovery equipments

1. 	Economizers and feed water heaters
 
2. 	Recuperators and air preheaters
 
3. 	Heat pumps

4. 	Thermal energy wheel for high and low temperature waste
 

heat recovery
 

D. 	Cogeneration systems

1. 	Back pressure 
 pass out, controlled extraction,


extraction-cum-condensing turbines for cogeneration along

with pressure boilers
 

2. 	Vapor absorption refrigeration systems

3. 	Organic Rankine cycle power systems

4. 	Low inlet pressure small steam turbines
 

E. 	Electrical equipment

1. 	Shunt capacitors and synchronous condenser systems

2. 	Automatic power cut 
off devices (relays) mounted on
 

individual motors
 
3. 	Automatic voltage controller
 
4. 	Power factor controller for AC motors
 
5. 	Solid state devices for controlling motor speeds

6. 	Thermally energy-efficient stenters (which require 800 or


less kilo calories of heat to evaporate one kilogram of
 
water)
 

F. 	Burners
 
1. 	0 to 10 per cent excess air burners
 
2. 	Emulsion burners
 
3. 
Burners using air with high pre-heat temperature (> 300 0C)
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Table 5-1 (continued)
 

G. 	Other equipment

1. 	Wet air oxidation equipment for recovery of chemicals and
 

heat
 
2. 	Mechanical vapor recompressors

3. 	Thin film evaporators

4. 	Automatic micro-processor based load demand controllers
 
5. 	Coal based producer gas plants

6. 	Fluid drives and fluid couplings

7. 	Turbo-chargers/super-chargers
 

H 	 Renewable Energy Devices
 

1. 	Flat plate solar collectors
 
2. 	Concentrating and pipe type solar collectors
 
3. 	Solar cookers
 
4. 	Solar water heaters and systems

5. 	Air/gas/fluid heating systems

6. 	Solar crop driers and systems

7. 	Solar refrigeration, 
cold storage and air-conditioning
 

systems

8. 	Solar stills and desalination systems

9. 	Solar power generating systems

10. 	Solar pumps based on solar-thermal and solar-photovoltaic
 

conversion
 
11. 	Solar-photovoltaic modules and panels for water pumping and
 

other applications

12. 	Wind mills and any specially designed devices which run on
 

wind mills
 
13. 
Any special devices including electric generators and pumps


running on wind energy

14. 	Bio-gas plants and bio-gas engines

15. 	Electrically operated vehicles including battery-powered
 

or fuel-cell-powered vehicles
 
16. 	Agricultural and waste
municipal conversion devices
 

producing energy

17. 	Equipment for utilizing ocean waste and thermal energy

18. 	Machinery and plant used in the manufacture of any of the
 

above items
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Table 5-2. Energy Saving Equipment Exempted from Customs Duties
 

Wholly Exempted:
 

A. Solar energy equipment

1. 	Black continuously plated solar selective coating sheets


(in cut lengths or in coils), fins and tubes
 
2. 
Vacuum tube solar collectors
 
3. 	Concentrating solar collectors
 
4. 	Stirling engine
 

B. 	Wind energy generation equipment

1. 	Wind-operated electricity generators

2. 	Wind-operated battery chargers
 

Partially Exempted:1
 

1. 	Flameless furnaces for reheating 
and heat treatment
 
applications


2. 	High velocity recirculating furnaces for reheating and heat
 
treatment applications


3. 	Low excess air burners (below 10% excess air)

4. 	Fuel oil emulsion burners

5. 	Regenerative burners for applications in forging and heat
 

treatment furnaces

6. 	Self-recuperative burners (burners using pre-heated air)

7. 	Flat-flame burners
 
8. 	Heat pipes for extracting heat from low temperature fluids
 

and gases

9. 	Heat pumps 
for space heating, water heating, cooling


applications

10. 	Free ball bucket steam traps with no links/hinges

11. 	Automatic microprocessor based load demand controllers for


efficient load management

12. 	Microprocessor based combustion control system for boilers
13. 	Light sensitive time switches for street light controls
14. 	Microprocessor 
 based automatic anode over-potential


controllers in caustic, chlorine and aluminum industries

15. 	Microprocessor 
based universal programmable timers for
continuous and batch processes, such as 
in tire industry


and rayon industry

16. 	Heat recovery system imported by cooperative dairy plants
17. 
Machinery for the manufacture of instruments, appliances


or 	equipments which function with the aid 
 of 	non
conventional forms of energy
 

In addition, all the items exempted from payment of excise duty are
also exempted from the whole of the additional customs duty.
 

1 These items are exempted from payment of customs duty inexcess of 35 per cent ad valorem and the whole of the additional 
customs duty. Customs duties on
levied imports are basic or
standard duty, auxiliary duty, and additional or countervailing

duty. 
Each of these is specified separately.
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ENERGY AUDITS
 

Energy Audit Programs
 
The Department of Power funds energy audit studies in industrial
 
and commercial units which are carried out by consultants. Up to
 
1989/90, energy audits (preliminary and detailed) were completed
 
in 140 industrial units and 3 government buildings. 
 New audits
 
were initiated in 10 industrial units and 6 residential/commercial
 
buildings in 1989/90. Follow-up action on the measures suggested
 
in the earlier energy audit reports was pursued with the concerned
 
organization (Department of Power, 1990).
 

An energy audit and conservation project financed by the Government
 
of India 
and the United Nations Development Program (UNDP) was
 
initiated in 1989/90 by the Department of Power. Under this three
year project, which is 
being managed by the Energy Management
 
Centre, four energy audit buses have been deployed for undertaking
 
comprehensive energy audit studies in the industrial, transport,
 
commercial and residential sectors. 
Within the industrial sector,
 
the sub-sectors 
that have been specified are paper, textiles,
 
chemicals and pharmaceuticals, food and food processing, glass and
 
ceramics, engineering, and the small-scale sector. 
The buses are
 
fully equipped with measuring instruments and data processing
 
facilities and are being operated by regional organizations (lead
 
agencies) in four different regions in the country.
 

The expected outputs of the project are:
 
o Reports on technical and policy standards for 
national
conservation activities, and evaluation of institutional and
legislative energy conservation frameworks in other nations;
 

o energy audit training manuals for each sector;
 

o 45 energy conservation 
audit reports covering 35 units in
manufacturing, 
 5 in transport, and 5 
in the residen
tial/commercial sectors;
 

o study tours, fellowships, technical seminars, and a national
 energy conservation workshop (Department of Power, 1990; Energy

Management Centre, 1990a).
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Another energy audit bus program, financed by the Government of
 
India and the Commission of European Communities, was recently
 
initiated by the Department of Power. Three buses are being
 
operated by lead organizations in different regions under this
 
three-year program which is also being managed by 
the Energy
 
Management Centre. Initially, the operation of the buses will be
 
subsidized but the aim is to eventually become fully self
supporting (Energy Management Centre, 1990b).
 

Some State Electricity Boards also provide energy audit services,
 
especially to industrial consumers. For example, the Gujarat Elec
tricity Board formed an Energy Conservation Cell in 1982 and has
 
since carried out preliminary walk-through audits in over 150 units
 
(Lele and Raval, 1990; Lele, 1991).
 

The Petroleum Conservation Research Association 
(PCRA) provides
 
free energy audit and energy consulting services to industrial
 
users. Preliminary audits are conducted for users consuming more
 
than 1,000 tons oil equivalent (TOE) annually (of all forms of
 
energy, but with petroleum products being the major share). About
 
40-45 such audits are conducted every year, and so far about 150
 
audits have been done. For industries consuming about 250-1,000
 
kilolitres of oil per year, a diagnostic study/survey is carried
 
out. About 2,300 such surveys have been done so far, and 200-225
 
surveys are done annually. Services are also provided to 
even
 
smaller users, consuming about 100-250 kilolitres per year, but
 
only housekeeping types of measures are considered. 
About 200 such
 
studies are done every year, and more than 1200 have been completed
 
so far (Bhatnagar, 1991).
 

Subsidies For Energy Audits
 

At the national level, 
two energy audit subsidy schemes are in
 
operation. These schemes are administered by the Industrial
 
Development Bank of 
India (IDBI) and the Petroleum Conservation
 
Research Association (PCRA).
 

116
 



The Energy Audit Subsidy (EAS) scheme of the IDBI was launched in
 
June, 
1988. Under this scheme, assistance is available to
 
financially sound 
industrial undertakings which have been in
 
operation for at 
least five years. Subsidies cover up to 50% of
 
the cost of preliminary and detailed energy audits. 
 The maximum
 
subsidy available for a preliminary audit is Rs. 
10,000 or 0.01%
 
of the company's gross 
fixed assets, whichever is lower. For a
 
detailed audit, the limit is Rs. 100,000 
or 0.05% of gross fixed
 
assets, whichever is lower. 
The energy audit must be carried out
 
by NPC, PCRA, one of the Technical 
Consultancy Organizations
 
promoted by the national financial institutions, or an approved
 
energy consultant on the panel of IDBI (IDBI, undated).
 

As of January, 1991, 166 proposals for energy audits, both
 
preliminary and detailed, 
of 140 companies had been 
sanctioned
 
under this scheme by IDBI for a total amount of Rs. 3.82 million.
 
Of this, Rs. 2.15 million had been disbursed for 96 audits in 77
 
companies (Subramanian and Anantapadmanabhan, 1991).
 

The PCRA scheme offers subsidies up to 50% of the of
cost 

conducting an 
energy audit subject to a maximum 
amount of Rs.
 
25,000 per industrial unit. 
The study must be carried out by an
 
energy audit consultant approved by PCRA. 
The subsidy is payable
 
after acceptance of the energy audit report by the industrial unit
 
and PCRA, and subject to a written commitment by the industrial
 
unit to implement recommendations that will result in realization
 
of 50% 
or more of the energy savings potential identified in the
 
report (PCRA, undated). However, only 
3-4 audits have been
 
conducted so far under 
this scheme. The program has yet
not 

reached the stage where PCRA has monitored the implementation of
 
recommended measures and realization of the 50% 
of the potential
 
savings target (Bhatnagar, 1991).
 

Subsidy schemes for energy audits 
are also in operation at the
 
state level. 
 For example, the Gujarat Energy Development Agency
 
(GEDA) operates an Energy Audit Study Subsidy Scheme under which
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50% of the cost of the energy audit study up to a maximum of Rs.
 
20,000 is provided as a subsidy (Pandya, 1991). The scheme, which
 
includes industries, offices, hotels, shopping complexes, hospi
tals, institutions, and hostels, was launched in 1983 and expanded
 
in 1986 to cover medium and small-scale industries.
 

Over 60 industries have so far been audited under GEDA's scheme.
 
A recent survey of industries audited under the scheme showed that
 
most units had implemented short-term measures which required
 
little or no investment and could be implemented immediately. The
 
main reasons for not implementing energy conservation measures were
 
financial constraints and, in some cases, complexity of plant. 
To
 
make the scheme more effective, GEDA is considering certain
 
modifications to provide for post-audit monitoring 
of energy
 
consumption over a period of 3-12 months to study the results of
 
energy conservation measures implemented by 
the units (Pandya,
 

1991).
 

Similar schemes are operated also by state level energy devel
opment agencies in some other states, such as Maharashtra.
 

SUBSIDIES FOR EQUIPMENT FINANCE
 

Subsidies for equipment finance are available under a number of
 
schemes whose details are given below.
 

The Equipment Finance for Energy Conservation (EFEC) scheme of
 
IDBI was launched together with the Energy Audit Subsidy scheme in
 
June, 1988. This scheme is handled by IDBI jointly with the
 
Industrial Finance Corporation of India (IFCI) and the Industrial
 
Credit and Investment Corporation of India (ICICI). Under the
 
scheme, financial 
assistance is available to financially sound
 
industrial undertakings which have been in operation for at least
 
five years. The assistance is 
in the form of reduced interest
 
loans for installation of equipment for effecting energy
 
conservation 
including plant and machinery, miscellaneous fixed
 
assets, erection and installation charges, technical know-how fees,
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and fees for designs and drawings. However, the assistance is
 
available only for installation of equipment affecting energy
 
conservation in existing plants/processes and not for expansion or
 
diversification of production capacities 
even though these may
 
result in energy conservation (IDBI, undated).
 

An energy audit (preliminary and detailed) is a pre-requisite for
 
applying for assistance under the scheme. 
 The assistance is
 
limited to 90% of the cost of the project subject to a maximum of
 
Rs. 50 million, or 5% of gross 
fixed assets of the company,
 
whichever is lower. 
The loan carries an interest rate of 15% with
 
a rebate in interest 
linked to the amount of energy savings
 
actually achieved on a sustainable basis by the project. A rebate
 
of 2% in the interest rate is allowed if the savings due to the
 
scheme are more than 10% of the average specific energy consumption
 
for the last three years. For energy savings between 5-10%, a 1%
 
rebate is allowed. The rebate on the interest amount due in a
 
particular quarter is based on the savings achieved in the previous
 

quarter.
 

The loan recipient's contribution is required to be a minimum of
 
10% of the cost of the project. The portion of the energy audit
 
cost borne by the loan recipient is also treated as part of the
 
recipient's contribution. Repayment of the loan begins after two
 
years and must be completed in three years thereafter -- a total
 
of 12 quarterly installments. 
 At the option of the borrower,
 
interest can be funded for a period of 
two years on a simple
 
interest basis, with repayment of funded interest spread over the
 
five year period.
 

As of January, 1991, 14 proposals from 13 companies had been
 
sanctioned under this scheme for a total amount of Rs. 
491.8
 
million, of which IDBI's share was Rs. 282.0 million. 
Of this, Rs.
 
158.4 million had been disbursed by IDBI for 11 schemes in 10
 
companies. 
The total project cost of the 14 sanctioned proposals
 
was Rs. 
602.5 million (Subramanian and Anantapadmanabhan, 1991).
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Until the end of 1990, 
financial assistance for energy conser
vation projects was also available from financial institutions at
 
concessional terms under their Soft Loan Scheme for Modernization
 
under which term loans up to an overall limit of Rs. 50 million at
 
a reduced interest rate of 11.5% were available. An analysis by
 
IDBI indicates that out of about Rs. 8,250 million sanctioned under
 
this scheme during the period from June, 1989 to December, 1990,
 
about Rs. 1,170 million was for what could be considered energy
 
conservation schemes 
(Subramanian and Anantapadmanabhan, 1991).
 
This could perhaps be one reason for the somewhat poor response to
 
the EFEC scheme.
 

A boiler modernization scheme is operated by PCRA under which soft
 
loans are provided for replacement of existing, inefficient
 
oil-fired boilers of up to 50 tons/hour capacity by new efficient
 
boilers having efficiency of 80% or greater for oil and 75% 
or
 
greater for coal boilers. The loan interest rate is 11.5-12% with
 
repayment in 3-5 years (PCRA, undated). Under this scheme, 62
 
boilers had been replaced as of March, 1991 (Bhatnagar, 1991).
 

At the state level too, similar schemes are in operation in some
 
states. For example, 
the Gujarat State Financial Corporation
 
(GSFC) offers loans for modernization including energy conser
vation equipment at reduced interest rates.
 

GEDA operates an Interest Subsidy Scheme under which it provides
 
a subsidy on due on taken
interest loans from government or
 
government approved national and state level financial institutions
 
such as scheduled banks, IFCI, IDBI, ICICI, and GSFC. 
The subsidy
 
is either a 6% interest rate, 
or half of the rate customarily
 
charged by the participating financial institution, whichever is
 
less. The subsidy is for a period of 
2 years with a maximum
 
interest subsidy of Rs. 50,000, i.e. Rs. 25,000 per year (Pandya,
 
1991).
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The Department of Non-Conventional Energy Sources provides a
 
subsidy for specified solar thermal systems and devices for
 
installation in solar thermal extension programs. For solar water
 
heating, air heating, and desalination systems, and solar timber
 
kilns and dryers, a subsidy of 50% is available to government
 
public sector enterprises and 33-1/3% to private sector industrial
 

units.
 

The financial institutions also provide loans at a concessional
 
interest rate of 12.5% for projects which involve the manufacture
 
and installation of renewable energy systems and also for purchases
 
of renewable energy devices. The items eligible under this scheme
 
are similar those listed in Section H of Table 5-1.
 

AGRICULTURAL PUMPSETS
 

Rectification of electric pumpsets is being carried out by many
 
State Electricity Boards with funding from the Department of Power
 
and the Rural Electrification Corporation. Some State Energy
 
Development Agencies, e.g. GEDA, are also funding rectification
 
programs. The Petroleum Conservation Research Association also
 
funds rectification of diesel pumpsets by selected state agencies
 

(Bhatnagar, 1991).
 

A program for rectification of 25,000 electric pumpsets was initi
ated in 1985/86 (Department of Power, 1986). Another demon
stration scheme for rectification of 15,000 pumpsets in the states
 
of Haryana, Madhya Pradesh and Gujarat was implemented beginning
 
in 1987/88 (Department of Power, 1988). In 1988/89, demonstration
 
projects for partial rectification of 20,000 pumpsets and complete
 
rectification of 500 pumpsets were begun (Department of Power,
 

1989).
 

The Rural Electrification Corporation (REC) provides financing to
 
State Electricity Boards for rectification of electric pumpsets in
 

REC project areas under its Energy Conservation Program. During
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1989/90, about 22,000 pumpsets were rectified under this program
 

(Rural Electrification Corporation, 1990). REC is also providing
 

professional guidance to farmers about the installation of energy
 

efficient pumping systems, and certifying the efficiency of
 

pumpsets installed in eight states covering 80,000 new agricultural
 

pumpsets (Department of Power, 1989).
 

The 	National Bank for Agricultural and Rural Development (NABARD)
 

has 	been asked to formulate measures to ensure that bank loans are
 

given only for installation of those pumping systems which conform
 

t.-	 standard specifications (Department of Power, 1987). State
 

governments have been advised to ensure that power connections are
 

given only for pumpsets which conform to standard specifications
 

(Department of Power, 1988).
 

PCRA's rectification activities were started in 1983/84. About
 

3,700 diesel pumpsets have been rectified to date; currently, about
 

1,100-1.200 pumpsets are being covered every year (Bhatnagar,
 

1991).
 

EQUIPMENT STANDARDS
 

A concerted effort to review existing standards with energy
 

efficiency aspects was initiated by the Bureau of Indian Standards
 

(BIS) following the establishment of a Coordination Cell for Energy
 

Conservation in BIS in 1986. The work undertaken by BIS indicates
 

that out of about 13,000 Indian Standards in force, about 200 deal
 

directly with energy efficiency aspects. These standards are being
 

examined to attempt, wherever possible, one or more of the
 

following measures (BIS, 1987a):
 

o 	 Upgrading existing limits on energy efficiency;
 

o 	 Preparing system specifications and equipment selection guides;
 

o 	 Marking/labelling of energy efficiency or energy consumption
 
parameters on the equipment nameplate;
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o 
 Introducing mandatory certification;
 

o 	 Developing standards in new areas.
 

Indian standards which contain provisions dealing with energy
 
generally stipulate one or more of the following -- maximum energy
 
consumption, minimum efficiency, maximum energy losses, 
or other
 
criteria which 
have a direct or indirect bearing on energy
 
consumption. 
There are a large number of standards in areas that
 
indirectly aid energy conservation. 
 Also, apart from product
 
specifications, there are other types of standards which can also
 
help to achieve energy efficiency. These include:
 

o 	 Guidelines on selection of energy efficient equipment;
 

o 	 Guidelines for 
system design and proper matching of compo
nents;
 

o 	 Codes of practice for proper equipment installation and
 
maintenance.
 

A brief review of energy related provisions in Indian standards for
 
various electrical equipment follows (BIS, 1987a; BIS, 1987b). 
 All
 
of these standards are voluntary. Products that comply with the
 
standards receive BIS certification. Non-complying products 
can
 
also be sold, but without BIS certification.
 

Motors
 

The standards for induction motors specify the minimum value of the
 
product of efficiency and power factor for motors 
of different
 
sizes and also include a provision to mark energy consumption on
 
the rating plate. 
A new standard for energy efficient motors was
 
issued in 1989 which lays down miniium efficiency values for motors
 
up to 37 kW.
 

Agricultural Pumps
 
Standards for pumpsets for agricultural purposes specify the pump
 
efficiency; these values are increased periodically. Recognizing
 
the need for proper sizing and matching of all components of the
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entire pumping system, a standard un recommended pumping system
 
design practices was issued in 1984 and later revised.
 

Lighting EauiDment
 

Standards for tungsten filament general service lamps, tubular
 
fluorescent lamps and high pressure mercury vapor lamps specify the
 
minimum rated lumen output and the maximum electricity consumption
 
in watts. There is also a provision for marking of the rated
 
wattage. Standards for slim diameter fluorescent tubes, mercury
 
blended light lamps, halogen lamps, and electronic ballasts are
 
under development. A code of practice for interior illumination
 
provides guidelines on the choice of light sources and the most
economic designs will also consider the optimum illumination levels
 
necessary for different occupancies and tasks. An Illumiaation
 
Engineering Handbook covering good lighting engineering practice
 

is currently under preparation.
 

Residential Sector EQIiDment 

Six standards cover fans. Of these, three standards -- for 

ceiling, table and pedestal fans -- specify minimum limits of air 
delivery and the service value, defined as air delivery per unit 
watt of electricity consumption, as a function of fan size. These 
types of fans account for the vast majority of electric fans. 
Three other standards -- for ventilating, air circulating and 
railway carriage fans -- specify maximum electricity input and 
minimum air delivery. The standards also stipulate the power 
factor of the fan, and require the electrical input in watts to be 

marked on the nameplate.
 

The standard for evaporative desert coolers covers air delivery and
 
cooling efficiency requirements and specifies maximum power
 
consumption limits. It also covers tests for verifying the 
parameters declared. An amendment to the standard for room air 
conditioners was issued in 1987 specifying the maximum power 
consumption for different capacity ratings and requiring that the
 
rate of energy consumption be declared on the name plate.
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The standard for domestic refrigerators was amended in 1987 
to
 
stipulate the maximum energy consumption over a 24 hour period
 
under standard test conditions and to require that this value be
 
marked on the name plate.
 

For some electrical appliances such as hot plates, kettles and
 
jugs, water boilers, and coffee percolators, the standards specify
 
minimum thermal efficiency limits. 
 For stationary storage-type
 
electric water heaters, the 
standard specifies maximum standing
 
losses per day. The rated electrical input must be marked on the
 
nameplate. Additionally, other performance parameters such as mean
 
water output temperature, time to heat water, etc. are required to
 
be marked on the nameplate 
or given in the instructions
 
accompanying the water heater. 
The standard also gives recommended
 
electric input rating values for various capacities of stationary
 
storage-type electric water heaters.
 

Standards for monochrome and color television sets specify maximum
 
power consumption.
 

Other Standards
 

The standards for transformers limit maximum losses under no-load
 
and full-load conditions. 
 Another standard provides guidance on
 
proper selection and use of shunt capacitors to improve the power
 
factor of electrical equipment for and
low medium voltage
 
installations.
 

RESEARCH, DEVELOPMENT, AND DEMONSTRATION PROGRAMS
 

A number of organizations conduct R,D&D programs and projects. 
In
 
this section a few examples are described.
 

The Tata Energy Research Institute (TERI) is a private sector
 
research organization founded in 1974 with financial support from
 
the Tata companies. TERI conducts research on eight broad fronts:
 
energy policy 
and planning; rural energy; forestry; renewable
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energy technologies; energy conservation; biotechnology; computer
 
applications; and training and information dissemination. Over the
 
years TERI has 
conducted extensive research on electricity use
 
patterns and conservation opportunities in India including studies
 
on domestic appliances, lighting, and electricity pricing (TERI,
 
1991c).
 

The Petroleum Conservation Research Association, in addition to the
 
energy audit programs described previously, conducts studies 
on
 
fuel oil conservation in the industrial and transport sectors. 
It
 
also has 
an R&D program to develop fuel-efficient devices and
 
additives. 
Examples of R&D projects include successful efforts to
 
develop improved kerosene and LPG stoves. 
 PCRA is funded by a
 
small tax on the Indian petroleum industry.
 

Research studies on technical and policy issues related to energy
 
efficiency are also regularly conducted by NPC including work for
 
the Government of India, World Bank, and bilateral donor agencies.
 

Energy efficiency demonstration projects have been initiated by the
 
Department of Power. 
 For example, of
a number demonstration
 
projects on energy conservation methods 
and technologies were
 
conducted in 1989/90. 
 These include a model project in 
a cement
 
plant, three projects on rectification of inefficient agricultural
 
pumpsets, two systems improvement projects in electricity distri
bution networks, a project on development of fuel-efficient bus
bodies and chassis, six projects on 
energy conservation through
 
solar water heating, and a project to evaluate the performance of
 
new electrical equipment such as 
electric meters, street 
light
 
controllers and electronic chokes (Department of Power, 1990).
 

An innovative scheme conceived by the United States Agency for
 
International Development (USAID) was 
begun in 1987 to provide
 
funds for supporting technology innovation and development. This
 
scheme, called Program for Acceleration of Commercial Energy
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Research (PACER), is being implemented by the Industrial Credit and
 
Investment Corporation of India (ICICI) (PACER Secretariat, 1990).
 

PACER promoted the development of goal-oriented and market
responsive technological innovations in the Indian energy sector
 
through financial assistance to consortia of 
manufacturers,
 
research institutions and/or end-users. 
 It provides promotional
 
assistance and finance 
in the form of a conditional grant for
 
meeting part of the project 
cost which will absorb some risk
 
inherent in technology development. 
If the project succeeds, the
 
promoters repay twice the grant; if it fails, the grant is written
 
off. The liability for payment 
occurs when the technology is
 
commercialized.
 

Currently, thirteen consortia 
R&D projects and nine research
 
studies have been approved. 
 These cover product/process
 
development in energy conservation, power generation through

renewable sources of energy, and supporting analytical studies on
 
management and policy in the Indian power/energy sector (Seshadri,
 
1991).
 

MONITORING OF ENERGY CONSUMPTION
 

To ensure efficient use of energy in the major energy consuming
 
sectors of the economy, periodical monitoring of energy consumption
 
in these sectors vis-a-vis desirable national 
and international
 
norms is being done by 
the Energy Conservation Cell in the
 
Department of Power. Specific 
energy consumption targets for
 
certain energy intensive industrial units are laid down and their
 
performance monitored and reviewed. 
It is intended to achieve 5%
 
reduction in specific energy consumption by 1989/90, 15% by 1994/95
 
and 30% reduction by 1999/2000 
with reference to the specific
 
energy consumption level for 1987/88 (Department of Power, 1989 and
 
1990).
 

127
 



TRAINING
 

Training programs for industrial personnel are being conducted by

many government 
and private organizations. Many of 
these are
 
organized 
with the financial support 
and sponsorship of the
 
government through the Department of Power, Department of Personnel
 
and Training, and 
the Energy Management 
Centre. For example,

training programs initiated/conducted by the Department of Power
 
in 1989/90 included 10 training programs on energy audit and energy

conservation for industrial personnel, 
5 training courses 
for
 
cement industry personnel, 
and a one-week training program 
on
 
industrial 
 energy management 
 for senior managers/engineers
 
(Department of Power, 1990).
 

In the agricultural sector, the Rural Electrification Corporation

has been funded by the Department of Power to provide training and
 
guidance regarding energy conservation in agricultural pumpsets to
 
officers and field level functionaries of State Electricity Boards,

Agricultural 
 Departments of State Governments, and banks
 
(Department of Power, 1988 and 1990).
 

A project has been undertaken by the Department Power
of for
 
preparation of a document on education and training needs in the
 
energy sector (Department of Power, 1990).
 

Other major training efforts 
are conducted 
by the National
 
Productivity Council (NPC). 
NPC conducts over 700 training courses
 
and seminars 
each year, of which a significant portion 
are on
 
energy efficiency issues. 
Most of these efforts target industrial
 
personnel. 
 Funding for these efforts has 
come from the Energy

Management Centre, the Industrial Development Bank of India (IDBI),

and the Petroleum Conservation Research Association In
(PCRA).

addition to these short-duration training efforts, NPC sponsors a
 
two-year (post) graduate training program on Energy Management for
 
engineers.
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INFORMATION DISSEMINATION
 

Information dissemination in the form of publications, brochures,
 
posters, stickers and other publicity to create mass awareness or
 
the need for and benefits of energy conservation are being carried
 
out by many government departments and organizations such as the
 
Department 
 of Power, Energy Management Centre, Petroleum
 
Conservation Research Association, Department Coal,
of State
 
Electricity Boards, industry associations, and private organiza
tions. Media campaigns and advertisements in newspapers,
 
magazines, radio and television have also been organized. 
 Apart
 
from these direct activities, campaigns have also been conducted
 
by the Department of Power through other organizations such as the
 
Bureau of Indian Standards, the 
 Railways, the Development
 
Commissioner 
(Small Scale Industries) and the Confederation of
 
Engineering Industry (Department of Power, 1989).
 

Several organizations 
publish journals reporting or energy
 
efficiency issues. Prominent examples 
 include the Energy
 
Management Journal (published by NPC), and
TIDE Energy Policy
 
Issues (both published by TERI). In addition, NPC, TERI, and PCRA
 
publish many research and policy reports on 
energy efficiency
 

issues.
 

A National Energy Conservation Week was organized during February,
 
1989 (Department of Power, 1989). 
 In 1989/90, 12 states were
 
sanctioned funds by the Department 
of Power to organize Energy
 
Conservation Weeks in major cities (Department of Power, 1990).
 

NEW INITIATIVES
 

In addition to the many on-going activities discussed above, 
a
 
number of new initiatives currently in the planning and start-up
 
stages also deserve mention.
 

Perhaps most prominent of these new initiatives is the Industrial
 
Energy Conservation Project now being planned by the Government of
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India, the World Bank, and bilateral donor agencies. Under the
 
project, the World Bank will 
loan approximately $250 million in
 
foreign currency to IDBI and ICICI. Approximately the same amount
 
of funds, in local currency, will be provided by IDBI, ICICI, and
 
Indian government agencies and institutions. Additional grant
 
funds will be provided by bilateral donor agencies from the U.S.
 
and Europe. The majority of funds will be used to finance energy
 
conservation improvements in Indian industries, at subsidized
 
interest rates. 
 Some funds will be used to finance customs duty
 
reductions on energy-saving 
equipment and to fund technical
 
assistance and institutional development work designed to further
 
energy efficiency policy in India (World Bank, 1990).
 

A start-up initiative that has the potential to have a major role
 
in promoting energy efficiency initiatives in India is the Energy
 
Management Centre (EMC). EMC is 
a semi-autonomous agency within
 
the Department of Power that was formed in 1989 with the support
 
of the European Economic Community. EMC was established to provide
 
an overall strategic vision, supported by quantitative analysis,
 
of what needs to be done to improve energy efficiency in the Indian
 
economy (EMC, 1989). some
In ways, EMC is envisioned as an
 
organization which will help coordinate the activities of the many
 
organizations working on energy efficiency issues in India.
 

The Energy Management Consultation and Training (EMCAT) project is
 
a $20 million grant provided by USAID to the Government of India
 
for a six year period. The project has two components: improving
 
the efficiency of India's electric power generation, transmission,
 
and distribution system; and improving end-use efficiency in India.
 
Funds will be used for training, technical assistance, studies, and
 
purchase of equipment. Project activities will include work in
 
power sector investment planning, private sector energy consulting,
 
loan portfolio design, information dissemination, and policy
 
dialogue. Work on the power supply component will be directed by
 
the Power Finance Corporation, while work on the end-use efficiency
 
component will be directed by IDBI (USAID, 1990).
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The Bombay Efficient Lighting Large-Scale Experiment Project
 
(BELLE) is a joint effort of Bombay Electric Supply and Transport
 
(BEST -- a local electric distribution company), Philips India (a
 
lighting manufacturer), 
 and the Indira Gandhi Institute of
 
Development Research (IGIDR). 
 A major problem which hinders the
 
use of compact fluorescent lamps in India is their high initial
 
cost. 
BELLE will seek to overcome this barrier by leasing compact
 
fluorescent light bulbs to 
domestic customers in Bombay for 
approximately Rs. 4.50/month -- less than the value of the monthly
 
electricity savings provided by the bulbs. 
The lease payments will
 
be sufficient to pay off the cost of the bulbs in four years. 
The
 
program is modeled after similar programs in the U.S. and will be
 
the first hardware-oriented electricity conservation program in
 
India that targets the domestic customer class (Gadgil, 1990).
 

Lighting energy 
savings are also being addressed by another
 
initiative -- a taskforce lighting
on issues formed by the
 
Department of Power. 
The taskforce, which includes government and
 
private sector representatives, is developing recommendations to
 
promote lighting efficiency in 
India. Among the options being
 
discussed are efforts 
to promote compact fluorescent lamps and
 
electronic ballasts, 
and programs to improve the efficiency of
 
street lights and lighting systems in government buildings (Mamak,
 
1990).
 

DISCUSSION
 

Indian organizations have launched a substantial number of efforts
 
to improve energy efficiency, and additional promising efforts are
 
in the planning and start-up stages. 
These efforts have probably
 
had some impact on energy consumption patterns in India, but
 
perhaps more importantly, they provide an important foundation upon
 
which to build much larger efforts. In the next chapter we provide
 
some recommendations 
on high priority initiatives that can build
 
on existing efforts and provide dramatically increased energy
 
savings.
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Chapter 6
 

POLICY RECOMMENDATIONS
 

INTRODUCTION
 

Preceding chapters discussed
have opportunities to improve
 
efficiency in India, barriers 
to efficiency improvements, and
 
program and policy efforts to date that to
seek overcome the
 
barriers and achieve efficiency improvements. In addition,
 
research was conducted on electricity conservation efforts in other
 
countries, both developing 
and developed (the results of this
 
reseaich is summarized in Appendix B). This chapter draws 
all
 
these different pieces of information together, and recommends
 
several policy initiatives that could help India 
to achieve a
 
substantial share of the available efficiency opportunities.
 

In making our recommendations, we have not developed a 
long
 
"laundry list" of detailed program and policy 
recommendations.
 
Such lists have been comiled in India before, and we do not seek
 
to replicate them. 
Instead, we choose to concentrate our analysis
 
and recommendations on a few initiatives that could have a dramatic
 
effect on the level of efficiency investment in India.
 

SUMMARY OF RECOMMENDATIONS
 

Based on the analysis of where major efficiency opportunities lie,
 
and based on the experience in other countries, 
we have four 
principal recommendations to suggest -- recommendations that build 
upon the substantial amount of work to promote efficiency that has 
already taken place in India. These recommendations are as
 
follows:
 

1. Prepare and implement "least-cost" plans.
 

2. Expand efforts to promote the production of high

efficiency technologies in India, including advanced
 
technologies.
 

3. Expand existing programs and 
start new programs to

improve the efficiency of agricultural pumps, lighting

systems, and industrial facilities.
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4. Implement institutional modifications to increase the

priority accorded electricity conservation efforts and
 
to improve the coordination of these efforts.
 

Each of these recommendations, and the rationale for each of these
 
recommendations, is discussed below. 
 We also discuss several
 
suggestions that fall under these four headings.
 

PREPARE AND IMPLEMENT LEAST-COST PLANS
 

In most of the world, including India, utilities concentrate on 
building new power plants, and limit conservation activities 
to
 
public education efforts. 
 However, as discussed in Chaptsr 3,
 
investments in conservation and load management 
measures are
 
usually less expensive per kW than new power plants. 
In order to
 
decide the best mix of new power plants and conservation and load
 
management programs to pursue, many utilities in the U.S., 
as well
 
as other countries, are conducting a "least-cost planning process."
 

Least-cost utility planning (LCUP) is a planning process that many
 
electric utilities go through in order to determine the best mix
 
of new power resources (e.g., 
new power plants and conservation
 
programs) which can be used to meet future power requirements at
 
the lowest possible cost. A LCUP process consists of several
 
steps:
 

1. Develop a forecast of future electricity needs.
 

2. Examine 
the costs and amount of power available from

different options for improving 
power availability,

including new power plants (coal, hydro, natural gas, and
renewable energy), improvements to existing power plants

and transmission lines, and electricity conservation and
 
load management programs.
 

3. Rank the different options in terms of cost per unit of
 
energy generated or saved (including all operating costs
 
over the project's lifetime).
 

4. Beginning with the least-expensive projects first,

continue down the list until enough projects are included
 
to meet projected future needs.
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5. 	 Change a few key assumptions, such as fuel prices and the
 
rate 
of peak demand growth, to see if the ranking of

projects changes significantly when key assumptions are

changed. If this is the case, develop "leasta new 

cost" list of those projects that are most likely to have
 
low costs under a wide 
variety of different assumptions.
 

Least-cost utility planning is most widely used in the U.S., 
but
 
in recent LCUP has be
years, begun to practiced in Canada,
 
Australia, and Sweden. LCUP efforts have also begun in other
 
European countries, and in Costa Rica, Jamaica, 	 and
Malaysia 


Thailand.
 

In India, a group of analysts have developed a least-cost plan for
 
the state of Karnataka (Reddy et al., 1991). The planners examined
 
a variety of demand and supply options including energy-efficient
 
motors, improved pumpsets (IPS), compact fluorescent bulbs (CF),
 
solar water heaters, cogeneration from bagasse in sugar factories,
 
biogas- and producer-gas-based generation sets, small hydel (hydro)
 
plants, large hydel plants, and centralized natural gas, coal, and
 
nuclear generating stations. The different options were ranked in
 
terms of cost per kWh, cost per kW, and the amount of electricity
 
available from each option. 
A plan was then put together starting
 
with the lowest cost option and continuing with higher cost options
 
until sufficient sources were included to meet projected demand in
 
1999/2000. The least-cost plan included all 
of the conservation
 
measures examined, as well as power generation from sugar, small
 
hydel, biogas, producer-gas, and natural gas (see Figure 6-1).
 
Relative to a plan previously prepared for the state of Karnataka
 
which emphasized large-scale coal, hydel, and nuclear plants, the
 
least-cost plan was projected to 
reduce capital costs over the
 
planning period by approximately 60% (saving Rs. 15,000 crores [150
 
billion)), 
 while providing greater rural electrification,
 

irrigation, and employment.
 

The Karnataka least-cost plan has yet to be implemented, but in the
 
U.S. many public-sector and private-sector electric utilities are
 
both preparing and implementing least-cost plans. An example of
 
one such plan is described in the case study on the next page.
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Figure 6-1. Karnataka Least-Cost Supply Curve
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This curve shows the cost of the different demand-side and supply
side options in Rs/kWh along the left axis, and the amount of
 
energy available from each source along the bottom axis. Options
 
are ranked in terms of Rs/kWh, starting with the lower left corner
 
and continuing to the upper right corner. The new resources needed
 
over the plan period are indicated by the dotted vertical line in
 
the middle of the graph. Items to the left of this line are the
 
items that were incorporated into the Karnataka least-cost plan.
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In order to establish least-cost planning in India, some technical
 
assistance might be needed from experts who have participated in
 
previous least-cost planning processes. These experts are usually
 
based overseas. Bilateral agencies can finance the work of these
 
experts, as 
they work with Indian utility officials to prepare a
 
least-cost plan. 
 During this process, it is essential that most
 
of the work be done by Indian officials -- the best way to learn
 
least-cost planning is to immerse oneself in the process.
 

Initially, least-cost planning efforts should 
begin with a few
 
State Electricity Boards and at the All-India level, probably under
 
the auspices of the Central Electricity Authority (CEA). Only over
 
time can all utilities be expected to undertake such 
a process.
 
In the long-term, 
the Government of India, or multilateral
 
financial institutions could require preparation of a least-cost
 
plan, 
before providing financing for utility projects, be they
 
power plants or conservation programs. 
 Such a policy is now
 
pursued by many states in the U.S.
 

As part of their least-cost planning processes, utilities will need
 
to decide which conservation and load management programs are most
 
suitable for India. 
Many of the different program approaches used
 
in other countries are described in Appendix B. However, the best
 
way to learn which programs are best for India is to conduct pilot
 
programs. An example of such a pilot program --
the BELLE Project
 
-- is described in Chapter 5. 
 Other pilot programs using other
 
approaches need to be undertaken throughout 
India in order to
 
provide critical information on how best to promote conservation
 
and load management in India.
 

Financing for these pilot programs, as well as for preparation of
 
least-cost plans, can come from a number of sources including State
 
Electric Board funds, the Power Finance Corporation (for example,
 
end-use efficiency efforts are listed as 
an eligible activity in
 
PFC's power plant modernization program), and bilateral donor
 
agencies. For example the least-cost planning efforts in Costa Rica
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CASE STUDY: NEW ENGLAND ELECTRIC LEAST-COST PLANNING PROCESS
 

The New England Electric System (NEES) is a private electric
 
company serving three states in the northeastern U.S. NEES has
 
been preparing least-cost plans since the mid-1980's.
 

For its 1990 least-cost plan, NEES examined 69 options, including

11 new power plants, 7 opportunities to purchase power from other
 
power companies, 11 cogeneration and alternative energy projects,

9 transmission line improvement projects, and 31 conservation and
 
load management programs. As in the Karnataka study, most of the

least-expensive power options were conservation programs 
(see

figure below).
 

Projects were assessed for a basecase scenario and five alternative
 
scenarios (e.g., a high growth scenario and a scenario with reduced
 
natural gas availability). After examining the least-cost plan for

each scenario, NEES selected the mix of power supply options that
 
would best minimize costs across the range of scenarios. The
 
chosen resource mix calls for 4,419 MW of additional power by 2008,

of which 32% will come from conservation and load management
 
programs, 28% will come from cogeneration and alternative energy

facilities, 28% will come from new natural gas-fired power plants,

and 12% will be purchased from a Canadian hydroelectric plant and
 
other facilites.
 

As a result of this planning process, NEES expects to invest $600
 
million in conservation and load management programs over the 1990
99 period (1990 $), but compared to a strategy based only on

building new high efficiency coal-fired power plants, the
 
conservation and load management programs will save NEES $1 billion
 
more than the programs will cost.
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This figure summarizes the results of the economic
 
analysis comparing different power supply and
 
conservation options. A cost-benefit ratio less than 1.0 
means an option is less expensive than a new coal plant
 

Source: NEES, 1990.
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and Thailand, mentioned above, are being funded in-part by U.S. and
 
Canadian bilateral agencies.
 

PROMOTE HIGH-EFFICIENCY TECHNOLOGIES IN INDIA
 

Many of the efficiency measures 
with largest savings potential
 
involve technologies that are routinely produced in some countries
 
but not in India. 
 Examples include circular fluorescent lamps;
 
compact fluorescent lamps; improved efficiency refrigerators, air
 
conditioners, evaporative coolers, 
and fan and
motors; storage
 
cooling systems. In addition, a few technologies that are produced
 
in India could 
benefit from improvement. Examples include
 
electronic ballasts (which suffer from quality control problems)
 
and variable speed drives (where costs are high).
 

If these technologies are 
to realize their savings potential, a
 
major effort needs to take 
place to 	 the
promote widespread
 
production, availability, and use of these products. 
 Components
 
of such a strategy could include:
 

1. 
 Research, development, and demonstration projects (RD&D)
with an emphasis on technology adaptation 
(to adapt
foreign technologies to the Indian market);
 

2. 	 Technical and financial assistance to manufacturers so

they can produce the equipment;
 

3. 	 Selective reductions in import duties, 
both on the
manufacturing equipment needed produce
to 	 products
domestically, and 
on limited quantities of actual
products, so that a sufficient market can be established
 
to make domestic manufacture attractive;
 

4. Mandatory efficiency standards for selected equipment.
 

5. Purchases by government agencies and institutions.
 

Each 	of these components are discussed below.
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Research. Developmont, and Demonstration
 

Indian manufacturers, along with universities and government
 

agencies, conduct some R&D to develop new products. However, it
 

appears that efforts to improve equipment efficiency are not
 

generally a high priority for R&D efforts. The Government of
 

India, with support from bilateral donor agencies, should promote
 

R&D to develop efficient technologies in India, with a particular
 

focus on the measures with the largest opportunities for energy
 

savings (listed above). In a program of this type, cost-sharing
 

grants could be made to companies to fund R&D on targeted
 

efficiency measures. The PACER project (described in Chapter 5),
 

is a useful first step in this area, but greatly expanded efforts
 

are needed.
 

In addition to funding standard research and development work,
 

assistance should be provided to demonstrate and test equipment in
 

the field. For example, quality control problems with electronic
 

ballasts might have been avoided in India, if adequate attention
 

had been paid to field-testing efforts. The usefulness of
 

demonstrations and field testing is illustrated by the Brazilian
 

experience with electronic ballasts, discussed in the case study
 

on the next page.
 

Not all RD&D efforts need to take the form of cost-sharing grants. 

Other, creative approaches can also be tried. For example, as 

noted in Chapter 3, the government of Sweden recently held a 

competition asking manufacturers to submit bids for the most 

efficient refrigerator they could produce. The winning bidder 

received a guaranteed order for at least 500 refrigerators, plus 

a reward of $180-270 for each unit (Rs. 4,860 - 7,020). In 

addition, the winning manufacturer benefits from extensive 

publicity associated with the program. Several manufacturers 

submitted bids, with the winning bid including a unit with an 

energy consumption of 0.53 kWh per liter per year (approximately 

85% more efficient than the typical unit built in India today) 

(Department of Energy Efficiency, 1991).
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CASE STUDY: DEVELOPMENT OF ELECTRONIC BALLASTS IN BRAZIL
 

In 1985, researchers at the University of Sao Paula first studied
 
the possibility of producing electronic ballasts in Brazil and
 
conducted some experiments with different circuits. This project
 
was funded by CESP, the Sao Paulo state utility. CESP then funded
 
further development leading to production of about 50 prototype

units in 1986-87. The goal was to use domestic components to the
 
maximum degree and also to simplify the circuit design. Laboratory

tests indicated that the performance of these prototypes was
 
comparable to that of high-frequency electronic ballasts produced

in industrialized countries.
 

In 1988, CESP attempted to transfer the technology to a private
 
company. A manufacturer was selected to make 100 electronic
 
ballasts for a demonstration project with help from the university

researchers. The company (Begli) is a medium-sized manufacturer
 
of electronic equipment. Subsequently, PROCEL (the national
 
electricity conservation program) funded Begli to produce 350 units
 
for a demonstration of electronic ballasts and reflective fixtures.
 
These demonstration projects helped Begli to improve its
 
fabrication process and improve product quality. The
 
demonstrations were successful, and Begli began selling electronic
 
ballasts on a limited scale for special applications (for example,

high-security areas where an electronic ballast is preferred over
 
a conventional ballast due to reduced risk of fire).
 

In 1990, Begli obtained the right to mass-produce electronic
 
ballasts. In mid-year, the company began producing and marketing
 
a full product line at attractive prices. Also, other ballast
 
companies were considering purchasing electronic ballasts from
 
Begli for resale.
 

This example shows the value of relying on researchers for early

technology development but then working with a private company.

Also, it shows the importance of slowly scaling up production,

conducting demonstrations and field testing, and supporting R&D in
 
a promising area for a number of years.
 

Source: Geller, 1991.
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While many RD&D efforts will involve the organized sector, with the
 
intention of assisting with the RD&D needed to produce equipment
 

lags
 

for the first time in India, similar efforts should also be 
undertaken to assist small-scale industries to improve the 
efficiency of their equipment. As noted in Chapter 4, the 
efficiency of equipment in the small-scale sector often 
equipment efficiency in the organized sector. 
By assisting small
scale producers to produce more efficient equipment, they will be
 
better able to compete with the organized sector over the long
term. Assistance can include training 
programs, technical
 
publications and and
software, customized technical assistance
 
provided by industry experts.
 

Technical and Financial Assistance to Manufacturers
 

Along with R&D assistance, 
in some cases it will be useful to
 
provide manufacturers with technical and financial assistance to
 
build production lines for high efficiency equipment. Technical
 
assistance can be provided by technical experts, including those
 
in-country as well as those from 
overseas. Bilateral 
donor
 
agencies can finance foreign technical experts, but fees for Indian
 
technical experts may need to be subsidized by the Government of
 
India.
 

In order to build new production lines, capital is needed. 
In some
 
cases private firms have the requisite capital available, but in
 
other cases, assistance with financing may be needed. 
 In
 
particular, 
in order to encourage manufacturers to produce
 
efficient equipment, concessionary loans can be provided for
 
selected projects that are critical in terms of reaching efficiency
 
targets in India. Such 
loans could be provided by Indian
 
development banks, using capital borrowed from the World and Asian
 
Development Banks.
 

Selective Reductions in XmEort Duties
 

Many efficient products not presently produced in India are still
 
subject to high import duties. For example, the import duty is
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226% 
for compact fluorescent lamps (see Table 3-6). 
 When import

duties are this high, it is difficult to establish a market, and
 
until a market is established, Indian manufacturers are reluctant
 
to build domestic production facilities.
 

Similarly, import duties on efficient production equipment, and on
 
equipment needed to produce efficient products, can also be quite

high. For example, the import duty is 80% 
for membrane chlor
alkali equipment, and 63% for electric arc furnaces 
(see Table 3
6). These high duties on production equipment discourage Indian
 
manufacturers 
from improving the efficiency of their production
 
processes, and 
from starting up production 
lines for efficient
 
products.
 

In order to address these problems, the Government of India should
 
take two steps. First, duties for efficient products not produced

in India should be lowered or eliminated for a limited period of
 
time. 
 This will allow a market to become established in India,

providing a strong incentive 
for domestic production to begin.
 
Second, duties should be or
reduced eliminated for production

equipment needed to improve the efficiency of production processes
 
in India, or to produce efficient products domestically.
 

Ecuipment Efficiency Standards
 

In several countries, including the 
U.S., Canada, and Taiwan,
 
governments have required manufacturers to meet efficiency targets

(some of these efforts are described in Appendix B). Standards are
 
most commonly set for residential appliances (particularly
 
refrigerators and air conditioners), 
but in the U.S. fluorescent
 
ballast standards are in place as well. 
Standards can either take
 
the form of laws that manufacturers must meet, or can take the form
 
of agreements between manufacturers and the central government.
 
The latter approach 
has been taken in Japan and Germany, and
 
agreements are now being negotiated in Brazil 
(these efforts are
 
also described in Appendix B).
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In order to establish efficiency standards, standardized testing

protocols must be established, and all equipment tested. 
In India,
 
BIS has established testing protocols for many types of equipment.

The next step would be to require manufacturers to test each model
 
they produce, and to publish the information in a directory, and
 
perhaps on a label which is placed on each model sold. 
In Brazil,

such a testing and labeling program appears 
to have prompted

several manufacturers to drop their least-efficient product lines
 
and to introduce new higher-efficiency models (Geller, 1991). 
 The
 
final step in a standards program is to make 
achievement of
 
specific efficiency levels mandatory.
 

In India, standards could be developed to require use of capacitors
 
in ballasts and refrigerators (thereby improving power factor), and
 
to require use of improved efficiency equipment. A likely first
 
target for efficiency standards (as 
opposed 
to power factor
 
standards) is refrigerators. The 
refrigerator population 
is
 
growing very rapidly, so the next decade or 
so will be an ideal
 
time to promote the most efficient 
equipment possible. Other
 
likely targets are room air conditioners, evaporative coolers,

ceiling fans, fluorescant 
lamps, electric motors 
and pumps, and
 
clothes washing machines.
 

Bureau of Indian Standards
The has extensive experience in
 
equipment testing and standards development. However, BIS staff
 
indicated in discussions with us that they prefer to limit their
 
activity to voluntary stardards which include safety and quality
 
concerns in addition to energy efficiency concerns. Therefore, a
 
mandatory energy efficiency testing and efficiency standard program

would probably need to be operated by another government agency

within the Department 
of Power or the Department of the
 
Environment, in close consultation with BIS.
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Purchases by Government Agencies and Institutions
 

Indian government agencies and institutions purchase a large
 
quantity of energy-consuming equipment each year, including
 
lighting systems, appliances, HVAC systems, and motors. These
 
purchases probably amount to many millions of Rupees each year.
 
If these government purchases were directed 
towards efficient
 
equipment, it would provide 
a major market for energy-efficient
 
products, thereby encouraging Indian industries to build and expand
 
production lines, making efficient 
equipment more available to
 
Indian consumers. A further benefit of such a policy would be to
 
reduce the government's own electricity bill.
 

EXPAND EFFICIENCY PROGRAMS IN HIGH PRIORITY AREAS
 

As was discussed in Chapter 3, many of the largest opportunties for
 
saving electricity fall in three areas: agricultural pumping;
 
lighting in all sectors: 
 and efficiency improvements in the
 
industrial sector. Therefore, we recommend that these three areas
 
receive priority attention.
 

Agricultural Efficiency Programs
 

Opportunities 
to improve pumping efficiency in the agricultural
 
sector are very large, including metering of pumpset electricity
 
use, recification of existing pumpsets, and use of only efficient
 
equipment when new pumpsets are installed. Of the 20% reduction
 
in kWh use that we estimate is possible by 2004/05, approximately
 
20% is from these three measures. A similar proportion of the
 
available peak demand savings come from these measures 
(see Table
 

3-8).
 

Rectification
 

As was discussed in Chapter 5, the Rural Electrication Corporation
 
operates a pump rectification program, as do a number of states and
 
state electricity boards. However, the combined efforts of these
 
different programs total perhaps 40,000 pumpsets each year. 
 At
 
this rate, it will be approximately 200 years before all existing
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pumpsets are rectified, and given the growth rate in new,
 

inefficient pumpsets, existing recification programs may never
 

catch up to the need. Furthermore, many of these rectification
 

programs focus only on foot-valves -- a very low cost measure that
 

typically reduces pump energy use by 8-12% (NPC, 1991). As 

discussed in Chapter 3, 30-50% savings are possible with more 

extensive rectification. 

Thus, wtiile existing program efforts are an important step, these
 

efforts need to be expanded many-fold in order to achieve even half
 

of the cost-effective savings that are available. Accordingly, we
 

recommend that the Rural Electrification Corporation, state
 

governments, and State Electricity Boards (SEBs) undertake a
 

massive program whose target is to rectify all existing pumpsets
 

ove: a period of approximately 20 years. Such a program would need
 

to serve approximately 403,000 pumpsets annually, at a cost of
 

approximately Rs. 3,600 crores each year (Rs. 3.6 billion).
 

However, since the capital cost of pumpset rectification is less
 

than the cost of a new baseload power plant (see Chapter 3),
 

savings would be significantly greater than the cost.
 

For SEBs, as discussed in Chapter 3, pump rectification programs
 

are significantly less expensive than new power plants. Given the
 

scale of such a program, it may be desirable to approach the World
 

Bank and the Asian Development Bank for financing. Since SEBs now
 

incur extensive losses on sales to the agricultural sector,
 

reducing sales, and therefore reducing these losses, should be an
 

attractive investment.
 

In order for a program of this scale to succeed, extensive efforts
 

must be made to train new pump technicians in proper rectification
 

procedures, and to train and educate farmers on how to install and
 

operate pumps efficiently.
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Metc.ring
 

As discussed in Chapters 3 and 4, most agricultural pumps in India
 
are not metered. Thus farmers have no incentive to improve the
 
efficiency of their pumps, or to carefully manage pump usage.
 
Experience in rental housing in the U.S. indicates that when meters
 
are installed, consumption declines approximately 15%, assuming the
 
same price levels as before. In chapter 3 we assumed savings of
 
only one-third this level (5% savings), and still the cost per kWh
 
saved was only Rs. 0.18.
 

The first step would be to conduct a pilot project to install
 
meters on a limited number of pumps and evaluate the energy savings
 
achieved. For this experiment, rates should be set so that with
 
metering, the average farmer pays no more than he does at present 
- efficient farmers would save money and only inefficient farmers
 
would pay more. If the results show that substantial savings
 
result, then meters should be installed on all agricultural.pumps.
 
One possible place to start is requiring meters on all new pumps.
 
Over time meters can be installed on existing pumps. In India,
 
most meters are purchased by end-users and not the utility. Given
 
the extensive losses utilities now incur in the agriculture sector,
 
and the likelihood that metering will reduce these costs, SEBs may
 
want to purchase the meters and provide them to users --
according
 
to our analysis in Chapter 3, a metering program would have a
 
capital cost of under Rs. 5,000 per kW saved -- less than 25% of
 
the cost of a new baseload power plant. Meters used for this
 
program would need to be tamper-proof, in order to minimize theft
 

of power.
 

Standards for New Pumps
 

The Bureau of Indian Standards (BIS) has established efficiency
 
standards for pumps. These standards are voluntary -
manufacturers who meet the standards receive the BIS seal, but many
 
pumps (perhaps as many as 50% -- NPC, 1989a) do not have the seal.
 
As a first step, financial institutions which provide loans for
 
pumpsets should issue loans only for pumpsets with the BIS seal.
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Similarly, utilities could make BIS certification a condition for
 
receiving low-cost electricity. In 1984, the National Bank for
 
Agricultural and Rural Development issued such a requirement, but
 
it appears that compliance is limited 
(NPC, 1989a). Banks and
 
utilities should investigate procedures would
that improve
 
compliance. Furthermore, there is also considerable opportunity
 
to gradually raise the efficiency levels needed for 
 BIS
 
certification. For example, NPC (1989a) found that there is an 8
15% efficiency difference between the most efficient pumps on the
 
market and pumps that just meet BIS standards.
 

In addition to requiring BIS-certified pumps, banks
the and
 
utilities should require use of energy-efficient foot-valves, and
 
low-friction supply and return pipes. 
 For example, Punjab has
 
required certain basic 
installation standards 
for all new tube
 
wells (NPC, 1989a).
 

Finally, over the long-term, the Government of India 
should
 
consider making BIS certification mandatory for all agricultural
 
pumps. Mandatory certification would raise the efficiency of all
 
pumps.
 

Lighting Efficiency Programs
 

Lighting efficiency measures account for approximately 25% of the
 
available energy savings identified in chapter 3 and approximately
 
35% of the available demand savings (demand savings 
are higher
 
since lights are 
likely to be in use during the 5-9 p.m. time
 
period when demand usually peaks). 
 Approximately 4C* cf the
 
lighting peak savings are available from just one measure 
-- use
 
of fluorescent fixtures instead 
 of incandescent fixtures.
 
Accordingly, extensive efforts should be made to 
encourage
 
customers to install fluorescent fixtures instead of incandescent
 
fixtures when new lighting systems are installed. An example of
 
how this can be done is provided by Thailand. As part of rural
 
electrification efforts, a special low rate is offered customers
 
for the first few kWh 
-- just enough to operate two 20 watt 
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fluorescent lamps (Cherniak, 1990). 
 As a result, approximately
 
80% of domestic lighting in Thailand is with fluorescent fixtures
 
(Load Forecast Working Group, 1989). 
 Another option to promote
 
fluorescent fixtures is for SEBs to provide fluorescent fixtures
 
to customers at subsidized prices. If fluorescent fixtures are
 
provided to customers at the price of 
a typical incandescent
 
fixture, the capital 
cost would be only Rs. 2,200/kW saved (see
 
Table 3-5).
 

Lighting efficiency programs should not 
just be limited to
 
fluorescent fixtures. 
 Options for promoting the availability of
 
circular fluorescent lamps, compact fluorescent 
 lamps, and
 
electronic ballasts were discussed previously. Once products are
 
readilv available, programs should be offered to promote their use.
 
The BELLE project illustrates one possible approach. 
 Other
 
approaches are discussed in Appendix B. 
 In addition two other
 
programs worthy of pursuit are a major educational program on the
 
advantages 
of TLD lamps and a program to convert inefficient
 
incandescent public lighting fixtures to more efficient fluorescent
 
and high pressure fixtures. Since TLD lamps cost no more than TL
 
lamps, educational programs have a good chance to succeed.
 

Industria. Efficiency Programs
 

Nearly 40% of the energy savings and over 25% of the available peak
 
generating capacity savings 
identified in Chapter 3 are in the
 
industrial sector, 
exclusive of lighting improvements. These
 
savings fall three --
into groups operations, maintenance, and
 
equipment optimization measures (motor repair and rewind practices,
 
optimize fans and pumps, air compressor O&M), use of more efficient
 
equipment in motor systems 
(high efficiency motors, multi-speed
 
motors, VSDs, centrifugal compressors), and production
new 

equipment in key electricity-intensive industries (aluminum, chlor
alkali, and steel).
 

Each of these groups 
of measures offer large opportunities for
 
savings, and each group requires a somewhat different approach.
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The first group -- operations, maintenance, and equipment 
optimization measures -- are generally low in cost. The prime
 
barriers to these 
measures lack of information andare lack of 
technical expertise. To overcome these barriers, expanded 
training, information, and technical assistance programs are 
needed. These programs will be similar to manj -fforts now 
underway in India, but should be greatly expanded in scope.
 
Another way to promote these measures is to encourage firms to hire
 
energy managers who would be responsible for identifying energy
 
waste within the plant and developing solutions. While a number
 
of Indian manufacturers have energy managers, most do not. 
Options
 
for promoting use of energy 
managers include voluntary and
 
mandatory programs. An example 
of one voluntary program,
 
undertaken in the U.S., is described in the case study on the next
 
page. Mandatory programs have been adopted in Korea (see Appendix
 
B) and have been proposed in India (NPC, 1990).
 

The last group of measures -- production improvements in energy
intensive industries involve a small number of firms. 
These firms
 
often have technical expertise, but lack the capital needed to fund
 
these improvements. Financial assistance in the form of low-cost
 
loans for efficiency improvements could be of great benefit to
 
these firms. 
 Given the amount of money required, assistance from
 
multilateral development banks will probably be needed.
 

The middle group -- improvements to motor systems -- involve nearly 
all industries in India. While a few of these industries have the
 
information, technical expertise and capital 
to implement these
 
measures, most do not. 
 This group of measures may be the most
 
difficult of the three groups to implement. Achieving these
 
savings will require a 
combination of information, technical
 
assistance, and financial assistance. 
Since many small firms are
 
involved, loans may be too complex to administer -- partial grants
 
(perhaps 50% of measure cost) may be preferable. This approach has
 
been very successful in China (Levine and Xueyi, 1990).
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CASE STUDY: 
NORTH CAROLINA ALTERNATIVE ENERGY CORPORATION ENERGY
 
OFFICER PROJECT
 

The North Carolina Alternative Energy Corporation (NCAEC -a notfor-profit organization affiliated with government agencies 
and
private electric utilities) has offered a program to train energy
managers and to guarantee their salaries. 
 NCAEC guarantees that
after two years, the energy manager will save enough money to pay
his salary. If 
the value of the energy savings are less than
salary costs, NCAEC pays the difference. Thus organizations can
hire energy managers at no financial risk.
 

In addition to guaranteeing energy manager salaries, 
NCAEC offers
training and technical assistance to the energy managers. 
Training
includes an 
initial three day workshop introducing the new energy
managers to their new duties, and periodic follow-up workshops on
various technical issues. Technical assistance is provided by an
experienced energy manager on 
 NCAEC's staff who 
 reviews
conservation proposals prepared by the new energy managers, makes
periodic site visits, and answers questions on the telephone.
 

After the first two years, NCAEC found that the 
average energy
manager saved twice his salary, and that NCAEC had to pay less than
3% of the total salaries guaranteed by the program.
 

Source: Emmett and Gee, 1986
 
************15 
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Regardless of which group of measures is 
involved, each program

should give special attention to new production lines in both new
 
and existing facilities. 
The majority of 2004/05 industrial energy
 
use will be by production equipment that is not yet in place. 
It
 
is far cheaper to make this equipment more efficient when it is
 
first installed, than to implement retrofit measures later on.
 

INSTITUTIONAL MODIFICATIONS TO 
IMPROVE ELECTRICITY CONSERVATION
 

EFFORTS
 

In order to successfully implement the recommendations discussed
 
above, strong leadership and extensive coordination will be needed.
 
This leadership and coordination will be needed in the Centre, and
 
in each state. 
 At the present, responsibility for 
electricity

conservation 
programs and policies is diffused 
among many

government departments and agencies, 
and this activity is not
 
generally accorded 
high 
priority by the leadership of their
 
respective agencies.
 

Many of our recommendations flow from our first recommendation 
-

-to develop and implement a least-cost planning process. 
At the
 
Centre, power planning is coordinated by the Central Electricity
 
Authority (CEA). 
 CEA is responsible for developing the National
 
Power Plan and for working closely with 
the states on their
 
individual plans. 
 In a companion report, demand forecasting and
 
investment planning issues were 
investigated (IDEA, Inc., 
1991).

The principal recommendation of this review was that a new post be
 
created in CEA at 
the Member level, to be known as the Member
 
(Energy Efficiency). 
We endorse this recommendation. Establishing
 
a po-t (and associated staff) at this level could be used to re
orient the power sector 
planning process 
 along least-cost
 
principles, and 
to integrate demand-side options into the next
 
update of the National Power Plan. 
 Similar steps should be
 
undertaken at 
each State Electricity Board. 
 The Member (Energy

Efficiency) at CEA could then offer assistance to his counterparts
 
at the state level.
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While CEA can coordinate preparation of least-cost plans in India,
 
implementation of the plans will require money. 
The major source
 
of funds for State Electricity Boards for capacity expansion is the
 
Power Finance Corporation (PFC). Since demand-side programs are
 
essentially another form of capacity expansion, the PFC 
is the
 
logical organization to fund SEB demand-side efforts. 
PFC in turn
 
could obtain funds from the World Bank and the Asian Development
 
Bank. In order to implement this mandate, PFC will need to develop
 
expertise in the development and implementation of demand-side
 
programs. We recommend that a unit be established within PFC for
 
this purpose. Initially this unit should work with SEBs on pilot
 
programs, so that both PFC 
and the SEBs could gain valuable
 
experience, but ultimately the emphasis should switch 
to large
scale programs.
 

As discussed in Chapter 5, a substantial number of energy
 
efficiency efforts are now underway in India. 
Given the importance
 
of energy efficiency, as demonstrated in Chapter 3, the number of
 
programs are likely to grow substantially. While these programs
 
will likely be administered by many different agencies and
 
organizations, there is a danger that efforts will not be planned
 
as an integrated whole, with the result that 
some important
 
efficiency measures are missed entirely, while other measures are
 
the subject of duplicative efforts. In order that resources be
 
most efficiently and usefully spent, we recommend that an All-

India electricity conservation program be established, whose charge
 
is to coordinate planning and administration of the many programs
 
that will be offered by different organizations and agencies.
 

To some extent, the mission of the All-India electricity
 
conservation program is similar to that of the Energy Management
 
Centre (EMC). EMC is new and it is too early to say for sure how
 
well it will be able to carry out its mission. However, a recent
 
review of energy-efficiency agencies in a number of countries,
 
including India, found that as an autonomous agency, EMC was too
 
far removed from the key decision-makers in the Indian government,
 
and hence was unlikely to have a major impact (Reddy, 1990). In
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order to remedy this deficiency, EMC should be brought directly
 

under the charge of the Secretary at the Department of Power. At
 

the same time, consultation with other relevant government agencies
 

should be increased and the input of universities, SEBs, and
 

private industry should be actively sought.
 

A program of this type has been established in Brazil, and early
 

results are highly encouraging. This program is described in the
 

case study on the next page.
 

Funds for an Indian electricity conservation program could be
 

provided by the Government of India, either through general
 

revenues, or as part of a World Bank loan. Alternatively funds
 

could be obtained erom electric utilities, either through voluntary
 

contributions, or through a small tax on kWh sales. Such a tax
 

could be similar to the small oil tax used to fund the Petroleum
 

Conservacion Research Association.
 

in establishing an Indian electricity conservation program,
 

specific goals should be established. For example, an ambitious
 

but achievable goal might be to reduce electricity demand by at
 

least 10% at the end of the Tenth Five Year Plan (2004/05), with
 

smaller goals for the Eighth and Ninth Plans. The issue of an
 

appropriate goal is discussed further in the next section.
 

ACHIEVABLE SAVINGS FROM THESE POLICY INITIATIVES
 

In Chapter 3 we estimated the amount of conservation and load
 

management that is technically achievable and cost-effective.
 

However, as discussed in Chapter 4, there are many barriers that
 

impede implementation of these measures. While the programs and
 

policies discussed in this chapter will certainly help to overcome
 

some of these barriers, achieving all of the technical conservation
 

potential by 2004/05 will be close to impossiblet. Accordingly, we
 

developed a rough estimate of the amount of savings that could be
 

achieved by 2004/05 as a result of our first three recommendations
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CASE STUDY: BRAZIL'S NATIONAL ELECTRICITY CONSERVATION PROGRAM
 
(PROCEL)
 

PROCEL, established by the federal government at the end of 1985,

stimulates more efficient electricity use through technology R&D,

demonstrations, education and promotion, direct 
installation of
 
conservation measures, development of standards and legislation,

incentives, and joint projects with utilities and 
 other
 
organizations. A coordinating group with representatives from
 
various ministries and federal agencies reviews and approves

PROCEL's budget and projects.
 

PROCEL is based at Eletrobras, the federally-owned utility holding

and coordinating company. PROCEL funds conservation projects

carried out by state and local utilities, universities, research
 
institutes, and other organizations. As of early 1990, PROCEL had
 
undertaken over 150 projects with a total budget of abcut 
$20
 
million. The organizations conducting the projects are providing

matching funds of a similar magnitude. Some major projects, such
 
as industrial audits or substitution of incandescent street lignts

involve over 15 different utilities. Except for around $1 million
 
provided by the World Bank to help start the program, PROCEL has
 
been funded using the internal resources of Eletrobras.
 

PROCEL is starting to have a noticeable impact. Program officials
 
estimate direct savings of 1,070 GWh/yr as of 1989. 
 The majority

of the savings 
 are from the adoption of more efficient
 
refrigerators and lamps. Considering the full range of activities 
of PROCEL, including education and promotion programs, savings as 
high as 2,500 GWh/yr have been estimated. Saving 1,070 - 2,500
GWh/yr is equivalent to the power supplied by about 280 650 MW 
of hydroelectric capacity. Thus PROCEL has already 

-

enabled 
utilities to defer investing about $0.6-1.3 billion in power

plants, transmission lines, and distribution facilities.
 

Source: Geller, 1991.
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- pursue least-cost planning, promote efficient technologies, and
 
undertake priority programs 
 (our fourth recommendation -
institutional reforms 
-- is an important foundation for our other
 
recommendations). 
 This estimate of the achievable conservation
 
potential is summarized in Table 6-1.
 

Overall, we estimate that peak generating needs can be reduced by
 
approximately 12% by 2004/05. 
 This amounts to just over half of
 
the cost-effective technical potential identified in 
Chapter 3.
 
In line with the Brazilian experience, savings over the next five
 
years or so are likely to be modest, but over the 9th and 10th Plan
 
periods, savings should increase substantially. Additional savings
 
are likely in the period beyond 2004/05.
 

To achieve half of the available cost-effective savings over a 14
 
year period is ambitious, but less than recent 
estimates of the
 
achievable conservation potential made in the U.S. 
 For example,
 
a recent study for New York State estimated that as a result of
 
implementation of least-cost plans, equipment efficiency standards,
 
building codes (efficiency requirements for new buildings) and
 
market-driven adoption of efficiency measures, approximately 80%
 
of *he cost-effective technical potential could be achieved by 2008
 
(Nadel and Tress, 1990). The estimated savings -- 27% of predicted 
2008 GWh sales -- are nearly three times greater than the 10%
 
savings estimated here. 
Another study, by the government-funded
 
Oak Ridge National Laboratory, estimated that 19% savings could be
 
achieved by 2010 as 
a result of utility implementation of least
cost plans. 
 Savings from other policies were not investigated
 

(Hirst, 1991).
 

ROLES FOR THE DIFFERENT PLAYERS
 

In order to reduce peak generating needs in 2004/05 by 10% through
 
conservation and load management efforts will require the active
 
participation of many players including the Government of India,
 
state governments and electricity boards, the World Bank and other
 
multilateral institutions, and bilateral donor agencies.
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Table 6-1. Estimate of Achievable Conservation Potential in 2004/05
 

Technical Azhievable 

Program/Policy 

Potential 
(% of 2004/5
Pk Gen. kW) 

Percent 
Achievable 

Potential 
(% of 2004/5
Pk Gen. kW) 

.Least-cost planning 3.3% h 

Efficient technologies
Equipment with stds. 
Equip. without stds. 

4.13% a 
4.02% b 

50% g 
25% 

2.1% i 
1.0% i 

High-priority programs
Agricultural pumps 
Lighting 
Industrial 

3.69% c 
7.53% d 

50% g 
33% g 

1.8% i 
2.5% i 

Operations & maint. 
Elec. intensive 

2.65% e 
0.75% f 

25% g 
50% g 

0.7% i 
0.4% i 

TOTAL 11.7% 

Notes:
 

a. From Table 3-7. These are products for which efficiency standard
 
could readily be adopted. Includes electronic ballasts, high

efficiency motors, moderate & high efficiency refrigerators, more

efficient fans, EER 9 room A/C, and efficient evaporative coolers


b. From Table 3-7. These are products for which it would be
 
difficult to adopt mandatory requirements. Includes VSDs, compac

& circular fluorescent lamps, and storage cooling systems.


c. From Table 3-7. 
 Includes new pumpsets, pumpset rectification, an
 
metering of pumpsets.


d. From Table 3-7. Includes fluorescent fixtures, TLD lamps,

circular & compact fluorescent lamps, electronic ballasts, and
 
high pressure sodium fixtures.
 

e. From Table 3-7. Innludes motor rewinding and maintenance, fan an
 
pump optimization, and air compressor O&M.


f. From Table 3-7. Includes the aluminum, chlor-alkali, and electri
 
arc furnace industries.
 

g. Estimate by the project team.
 
h. Assumes 0.33% savings each year for 10 years. The leading


utilities in the U.S. are saving 1%/year (Nadel, 1991b). 
 We
 
assume that efforts in India will be only half as effective. In
 
addition we reduce savings by 1/3 to account for overlap with the

other measures. Finally we assume that full-scale programs do no
 
begin until 1995. Savings from pilot programs over the 1992-94
 
period compensate for the fact that savings of 0.33% might not be
 
achieved during the 1995-6 program ramp-up period.


i. Technical potential times percent achievable.
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For the Government of India, the first step will be to implement
 

the recommended institutional reforms -- establishing the post of
 

Member (Energy Efficiency) at CEA, establishing an energy
 

efficiency unit at PFC, and drawing EMC into a senior position
 

within the Department of Power. With these reforms in place, the
 

Centre should pursue least-cost planning at the national level and
 

encourage State Electricity Boards to do likewise. Other
 

activities which should take place at the Centre include expanded
 

efforts to promote efficient technologies (including a review of
 

duty, licensing and other barriers to the production of efficient
 

equipment within India and efforts to strengthen equipment
 

efficiency testing and standards), and stepped-up programs in the
 

areas of agricultural pumping, lightinq efficiency improvements in
 

all sectors, and modernization, operations, and maintenance
 

improvewents in the industrial sector.
 

State governments and State Electricity Boards should undertake
 

similar efforts as recommended for the Centre, with an emphasis on
 

the development and implementation of least-cost plans.
 

The World Bank and other multilateral institutions can provide
 

funding for many of these efforts. In addition to the Industrial
 

Energy Conservation Project now being discussed, areas where
 

financing is needed include loans to: the Power Finance Corporation
 

for utility demand-side management programs; the Rural
 

Electrification Corporation for agricultural rectification and
 

other agricultural efficiency improvements; and programs designed
 

to provide financing to Indian industries to produce efficient
 

equipment.
 

Bilateral donor agencies, as well as the Global Environmental
 

Facility (a joint project of the World Bank, U.N. Development
 

Program and U.N. Environment Program) can fund technical assistance
 

in the areas of least-cost planning, demand-side management program
 

design, equipment efficiency testing and standards, design and
 

production of efficient equipment, and advanced techniques for
 

improving energy efficiency. Funds for pilot programs,
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demonstration projects, developing implementation capabilities, and
 
planning of large-scale programs can also be provided.
 

CONCLUSION
 

This report identifies a technical potential to reduce electricity
 
use and peak generating requirements by 20% in 2004/05. All of the
 
measures examined cost substantially less per kWh than short- and
 
long-term marginal generation costs, and cost substantially less
 
per kwh than the cost of new baseload power plants. A series of
 
programs and policies are recommended which will build upon current
 
efforts. If these recommendations are implemented, we estimate
 
that peak generating requirements in 2004/05 can be reduced by 10%.
 
The average capital cost of these savings is Rs. 
8,800/kW,
 
substantially less than the approximately Rs. 20,000/kW cost of new
 
power plants. 
 If 10% savings are achieved, peak generating
 
requirements will be reduced by 22,000-36,000 MW (depending on
 
which demand forecast is employed), saving Rs. 25,000-40,00(, crores
 
in capital costs (Rs. 250-400 billion).
 

If efficiency measures 
are not pursued to the degree suggested
 
here, demand and generating requirements will grow more rapidly,
 
resulting in either increased expenditures on power plants (if the
 
funds can be found) or a worsening power deficit. Given this
 
choice, the case for an aggressive program to promote electrical
 

efficiency is compelling.
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APPENDIX A
 

DERIVATION OF ELECTRICITY CONSUMPTION AND END-USE ESTIMATES
 

introduction
 

This appendix describes the derivation of some of the estimates
 
simmarized in Chapter 2. 
This appendix includes three sections:
 

1. Derivation of 1989/90 electricity consumption estimates.
 

2. Derivation of 2004/05 electricity consumption estimates.
 

3. Derivation of 1989/90 end-use estimates.
 

Section 1. Derivation of 1989/90 Electricity Consumption Estimates
 

The starting point of the study was the establishment of a baseline
 
electricity consumption pattern for each sector as a whole and for
 
the major end-uses and generic equipment categories within each
 
sector. The sectoral estimates are presented and discussed in this
 
section, while the end-use estimates are discussed in the last
 
section of this appendix.
 

The only primary source for national level data on electricity
 
consumption 
 is the annual statistical compilation, "Public 
Electricity Supply -- All India Statistics -- General Review," 
published by the Central Electricity Authority (CEA). However,
 
there is considerable delay in the publication and availability of
 
this compilation. 
 Thr most recent edition available was the
 
1986/87 issue (CEA, 1990) 
 which also contained provisional
 
estimates of 1987/88 electricity consumption. However, during the
 
course of the study, it was indicated that 1989/90 was to be taken
 
as the base year for all 
sectoral and end-use estimates. Hence,
 
sectoral estimates for 1989/90 were determined based on a
 
regression analysis of historical trends.
 

A log-linear equation of the form ln y a + bt was
= fitted to 
historical data for each sector and for overall purchased electric
ity consumption. In each case, two regression fits were obtained 
- based on data for 10 years and 5 years preceding 1987/88, i.e.
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t 
= 0 corresponding to 1977/78 and 1982/83 respectively. 
Table A1 shows the results of 
the regression analysis. 
 The equation
giving the best R squared value was then used 
to estimate 
the
1989/90 value. 
 It was observed that the sum of all the sectoral
estimates thus obtained 
was not equal 
to the estimate of total
consumption obtained from the regression analysis. 
 Each sectoral
estimate was then recalculated by first determining the ratio of
the sectoral estimate to the sum of all sectoral estimates and then
applying this 
ratio to the estimated value 
of total purchased

electricity consumption. 
Within the others category, shares based
 on historical trends were then applied to obtain the estimates for
public water 
works, public lighting, and submiscellaneous 

categories. Table "-j 
shows the results of this exercise. The
forecasted values have been rounded off to the nearest hundred GWh
to avoid any implication 
or suggestion 
of accuracy 
of the
 
estimates.
 

Finally, sectoral electricity consumption estimates for 1989/90
were obtained by making adjustments for captive generation. 
This
 was based 
on the estimated value 
of 16,118 GWh 
for net captive
generation in 1989/90 as given in CEA's Thirteenth Electric Power
Survey (CEA, 
1988). Since 
captive generation takes 
place

predominantly 
in the industrial 
sector, the 
entire amount was
included in the industrial sector. 
 The resultant estimates for
electricity consumption in 1989/90 are also given in Table 2-3.
 

Section 2. 
Forecasted Sectoral ElectricityConsumDtion Estimates
A similar exercise was carried out to determine projected energy
use patterns for the year 2004/05. 
 The forecasts given in the
Thirteenth Electric Power Survey (CEA, 1988) 
formed the basis of
these projections. 
 The sectors/categories 
for which these
forecasts 
are given in 
the survey are 
industrial, agriculture,

domestic, railway traction, public lighting, public water works,
and commercial, non-industrial and other miscellaneous loads.
 

While a discussion of the assumptions and the methodology employed
in the survey in arriving at the forecasts would appear to be out
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of place here, certain aspects of the methodology do require
 
mention. 
 For the period from 1986/87 to 1990/91, forecasts were
 
developed based on detailed consideration of various factors, as
 
mentioniA in the survey. 
 Beyond 1990/91 and up to 1994/95,
 
sectoral or category-wise forecasts were made by extrapolating
 
energy consumption in different categories on the basis of trends
 
during the period from 1986/87 to 1990/91. Beyond 1994/95, for the
 
period from 1995/96 to 2004/05, no forecasts of energy consumption
 
are 
given, and the forecasts for energy requirement from public
 
utilities i.e. electricity generation) have been projected on the
 
basis of anticipated growth rates during 1986/87 to 1994/95.
 

Sectoral estimates for 2004/05 for the purposes of this study were
 
therefore determined Lased on a regression analysis of the
 
forecasted sectoral electricity consumptions from 1986/87 to
 
1994/95. A log-linear equation of the form In y = a + bt was 
fitted to data for each sector and the same method as described 'or 
making the 1989/90 estimates was used. The results of the 
regression analysis are shown in Table A-2 and the calculated
 
forecasts at five year intervals are given in Table 2-4.
 

Table 2-4 also shows the estimates of sectoral electricity
 
consumption in 1989/90 for the sake of comp3rison with the
 
forecasts made for 1989/90 in the Thirteenth Electric Power Survey.
 
The%major differences are in the estimates for the industrial and
 
agriculture sectors. However, it should be noted that the sectoral
 
shares of the 
CEA forecast do not follow the trend in sectoral
 
shares exhibited by the historical data as given in Table 2-1.
 

As mentioned earlier, the CEA only forecasts utility generation
 
beyond 1994/95. These estimates are also shown in Table 2.4
 
tcgether with the calculated ratio of total consumption to public
 
utilities' generation. This ratio shows an increasing trend,
 
which, if true, would imply any or all of the following factors 
- reduced auxiliary consumption, reduced transmission and distribu
tion losses, and increased captive generation. However, it seems 
unlikely that any of these factors would be the cause; more likely,
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the increase is just a manifestation and result of flaws in the
 

forecasting methodology.
 

It therefore wculd seem that the forecast of total electricity
 

consumption in 2004/05 of about 800,000 GWh represents an upper

bound scenario. Thus, some efforts were also made to develop a
 

lower-bound scenario. These efforts are discussed in Chapter 2.
 

Section 3. Derivation of 1989/90 End-Use Estimates
 

Since the focus of the study was on end-uses, a list of end-uses
 

and major equipment types in all sectors was prepared at the outset
 

of the study. These are given below:
 

Industrial Sector
 
- Lighting
 
- Mechanical Drive
 

- Pumps
 
- Air Compressors
 
- Refrigeration Compressors
 
- Fans and Blowers
 

- Process Heat
 
- Electric Arc Furnaces (Steelmaking)
 

- Electrolytic Processes
 
- Aluminium
 
- Chlor-Alkali
 

- (other 

- Agricultural Sector 
- Lechanical Drive 

- Irrigation Pumps 

- Residential Sector 
- Lighting 
- Space Cooling/Ventilation 

- Fans 
- Ceiling Fans 
- Table Fans 

- Evaporative Air Coolers (Desert Coolers) 
- Air Conditioners 

- Refrigeration 
- Entevtainment Electronics 

- Television 
- Black & White TV Sets 
- Colour TV Sets 

- Other 

- Commercial Sector 
- Lighting 
- Heating, Ventilating and Air Conditioning (HVAC) 
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- Other 

Transport Sector
 
- Mechanical Drive
 

- Electric Traction
 

Existing studies, literature references, and results of surveys
 
that have been carried out in the past were reviewed to obtain
 
disaggregated data at the end-use level or to develop a basis for
 
performing the disaggregation. The extensive interactions which
 
were carried out with equipment manufacturers, end-users, experts,
 
etc. also provided inputs in this regard. However, no new primary
 

data were generated in this study.
 

The basic approach that was adopted to estimate disaggregated end
use electricity consumption was to derive estimates of equipment
 
population, typical daily or annual operating hours, and typical
 
electrical rating or typical annual electricity consumption, and
 
thereby calculatr- end-use consumption. However, severe data
 
problems were encountered during the process of deriving these
 
estimates. The major problem was unavailability or very limited
 
availability of data. Among the limitations of available data at
 
disaggregated levels are poor quality of data, inadequate or
 
insufficient data, and poor statistical design in the case of
 
surveys. It is important to be aware of these deficiencies since
 
the estimates of end-use electricity consumption provide the basis
 

for assessment and evaluation of policy options.
 

Brief descriptions of the data inputs and methods to derive each
 
of the end-use estimates are given below. While the data and
 
methods varied for different end-uses, a common and unified
 
approach was used to estimate electricity consumption in lighting
 
in all sectors. Hence, lighting is discussed first followed by
 

end-uses in each sector.
 

Lighting
 

Table A-3 shows the various datd elements used to derive estimates
 
of electricity consumption in lighting by sector and type of
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device. The number and distribution of light points, and 
the
 
average watts per point, both lamp total
and (i.e. lamp and
 
ballast) were estimated based on data from a document
draft 

prepared by representatives of the lighting industry (Development
 
Panel for Lamps, Fittings and Components Industry, 1991) and
 
discussions with other industry 
representatives (Mirchandani,
 
1991). 
 The typical burning hours per year were estimated based on
 
reported survey data 
(Tata Energy Research Institute, 1990), the
 
lighting industry document and, in some cases, judgement. For each
 
sector, a utilisation factor was estimated based on judgement to
 
account for 1he number of light points in use being less than the
 
total number of light points due to redundancy or non-operation due
 
to fused lamps, and for some 
of the light points being used for
 
less than the assumed typical burning hours per year. 
The product
 
of the number of light points, average total watts/point, typical
 
burning hours/year and the utilisation factor 
resulted in the
 
electricity consumption within each sector by type of device. 
It
 
can be seen from Table A-3 
that among the various sectors, the
 
domestic and industrial sectors account for large shares of total
 
lighting electricity consumption, while among devices, fluorescent
 
tube lights and GLS lamps consume the most electricity.
 

Industrial Sector
 
Within the industria. sector, the end-uses that were covered were
 
lighting (further broken down irto GLS lamps, fluorescent tube
 
lights, HPMV lamps and HPSV lamps), motors (further broken down
 
into pumps, compressors, 
and fans and blowers), electric arc
 
furnaces used in steelmaking, aluminium electrolysis, and chlor
alkali electrolysis.
 

Lighting
 
As 
described above, electricity consumption in lighting in the
 
industrial sector in 1989/90 was estimated to be 8,800 GWh (rounded
 
off to the nearest hundred GWh), which constituted 9% of the
 
sector's total electricity consumption. Of this, fluorescent tube
 
lights accounted for 6,500 GWh or 74%. 
The shares of high pressure
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mercury vapour lamps, high pressure sodium vapour lamps, and GLS
 
lamps were 14, 9 and 3% respectively.
 

Motors
 
Electricity consumption in motors in the industrial sector was
 
derived from a study of motor population characteristics and energy
 
use based on 1983/84 data (Tata Energy Research Institute, 1988). 
The study covered 11 industries -- aluminium, cement, chemicals, 
engineering, fertiliser, iron and steel, jute, paper, sugar,
 
textiles and transport equipment. These industries account for
 
over 60% of the total electricity consumption in the industrial
 
sector. 
For each industry, electricity consumption, connected load
 
and number of motors were estimated in the study for squirrel cage,
 
slip ring, synchronous and DC motors in different size ranges.
 
However, for the remaining industries in the industrial sector,
 
only the total motor electricity consumption was estimated.
 

For this study, detailed breakdowns were estimated first for the
 
remaining industries by assuming that they could be represented by
 
the composite of the breakdowrs of the textile, engineering,
 
transport and jute industries. 
These were added to the breakdowns
 
ror the 11 industries covered in the study to obtain total industry
 
breakdowns. These were 
then pro-rated based on the ratio 
of
 
elect.ricity consumption in the industrial sector in 1989/90 and
 
1983/84. 
 The results are shown in Table A-4 which indicates that
 
motors in the industrial sector consumed 71,868 GWn or approximate
ly 71,900 GWh 
in 1989/90, which accounted for about 74% of the
 
total consumption.
 

Motor electricity consumption was further disaggregated to obtain
 
estimates of consumption in pumps, compressors, and fans and
 
blowers since these comprise the major applications of motors in
 
industry. Since no data or estimates were available for India,
 
this was done on the basis of data for the U.S. However, since the
 
mix of industries is considerably different in India compared to
 
the U.S., first the total consumption in these end-uses (i.e.
 
pumps, compressors, 
fans and blowers) was estimated based on
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industry-wide U.S. data (Resource Dynamics, 1986) which indicated
 
that the consumption was 33% of motor electricity use or 23,716
 
GWh. This estimate was however felt to be low, 
and total
 
consumption in pumps, compressors, fans and blowers is assumed to
 
be 40% of motor electricity consumption, or 28,800 GWh. This was
 
then further allocated among the individual end-uses based on U.S.
 
data (Arthur D. Little Co., 1980) resulting in the following 
estimates for 1989/90: 

Pumps 13,800 GWh 
Compressors 6,900 GWh 
Fans and Blowers 8,100 GWh 

The compressor use was 
then further divided into use by air and
 
refrigeration compressors. 
 In the absence of any good data, we
 
assumed a 50%-50% split.
 

Electric Arc Furnaces (Steelmaking)
 
Data from a recent study indicated that the typical specific energy
 
consumption in electric arc furnaces in Indian mini steel plants
 
is about 800 kWh/tonne of liquid metal (Department of Scientific
 
Industrial Research, 1988). Production of steel ingots in 1989 in
 
mini steel plants was 3.15 million tons (Centre for Monitoring
 
Indian Economy, 1991). Assuming a 95% liquid metal to ingot yield,
 
and assuming production in 1989/90 to be the same as in 1989, the
 
electricity consumption in electric arc furnaces in steelmaking was
 
estimated to be 2,700 GWh in 1989/90. 
This comprised less than 3%
 
of the industrial sector's total electricity use.
 

Aluminium Electrolysis
 
Based on 
data for 1984 to 1986 from a recent study, it was
 
estimated that the typical specific energy consumption in aluminium
 
electrolysis 
in Indian plants is 17,331 kWh/tonne (AC power)
 
(Bureau of Industrial Costs and Prices, 
1988). Production of
 
aluminium ingots in 1989 was 425,000 tonnes (Centre for Monitoring
 
Indian Economy, 1991). Assuming a 95% liquid metal to ingot yield,
 
and assuming production in 1989/90 to be the same as 
in 1989, the
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electricity consumption in aluminium electrolysis was estimated to
 
be 7,800 GWh in 1989/90 or 8% of the total consumption.
 

Chlor-Alkali Electrolysis
 
Caustic soda is manufactured in India by all four process routes,
 
namely diaphragm process, mercury process, chemical process and
 
membrane process. Process-wise installed capacities in India in
 
1988 were (National Productivity Council, 1989):
 

Process 
 Units tons/yr
 

Mercury Amalgam 28 980,500 84.7

Membrane 
 2 32,350 2.7
Diaphragm 
 8 121,450 10.4
Chemical 
 1 23,300 2.0
 
Based on the findings of a recent survey, estimated 1988 electrical
 
energy consumption was indicated 
to be (National Productivity
 
Council, 1989):
 

Unit 	 Mercury Membrane Diaphragm

Process Process 
 Process
 

Caustic Production MT 765,115 25,964 
 59,933

Estimated Average

Power Consumption kWh/MT 3,381 2,820 
 3,300


Estimated Annual
 
Power Consumption GWh 
 2,587 
 73 198
 

The total electricity consumption in 1988 was 2,858 GWh and 1989/90
 
consumption was assumed 
to be 2,900 GWh or about 3% of total
 
consumption.
 

Oector Total
 
Table A-5 shows the consolidated estimates of e,. -usp zlectricity
 
consumption in the industrial sector in 1989/90.
 

Agriculture Sector
 
Irrigation pumps comprise the predominant use of electricity in the
 
agriculture sector. 
Although some electricity is used in various
 
agricultural equipment, this quantity is not known and is expected
 
to be quite small. Hence, the consumption in pumps is assumed to
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comprise the entire consumption of electricity in the agriculture
 

sector in 1989/90 -- 44,400 GWh.
 

Residential Sector
 

Within the residential sector, the end-uses covered were lighting
 

(further broken down into GLS lamps, fluorescent tube lights, HPMV
 

lamps and HPSV lamps), space cooling and ventilation comprising of
 
fans (further broken down into ceiling fans and table fans),
 

evaporative air coolers (desert coolers) and air conditioners,
 

refrigerators, and television sets (further broken down into black
 

and white sets and colour sets).
 

Lighting
 

As described above, electricity consumption in lighting in the
 

residential sector in 1989/90 was estimated to be 9,300 GWh. Of
 
this, GLS lamps accounted for 8,900 GWh or over 95%, while
 

fluorescent tube lights accounted for the remaining portion.
 

Within the domestic sector, lighting electricity use was also
 

estimated separately for the urban and rural population. Table A

6 presents the assumptions and the sequence of calculations made
 

in arriving at these estimates. Although the urban population is
 

only 28% of the total population, urban lighting accounts for 6,600
 

GWh or over 70% of electricity consumption in lighting in the
 

residential sector.
 

Residential Equipment
 

As mentioned earlier in this section, the basic approach that was
 

adopted to estimate electricity consumption in various electrical
 

equipment was to derive estimates of equipment population, typical
 

daily or annual operating hours, and typical electrical rating or
 

typical annual electricity consumption, and thereby calculate end

use consumption.
 

Equipment population estimates were derived from historical
 

production data by estimating cumulative production over a time
 
period starting from 1989/90 and going back for the number of years
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corresponding 
to the assumed working life of the equipment. The 
values of equipment life were assumed to be -- fans: 20 years, room
 
air conditioners, 15 years, refrigerators: 25 years, television
 
sets (B&W and colour): 20 years. Only partial time series
 
production data for these equipment could be obtained; data was
 
available only for some or all of the following years -- 1970, 1975 
and 1980 to 1989 (Centre for Monitoring Indian Economy, 1987 and 
1.91). The approach followed was to determine cumulative 
production during 1980 to 1989 and add to that a rough estimate for 
the cumulative production for the earlier years based on interpo
lation from the production data for 1970, 1975 and 1980. 

The population estimatet 
 thus obtained can only be considered as
 
rough first estimates di 9 to a number of inherent uncertainties and 
necessary approximations. Except for refrigerators, all other 
equipment considered in this study are produced by units in the 
organised sector as well as the small scale sector. Since
 
production statistics for small scale sector units 
are difficult 
to obtain and compile, official statistics -- whether from 
government sources or from industry trade --associations are
 
generally limited to data on production from organised sector
 
units. Thus it becomes necessary to apply an "adjustment factor"
 
to account for small scale sector production. Since there are no
 
reliable sources nor any unique estimates available, these factors
 
are generally based on the opinion and judgement of industry
 
experts. Needless to say, these vary considerably, and it is also
 
not possible 
to get estimates of variations in the adjustment
 
factor over a period of time.
 

There is also the situation of different sources reporting
 
different data. In this study, all data were taken from
 
compilations for the Centre for Monitoring Indian Economy (1987 and
 
1991) and no attempt was made to reconcile these with data from
 
other sources.
 

Due to gaps in available data for years prior to 1980, the
 
estimates of production in those years were quick approximations.
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However, since the contribution of equipment produced greater than
 
ten years ago to total present stock of equipment is small, this
 
would not result in severe inaccuracies.
 

Finally, what is really required in 
such an exercise is not
 
production but net additions, i.e., production + imports - exports. 
In the case of India, since both imports and exports are expected 
to be small compared to production, they have not been considered. 

Notwithstanding these caveats, the population estimates made here
 
are believed to be adequate for the purposes of this study.
 
However, an attempt was also made to derive alternative, indepen
dent estimates based on surveys of market penetration of consumer
 
goods conducted by market research companies. Limited results from
 
recent surveys were made available by two leading market research
 
agencies (Pathfinders: 
 India, 1987 and 1990; Indian Market
 
Research Bureau, 1991). 
 Based on these, the number of urban and
 
rural households possessing a particular appliance were estimated.
 
The total equipment population was then derived by multiplying the
 
number of households by an assumed value for number of appliances
 
owned per household which was estimated based on judgement. The
 
agreement between two
the sets of estimates was seen to be
 
reasonably good. 
However, the estimates based upon the production
 
data method have been adopted in this study since it was felt that
 
there were greater uncertainties associated with the data as well
 
as the assumptions made in 
the case of the estimates based on
 
market research data.
 

Finally, to determine equipment energy use, estimates of typical
 
daily or annual operating hours, and typical electrical rating or
 
typical annual electricity consumption were obtained from limited
 
data based on recent surveys.
 

Fans
 
Production data for fans from Centre for Monitoring Indian Economy
 
(1987 and 1991) were adjusted by a factor of 1.33 based on an
 
estimate that the small scale 
sector accounts for about 25% of
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total production (Corporate Observex, 1987). The 
adjusted
 
production data are shown in Table A-7. 
The cumulative production
 
during 1970 to 1989 was estimated to be 102 million. The 
production data for fans are for general purpose fans, i.e., 
ceiling fans, table fans, pedestal fans, etc., and separate 
production figures for each type were not available. However, it
 
is estimated that ceiling 
fans account for 80% of production
 
(Corporate Observer, 1987). 
 Table fans have been assumed to
 
comp'rise the other 20%. 
Since fans are also used in other sectors,
 
it was assumed that 75% of all fans would be in use in the residen
tial sector. Based on these assumptions, the popul tions of
 
ceiling fans and table fans 
are estimated to be 61.2 million and
 
15.3 million respectively. These agree reasoiiably well with the
 
estimates of 63.0 and 25.0 million respectively given in Table A
9 which are derived from market research surveys.
 

Based on recent surveys (Natarajan, 1991), the electrical ratings
 
were taken as 70 W and 35 W for 481 
ceiling fans and 16" table fans
 
respectively, and the average annual use as 
2500 hours and 1200
 
hours respectively. 
 The electricity consumption in 1989/90 was
 
then estimated to lie 10,710 GWh and 643 GWh respectively as given
 
in Table A-8.
 

Evaporative Air Coolers (Desert Coolers)
 
For evaporative air coolers, no production data were available, nor
 
were they covered in the consumer goods surveys conducted by market
 
research agencies. A recent study carried out for Delhi was the
 
only available source of infoi nation (Centre for Research, Planning
 
and Action, 1990). The study estimated that the desert cooler
 
population in Delhi in 1990 was 1.1 million. 
Since desert coolers
 
have come into usage only recently, and their use is limited only
 
to areas which are climatically hot and dry, i.e., in parts of
 
north, north-west, and central India, and since they are used
 
mainly in middle- and upper-income groups, the total nationwide
 
population is taken to be 5 million. 
 Based on Natarajan (1991),
 
the electrical rating for a typical air cooler with an 18" 
fan was
 
assumed to be 230 W and average annual use as 1200 hours. 
 The
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electricity consumption in evaporative air coolers 1989/90 was then
 
estimated to be 1,380 GWh as given in Table A-8.
 

Room A Conditioners
 
Production data for 
room air conditioners from the Centre for
 
Monitoring Indian Economy (1987 and 1991) was adjusted by a factor
 
of 3.00 based on an estimate that the small scale sector accounts
 
for about two-thirds of total production (Puri, 1991). The
 
adjusted production data are shown in Table A-7. 
 The cumulative
 
production during 1975 to 
1989 was estimated to be 1.3 million.
 
Room air conditioners are also used in other sectors; based on an
 
available estimate, 70% of the population was taken to be in use
 
in the residential sector (Industrial Researcher, 1990). Thus, the
 
stock of room air conditioners in the residential sector was
 
estimated to be 0.9 million. 
This agrees reasonably well with the
 
estimate of 1.2 million given in Table A-9 which is derived from
 
market research surveys.
 

Based on recent surveys (Natarajan, 1991), e'lectrical rating
thae 

was taken as 2,170 W corresponding to a 1.5 tonne unit cnd the
 
average annual use as 1:200 hours. 
The electricity consumption in
 
room air conditioners in 1989/90 was then estimated to be 2,370 GWh
 
as shown in Table A-8.
 

Ref iQerators
 
Refrigerators are manufactured only in the organised sector, and
 
production data are shown in Table A-7. 
The cumulative ?roduction
 
during 1965 to 1989 was estimated to be 8.0 million. 
Since there
 
is limited use of refrigerators in other sectors also, 
it was
 
assumed that 95% of all refrigerators would be in use in the
 
residential sector. 
Thus, the population was estimated to be 7.6
 
million. This agrees reasonably well with the estimate of 9.5
 
million given in Table A-9 which is derived from market research
 
surveys.
 

Based on 
discussions with manufacturers (NPC, 1991), the yearly
 
electrical consumv:ion was taken as 540 kWh corresponding to a 165
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litre unit. Refrigerators are in operation all year round, i.e.
 
8,760 hours. The electricity consumption in 1989/90 was then esti
mated to be 4,104 GWh as shown in Table A-B.
 

Television Sets
 
Production data for television sets, black & white and colour, from
 
the Centre for Monitoring Indian Economy (1987 and 1991) are shown
 
in Table A-7. 
 These figures appeared to include production from
 
all sectors and hence were not adjusted. The cumulative production
 
of black & white TV sets during 1970 to 1989 was estimated to be
 
20.9 million. TV transmission in colour in India began only in
 
1982, and the cumulative production up to 1989 was estimated to be
 
5.5 million. These agree reasonably well with the estimates of
 
23.1 million black & white TV sets and 7.8 million colour TV sets
 
given in Table A-9 which are derived from market research surveys.
 

Based on recent surveys (Natarajan, 1991), the electrical ratings
 
were taken as 30 W and 80 W for black & white and colour TV sets
 
respectively, and the average annual use as 
1200 hours for both.
 
The electricity consumption in 1989/90 was then estimated to be 752
 
GWh and 528 GWh respectively as given in Table A-8.
 

Sector Total
 
Table A-8 shows the consolidated estimates for residential sector
 
end-uses. Since there are other end-uses which although not
 
covered here are not insignificant, e.g., water heating, it is
 
assumed arbitrarily that the total of all end-uses discussed above
 
represenLs 9.0% 
 of total domestic sector electricity consumption.
 
The total consumption is then estimated to be approxcimately 33,100
 
GWh. This is about 20% greater than the estimated 1989/90
 
consumption of 27,600 GWh based regression analysis of time
on 


series data.
 

Normally in such an analysis, the individual end-use consumption
 
estimates would have been refined scaled suitably to
or 
 ensure
 
calibration and consistency with the sectoral total consumption
 
estimate. However, in view of the considerable uncertainties
 

183
 



associated with all data elements employed in this exercise, these
 

refinements fould merely be cosmetic changes. Hence, no attempt
 

has been made to correct the end-use estimates for residential
 

equipment.
 

Commercial and Miscellaneous Sectors
 

End-use shares were estimated separately for the commercial and
 
miscellaneous sectors and the results combined. For the commercial
 
sector we examined several estimates of end-use shares as
 
summarized in Table A-10. Based on this analyis, plus a review of
 
data from other countries, we estimated end-use shares for India
 

at 50% lighting, 40% heating, ventilating, and air-conditioning
 

(HVAC), and 10% other.
 

For the miscellaneous non-industrial sector we assinned all energy
 
use to lighting because total 1989/90 estimated use for the
 
miscelleneous non-industrial sector (2,500 GWh -- as shown in 

Table 2-3) is significantly less than estimated lighting energy use
 
for the "Other" sector (4173 GWh) in Table A-3.
 

Finally, since 1989/90 estimated energy use in the commercial
 
sector is four times greater than use in the miscellaneous non

industrial sector (see Table 2-3) we weighted the end-use estimates
 
by this 4:1 ratio to obtain combined end-use shares for the
 
commercial/miscellaneous sector of 60% lighting, 32% RVAC, and 8%
 

other.
 

Final End-Use Allocations
 

When the end-use consumption figures for the industrial,
 
residential, commercial, and public lighting/other sectors (from
 
Tables A-5, A-8, A-10, and A-3 respectively) are compared to the
 

estimated consumption for each sector, ar- summarized in Table 2
3, several differences are apparent. These differences involve
 

consumption in the residential, public lighting, and miscellaneous
 

non-industrial sectors. For example, estimated residential
 
consumption for 1989/90 in Table A-8 is 5,500 GWh greater than the
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estimate in Table 2-3. 
 Estimated consumption in 1989/90 for
 
public lighting and "other" (primarily miscellaneous non
industrial) in Table A-3 are 600 GWh and 1,670 GWh greater than in
 
Table 2-3. 
 In order to deal with these discrepancies, we adjusted
 
the data in Tables A-3 and A-8 to have the same total as in Table
 
2-3. Adjustments were done on a proportional basis so that while
 
the total changed, the percentage allocation among the different
 
end-uses remained unchanged. Results of this reallocation are
 
reported in Table 2-6.
 

Refereaces
 

Arthur D. Little Company, 1980, Classification and Evaluation of
Electric Motors and Pumps, DOE/TIC-11339, U.S. Department of
 
Energy, Washington, DC, USA,
 

Bureau of Industrial Costs and Prices, 1988, "Energy Audit 
of

Aluminium Industry," New Delhi, India.
 

Central ELectricity Authority, 1988, 
Thirteenth Electric Power
 
Survey of India, New Delhi, India.
 

Central Electricity Authority, 1990, Public Electricity Supply 
-
- All India Statistics -- General Review 1986-87, New Delhi, India. 

Centre for Monitoring Indian Economy, 1987, Production and L-apacity

Utilisation in 600 Industries, 1970 to 1986, Bombay, India.
 

Centre for Monitoring Indian Economy, 1989 and 1990, Basic
Statistics Relating to the Indian Economy, Volume 1: 
All India,

Bombay, India.
 

Centre for Monitoring Indian Economy, 1991, Trends in Industrial
 
Production, 1980 to 1989, Bombay, India.
 

Centre for Research, Planning and Action, 1990, Planning for Energy

Efficient Desert Coolers (A Techno-Economic Study in Delhi),

prepared for Energy Management Centre, New Delhi, India.
 

Corporate Observer, "Electric Fans," October 1987.
 

Department of Scientific and Industrial Research, 1988, "Technology

Evaluation and Norms Study in Mini Steel Plants (draft report),"

New Delhi, India.
 

Desai, Ashok, 1990, "Addendum to Contractor Report Prepared for
Office of Technology Assessment," Office of Technology Assessment,

Washington, DC, USA.
 

185
 



Development Panel 
for Lamps, Fittings & Components Industry,
Directorate General of Technical Development, 1991, "Growth Profile
of the Lighting Industry in India (draft report)," New Delhi,

India.
 

Faruqui, Ahmed, Greg Wikler, and Susan Shaffsr, 1990, "Application
of Demand-Side Management (DSM) to Relieve Electricity Shortages
in India," prepared for 
 Office of Technology Assessment,

Washington, DC, USA.
 

Indian Market Research Bureau, 1991, "Rural Probe 1990," New Delhi,

India.
 

Industrial Researcher, "Market Analysis of Room Air Conditioners,"

Vol XVI, No. 4., January 1990.
 

Mirchandani, Ajit, 1991, personal communication, Bajaj Electricals
 
Limited, Bombay, India, February.
 

Natarajan, B., 
1991, personal communication, Tata Energy Research
Institute, New Delhi, India, March.
 

National Productivity Council, 1989, 
"Sectoral Report Energy
on
Audit Studies in Chlor-Alkali Industry," prepared for Department

of Power, New Delhi, India.
 

National Productivity Council, 1991, Report on Review of Power End-
Use Efficiencies, prepared for the World Bank, New Delhi, India.
 
Office of the Registrar General, 1988, Census of India 1981, Series
1, Part XII, Census Atlas, National Volume, New Delhi, India.
 

Oxford University Press, 1987, 
A Social and Economic Atlas of
India, New Delhi, India.
 

Pathfinders: India, 1987, "P. Snap," New Delhi, India.
 

Pathfinders: India, 1990, "P. Videowatch," New Delhi, 
India.
 

Puri, Ajay; 1991, personal communication, Carrier Aircon Limited,

Bombay, India, February.
 

Resource Dynamics Corporation, 1986, Electrotechnology Reference
Guide, EPRI EM-4527, Electric Power Research Institute, Palo Alto,

CA, USA.
 

Tata Energy Research Institute, 1988, "Electric Motors in Industry:
Characterisation and Energy Conservation Potential (draft report) ,"prepared for Department of Power, New Delhi, India. 

Tata Energy Research 
Institute, 1990, Technical', Policy and
Economic Assessment on Energy Conservation from Efticient Electric
Lighting, prepared for Department of Power, New Delhi, India.
 

186
 



Table A-1
 
Results of Regression Analysis of Historical Trends
 

in Sectoral Electricity Consumption
 

Regression Equation: ln y = a + bt
 

Period 1977/78 to 1987/88
 
Constant 11.05416
 
Std Err of Y Est 0.029649
 
R Squared 0.987020
 
No. of Observations 11
 
Degrees of Freedom 9
 

X Coefficient(s) 0.073955
 
Std Err of Coef. 0.002826
 

Period 1982/83 to 1987/88

Constant 11.37499
 
Std Err of Y Est 0.009975
 
R Squared 0.997017
 
No. of Observations 6
 
Degrees of Freedom 4
 

X Coefficient(s) 0.087201
 
Std Err of Coef. 0.002334
 

Industrial Sector
 

Period 1977/78 to 1987/88
 
Constant 10.60331
 
Std Err of Y Est 0.034874
 
R Squared 0.965227
 
No. of Observations 11
 
Degrecs of Freedom 9
 

X Coefficient(s) 0.053356
 
Std Err of Coef. 0.003325
 

Period 1982/83 to 1987/88
 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

10.83733 
0.029019 
0.952539 

6 
4 

X Coefficient(s) 
Std Err of Coef. 

0.062154 
0.006936 
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Table A-1 (continued)

Results of Regression Analysis of Historical Trends
 

in Sectoral Electricity Consumption
 

Regression Equation: In y = a + bt
 

Agriculture Sector
 

Period 1977/78 to 1987/88

Constant 
 9.116600
 
Std Err of Y Est 
 0,065942

R Squared 
 0.972545
 
No. of Observations 
 11
 
Degrees of Freedom 
 9
 

X Coefficient(s) 0.112262
 
Std Err of Coef. 0.006287
 

Period 1982/83 to 1987/88

Constant 
 9.569986
 
Std Err of Y Est 
 0.064323
 
R Squared 
 0.953935
 
No. of Observations 
 6

Degrees of Freedom 
 4
 

X Coefficient(s) 0.139944
 
Std Err of Coef. 0.015376
 

Domestic Sector
 

Period 1977/78 to 1987/88

Constant 
 8.688493
 
Std Err of Y Est 
 0.017746
 
R Squared 
 0.998134
 
No. of Observations 
 11
 
Degrees of Freedom 
 9
 

X Coefficient(s) 0.117413
 
Std Err of Coef. 0.001692
 

Period 1982/83 to 1987/88

Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

9.278126 
0.015739 
0.995929 

6 
4 

X Coefficient(s) 
Std Err of Coef. 

0.117707 
0.003762 
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Table A-1 (continued)

Results of Regression Analysis of Historical Trends
 

in Sectoral Electricity Consumption
 

Regression Equation: in y a + bt
= 


Commercial Sector
 

Period 1977/78 to 1987/88

Constant 
 8.235590
 
Std Err of Y Est 0.046240
 
R Squared 0.968836
 
No. of Observations 
 11
 
Degrees of Freedom 9
 

X Coefficient(s) 0.073747
 
Std Err of Coef. 0.004408
 

Period 1982/83 to 1987/88

Constant 
 8.615200
 
Std Err of Y Est 0.023888
 
R Squared 0.976490
 
No. of Observations 
 6
 
Degrees of Freedom 4
 

X Coefficient(s) 0.073606
 
Std Err of Coef. 0.005710
 

Traction
 

Period 1977/78 to 1987/88

Constant 
 7.597211
 
Std Err of Y Est 0.049434
 
R Squared 0.922838
 
No. of Observations 
 11
 
Degrees of Freedom 9
 

X Coefficient(s) 0.048901
 
Std Err of Coef. 0.004713
 

Period 1982/83 to 1987/88

Constant 
 7.783058
 
Std Err of Y Est 0.030299
 
R Squared 0.953447
 
No. of Observations 
 6
 
Degrees of Freedom 4
 

X Coefficient(s) 0.065558
 
Std Err of Coef. 0.007243
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Table A-1 (continued)

Results of Regression Analysis of Historical Trends
 

in Sectoral Electricity Consumption
 

Regression Equation: in y = a + bt
 

Other
 

Period 1977/78 to 1987/88

Constant 7.930711
 
Std Err of Y Est 0.038428
 
R Squared 0.975660
 
No. of Observations 11
 
Degrees of Freedom 9
 

X Coefficient(s) 0.069593
 
Std Err of Coef. 0.003664
 

Period 1982/83 to 1987/88

Constant 8.258107
 
Std Err of Y Est 0.035438
 
R Squared 0.952278
 
No. of Observations 6
 
Degrees of Freedom 4
 

X Coefficient(s) 0.075684
 
Std Err of Coef. 0.008471
 

190
 



Table A-2
 
Results of Regression Analysis of
 

Thirteenth Electric Power Survey Projections of
 
Sectoral Electricity Consumption
 

Regression Equation: ln y = a + bt
 

Total
 

Period 1986/87 to 1994/95

Constant 
 11.80146817
 
Std Err of Y Est 
 0.031670599
 

R Squared 
 0.987053104
 
No. of Observations 
 9
 
Degrees of Freedom 
 7
 

X Coefficient(s) 0.094453294
 
Std Err of Coef. 0.004088656
 

Industrial
 

Period 1986/87 to 1994/95

Constant 
 11.20836985
 
Std Err of Y Est 
 0.041432158
 
R Squared 
 0.975566213
 
No. of Observations 
 9
 
Degrees of Freedom 
 7
 

X Coefficient(s) 0.089421911
 
Std Err of Coef. 0.005348868
 

IrriQation
 

Period 1986/87 to 1994/95

Constant 
 10,13001818

Std Err of Y Est 
 0.016202387
 
R Squared 
 0.995921340
 
No. of Observations 
 9

Degrees of Freedom 
 7
 

X Coefficient(s) 0.086478108
 
Std Err of Coef. 0.002091719
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Table A-2 (continued)
 
Results of Regression Analysis of
 

Thirteenth Electric Power Survey Projections of
 
Sectoral Electricity Consumption
 

Regression Equation: ln y = a + bt
 

Domestic 

Period 1986/87 to 1994/95 
Constant 9.750278633 
Std Err of Y Est 0.021836917 
R Squared 0.996336555 
No. of Observations 9 
Degrees of Freedom 7 

X Coefficient(s) 0.123005057 
Std Err of Coef. 0.002819133 

Commercial, Miscellaneous. Non-Industrial
 

Period 1986/87 to 1994/95
 
Constant 9.235629594
 
Std Err of Y Est 0.023399827
 
R Squared 0.992549270
 
No. of Observations 9
 
Degrees of Freedom 7
 

X Coefficient(s) 0.092249217
 
Std Err of Coef. 0.003020904
 

Traction
 

Period 1986/87 to 1994/95
 
Constant 8.084572265
 
Std Err of Y Est 0.038070144
 
R Squared 0.980663895
 
No. of Observations 9
 
Degrees of Freedom 7
 

X Coefficient(s) 0.052604805
 
Std Err of Coef. 0.004914834
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Table A-2 (continued)

Results of Regression Analysis of
 

Thirteenth Electric Power Survey Projections of
 
Sectoral Electricity Consumption
 

Regression Equation: In y = a + bt
 

Ppblic Lighting 

Period 
Constant 

1986/87 to 1994/95 
7.078132454 

Std Err of Y Est 0.024551855 
R Squared 0.991854406 
No. of Observations 9 
Degrees of Freedom 7 

X Coefficient(s) 0.092538044 
Std Err of Coef. 0.003169630 

Public Water Works
 

Period 1986/87 to 1994/95

Constant 7.986471996
 
Std Err of Y Est 0.024454075
 
R Squared 0.993165593
 
No. of Observations 9
 
Degrees of Freedom 7
 

X Coefficient(s) 0.100689702
 
Std Err of Coef. 0.003157007
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Table A-3
 
Lighting: Estimated Electricity Consumption, 1989/90
 

a: Number of Light Points, million
 

\/Sector/Device >> GLS1 FTL2 HPMV3 HPSV 4 Total 

Domestic 
Commercial 
Industrial 
Public Lighting 
Other 

140.69 
6.28 
1.18 
2.20 
1.58 

5.63 
25.13 
19.57 
7.11 
11.06 

0.00 
0.00 
1.89 
0.44 
0.55 

0.00 
0.00 
0.94 
0.51 
0.24 

146.32 
31.41 
23.58 
10.26 
13.43 

Total 151.93 68.50 2.88 1.69 225.00 

b: Average Lamp Watts/Point
 

GLS FTL HPMV HPSV Total
 
\/Sector/Device >> 
 weighted
 

59
60 40
Domestic 
 67
75 65
commercial 
 91
100 80 150 200
Industrial 

45 200 200 58


Public Lighting 40 
67
60 60 200 150
Other 


64 167 193
Total weighted 61 


c: Average Total Watts/Point
 

FTL HPMV HPSV Total
 
\/Sector/Device >> GLS 


weighted
 
60
60 55
Domestic 
 86
75 89
Commercial 
 235 116
100 105 175
Industrial 


Public Lighting 40 60 225 235 72
 

60 82 225 180 87
 
Other 


87 192 227

Total weighted 61 


General Lighting Service lamps (incandescent lamps)
1) 

2) Fluorescent Tubular Lamps
 
3) High Pressure Mercury Vapour Lamps
 

4) High Pressure Sodium Vapour Lamps
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Table A-3 (continued)

Lighting: Estimated Electricity Consumption, 1989/90
 

d: Typical burning hours/year
 

\/Sector/Device >> GLS FTL HPMV HPSV
 

Domestic 1400 1800
 
Commercial 3000 3000
 
Industrial 3000 3500 4000 
 4000
 
Public Lighting 4000 4000 4000 4000
 
Other 3600 4000 4000 4000
 

e: Utilisation factor
 

\/Sector
 

Domestic 75%
 
Commercial 60%
 
Industrial 90%
 
Public Lighting 75%
 
Other 90%
 

f: Electricity Consumption, TWh
 

\/Sector/Device >> GLS FTL HPMV HPSV Total 

Domestic 8.86 0.42 0.00 0.00 9.28 
Commercial 0.85 4.03 0.00 0.00 4.87 
Industrial 0.32 6.47 1.19 0.80 8.78 
Public Lighting 0.26 1.28 0.30 0.36 2.20 
Other 0.31 3.26 0.45 0.16 4.17 
Total 10.60 15.46 1.93 1.31 29.31 

Sources: Development Panel for Lamps, Fittings, and Components

Industry, 1991; Mirchandani, 1991; Tata Energy Research Institute,
 
1990.
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Table A-4
 
Industrial Sector, Motors:
 

Estimated Electricity Consumption, 1989/90
 

a: 	Electricity Consumption, GWh
 

kW hp Squirrel Slip- Synchro- DC Total
 
Cage 	 ring nous
 

102 2 192 12,046
0.75-3.75 1-5 11,750 

8,178
3.75-7.50 5-10 7,804 166 3 204 


9,022 	 273 0 177 9,472
7.50-11.25 10-15 

a 95 8,864
11.25-15.00 15-20 8,621 148 


8,534
15.00-37.50 20-50 7,181 1,106 63 185 

>37.50 >50 13,777 6,305 2,778 1,93 24,773
 

Total 	 58,155 8,101 2,846 2,766 71,868
 

b: 	Connected Load, MW
 

kW hp Squirrel Slip- Synchro- DC Total
 
Cage 	 ring nous
 

7u 1 70 4,768
0.75-3.75 1-5 4,627 

93 	 3,362
3.75-7.50 5-10 3,162 106 1 


3,194 	 199 0 61 3,454
7.50-11.2S 10-15 

0 47 3,098
11.25-15.00 15-20 2,965 86 


15.00-37.50 20-50 3,407 767 23 102 4,300
 
5,906 3,650 1,516 1,199 12,270
>37.50 >50 


Total 23,261 4,878 1,541 1,572 31,252
 

c: Number of 	Motors, thousands
 

kW 	 hp Squirrel Slip- Synchro- DC Total
 
Cage ring nous
 

78 	 4,177
Total 	 3,950 142 7 


Source: Tata Energy Research Institute, 1988.
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Table A-5
 
Industrial Sector End-Uses:
 

Estimated Electricity Consumption, 1989/90
 

End-Use 


Motors 

Pumps 

Air Compressors 

Refrigeration Compressors 

Fans and Blowers 


Lighting 

GLS Lamps 

Fluorescei Ir2ube Lights 

HPMV Lamps 

HPSV Lamps 


Aluminium Electrolysis 


Chlor-Alkali Electrolysis 


Ele;tric Arc Furn:aces (Steelmaking) 


Other 


Total 
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Ccnsumption Share
 
GWh %
 

71,900 73.6
 
13,800 14.1
 
3,450 3.5
 
3,450 3.5
 
8,100 8.3
 

8,800 9.0
 
300 0.3
 

6,500 6.7
 
1,200 1.2
 

800 0.8
 

7,800 8.0
 

2,900 3.0
 

2,700 2.8
 

3,600 3.7
 

97,700
 



Table A-6
 

Residential Sector, Lighting, Urban/Rural Mix
 
Estimated Electricity Consumption, 1989/90
 

Population million 
%, population, say 
Population million 

Average persons/housc.old 
Number of Households million 

% electrified households (1983) 

% electrified households, say 

Electrified households 
 million 

% of electrified households 


Average GLS lamps/household 

Average GLS:FTL ratio 

Average FTLs/household 


Total GLS lamps million 

Total FTLs 
 million 


% GLS lamps 

% FTLs 


Electricity Use, GLS lamps GWh 


Electricity Use, FTLs GWh 


GWh
Total 


Urban Rural Total
 

815 1/
 
28 72 100 2/
 
228 587
 

5.45 5.59 	 3/
 
41.8 105.0 146.8
 

65.75 	 14.87 4/
 
66 15
 

27.6 	 15.8 43.4
 
64 36 100
 

3.5 	 1.5
 
20 100
 

0.175 0.015
 

96.6 41.4 138.0
 
4.8 0.4 5.2
 

70.0 30.0 100.0
 
92.3 7.7 100.0
 

6,230 2,670 8,900
 

370 30 400
 

6,600 2,700 9,300
 

1/ mean of projected 1989 and 1990 population as given in Centre for
 

Monitoring Indian Economy, 1990.
 
of 	27% in 1990 mentioned in Oxford
2/ 	based on projected urban share 


University Press, 1987, and estimate of 27% urban population in 1985 given
 

in Centre for Monitoring Indian Economy, 1989.
 
3/ Office of the Registrar General, India, 1988.
 

based on NSS 38th Round data for type of lighting as given in Centre for
4/ 

Monitoring Indian Ecunomy, 1990.
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Year GLS 
lamps 

Tab]e A-7
Trends in Production of Residential Equipment 

(thousands) 

Fluorescent Fans Room Air Con- Refri-
tubes ditioners gerators 

TV sets, 
B/W 

TV sets, 
Col.u: 

1970 
1975 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

1990 

143,056 
179,167 
267,917 
324,722 
366,667 
366,944 
364,583 
365,417 
389,167 
370,833 
336,896 
348,056 

10,722 
17,423 
27,520 
31,989 
33,309 
36,055 
36,506 
42,986 
49,660 
44,649 
49,219 
55,440 

2,093 
1,747 
5,305 
5,563 
5,417 
5,924 
6,139 
6,760 
6,968 
7,653 
8,667 
6,541 

51 
27 
75 
96 
92 
84 
85 
95 
119 
118 
117 
105 

65 
109 
279 
316 
354 
450 
538 
614 
585 
595 
961 
991 

437 
570 
560 

1,GO0 
1,790 
2,150 
3,200 
4,400 
4,000 

1 
70 
50 

280 
685 
850 

1,100 
1,3O 
1,200 

Source: Adapted from Centre for Monitoring Indian Economy, 1987 and 1991. 
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Table A-8
 
Residential Equipment: Estimated Electricity Consumption, 1989/90
 
(based on equipment population estimates from production data)
 

Equipment population W hr/yr GWh % GWh
 
(million)
 

9,280 26.8
Lighting 

Ceiling Fan 61.2 70 2,500 10,710 30.9
 
Table Fan 15.3 35 1,200 643 1.9
 
Air Cooler 5.0 230 1,200 1,380 4.0
 

Room Air Conditioner 0.9 2,170 1,200 2,370 6.8
 
Refrigerator 7.6 62 8,760 4,104 16.0
 

B&W TV 20.9 30 1,200 752 2.2
 
5.5 80 1,200 528 1.5
Colour TV 


29,767 90.0
Total of above 


3,307 10.0
Other, say 


33,074
Total 


Estimated 1989/90 Residential Sector (Table 2.4) 27,600
 

Ratio, estimated total from Table 2-4/estimated
 
0.83
total from this table 


200
 



Table A-9
 
Residential Equipment: Estimated Stock, 1989/90


(based on market research data)
 

Urban Rural Total Urban Rural Total
 

Households havinq Eguipment, million
 
% of Total Households
Total Households 41.8 105.0 146.8 
 28.5 71.5 100.0


Total Electrified 27.6 
 15.8 
 43.4 63.6 36.4 100.0
 

of Electrified
Households
 
Ceiling Fan 
 25.03 8.60 33.63 90.7 54.4 77.5
Table Fan 16.45 
 8.57 25.02 59.6 54.2 57.6
Room Air Conditioner 
0.77 NA 0.77 2.8 0.0 1.8
Refrigerator 8.63 0.85 9.48 31.3 5.4 21.8
B&W TV 16.93 6.13 23.06 61.3 38.8 53.1
Colour TV 6.62 1.20 7.82 
 24.0 7.6 18.0
 

Equipment Per Household (assumed)
 

Ceiling Fan 
 2 1.5
 
Table Fan 
 1 1
 
Room Air Conditioner 1.5
 
Refrigerator 1 
 1
 
B&W TV 
 1 1
 
Colour TV 
 1 1
 

Stock of Equipment, million
 

Ceiling Fan 50.06 
 12.90 62.96
 
Table Fan 16.45 8.57 25.02
 
Room Air Conditioner 1.16 0.00 1.16
 
Refrigerator 8.63 0.85 9.48
 
B&W TV 16.93 6.13 23.06
 
Colour TV 6.62 1.20 7.82
 

Sources: Adapted from Pathfinders: India, 1987 and 
1991; Indian Market
 
Research Bureau, 1991.
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Table A-10
 

Estimates of End-Use Shares in the Indian Commercial Sector
 

End-Use Share %)
 

HVAC &
 
Study Lihting Refrigeration Other
 

TERI (Natarajan, 50-60% 35-45% 5%
 
1990)
 

Desai, 1990 40%. 60%
 

Faruqui et. al. 43% 32% 25%
 

Tables 2.8 and 2-4 48%
 
of this study
 

AVERAGE 46.5% 44% 15%
 

ESTIMATES ASSUMED 50% 40% 10%
 
FOR THIS STUDY
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Appendix b
 

A REVIEW OF ELECTRICITY CONSERVATION PROGRAMS
 
FOR DEVELOPING COUNTRIES
 

Steven Nadel, Howard Geller and Marc Ledbetter

American Council for an Energy-Efficient Economy
 

Abstract
 

The growing burden of producing and distributing electricity
in developing countries can be eased through investments in costeffective measures to improve the efficiency with which electricity

is used. 
 In order to overcome the many market and institutional

barriers that inhibit investments 
in efficiency improvements,

governments and utilities should establish programs and policies
to promote electricity conservation. Developing countries can turn
to conservation programs used 
in other developed and developing
countries for information on designing and implementing electricity

conservation programs. Among programs should
the 	 that be
considered are performance testing, labeling, 
 and 	 minimum
efficiency standards for electric 
equipment, energy audits,
training courses, 
technology development and commercialization
 
programs, building codes, energy management requirements, electric
rate incentives, rebates to purchasers of high efficiency
equipment, favorable financing and tax 
arrangements, and leastcost utility planning. A thorough review and analysis of such
 programs implemented by other countries will greatly increase the
likelihood that developing countries 
can launch successful, new

electricity conservation programs.
 

Introduction
 

Although expanding electricity use is essential for improving
economic productivity and standards of living in 
developing
countries, electricity is expensive to produce and distribute and
thus should be used as efficiently as possible. There are a number
of reasons why governments and utilities in developing countries

should be interested in stimulating greater efficiency in
 
electricity use:
 

o 	 Increasing end-use efficiency (i.e., using better quality

motors, lights, air conditioners, etc.) typically costs

$300-$1000 per kilowatt 
(kW) saved, compared to $1500
$3000 per kW supplied from new hydroelectric or fossil
 
fuel facilities.
 

o 	 There is 
 a large potential for cost effectively

increasing the of 	 use.
efficiency electricity For
example, recent studies in Brazil 
found electricity

conservation measures can reduce electricity consumption

by approximately 20% two-fifths cost new
at 	 the of 

electricity supply (Geller, 1990).
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o Increasing end-use efficiency can help economies remain 
economically competitive. Worldwide production and use 
of energy-efficient equipment is increasing. If 
developing countries do not follow suit, they could 
become burdened with outdated products and factoriRs. 

o Slowing the pace of power plant construction will reduce 
adverse environmental impacts such as land inundation, 
disruption of local settiements, and air and water 
pollution. 

o Efficiency programs can reduue customer electricity 
bills, which increases consumer satisfaction with the 
utility and frees up a portion of consumer income for 
other purchases. 

Electricity conservation need not reduce economic growth nor
 
lower standards of living. To the contrary, it can lead to greater
 
productivity and economic growth, and higher standards of living.
 

Policies and programs are needed to encourage electricity
 
conservation because numerous barriers inhibit efficiency
 
improvements. These barriers include lack of investment capital
 
and awareness of efficiency options, higher sensitivity to the
 
first costs of investments than to their operating costs, lack of
 
efficient equipment, and unfavorable financing terms.
 

Developing countries considering electricity conservation
 
programs can look to a wide variety of programs that have been
 
tried in both developed and developing countries. Although these
 
programs generally need to be modified to suit the needs of any
 
particular country, and not all programs are appropriate for all
 
countries, experience with these programs offers valuable
 
information to countries establishing new electricity conservation
 
programs.
 

This paper provides a general overview of electricity
 
conservation programs that should be considered by developing 
countries wishing to reduce their electricity consumption growth 
rates. Table B-1 lists and groups the types of programs discussed 
in this paper. Due to space limitations each program option is 
discussed only briefly and thus only a few examples from the many 
available are given. Also, all possible program options are not 
discussed here -- additional options are available, For a more 
comprehensive discussion of programs that can be considered by 
developing countries, see the report on electricity conservation 
prepared by the American Council for an Energy-Efficient Economy 
and published by the World Bank (Geller, 1986). 
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Table B-1
 
TYPES OF CONSERVATION PROGRAMS
 

A. Information and Education Programs

1. Performance testing, efficiency labels and directories
 
2. Energy audits
 
3. Training
 
4. General information
 

B. Equipment Devolopment, Demonstration, and Commercialization
 

C. Legislation and Regulation

1. Minimum efficiency standards and protocols
 
2. Building codes
 
3. Energy management requirements
 

D. Incentives
 
1. Rate incentives
 
2. Financing
 
3. Leasing
 
4. Rebates
 
5. Shared savings
 
6. Direct installation
 
7. Tax credits and waivers
 

E. Least-Cost Utility Planning
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A. Information and Education ProQramg
 

1. Performance Testing, Efficiency Labels and Directories
 

Accurate information on 
the energy efficiency of equipment
sold in a country is essential to any effort to promote electricity
conservation. 
 Buyers of equipment can 
use the ratings for
comparative shopping utilities
and promoting electricity
conservation can usn them for deciding which models of equippent
to promote and what effects the equipment will have on its electric
load. Public officials can use 
the information to track
progress that manufacturers are making in 
the
 

improving efficiency.
Also, performance testing and labeling is necessary before minimum
efficiency standards 
can be enacted (as discussed in section C

below).
 

Many countries test electrical equipment 
for safety and
product quality, but most 
countries do not include 
energy
efficiency in 
their testing programs. Efficiency testing 
for
performance ratings can be conducted at government laboratories or
by equipment manufacturers as long as 
all manufacturers agree to
a single, reliable method of testing. 
 In the U.S., the federal
government requires efficiency ratings 
for refrigerators, water
heaters, air conditioners, 
 and other domestic appliances.
Manufacturers 
 conduct performance tests and 
 manufacturer
associations oversee the program and make spot checks of ratings

to assure accuracy.
 

Even if imported equipment has been tested and rated in the
countries of origin there is usually a problem with comparing test
ratings among models from different countries because there are no
international testing protocols. 
One way to assure that equipment
is tested 
and rated on a consistent basis 
is to establish a
national (or regional) program for performance testing and rating
of all major electrical equipment sold in a country (or region),
including domestically produced and imported equipment.
 

Once standardized appliance efficiency testing occurs, it is
possible to indicate the electricity consumption 
and estimated
annual energy 
costs on models displayed in stores. 
 The U.S.
requires that most major residential appliances be labeled with
such information. Directories ranking appliances 
by energy
efficiency are published by trade and public interest organizations

and distributed to consumers.
 

In Brazil, a program for testing and labeling the efficiency
of all domestic refrigerators was 
begun in 1985. This program
exposed manufacturers 
who made inefficient products, and as a
result, several manufacturers improved the efficiency of 
some of
their models. This program is being expanded to include
performance testing for 
air conditioners, motors, 
and lighting

products (Geller, 1990).
 

Testing and labeling programs also exist in Australia, Canada,
Denmark, France, and South Korea 
(Marbek, 1990; 
Kim, 1983). A
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national appliance testing laboratory has been built in the

Philippines (Philips, 1991) and another is planned for Jamaica
 
(Marbek, 1990). In Thailand, the International Institute for

Energy Conservation (IIEC) recently published a directory of the
 
most efficient refrigerators and conditioners in
air sold the
 
country. 
 Due to a lack of uniform product testing in Thailand,

data listed in this directory is of limited accuracy (IIEC, 1990).
 

2. Energy Audits
 

Commercial building audits can be cost-effective and lead to

significant electricity savings. For example, a recent survey of

commercial audit programs 
offered by electric utilities in the
 
United States found that program participants reduced their

electricity use by 2-8%. Programs with savings in the upper end
 
of this range include periodic post-audit follow-up visits and

financing assistance. Lighting efficiency improvements generally

account for the majority of these savings (Nadel, 1990a).
 

Industrial audits can be performed with limited measurements
 
or with in-depth analysis of facility efficiencies and energy

flows. Worldwide experience shows that thorough training of energy

auditors and offering financing for the recommended measures are
 
critical to the success of industrial auditing programs (Gamba et
 
al., 1986).
 

Energy audit programs have been established in many developing

countries including Bangladesh, Brazil, Costa Rica, Ecuador, Egypt,

El Salvador, Guatemala, Hungary, Honduras, India, Indonesia,

Jamaica, Jordan, Kenya, Korea, 
 Morocco, Pakistan, Panama,

Philippines, Sri Lanka, Thailand, Tunisia, and Yogoslavia (Bailly,

1989; Leonard, 1989; Philips, 1991). Funds typically come from
 
government agencies, electric utilities, loans from multilateral
 
development banks, or grants from bilateral donor agencies. 
 An

evaluation of programs in different countries
11 found that on
 
average 56% of recommended measures were implemented by audit
 
recipients. Low-cost measures accounted for 86% of the measures

implemented (Leonard, 1989). 
 Energy savings achieved from these
 
measures were no: measured.
 

Policy makiar, in developing cointries can encourage efficiency

improvements by making an energy 
audit a precondition for

businesses and 
industries to receive loans from state-owned
 
development banks. 
To insure the effectiveness of such programs,

development banks could offer and promote financing for recommended
 
conservation measures. Also, public agencies could support the
 
training and certification of energy auditors.
 

3. Training
 

In addition to training for energy auditors, training is often

needed for energy managers, maintenance staff, building designers,

industrial engineers, inspectors enforcing efficiency regulations,

utility staff planning and operating efficiency programs, and those

providing technical assistance as part of an energy conservation
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program. Training programs range from simple seminars to post
graduate degree programs at a major university.
 

In South Korea, the national energy management association has
 
conducted training sessions on a large stale, with a total
 
attendance of 89,000 reported for the 1974-80 period (Kim, 1983).
 
A training program reaching large numbers of professional energy
 
managers is operating in the Philippines as well. Basic courses
 
are offered through a center established by the national Bureau of
 
Energy Utilization. More specialized seminars are conducted by tha
 
Energy Management Association, an organization of professional
 
energy managers (Ocampo, 1984; BEU, 1986). In Sri Lanka and the
 
Philippines, asso'iations of energy managers regularly conduct
 
training sessions for energy managers (Philips, 1991). In India,
 
in addition to basic seminars offered by many organizations, a
 
number of universities offer courses in energy management, and two
 
institutes have set up post-graduate energy management programs
 
(Department of Power, 1989).
 

In Thailand, Czechoslovakia, and Poland, training sessions
 
have been held for utility and government officials on the concept
 
of least-cost utility planning (this concept is discussed in
 
Section E below). For example, in Thailand, an initial two-week
 
seminar, involving foreign trainers, discussed analysis of
 
electricity by end-use, and opportunities to reduce electricity use
 
with efficiency measures. Follow-up workshops have discussed the
 
planning and design of utility-sponsored efficiency programs. As
 
a result of these efforts, Thai uti*Aties are planning to offer
 
efficiency programs in the near-future (IIEC, 1991).
 

In the U.S., a number of innovative training programs have 
been offered. For example, both California and New York State have 
set up specialized training programs in lighting design . The goal 
of each program is to train lighting designers and installers in 
advanced techniques for reducing electricity use while improving 
lighting quality (Berryman, 1990; Lighting Research Center, 1990). 
Pacific Gas & Electric Company and the Bonneville Power 
Administration (two large electric utilities) have offered in
depth training courses for architects and engineers on reducing 
energy use in new commercial buildings through improved building 
design (PG&E, 1985; Dowty, 1988). 

The North Carolina Alternative Energy Corporation (NCAEC -
a not-for-profit organization affiliated with government agencies
 
and private electric utilities) has offered a program to train
 
energy managers and to guarantee their salaries. NCAEC guarantees
 
that after two years, the energy manager will save enough money to
 
pay his salary. If the value of the energy savings are less than
 
salary costs, NCAEC pays the difference. Thus organizations can
 
hire energy managers at no financial risk. After the first two
 
years, NCAEC found that the average energy manager saved twice his
 
salary, and that NCAEC had to pay less than 3% of the total
 
salaries covered by the program (Emmett and Gee, 1986).
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4. General Information Programs
 

Providing general 
energy conservation information 
through
brochures and advertisements can raise public awareness, but may
not have much impact on actual consumer behavior. Research in the
U.S. has shown that information and educational programs tend to
be most effective when they provide 
consumers with simple and
specific steps to take along with estimates of how much energy and
money will be saved (Stern and Aronson, 1984). General appeals to
the public to save energy are usually less effective. In addition,
information is more likely to be used when the information provider
is respected by the information recipient (for example, 
when
information is 
provided by a trusted organization in the local
community) and when the information is provided face-to-face.
 

Another general finding is that information and educational
activities work best when they are part of a comprehensive effort
including technical assistance, corre3ct pricing signaLs, financing,
and possibly efficiency regulations.

in 

Japan has had great success
increasing energy efficiency with the governiient providing
information, correct 
pricing signals, and financial incentives.
Among developing countries, South Korea appears to have gone the
furthest in developing educational programs that are one 
part of
a broad, concerted, and successful conservation effort.
 

B. Equipment Development. Demonstration and Commercialization
 

Research and development activities can be used to develop new
energy-saving technologies, 
In developing countries, some of these
activities involve taking 
advanced technologies from developed
nations and adapting them to 
local consumer needs and production
processes. Demonstration projects apply these new technologies in
factories and buildings, in order to collect case study
information, and publicize the new technologies to a wide audience.
Commercialization programs provide assistance to manufacturers and
retailers to develop a market for the new technologies.
 

Probably the most comprehensive development and
commercialization program in the developing world is 
in Brazil.
In Brazil, the national electricity conservation program, PROCEL,
has spearheaded work to develop 
more efficient refrigerators,
multi-stage evaporative cooling equipment, heat pump water heaters,
electronic ballasts, lighting controls, 
reflective luminaires,
permanent magnet motors, motor speed controls, and high pressure
sodium lamps. 
Much of the research is carried out at universities,
research institutes, or utilities. 
In some cases, the research is
 t wards nationalizing imported components 
or adapting

technologies to local needs.
 

For example, in 1985 research-rs at the University of 
Sao
Paulo 
began studying electronic ballasts with funding 
from thelocal utility -- CESP. In 1986-87, 50 prototype units wereproduced with an emphasis 
on 
using domestic components to the
maximum degree possible. In 1988, 
CESP and PROCEL selected a
 

209
 



private manufacturer, Begli, to produce 450 units. These
 
demonstration projects helped Begli to develop and improve its
 
manufacturing process and to improve product quality. In 1988,
 
Begli began producing units in limited quantities. By 1990, Begli
 
was producing and marketing a full product line at attractive
 
prices. At this time, other ballast companies were considering
 
purchasing electronic ballasts from Begli for resale (Geller,
 
1990).
 

This example show the value of relying on researchers for
 
early technology development but then working with a private
 
company. It also shows the importance of slowly scaling up
 
production, conducting demonstrations and field testing, and
 
supporting R&D in a promising area for a number of years.
 

C. Legislation and ReQulation
 

Regulations may be desirable in situations where the
 
unregulated market is likely to miss cost-effective energy
 
conservation actions and investments. Efficiency regulations also
 
can be used to increase the likelihood that planned electricity
 
conservation will occur.
 

1. Minimum Efficiency Standards
 

Governments can impose minimum efficiency standards for major
 
electricity consuming equipment, such as motors, lighting products,
 
or air conditioners. Such standards can be relatively easy to
 
enforce if standardized efficiency ratings are available for all
 
models. Inspectors can fine manufacturers found producing or
 
selling banned products.
 

The U.S. adopted minimum efficiency standads for residential
 
appliances in 1987. The standards cover refrigerators, freezers,
 
room air conditioners, central air conditioners, heat pumps,
 
electric and gas water heaters, gas furnaces and boilers, gas
 
ranges, and other products. In 1988, fluorescent ballasts were
 
added to the list of regulated products. By the year 2000, the
 
standards are expected to reduce peak summer electric demand by
 
29,000 megawatts (MW). These savings are in addition to what the
 
unregulated market is expected to achieve. The expected reduction
 
in peak demand is 27% of the growth in national peak demand from
 
1990-2000 as forecast by the utility industry (Geller, 1987; Geller
 
and Miller, 1988).
 

In addition, a few states in the U.S. have adopted efficiency
 
standards for commercial air conditioning equipment, electric
 
motors, incandescent and fluorescent lamps, and incandescent and
 
fluorescent lighting fixtures (Nadel, 1990b). The Canadian
 
province of Ontario recently adopted efficiency standards for
 
refrigerators and several othe:- consumer products. The province
 
of British Columbia is working on similar standards for appliances,
 
and plans to include standards for electric motors as well (Kelly,
 
1991).
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Taiwan has also adopted minimum efficiency standards for a
variety of products including window air conditioners (in 1981),

fans (1982), water heaters, clothes dryers, ovens and stoves 
(in

1983), refrigerators (1986), and large air conditioners (1987).

Since the standard took effect, the average efficiency of new
window air conditioners has improved by over 40%. The Energy

Committee, a government agency, estimated that 795 MW of generating

capacity were saved between 1981 
and 1988 through appliance
efficiency improvement (total installed generating capacity in 1988
 
was approximately 16,600 MW) (Hsueh, 1989).
 

Japan and Germany have induced appliance manufacturers to
improve the efficiency of specific products through "arm twisting."

Rather than set a minimum acceptable efficiency level, the
 
governments set goals for improvement. The Japanese government

established targets for energy efficiency improvement for various
appliances in 1979, though for refrigerators and air conditioners,

the targets were essentially an order. In Germany, in 1980, the
 
government reached an agreement with manufacturers to improve the

efficiency of specific products by up to 20% by 1985. The

efficiency goals were voluntarily increased by the manufacturers

twice in order to avoid 
government regulation (Wilson et. al.,

1990).
 

In the Ivory Coast, the federal government's Bureau des

Economies d'Energie is
(BEE) working on developing appliance
efficiency standards, beginning with air conditioners. Most air

conditioners are imported, but BEE is working with one domestic air

conditioner manufacturer to improve the efficiency of its air

conditioners to meet the proposed efficiency standard. 
Reportedly,

the standard itself will not involve domestic testing, but will be

based 
on standards adopted in industrialized countries and on

performance data submitted by manufacturers (Philips, 1991).
 

In Brazil, the government and the appliance industry are

negotiating a protocol to improve the efficiency of refrigerators

and freezers. The national 
utility proposed that all new

refrigerators and achieve the
freezers efficiency of the best

models already produced in each class by 1993, followed by an
increase of 5% per year during 1994-98. 
This could lead on average

to new models produced in 1998 consuming about half as much
electricity as 
 new models produced in 1990. Refrigerator

manufacturers agreed in principle to signing 
an efficiency

protocol, but details 
were still being worked out. A second

protocol is being negotiated with lamp manufacturers. It is
expected that this protocol will phase-out standard incandescent
 
lamps and set minimum efficiency levels for energy-saving

incandescent lamps. 
 A third protocol calling for production of
energy-efficient motors is also under discussion. 
However, before

the protocol can take effect, the availability of low-loss steel
 
must be increased so that energy-efficient motors can be produced
 
on a very large scale (Geller, 1990).
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2. Building Codes
 

Regulations on the energy efficiency of new residential and
 
commercial buildings have been implemented throughout the world.
 
In the U.S., the federal Department of liousing and Urban
 
Development (HUD) issued minimum standards that to
apply

federally-financed housing. These requirements result in new homes
 
with up to 35% lower heating loads than those meeting basic
 
building industry guidelines (Hirst et al., 1966). European

nations such a- Denmark and Sweden also have adopted stringent

building efficiency regulations.
 

Many states in the U.S. have adopted efficiency standards for
 
new building construction based on model standards developed by the
 
American Society of Heating, Refrigerating, and Air Conditioning

Engineers (ASHRAE). There is considerable variation in the
 
strength of the state building codes, extent of coverage, and
 
degree of enforcement (Collins et al., 1985). Many states revise
 
and strengthen their codes approximately every five years.
 

Singapore, which uses about 32% of its electricity in

commercial buildings, adopted efficiency regulations for new
 
commercial buildings 
in 1979 in order to reduce electricity

consumption. The standards regulate the overall thermal transfer
 
value for air conditioned buildings, ventilation rates, indoor
 
temperatures, and lighting power levels 
(Ching, 1984). Existing
 
buildings are also required to meet efficiency standards or they

are penalized on their electricity bill. These standards are
 
estimated to have reduced electricity use in buildings by 6-10%
 
(Chou and Ho, 1985). One of the main reasons the standards have
 
not had a greater impact is that they do not affect solar gains,

the largest cooling load in many commercial buildings. The
 
development and analysis of more effective standards is now nearing

completion. Similar standards have recently been adopted in
 
Malaysia, and voluntary guidelines are being adopted in Indonesia,
 
the Philippines, and Thailand (Busch, 1991).
 

Building efficiency standards are mandatory for new homes and
 
commercial buildings in South Korea. 
They cover insulation levels
 
in walls and ceilings and the thermal integrity of windows.
 
Voluihtary guidelines 
for existing residences and commercial
 
buildings have also been enacted (Kim, 1983).
 

Other countries with building efficiency standards include
 
Pakistan and Jamaica. For example, Jamaica recently adopted a code
 
for new commercial and industrial buildings which is mandatory for
 
government buildings and voluntary for private buildings (various

inducements involving loans and permits are 
used to encourage

private building compliance) (Ashby and Chaisson, 1991).

Implementation guidelines are now being developed (Philips, 1991).
 

In general, the energy-saving effects of building codes are
 
likely to depend on the training of architects, builders and
 
enforcement officials as well as the enforcement procedures, length
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of timc the code has been in effect, and its complexity (Hirst et
 

al., 1986).
 

3. Energy Management Regulations
 

A comprehensive repurting, efficiency target, and energy
management program was established for larger industrial and
commercial firms in the Philippines. Qualifying firms are required
to set efficiency targets and report consumption quarterly to the
 government (Ocampo, 1984). 
 Of the 401 companies included as of
1983, 54% were complying with the 
reporting procedures. In
addition, larger energy-consuming firms are required to appoint
full-time energy 
managers to plan and implement conservation
 
programs.
 

South Korea also instituted a reporting scheme for larger
industrial firms (Kim, 1983). 
 Firms consuming at least 500 tons
of coal equivalent per year must report on energy consumption and
conservation activities annually, and they must employ an energy
conservation manager. Similarly, Tunisia has a national policy

requiring audits every three years for 
all industrial companies

exceeding an average ccnsumption of 2,000 tons of oil equivalent
per year, and all commercial establishments averaging more than 500
 
tons of oil equivalent per year. Each these is
of companies

required to enter into a five-year contract with a federal energy

agency on how it will implement the audit recommendations.
 

D. Incentives
 

Subsidizing the price of electricity 
can act as a powerful
disincentive to conserve electricity. 
 Electricity rates that

reflect the cost of providing electricity (or preferably, the
marginal cost of providing electricity) can provide financial

stability to utilities and the right price signal to consumers of
electricity (Munasinghe and Warford, 1982). For example, in
Thailand, electricity generation per unit of gross domestic product

(GDP) grew at an average rate of 16%/year in the 1960s and 6%/year
in the 1970s when electricity prices were subsidized. The Thai
government substantially increased energy prices beginning in 1979;
for example, industrial electricity prices rose 30%/year faster

than inflation during 1979-82. 
This increase, combined with other
factors, resulted in electricity generation per unit of GDP rising

only 1.5%/year during 1980-82 (Kadir and Kim, 1984; Gaskin, 1985).
Subsequently, Thai electricity growth per unit of GDP returned to
5.0% growth/year during 1982-86 
 (Meyers and Sathaye, 1988),

indicating that 
ending price subsidies is not sufficient to
 overcome the many barriers inhibiting efficient use of electricity.
 

1. Rate Incentives
 

Utility rates that encourage conservation include:
 

o Inverted rates 
- rates that rise as consumption rises;
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o Discount rates - lower rates that are offered to facilities
 
meeting certain conservation requirements;
 

o Time-of-use rates (TOU) - rates that are higher during the
 
utility's peak demand hours or season;
 

o Demand charges - charges based on a customer's highest peak
 
demand in a billing period;
 

o Interruptible rates - rates, typically discounted, that 
require customers to reduce their use when so requested by 
utilities. 

Many of these rate types are used by utilities in the U.S.
 
A survey of 120 U.S. utilities indicates that 70% offer demand
 
charges to their commercial and industrial customers, while about
 
50% offer time-of-use rates (Norland, 1985). More recently, TOU
 
rates have been tested for residential and smaller commercial
 
energy users in the U.S. A review of twelve such experiments found
 
that TOU rates can reduce peak-period electricity consumption by
 
up to 30% (Faruqui and Malko, 1983). As expected, larger
 
reductions occurred when the ratio of peak to off-peak rates
 
increased and when the length of the peak period was reduced.
 

TOU rates are particularly appropriate for buildings with
 
thermal energy storage systems. For example, over 500 commercial
 
buildings in the U.S. have ice storage systems which supply some
 
or all of the cold air needed to cool a building during the day,
 
allowing the central air conditioning system to be turned off. At
 
night, when temperatures are cooler and electricity rates lower,
 
the air conditioner is turned on in order to recharge the ice
 
storage system for use the next day (Nadel, 1990a).
 

In some developing countries, including Brazil, Indonesia,
 
Pakistan, and Uruguay, inverted rates have been implemented for
 
low-voltage consumers (Munasinghe and Warford, 1982). In Brazil,
 
the residential rate rises when demand exceeds 30 kWh/month, 200
 
kWh/month, and 500 kWh/month. Although this type of rate may not
 
be consistent with cost of service-based rates, it can be a
 
powerful incentive for conservation.
 

TOU rates are also used in several developing countries. In 
South Korea, TOU pricing was implemented for larger industrial 
customers starting in 1977. Consequently, the average load factor 
in Korea increased from 69% in 1976 to 78% by 1980 (Kim, 1983).
In Brazil, TOU rates were implemented for h~ah- and medium-voltage 
customers starting around 1982. The tariffL Lfferentiate between 
peak hours (6:00 - 9:00 pm) and off-peak hours, as well as wet 
season and dry season. For high-voltage customers, the demand 
charge during the peak period is two to five times the charge 
during the off-peak period. It is estimated that about 2100 MW 
were shifted from peak to off-peak hours during 1982-87 (out of a 
1987 peak of approximately 30,000 MW), and further shifts are 
expected (World Bank, 1989). In addition to load shifting, these
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rates may lead to some reduction in absolute electricity

consumption as well.
 

In Costa Rica TOU rates for large industrial customers were
 
in effect for several years, but most customers were not taking

advantage of the many load management opportunities available in
 
their plants. To deal with this problem, the national utility,

ICE, offered a pilot program to educate customers about load
 
management opportunities. In the program, customers were provided

with an explanation of TOU rates, data on their present load shape,

a walk-through plant visit to identify potential load management

measures, and referrals to experienced local load management

consultants. On average, the 24 program participants reduced their
 
peak demand by 14%. 
 The program cost the utility $11,000, and
 
customers $52,000, but annual savings were $312,000 for customers
 
(due to reduced demand charges) and $200,000 for the utility (due

to savings from reduced peak loads, after subtracting the cost of
 
reduced demand charge payments from customers) (Bailly, 1989).
 

The feasibility of TOU pricing depends on the average amount
 
of electricity use in the rate class under consideration, metering

costs, the type of equipment being used, and ability of customers
 
to conveniently shift some consumption to off-peak periods. 
The

potential benefits and desirability of TOU pricing need to be

evaluated on a case-by-case basis (Munasinghe and Warford, 1982;
 
RDC, 1983).
 

Interruptible rates have been extensively used in the U.S. in

order to reduce peak loads. For large commercial and industrial
 
customers the most common arrangement is for the utility and the
 
customer to agree in advance how much load the customer will shed,

the duration of the reduction (6 hours for example), and how many

days per month a reduction can be called for. In exchange the
 
customer receives a large reduction in their demand charge. When
 
an interruption is needed, the utility notifies the customer a few
 
hours in advance and the customer sheds load by shutting off

selected pieces of equipment or by starting a stand-by generator.

Penalties are assessed if the custor.ier does not shed load when
 
requested.
 

Interruptible rates can also be used for residential and small

commercial customers. Over 300 utilities in the U.S. pay customers
 
a monthly fee in exchange for the right to turn off air
 
conditioners, water heaters, and other residential appliances for
 
a limited 
number of hours at times of peak electrical demand
 
(Blevins and Miller, 1989). Typically the utility attaches a small
 
radio control unit to each air conditioner, water heater, or other

appliance in the program. When load reductions are needed, the
 
utility operates the radio control --
no action by the customer is
 
required.
 

2. Financing
 

Utilities are good financing sources 
 for conservation
 
investments because they have access to large amounts of capital
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and they have ongoing financial relationships with their customers.
 
Governmental authorities are also logical financing sources.
 
Utility and government financing is most cost effective for large

loans and for investments in equipment that are substantially more
 
expensive than their less efficient counterparts. Loans can be
 
provided at market or subsidized rates, however conservation
 
financing is more likely to be successful if funds are provided at
 
attractive terms, participation is convenient, and technical
 
assistance is offered (Geller, 1986).
 

In the U.S., a number of utilities provide financing for
 
conservation investments. The Tennessee Valley Authority (TVA)

loaned out $520 million as of 1986 for investments estimated to
 
have reduced peak demand by 1290 MW (TVA, 1986). TVA offers and
 
aggressively promotes free energy audits and low interest loans.
 

Two American utilities, Wisconsin Electric and Puget Power &
 
Light offer commercial and industrial customers a choice of a
 
subsidized loan or a grant of comparable value. With the grant,

the customer must provide the capital to finance the remainder of
 
the investment. Both utilities found that over 90% of the
 
customers chose the grant over the loan (Nadel, 1990a). Further
 
research is needed to determine if customers in developing

countries have a similar preference for grants over loans.
 

As for experience with government-spdnsored financing, India,
 
has several different programs operated by its three national
 
development banks. These programs generally combine subsidized
 
energy audits provided by private engineering firms with
 
concessional rate loans (interest rates generally range from 1-4%
 
below conventional development bank loans). As of March, 1990, the
 
largest of the three programs had provided financing for 122 energy

audits and had committed approximately $13 million in loans for
 
energy saving equipment. In 1991, India's development banks will
 
start a $750 million energy conservation loan program, using $250
 
from the World Bank and $500 million of their own funds (Sriram,
 
1990).
 

Many loan programs have suffered from limited interest on the
 
part of potential borrowers. For example, in Thailand, financing

for energy conservation projects is provided by the private

Industrial Finance Corporation. Interest rates are relatively high

and financing is only available for 50-60% of project costs.
 
Consequently, the loan program has not been well-received by

industrial firms (Gaskin, 1985). In Brazil, the National
 
Development Bank started a financing program for conservation
 
projects by industrial, commercial, and public sector enterprises

in 1986. The real interest rate (after inflation) was 6-8.5%/year,

considerably less than market interest rates. Unfortunately, there
 
was little promotion of the program, complicated application

procedures, substantial delays in evaluating project proposals, and
 
low electricity prices during much of this period. As a result,
 
relatively few loans were made (Geller, 1990). A number of other
 
countries have had less than successful energy conservation loan
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programs including Bangladesh, Jamaica, Portugal, Turkey, and
 
Yugoslavia (Philips, 1991).
 

On the other hand, Hungary has had a very successful World
 
Bank-financed industrial conservation loan program. Under the
 
program, the National Bank of Hungary provides funds to commercial
 
banks for a 12-year loan with a 2-3 year moritorium before payments

begin. Commercial banks provide loans on the same terms to
 
industrial borrowers. Each commercial bank conducts its own
 
financial appraisal of conservation loan applications. Technical
 
assessments on each application are provided by regional offices
 
of the Energy Supervision Institute. The program involves
 
approximately $60 million in foreign exchange. The success of the
 
program can be attributed to good program design and to a shortage

of hard currency investment capital in Hungary. Using the loan
 
funds, companies can purchase imported equipment, albeit only for
 
energy efficiency improvements (Philips, 1990a).
 

Not all financing programs in developing countries are based
 
on loans. For example, in China, the Energy Conservation Company

(ECC) of the State Energy Investment Corporation provides grants

which normally cover one-third of a project's cost. Some
 
additional funds come from federal ministries or local and
 
provincial governments, but the bulk of the funds come from the
 
individual companies making the energy-saving improvements. ECC
 
has an annual budget of about $300 million, of which some goes to
 
proven technologies and some to demonstrating new technologies
 
(Philips, 1990b).
 

3. Leasing
 

In the U.S., a few electric utilities have leased energy
efficient equipment to customers. For example, the Taunton
 
Municipal Lighting plant leases compact fluorescent bulbs to
 
residential customers for $0.20 each month. If the lamp operates

three hours a day, monthly electricity savings amount to
 
approximately $0.40/month -- twice as much as the lease payments.

In the event the lamp breaks or burns out, Taunton replaces it at
 
no charge. Taunton has recently begun a similar program for
 
commercial customers that leases a wide-array of commercial
 
lighting equipment to customers including efficient bulbs,
 
ballasts, fixtures and lighting controls (Desmond, 1989).
 

In India, a project similar to the Taunton compact fluorescent
 
leasing program has been proposed for Bombay by a consortium of the
 
local electric utility, a major lighting manufacturer, and a
 
research institute (Gadgil, 1990).
 

4. Rebates
 

Several hundred U.S. utilities provide cash "rebate" payments

to buyers of energy-efficient equipment. Some utilities offer
 
rebates to sellers of efficient equipment. These programs have
 
shown that rebates can induce thousands of customers to undertake
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energy conservation actions. The most successful programs
 
generally combine simple program procedures that are easy fcr
 
customers to understand, extensive marketing, and free technical
 
assistance (Nadel, 1990c).
 

Rebates are most commonly offered to commercial and industrial
 
customers. For example, over a two year period Wisconsin Electric
 
has provided approximately $40 million in rebates for a wide
variety of energy saving equipment including lighting, HVAC, water
 
beating, refrigeration, and industrial process measures. The
 
program covers improvements to both new and existing buildings.
 
Typically the rebates cover 30-50% of the cost of each measure 
- the balance is paid by the customer. After two years, the 
program has resulted in approximately 60 MW of load savings, at an
 
average cost to Wisconsin Electric of less than $600/kW saved
 
(Nadel, 1990a). Wisconsin Electric can afford this investment
 
because by investing $40 million in conservation, it is saving much
 
more in power plant construction and operating costs.
 

Air conditioners, electric hot water heaters and heat pumps
 
are commonly included in residential rebate programs in the U.S.
 
Rebates for efficient models are as high as $915. Many utilities
 
provide rebates, typically $20-$100, for more efficient
 
refrigerators, freezers and water heaters. Often, the payment
 
depends on the efficiency and size of the product (Berman, et al.,
 
1987).
 

Florida Power and Light (FP&L) is one utility in the U.S. with
 
a variety of residential rebate programs. For example, FP&L pays
 
between $63 and $400 to its residential customers who purchase
 
qualifying central air conditioning systems (Berman, et al., 1987).
 
The rebate varies according to the efficiency and size of the
 
system. In the first three years of this program (1982-84), FP&L
 
estimates it has reduced summer peak demand by 63 MW at a cost of
 
about $400/kW. Based on its avoided capital and operating costs,
 
the utility estimates that this program has a benefit-cost ratio
 
of nearly six (Elliot, 1985).
 

An important point for less developed countries to consider
 
when establishing rebate programs is that the rebate amount for
 
equipment such as air conditioners and electric water heaters
 
should not be greater than the extra first cost for more efficient
 
models. Otherwise, the rebate could stimulate higher equipment
 
saturation levels, thereby defeating the purpose of the program.
 
Rebates might be best suited for more essential equipment, such as
 
afficient lighting products and commercial-industrial conservation
 
equipment. In these cases, there would be little or no incentive
 
for increasing the saturation of electricity-consuming equipment.
 

5. Performance Contracting
 

Performance contracting programs generally involve private
 
energy service companies (ESCo's), who contract with a utility or
 
end-user to assess, finance and install energy conservation
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measures. 
 The ESCo takes as payment a share of the energy cost
 
reduction.
 

In the U.S., 
over 40 ESCo's are active. Many work in tandem
with electric utilities to provide energy conservation services to
the utility's customers. 
 A recent review of utility experience
with performance contracting programs found most
that ESCo's
concentrate on the largest commercial and industrial customers and
the most lucrative energy-saving measures (particularly lighting
and cogeneration). 
ESCo's were generally not interested in working
with small and medium-sized customers. 
 Furthermore, utilities
operating both performance contracting and rebate programs
generally found that rebate programs achieve higher savings and are
less expensive per kW saved (Nadel, 1990a).
 

While experiences in 
the U.S. with performance contracting
have been mixed, in France, performance contracting has been much
 more successful at achieving large energy savings, 
at least in
multifamily housing. 
In France, energy service companies rose to
prominence after World War II in response to the need for skilled
technicians to 
manage heating systems in multifamily housing.
French energy service companies are primarily energy management
companies, not financial companies. 
Staff are primarily engineers
and technicians, not financial analysts. 
 French energy service
companies almost always are responsible for on-going operations and
maintenance at the facilities they serve. 
 Often they are paid a
fixed fee, so each franc saved adds directly to their bottom line.
They work in a facility over the long-term. Due to their long-term
perspective and the dominance of engineers, French companies are
often interested 
in special projects which pose engineering
challenges and have long payback periods (de la Moriniere, 1989).
It may be worth exploring whether 
the French experience in
multifamily buildings can be adapted to commercial and industrial
 
facilities in other countries.
 

Performance contracting programs 
are only just starting in
developing countries. A Canadian ESCo -- Econoler -- recentlyopened an office in Singapore. In Indonesia, a public/private

industrial conservation company, KONEBA, has set up a few shared
savings arrangements. 
Efforts to set-up ESCo's are also underway

in India and Thailand (Philips, 1991).
 

6. Direct installation
 

There are 
a number of barriers to implementation of energy
efficiency measures besides lack of money. 
For example, customers
often lack the time or 
expertise to implement measures 
on their
own, even if attractive financing 
 is available. Direct
installation programs seek to minimize the barriers to customer
participation by providing comprehensive installation services to
the customer including measure identification (audit), assistance

with measure installation, and financing.
 

In the U.S., a number of electric utilities have sponsored
 
direct installation programs. 
 For example, New England Electric
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System (NEES) found that small commercial and industrial customers
 

(customers using less than 20,000 kWh/month) were unlikely to
 

participate in rebate programs due to a lack of time and expertise.
 

To overcome these obstacles, NEES offers small commercial and
 

industrial customers a lighting audit, preparation of a detailed
 
work order (for measures such as electronic ballasts and compact
 

fluorescent lamps), and installation of measures, all at no cost
 

to the customer. Benefits to the utility (due to lower
 

construction and operating costs) are approximately 2 1/2 times
 

greater thar, the cost of the program. NEES also offers a similar
 
a
program for residential customers which provides and installs 


variety of conservation measures including compact fluorescent
 

lamps, water heater insulation, and low-flow showerheads. In order
 

to reduce marketing costs, the residential program is offered door

to-door, one block at a time (NEES, 1990).
 

programs provide services for
Not all direct installation 

(NU), a U.S. utility, offers
free. Northeast Utilities 


comprehensive direct installation services to large commercial and
 

industrial customers, but the utility pays no more than 50% of the
 

cost of any measure -- the customer must pay the rest (NU, 1990).
 

Similarly, the Bonneville Power Administration offers comprehensive
 
to with electric heat. The
weatherization services customers 


a energy private
utility provides free audit, arranges for 


contractors to install eligible measures (primarily insulation and
 

energy-efficient windows), and provides a grant that covers part
 

of the measure cost (Schick et. al., 1990).
 

Experience in the U.S. with direct installation programs has
 

shown that direct installation programs generally result in higher
 
(the eligible customers who
pnrticipation rates proportion of 


actually participate in a program) and higher energy savings per
 
than rebate, loan, and performance
participating customer 


However, direct installation programs are
contracting programs. 

generally more expensive to the utility per kWh saved than other
 

types of programs. Still, most direct installation programs in the
 
cost of building and operating a power
U.S. cost less than the 


plant. Thus direct installation programs are most useful when the
 

maximum amount of cost-effective electricity savings are desired.
 

When lower savings are acceptable, other program approaches will
 

generally be less expensive (Nadel, 1990c).
 

Only a few direct installation programs have been run in
 
example, Brazil's
developing countries. For PROCEL, national
 

electricity conservation program, operates a direct installation
 

program to replace incandescent street lights with mercury vapor
 
Over 280,000 lamps were replaced
and high pressure sodium lamps. 


during 1986-89, resulting in savings of approximately 115 GWh/year.
 
local
Most of the cost of these installations is paid by PROCEL; 


program is to
utilities contribute 10-20%. The goal of this 


replace a total of 1.2 million incandescent street lights by 1994.
 

This program is especially attractive to utilities since
 
for street lighting.
municipalities pay a subsidized tariff 


Lowering electricity use reduces the utility's subsidy for this
 

public service.
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The Mexican utility, CFE, has run several small demonstration
 programs under which compact 
fluorescent lamps were provided to
customers for free. 
 The bulbs for these demonstration projects
were donated by manufacturers. Evaluation of these programs has
not yet taken place. CFE is planning a much larger compact
fluorescent direct 
installation program under which 
3 million
compact fluorescent bulbs will be given to customers in two major
Mexican cities. 
The project will be financed with a $40 million
loan and grant from the World Bank. Details of the program are now

being worked out (Sturm, 1991).
 

In Pakistan, ENERCOM, a government-affiliated energy
efficiency office, has sponsored a direct installation program to
tune-up industrial boilers. Originally services were provided for
free, but after 
a reasonable market had developed, participants
were charged enough to recover program costs. 
 A similar program
is now being planned to indentify and undertake power factor
improvement measures (RCG/Hagler, Bailly, Inc., 
1990).
 

7. Tax credits and waivers
 

Tax credits and accelerated depreciation allowances have been
used in many countries to promote energy-saving investments. For
example, from 1978 to 1982, U.S. businesses could take a tax credit
equal to 10% of the capital cost of energy-saving investments.

Similarly, Japan 
allows a 7% investment tax credit on energysaving investments plus a special depreciation allowance equivalent
to 18% of 
 the acquisition price of energy-saving measures
(Furugaki, 1988). 
 An analysis of the U.S. credit (Alliance to Save
Energy, 1983) 
found that the credit had little impact on energy
investments made by U.S. industry -- most firms who took the credit
would have made the same 
investments if no credit were available.
 

A few developing countries have implemented preferential tax
policies for energy-efficient equipment. In 
the Philippines,
energy management systems, efficient motors, lighting products, air
conditioning 
systems, and other conservation technologies are
exempt from import duties. Also, the government of Barbados has
removed sales tax on various energy conservation devices including
efficient lighting products (Thompson, 1985). India also provides
tax credits for a number of energy-saving products, and it exempts
other products from sales taxes and custom duties. 
 However, the
exempted products were selected with oil conservation in mind
few electricity saving products are on the exempted product list
(Department of Power, 1989).
 

Thailand reduces 
 import duties for imports of energy
conservation equipment. Industries must apply to the government
for the reduction. Due to the cumbersome process, from 1983-1988,
only 30 factories applied for reductions. Still, the program is
credited 
with reducing industrial energy by about 1%
use

(Bijayendrayodhin, 1988). 
 Thailand is now reportedly considering
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import fee reductions for entire classes of equipment, such as
 
compact fluorescent lamps (Cherniack, 1990).
 

Tax credits need not only be negative. A recent report to the
 
government of Egypt suggested that import duties be lowered for
 
efficient products and raised for inefficient products (Turiel et.
 
al., 1990). Import duty waivers can be particularly important for
 
efficient products in the early stages of product development. For
 
example, duties can be reduced on imported equipment that is needed
 
for domestic production of efficient products. Duties can also be
 
reduced for a limited time period (e.g., a few years), in order to
 
develop the domestic market to the point that local manufacture is
 
economically viable.
 

E. Least-Cost Utility Planning
 

Least-cost utility planning (LCUP) is a planning process that
 
many electric utilities go through in order to determine the best
 
mix of new power resources (e.g., new power plants and conservation
 
programs) which can be used to meet future power requirements at
 
the lowest possible cost. A LCUP process consists of several
 
steps:
 

1. 	 Develop a forecast of future electricity needs.
 

2. 	 Examine the costs and amount of power available from
 
different options for improving power availability,
 
including new power plants (coal, hydro, natural gas, and
 
renewable energy), improvements to existing power plants
 
and transmission lines, and electricity conservation and
 
load management programs.
 

3. 	 Rank the different options in terms of cost per unit of
 
energy generated or saved (including all operating costs
 
over the project's lifetime).
 

4. 	 Beginning with the least-expensive projects first,
 
continue down the list until enough projects are included
 
to meet projected future needs.
 

5. 	 Change a few key assumptions, such as fuel prices and the
 
rate of peak demand growth, to see if the ranking of
 
projects changes significantly when key assumptions are
 
changed. If this is the case, develop a new "least
cost" list of those projects that are most likely to have
 
low costs under a wide variety of different assumptions.
 

Least-cost utility planning is most widely used in the U.S.,
 
but in recent years, LCUP has begun to be practiced in Canada,
 
Australia, and Sweden. LCUP efforts have also begun in other
 
European countries, and iin Costa Rica (RCG/Hagler, Bailly, Inc.,
 
and Oak Ridge National Laboratory, 1991), Jamaica (Conservation Law
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Foundation, 1990), Malaysia, and Thailand (Cherniack and Du Pont,
 
1991).
 

New England Electric System (NEES) provides 
a useful
illustration of a LCUP process. 
 For this process, NEES examined
69 options, including 11 new power plants, 
7 opportunities to
purchase power 
from other power companies, ii cogeneration and
alternative energy 
projects, 9 transmission line improvement
projects, and 31 conservation and load management 
programs.
Projects were assessed for a basecase scenario and five alternative
scenarios (e.g., a high growth scenario and a scenario with reduced
natural gas availability). After examining the least cost plan for
each scenario, NEES selected the mix of power supply options that
would best minimize costs across 
the range of scenarios. The
chosen resource mix calls for 3375 MW of additional power by 1999,
of which 39% will come from cogeneration and alternative energy
facilities, 31% will come 
from conservation and load management
programs, 24% 
will come from new natural gas fired power plants,
and 6% will be purchased from a Canadian hydroelectric plant. 
As
a result of this planning process, NEES expects 
to invest $600
million in conservation and load management programs over the 199099 period (1990 $), but compared to a strategy based only on
building new high efficiency coal-fired power plants, the
conservation and load management programs will save NEES $1 billion
 
more than the programs will cost (NEES, 1990).
 

Conclusion
 

Investment in electric generating capacity, primarily from
foreign 
loans, has been growing rapidly in many developing
countries. The need to 
limit the growing external debt of the
power sector is now recognized as an important goal 
by many
developing country energy planners. Thus, interest in establishing
much 
stronger electricity conservation policies and programs is
 
growing.
 

Developing councries can look to the hundreds of programs that
have been developed in other countries to slow growth
electricity consumption and reduce investment 
in
 

in expensive new
electric generating capacity. 
A thorough review and analysis of
this information should greatly increase the likelihood that 
an
individual developing country can launch successful new electricity
conservation programs that will help meet future electricity needs,

while saving citizens millions of dollars.
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