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LPG as a cooking fuel option for India

Antonette D’Sa and K.V. Narasimha Murthy
International Energy Initiative, 25/5 Borebank Road, Benson Town, Bangalore 560 046, India
E-mail: ieiblr@vsnl.com

The use of clean fuels such as liquefied petroleum gas (LPG) instead of the biomass-based fuels
used for cooking in India would be beneficial in several ways. However, only about 33.6 million
or 17.5% of all Indian homes use LPG as their primary cooking fuel, with 90% of rural homes
still dependent on some form of biomass. Hence this paper considers the possibility of enhancing
the household use of LPG. From an overview of the cooking fuels used in India, it focuses on
LPG, analysing the factors affecting current demand and projecting future scenarios. Salient fea-
tures of the LPG supply and distribution system are also discussed. On the basis of the existing
situation, barriers to increasing LPG use -- in particular, the problems regarding affordability,
pricing and reliable distribution -- have been identified. In this context, experiences with the ex-
pansion of household LPG use in other countries and a programme in India have been considered.
Finally, on the basis of the challenges recognised, suggestions are being made regarding the policies

through which the problems can be overcome.

1. Introduction

In India, over 700 million people live in homes where
biomass-based fuels are used for cooking. Such fuels have
adverse impacts on those directly involved, through the
concentration of particulate matter from inefficiently
burnt fuels and laborious fuel collection, and on the com-
munity, through the ambient pollution from simultaneous
cook-fires and land degradation in cases where fuel-wood
is gathered in an unsustainable manner.

Household fuel use can be viewed along an “energy
ladder”, beginning with traditional biomass, and proceed-
ing to fuel-stove combinations that are cleaner, more con-
venient and more efficient, but increasing in capital costs,
as the ladder is ascended [OTA, 1992]. Unfortunately,
while households around the world have moved to higher
rungs of the ladder, as alternatives become affordable and
available, many in developing countries are still depend-
ent on fuel-wood, and some have been forced down by
local fuel-wood shortage to even shrubs and grasses
[UNDP et al., 2000, Ch. 3].

1.1. Why LPG?

The harmful effects of traditional fuel use on health have
been proved in several regional studies. For example, a
study of 58,768 individuals from 10,265 rural households
of 118 villages in three north Indian states [Parikh et al.,
2003] found correlation between the incidence of respira-
tory ailments and the use of biomass-based fuels, exacer-
bated by factors such as kitchen location and limited
ventilation. A World Bank study of 59,000 children (aged
0-4) in the south-eastern state of Andhra Pradesh reported
substantial reduction in child mortality through the use of
cleaner fuels, in comparison with wood, dung, and coal
[WB, 2002].

Since the tasks of collection and processing of most
forms of biomass usually fall on women!!), the easier
availability of alternative cooking fuels would reduce this
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drudgery and enable them to divert their time and energy
to other pursuits. Set against this is the fact that fuel-wood
scarcity is prolonging the hours spent on fuel collection
by an estimated 172 million women and girls in several
rural areas of India [WHO, 2000].

Further, a detailed study of household stoves in India
[Smith et al., 2000], has concluded that the biomass stoves
in common use burn with relatively low efficiency, while
emitting products of incomplete combustion, so that a
switch from these to kerosene or LPG!*! could be recom-
mended even if biomass fuels were renewably harvested.
Among the currently available “clean” cooking fuels
biogas has been found to be the most efficient [Smith et
al., 2000]. However, although renewable, its use is re-
stricted by the availability of cattle. Between kerosene and
LPG, the latter is preferable, on the basis of the environ-
mental impacts of the entire fuel cycle (extraction of pe-
troleum and natural gas, processing, transport, and
distribution), and cooking [Jungbluth, 1995].

Annualised life-cycle costs (ALCCs)"*! may be used for
comparison of the commonly used fuels/stoves. ALCC in-
cludes both initial costs (stove prices and any other capital
costs) and operating costs, which vary with the fuel re-
quirement (depending on the energy content of the fuel
and the stove efficiency) and fuel prices. (See Appendix
A for the data and calculation.) When ALCCs are com-
pared, LPG is not as expensive an option as is usually
perceived, because the larger initial investment is com-
pensated for by the longer life of the equipment and the
higher fuel efficiency. ’

LPG can therefore be recommended both for its higher
efficiency and lower environmental impact than the alter-
natives, even without imputing an economic value to the
avoided human labour and time saving. However, since
India needs imports of both crude oil and LPG, and inter-
national sources could be adversely affected by political
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Figure 1. Indian household use of cooking fuels in 2001

problems and price volatility [Sihag et al., 2004], supplies
could be insecure. It can also be argued that since LPG
is derived from fossil fuels, its increased use should not
be advocated.

There are other alternatives to traditional fuels. For ex-
ample, one could consider processed biomass fuels al-
ready used in a few places in the country, such as producer
gas, and those not yet in use, such as dimethyl ether
(DME) and synthetic LPG. Renewable sources would ob-
viously be preferable in the long term, if they were used
sustainably.

Therefore, the use of LPG is being considered as a me-
dium-term option for India, in the transition to long-term
sustainable fuels!*,

1.2. Objectives of this paper

The purpose of this paper is to:

® present an overview of the domestic use of cooking
fuels in India, focusing on LPG;

¢ derive factors affecting current domestic LPG demand
and possible growth;

¢ list important features of the existing supply and dis-
tribution system:;

¢ identify the challenges that are likely to be faced to
the increased delivery and use of LPG;

¢ list experiences from elsewhere, to elicit reasons for
the adoption of LPG; and

¢ conceptualise the policies that could help surmount the
perceived challenges to increasing domestic LPG use.

2. Demand for LPG

While the worldwide annual growth rates of LPG demand
averaged 3.7 % during the 1990s, India’s growth was
9.5 %. Assessment of end-use demand indicates that the
largest growth rates in the residential-commercial cate-
gory will be in China and India; in 1985, 5 % of the
world’s residential-commercial LPG consumption was in
these two countries, but by 2005 this share is expected to
rise to more than 20 % [Purvin and Gertz, 2000]. India’s

dependence on LPG, at 7.8 % of its consumption of all
refined petroleum products, is one of the highest in the
Asia-Pacific region [MoP&NG, 2003a]).
2.1. Cooking fuels used by Indian households
Sample survey estimates of household fuel use in India
can be obtained®!, but the only exhaustive survey is con-
ducted during the decennial Census of the population. Fig-
ure | (constructed from Census of India, 2001) shows the
proportion of households using each type of cooking fuel,
in rural and urban areas, respectively. In rural areas, where
72 % of the country’s households reside, firewood (used
by 64.10 %) is, by far, the most important fuel; other
sources of biomass — crop residue (13.10 %) and cowdung
(12.80 %) — are the main alternatives, so that over 90 %
depend on these traditional fuels. However, in urban areas,
the most commonly used fuel is LPG (47.96 %), followed
by firewood (22.74 %) and kerosene (19.16 %).
2.2. LPG use by Indian households
While analysing fuel use, we have elicited factors likely
to affect the choice of LPG. The extent of LPG use has
then been examined, as indicated by the number of house-
holds dependent on it and the amount of LPG used. On
the basis of these parameters, future demand scenarios are
being projected.
2.2.1. Factors contributing to the choice of LPG
Several factors, in particular, household income, accessi-
bility, and the prices and availability of alternative fuels,
appear to determine the choice of LPG as a cooking fuel.
Using the National Sample Survey (NSS)-reported
household expenditure as a proxy for household income,
Figures 2a and 2b display the percentage of households
dependent!®! on each cooking fuel in each expenditure
decile of the sample. The graphs demonstrate that, with
increasing income, households shift from fuel-wood to
kerosene and then to LPG. It appears that, as incomes of
households rise, their resources increase, facilitating the
additional expenditure involved. Further, with increasing
income, consumers can more easily make payments (or
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Figure 2. Use of cooking fuels varying with income in rural India (Figure 2a, above) and urban \ndia (Figure 2b, below) (based on 1393-84 and

1999-2000 NSS data)

forgo present consumption) in return for future saving,
that is, their “consumer discount rates” fall. Consequently,
they can opt for higher-initial-cost options such as LPG
whose fuel efficiency offers future saving in operating
costs!’l. Conversely, at the lowest income levels, people
persistently use unpriced biomass, because their subsis-
tence-level existence prevents the purchase of fuel.

In addition to the ability to pay, increasing incomes
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lead to better education, awareness and social status; these
also encourage fuel shifts, evidenced in the quick switch-
ing from wood and twigs to kerosene as a family moves
from a slum to a tenement [Gupta and Kohlin, 2001].
Adoption of a “better” fuel has also been perceived as a
status symbol [NIRD, 2002].

In addition to the prices of the fuel-stove package, the
price of the fuel alone may be considered a determinant
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of the choice of fuels. However, the increase in LPG use
has not been brought about by price reduction, as LPG
prices during the 1990s, administered by the central (i.e.,
federal) government'®!, have actually risen slightly more
than the corresponding consumer price index. In this con-
text, the costs of substitute fuels have also to be consid-
ered. The fuel costs of cooking with kerosene, a fuel that
usually precedes LPG along the energy ladder, slightly
exceed those of LPG (indicated in Appendix A), with its
price increase having been relatively higher®'. Hence, the
shifts from kerosene to LPG that have occurred indicate
a positive cross-elasticity of demand, expected for a sub-
stitute. It must be noted here that the investment in the
equipment for a particular energy carrier could prevent
easy shifts to another that could be caused merely by
small increases in the fuel prices of the current carrier.
And, the alternative of unpriced biomass continues to be
the predominant choice. '

Apart from affordability, the availabilities of a fuel and
its competitors tend to affect householders’ choices, and,
in so far as location determines availability, it is also a
determining factor. Thus, crop residues are used even by
higher-income households with farmlands, and conversely,
in urban areas, several non-biomass options are used. Since
kerosene is more easily transported and stored than LPG, it
is used in places where LPG is not accessible.

In urban areas, there have been substantial shifts to-
wards LPG during the last two decades. This could have
been stimulated by the demonstration effect, with the ac-
quisition of LPG “connections” (registration with a dis-
tributor who supplies cylinders and replaces them when
they are empty) by a few families leading to escalating
demand in the neighbourhood. To the extent of there being
long waiting lists of households seeking connections, the
shifts indicated in the graphs could actually be blunted by
the lack of availability. This has recently been relieved by
increases in the number of distributing agencies, particu-
larly private distributors.

However, the “switch” between fuels is often found to
be incomplete in both rural and urban areas [ESMAP,
2001]; many households use more than one fuel, with that
used for cooking the main meal not necessarily used for
supplementary meals and heating. Thus, shifts to better
fuels do not completely eliminate the use of the traditional
carrier. Further, although there appear to be more choices
in urban areas, the gaps in and uncertainty of supply of
each lead to families storing and using more than one
fuel, as a risk-reduction strategy.

2.2.2. Current extent of dependence on LPG

LPG is the primary cooking fuel for 33.6 million homes,
17.5 % of the total population. This includes 7.845 mil-
lion rural homes (5.67 % of the rural population) and
25.752 million urban homes (47.96 % of the urban popu-
lation). LPG dependence varies from over 50 % in the
(chiefly urban) Union territories (territories under greater
direct control of the central government) to under 10 %
in several eastern states (Table 1).

The total number of users, indicated by the number of
connections!'? reported by LPG distributors (i.e., retailing
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Tahle 1. State-wise use of LPG as fuel for cooking in 2000-01

State/Union territory Total Households | LPG-
number of | using LPG | using
households propor-

tion (%)
All-India 191,963,935 | 33,596,798 17.5
Delhi 2,554,149 1,737,730 68.0
Chandigarh 201,878 126,146 62.5
Goa 279,216 145,453 52.1
Daman and Diu 34,342 17,304 50.4
Pondicherry 208,655 83,326 399
Mizoram 160,966 60,600 376
Punjab 4,265,156 | 1,435,648 337
Uttaranchal 1,586,321 531,076 335
Haryana 3,529,642 1,067,110 30.2
Maharashtra 19,063,149 | 5,656,425 29.7
Gujarat 9,643,989 | 2,746,018 285
Himachal Pradesh 1,240,633 348,727 28.1
Jammu and Kashmir 1,551,768 343,052 22.1
Dadra and Nagar Haveli 43,973 9,595 21.8
Manipur 397,656 86,608 21.8
Arunachal Pradesh 212,615 42,994 20.2
Andaman & Nicobar Islands 73,062 14,706 20.1
Tamil Nadu 14,173,626 | 2,703,970 19.1
Andhra Pradesh 16,849,857 3,200,615 19.0
Sikkim 104,738 19,718 18.8
Karnataka 10,232,133 1,874,198 18.3
Kerala 6,595,206 | 1,168,536 17.7
Rajasthan. 9,342,294 1,437,023 15.4
Madhya Pradesh 10,919,653 1,483,947 13.6
Assam 4,935,358 652,306 13.2
Tripura 662,023 85,477 12.9
West Bengal 15,715,915 1,962,540 12.5
Lakshadweep 9,240 1,055 114
Uttar Pradesh 25,760,601 2,913,579 1.3
Nagaland 332,050 31,479 9.5
Meghalaya 420,246 32,520 11
Chhattisgarh 4,148,518 309,801 7.5
Jharkhand 4,862,590 327,624 6.7
Orissa 7,870,127 410,823 5.2
Bihar 13,982,590 529,069 38

Source (data): Cansus of India, 2001
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Table 2. Trend in India’s total LPG consumption, number of
consumers and distributors

Years Total Number of Number of
(all sectors’) connections!! distributors
consumption (million)

(kt)
1980-81 405 33 1,105
1985-86 1,241 10.7 2,742
1990-91 2,415 17.0 3,930
1995-96 3,849 25.7 5,165
1996-97 4,183 29.3 5,426
1997-98 4,581 337 5,538
1998-99 5,041 38.1 5,648
1999-2000 6,029 473 6,161

2000-2001 6,613 579 6,477

2001-2002 7,310 63.5 7,486

2002-200312! 8,157 69.8 7,910

Sources (data): CMIE, 2003; MoP&NG, 2003b.

Notes
1. All consumer categories
2. Provisional data

Table 3. Domestic dependence on LPG in 2001

For the base-year Units Rural | Urban | Total

(2001)

Census data: total num- million { 138.272 | 53.692 { 191.964

ber of households in the
country

Census data: number of million 7.845 | 25752 | 33.597

LPG-dependent house-
holds

Proportion of households %o
using LPG

5.67 47.96 17.50

Assumed average annual 101.4 119.3 115.1
use per household (based
on derived All-India aver-
age and National Sample

Survey results)

kg/year

Estimated total domestic Mt
LPG use

0.795 3.072 3.868

agencies or vendors), has increased fourfold since 1990-
91 (Table 2). Categories of consumers have not been
specified, but a comparison with Census of India esti-
mates shows that in 2001, about 58 % of these connec-
tions were domestic.

2.2.3. Consumption levels

Apart from the number of LPG-using households, one
needs to consider the amount of LPG used. The average
use of LPG for all connections is 115 kg per year. But,
for this analysis, the use by households is required. In
1999-2000, the average use in rural and urban areas was
11.3 kg per month (135.6 kg per year) and 13.3 kg per

month (159.6 kg per year), respectively [NSSO, 2001].
However, the authenticity of these estimates is based on
each respondent’s ability to recall and/or correctly esti-
mate the family’s use, evidenced by the clusters around
one cylinder (14.2 kg) and half a cylinder (7-8 kg) per
month. There also appears to be some overestimation as
compared with the distributors’ estimates of sales, where
available.

Regarding the rural-urban differences, the lower rural
use appears to be due to the greater difficulty in obtaining
refuelling, as well as the availability of biomass sources
that could be used to complement the LPG supply. Fur-
ther, in urban areas, LPG obtained through “domestic con-
nections” has been known to be used for cooking in
commercial establishments, for fuelling vehicles, and for
small industrial units.

For an accurate estimation of domestic LPG require-
ment, one would need the true fuel requirement per house-
hold based on the stove efficiency and cooking time. This
would require detailed computation, particularly with
cooking needs varying with lifestyle patterns and regional
customs. To avoid this, the assumption is being made that
the average annual consumption per LPG connection is
also equivalent to the annual requirement per household.
This average is being adjusted for rural and urban use by
the average NSS-reported household use, i.e., 11.3 kg per
month and 13.3 kg per month, respectively. Thus, we get
an annual average consumption, per LPG-using house-
hold, of 101.4 kg for rural areas and 119.3 kg for urban
areas. For the reported LPG-using households in the year
2001, the total requirement would have been 0.795 mil-
lion tonnes (Mt) in rural areas and 3.072 Mt in urban
areas, as shown in Table 3. This represents 58.5 % of the
total Indian use of 6.613 Mt reported for that year
[MoP&NG, 2003b}.

2.3. Estimated future requirement of LPG
If household use of LPG is to be encouraged, one would
have to estimate the extent to which LPG requirement

would increase. To project such scenarios, one would need

to consider the average LPG requirement per household
and the frend (growth rate) in the number of LPG-depend-
ent households. Then, for a “business-as-usual” scenario,
both the LPG requirement per household and the growth
rates of households would be at current (or base-year)
levels, whereas for other scenarios, one or both parame-
ters could be altered.

The number of households using a particular fuel in a
given year has been estimated from the National Sample
Survey (NSS) data on the proportions of the population
using specific fuels and the estimated total number of
households in the country (Table 4).

From the number of LPG-using homes estimated, the
current (1999-2001) average annual increase in users has
been found to be 6.82 % for rural areas and 11.75 % for
urban areas. These rates have been projected for a busi-
ness-as-usual scenario, where the number of households
and the LPG requirement have been shown at 5-year in-
tervals till the year 2015-16!""! (Table 5). However, with
the current rates of LPG adoption, even in this terminal
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year, LPG would be used for cooking in only about
11.9 % of rural homes. For the country as a whole, LPG
would cater for about 36.4 % of homes, with the total
requirement amounting to 10.8 Mt.

Another scenario could consider increasing the rural de-
pendence through doubling the business-as-usual growth
of LPG connections from 2005-06 onwards (also shown
in Table 5). Even so, only about 22 % of rural homes
would be using LPG in the year 2015-16. About 43 % of

Table 4. Estimated number of households using LPG in
1993-94 and 1999-2000

I Unit?l Rural I Urbanl Total
1993-94
Estimated total number of million {123.187 | 44.405 | 167.593 |
households
LPG-using proportion % 1.80 29.70 9.19
LPG-using households million | 2.217 13.188 | 15.406
Kerosene-using proportion % 1.90 22.90 7.46
Kerosene-using households | million 2.341 | 10.169 | 12.509
Firewood-using proportion % 80.10 30.30 66.90
Firewood-using households | million | 98.673 | 13.455 | 112.128
1999-00
Estimated total number of million |136.009 | 52.255 | 188.264
households
LPG-using proportion % 5.40 44.10 16.14
LPG-using households million 7.344 | 23.045 | 30.389
Kerosene-using proportion % 2.70 21.70 7.97
Kerosene-using households | million 3.672 | 11.339 | 15.012
Firewood-using proportion % 75.40 22.20 60.63
Firewood-using househoids | million |102.551 | 11.601 | 114.151

Notes

The total number of households in each year was estimated by interpolating between the
Census of India figures for 1991 and 2001. The proportion of total households using a
particular fuel is from the National Sample Survey (NSS) in the given years.

all Indian homes would be included, with the total re-
quirement amounting to 12.6 Mt.

Other enhanced-rural-growth scenarios can easily be
projected; for example, a scenario where 100 % of the
homes depend on LPG in the same year would result in
a requirement of 27.6 Mt. However, these scenarios are
unlikely to be plausible without substantial increases in
household incomes!!?..

3. Supply of LPG

The worldwide production of LPG has been increasing,
and its growth rate is likely to outstrip that of most other
oil products, since natural-gas processing — now the larg-
est source of LPG — is increasing more rapidly than crude-
oil processing.

3.1. Current availability of LPG in India

Indigenous production of LPG in India grew steadily dur-
ing the 1990s, both from crude-oil refining and from natu-
ral-gas processing (Table 6). Imports also increased as
demand exceeded indigenous production, but fell during
2000-02 owing to a surge in refinery output.

3.1.1. Indigenous production capacity

India’s crude refining capacity for all petroleum products
(in April 2002) was 116 Mt per annum (Mt/a) [MoP&NG,
2003c]. There are currently 18 refineries in operation (Fig-
ure 3)I'*! Five major refinery projects are also being im-
plemented to add 40.5 Mt/a to refining capacity. Given
the projected increases in capacity at specified refineries,
one can estimate the increase in LPG production, because
each refinery has its own product slate depending on the
configuration of its processing units. The current LPG
yield from Indian refineries is about 4.5 % of the total of
all products [MoP&NG, 2003a]. LPG production from
natural gas is also increasing, with new LPG extraction
plants set up by the Gas Authority of India Limited
[MoP&NG, 2002].

3.1.2. Imports

Imports of petroleum, oil, and lubricants (POL) had
been contributing significantly to the country’s import
bill, particularly during the 1980s (Table 7). However,

Table 5. Scenarios for househoid use of LPG (2005-06 to 2015-16)

Year Number of households using LPG Proportion of total households using Consumption of LPG (Mt)
(million) LPG (%)
Rural LUrban I Total Rural L Urban LTotal Rural J Urban Total
Scenario 1: business as usual with current growth rate

2005-06 10.91 44.87 55.78 7.27 72.97 26.36 1.11 535 6.46
2010-11 15.17 63.38 78.56 9.30 90.00 33.64 1.54 7.56 9.10
2015-16 21.10 72.59 93.69 11.91 90.00 36.35 2.14 8.66 10.80

Scenario 2: increased rural growth, with double the growth of rural users but current use per household
2010-11 20.67 63.38 84.06 12.68 90.00 36.00 2.10 7.56 9.66
2015-16 39.17 72.59 111.76 22.12 90.00 43.36 3.97 8.66 12.63

Note

At the current rate of adoption of LPG for cooking, the urban dependenca will reach 90 % around 2008; thereafter the growth rate of LPG-using households has been pegged at the

current average household growth rate (2.75 %).
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Table 6. LPG production in India (Mt)

Years From From ' Total Net
crude oil | natural gas | indigenous | imports
refineries |fractionators| production

(a) (b) (a)+(b)

1990-91 1.221 0.929 2.150 0.329

1995-96 1.539 1.714 3.253 0.596

1998-99 1.724 1914 3.638 1.173

1999-2000 2.487 1.986 4473 1.587

2000-01 4.088 2.045 6.133 0.853

2001-02 4.778 2.205 6.983 0.659

2002-03!!! 4.903 2370 7273 1.073

Sources (data): Ministry of Petroleum and Natural Gas [MoP&NG, 2003b,c}

Note
1. Provisional figures

Table 7. importance of crude oil and petroleum product (POL) imports

Year Value of imports As a As a
of POL, i.e. crude | percentage of | percentage
oil and petroleum | total imports of total

products (%) exports
(US$ million) (%)

1970-71 180 8.3 8.8

1980-81 6,656 419 78.4

1990-91 6,028 25.0 332

1995-96 7,526 20.5 237

1996-97 10,036 25.6 30.0

1997-98 8,164 197 233

1998-99 6,433 154 19.1

Source: Directorate General of Commercial Intelligence and Statistics (DGCIS), Kolkata,
quoted in [MoF, 2000, Table 7.2(A))

Note

POL = Petroleum, oil and lubricants

India has recently begun exporting some petroleum prod-
ucts (naphtha, motor spirit, diesel and fuel oii), thereby
becoming a net exporter of petroleum products; only
crude oil imports continue to be essential. Since LPG has
accounted for only about 1.4 % to 3.4 % of the net POL
bill over the last four years, it could continue to be im-
ported to the extent of the production deficit.

To reduce the dependence on imports, the New Explo-
ration Licensing Policy (NELP) has been drawn up. Ex-
ploration blocks, both on land and offshore, were awarded
to bidders and a large gas discovery was made in the
Krishna-Godavari basin (in Andhra Pradesh). Similarly, to
encourage the exploration and production of new sources
of hydrocarbon resources, the coal-bed methane (CBM)
policy has been formulated, through which blocks for ex-
ploration and production in this category are awarded. In
addition, the Qil and Natural Gas Commission (ONGC)
has identified 15 major fields for implementing improved
oil recovery plans [MoP&NG, 2002].

3.1.3. Transport
LPG transport is more economical in large shipments. For
example, the shipping cost per tonne of a 1,000-t shipment
can work out at least 30 % more than that of a 2,000-t
shipment and at least three times that for a 12,000-t ship-
ment [WB and WLPGA, 2001]. However, the existing In-
dian ports with infrastructure to receive POL, although
suitable for crude oil, are inadequate for LPG. In addition,
owing to insufficient import facilities on the east coast,
relatively more expensive inland movement is required.

LPG is moved from the point of production or import
by pipelines and (rail and road) tankers to terminals,
where it is stored under pressure. It is then sent as re-
quired from these terminals to petrochemical plants, bulk
depots, and cylinder-filling plants. Residential users re-
ceive pressurized cylinders through the LPG distributors
of petroleumn companies. Even at the present level of LPG
use and geographical spread, the transport infrastructure
needs upgrading; increased domestic use all over the
country would necessitate extensive improvement.

The railways, restricted by the availability of tank-wag-
ons, have been hauling only about 40 % of the petroleum
product freight. To overcome the tank-wagon shortage, es-
pecially for transporting LPG, an “Own your tank-wagon”
scheme has been introduced, whereby a rebate in freight
charges is offered on tank-wagons owned by oil compa-
nies {MoP&NG, 2003c].

Around 32 % of petroleum product transport is by pipe-
line. This mode is recommended for reasons of safety,
operational convenience, cost, and environmental bene-
fits. Table 8 lists the region-wise petroleum product pipe-
line capacities while Figure 3 indicates their locations and
those of the proposed projects.

The extension of pipelines may have been hindered by
the high investment required; for example, Gas Authority
of India Limited (GAIL)’s new 1,246-km LPG pipeline
is estimated to cost Rs. 12.295 billion (US$ 273 million)
[MoP&NG, 2002]. Acknowledging this, the ministry has
recently approved the setting-up of an apex holding com-
pany that will co-promote specific pipeline joint venture
companies (JVCs) to implement discrete sections of the
grid [MoP&NG, 2003c]. The new pipelines projects yet
to be fully commissioned, or under construction, are:

o the 1,246-km long GAIL pipeline between Kandla port
and indigenous production units in Jamnagar (in west-
ern India) and Loni (in northern India), likely to con-
vey 2.5 Mt/a, with receiving terminals to push LPG
into the pipeline, pumping stations, boosters, and de-
livery terminals for supply to marketing companies
[Indiainfoline, 2002];

o the 270-km long Mumbai-Manmad pipeline (in west-
ern India), with an initial capacity of 3.30 Mt/a; and

e the 380-km long Vishakhapatnam-Vijayawada pipe-
line (in south-eastern India), with an initial capacity
of 4.00 Mt/a.

Road tankers carry the remaining nearly 30 % of petro-

leum product freight. Because of the insufficiency of pipe-

line capacity and tank-wagons, this mode is likely to
continue.
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Table 8. Indian petroleum product pipeline capacities ({in Mt/a) in April 2002

Product No. Existing capacity No. Proposed capacity No. Total capacity
(existing + planned)
Petrol/diesel
West coast - inland 4 27.00 3 13.00 7 40.00
East coast - inland 3 6.70 1 1.40 4 8.10
Others 5 8.15 5 6.02 10 14.17
Total 12 41.85 9 20.42 21 62.27
LPG
West coast - inland 1 1.70 1 0.80 2 2.50
East coast — inland - - 1 1.16 1 1.16
Total 1 1.70 2 1.96 3 3.66
Source: MoP&NG, 2003a
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Figure 3. Petroleum refineries and pipelines (gas and LPG) in India
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Currently, apart from direct import of products, lim-
ited product movement takes place between port loca-
tions, as India has only a few ports large enough to
berth modern LPG tankers. Hence, the ministry is con-
sidering the option of unloading large tankers or
“mother” vessels on the high seas to containers on
smaller ships or “daughter” vessels [Petrowatch, 2003];
these can then berth at appropriate ports from where
containers would be unloaded and stored till they can
be moved to dispersed bottling plants. Southern and
eastern India — with an LPG deficit and therefore de-
pendent on imports — will benefit the most. Thus far,
only Haldia (in West Bengal) and Vishakhapatnam (in
Andhra Pradesh) have facilities to berth regular LPG
tankers, and these cannot economically supply the
southern peninsula. Through the proposed container op-
tion, the expensive option of constructing a large port
is avoided and the existing smaller ports, such as Tu-
ticorin (Tamil Nadu) and Kakinada (Andhra Pradesh),
both on the south-eastern coast, can be utilised.

3.1.4. Storage and distribution infrastructure

For storage and distribution, one has to consider installa-
tions, depots, and tankage and bottling capacities. Instal-
lations are large storage points attached to refineries or
to ports, serving as supply sources to locations in the re-
gion, while depots are smaller storage and distribution
centres catering for the needs of a city or town.

At present, one or more of the public sector oil com-
panies have installations in almost all major cities and
port locations and depots at all district headquarters. In
some areas, arrangements have been made between the
companies for sharing infrastructure, in order to reduce
costs. India usually has a total storage capacity of about
16 days’ supply of LPG. A new 60,000-t LPG cavern-
storage project in Vishakhapatnam, the first of its kind in
south and south-east Asia, has also been initiated [Busi-
ness Line, 2004].

LPG storage points and bottling plants have been set
up near demand centres to facilitate movement of cylin-
ders. Manual bottling and distribution in small carriers is
cost-effective, hence one can ignore the economies of
scale in bulk handling and distribution; however, safety
and filling standards may not be as good as with auto-
mated filling plants. The initial cost of new bottling plants
is about Rs. 2,600 (US$ 57.8)/t per annum (t/a) capacity,
with a plant of 70,000 t/a having been built at Rs. 180
million (US$ 4 million) and another of 138,000 t/a, at Rs.
360 million (US$ 8 million) [MoP&NG, 2003c].

3.1.5. Marketing

The three main public sector oil companies, Indian Oil
Corporation Limited (IOCL), Hindustan Petroleum Cor-
poration Limited (HPCL), and Bharat Petroleum Corpo-
ration Limited (BPCL) have extensive sales networks. Of
the cylinders currently being marketed by these compa-
nies, domestic consumers are provided with cylinders
containing 14.2 kg, and, in a few areas, 5 kg (for low-in-
come homes).

LPG marketing has historically been concentrated in
urban and semi-urban areas; even so, there were long

waiting lists for LPG connections. The entry of private
LPG distribution companies has helped urban areas. Ex-
tension of supply in rural areas is being handled chiefly
by public sector companies that have in recent times made
some additional efforts. These include the introduction of
compact 5-kg cylinders in some areas, the rasoi ghar
(kitchen) scheme for communal use of LPG in a few vil-
lages!'#!, and rural mobile vehicles (RMV) for dispersed
supply! '3l If supply were to be extended into rural areas
on a larger scale, there would have to be more distribution
agencies, as well as such schemes.

3.2. Supply-demand balances

Studies have estimated a shortage of LPG supply vis-a-vis
demand of between 3.4 and 5.9 Mt by the year 2006-07
and increasing to 7.6 Mt by 2010-11 [MoP&NG, 2003a].
Given that the domestic requirement accounted for only
58.5 % in the base year 2001, enhanced domestic use
would inflate the demand-supply gap even more. In ad-
dition, LPG is being increasingly used for automobile fu-
elling (legalised since 24 April 2001!'®! and mandatory
for three-wheeled auto-rickshaws in some states). This
will be a competing burden.

However, the studies have not included new plants that
may be constructed as a result of the recent successful
exploration. The costs of new refinery capacity are
high!'"! and LPG constitutes a relatively small fraction of
refinery output, on the basis of the current production
slate. Nevertheless, increased indigenous production is
likely.

With regard to actual LPG delivery to consumers, prob-
lems of regional imbalances and inadequate distribution
facilities have to be addressed. The northern region, con-
suming about 33 % of the country’s total LPG use, has
been a petroleum-product-deficit area. The deficit will
have to be met through increased transport from the west-
ern region via a cross-country pipeline and the completion
of new refineries of 23 Mt/a capacity [Indiainfoline,
2002]. The western region uses about 30 % of the coun-
try’s consumption, but if a spurt in demand does not oc-
cur, the commissioning of a new 27 Mt/a refinery [RPL,
2000] may bring about a surplus capacity. The southern
region, consuming 25 % of the country’s LPG use, is
meeting its present requirements. The eastern region cur-
rently accounts for only about 12 % of the country’s LPG
consumption; its geographical spread together with the
low per capita incomes in most areas have made it unat-
tractive for distributors except in a few cities, chiefly Kol-
kata. Increased demand in the latter two regions would
necessitate increases in cross-country transport or regional
production capacity.

4. Challenges to increased domestic use of LPG

When considering the increased use of LPG for cooking,
the main challenges we discern relate to the provision of
equitable household access to the fuel while simultane-
ously ensuring viability of the production and distribution
sectors. These challenges raise issues of affordability, ef-
fective pricing policies and adequate supply and distribu-
tion infrastructure.
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4.1. Increasing affordability

A household’s inability to pay for the costs involved in
LPG use is experienced in several ways. The up-front
costs of an LPG connection (deposit) and stove to-
gether!'®) constitute one hurdle. Here, the household’s in-
come would affect its perception of costs, because the
smaller its resources, the higher would current expenditure
seem in relation to future savings. The fuel costs also un-
dermine the use of LPG; these are high not only in rela-
tion to collectible biomass, but because larger minimum
quantities usually!'®! have to be bought at each refill (as
compared with kerosene, charcoal, and wood).

A household’s evaluation of LPG as a cooking fuel also
affects its estimation of affordability, because while an
improved energy carrier such as electricity leads to serv-
ices such as lighting and television-viewing, enjoyed by
all in the family, LPG could be seen as purely consump-
tive and benefiting only women. In general, improved
cooking fuels do not feature high in household priorities.

It is also a fact that, at present, the poorest sections of
the population cannot consider LPG even at subsidised
rates. Even if financing facilities were easily available,
repayment would be difficult without increased income
accruing, as in the case of other energy services. While
electricity for lighting facilitates longer and improved
working conditions for cottage industries and service ac-
tivities, leading to increased income, improved cooking
fuels alone would not provide additional income/®!. So,
whereas micro-credit/small loans for productive purposes
are repaid even by poor households!?!), through the returns
they obtain, it counld be difficult to repay a loan for house-
hold convenience alone. Moreover, the kerosene-electric-
ity shift for lighting is not replicable in the case of LPG
for cooking because the costs of the more efficient light-
ing source are lower, whereas LPG costs more than tra-
ditional carriers, unless consideration is given to reduced
pollution and the resulting health benefits.

4.2. Pricing policies

Given the problem of affordability, one has to consider
appropriate pricing policies. These also appear to consti-
tute a challenge in India. Till April 1998, the Indian oil
and gas industry had been controlled by the central gov-
ernment. Among other aspects, the pricing of petroleum
products was state-determined, so that the deficit incurred
on products priced lower than costs — LPG, kerosene and
diesel — was compensated for by the higher-than-cost
prices of the other distillates, through the administered
pricing mechanism (APM). These inflows and outflows
were handled by the Oil Pool Account, which was in-
tended to be self-sufficient.

Liberalisation of the industry brought several policy
changes: in 1987, private participation was allowed in
joint venture refining; in 1993, parallel marketing was
permitted, that is, the private sector was allowed into dis-
tribution; in 1998, phased dismantling of the APM was
initiated; and in 2002, the APM was dismantled
[MoP&NG, 2003c].

However, controls on the prices of 5 products (motor
spirit, diesel, aviation turbine fuel, kerosene, and LPG),
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which contribute 70 % of the total volume, were retained.
Subsidies on LPG and kerosene were continued, to help
households, but were limited to 15 % and 33 %, respec-
tively, of import parity prices. And, in the fiscal year
2002-03, these subsidies, which had previously been man-
aged through cross-subsidies from other petroleum prod-
ucts using the Oil Pool Account, were for the first time
included in the national budget. Obviously, this imposed
a burden on the central exchequer, entailing high oppor-
tunity costs.

Further, with retail prices and subsidies for kerosene
and LPG fixed for specified periods, the effects of inter-
national price spurts are borne by Indian public sector oil
companies. For example, the subsidy for 2002-03 com-
pensated for only 56 % of the loss incurred by these com-
panies [Gupta, 200311221, Such a situation is obviously not
sustainable.

Apart from the cost burden, subsidies, by lowering fuel
prices, reduce the users’ incentive to conserve fuel, and,
if not reimbursed to producers, they reduce their incentive
and ability to invest in new infrastructure/technology.
When domestic cylinders are diverted to other purposes,
for example, running vehicles, the waste is even worse.

Subsidies are justifiable — at least, as a second-best
strategy — for increasing access to clean fuel for the poor,
but they should be targeted at these categories of consum-
ers. However, as the consumer pattern demonstrates, do-
mestic LPG is used by upper-income households, and
more so in urban areas, so that subsidies are garnered
chiefly by the urban rich. This has been observed else-
where too — in other Indian studies [JUNDP and ESMAP,
2003] and in Africa [Sokona and Thomas, 2000]. Even if
lower-income households are able to benefit from LPG
through subsidies, the financial value to them is relatively
small as their consumption is generally modest.

4.3. Ensuring adequate supply and distribution

If LPG were to be made available to homes, particularly
in a country where 72 % live in rural areas, there would
have to be not only adequate supply but extensive and
reliable distribution also.

To meet the near-term demand-supply gap, imports can
be resorted to in the country’s present balance of payments
position. However, dependence on imported petroleum
may be strategically unwise because it makes the country
vulnerable to spikes in the international prices of crude
oil; deficits in the Asia-Pacific region are met by imports
from the Middle Eastern countries, so that problems in
the Persian Gulf region could lead to disruption in physi-
cal supplies and increased price risks. Hence, for supply
security, indigenous production capacity would need to be
increased and, since the costs of new production infra-
structure — refineries and gas fractionation plants — are
already high, they would be difficult to recover with the
current price structure.

Regarding distribution facilities, even greater improve-
ments are required. In many countries, pipelines are the
preferred mode of petroleum product transport, but in In-
dia only around 32 % of such transport is through pipe-
lines. Owing to non-availability of tank-wagons, 30 % of
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oil product movement is undertaken by road, which is not
only hazardous and polluting but also involves 15 to 20
times as much specific energy use as through pipelines,
and 5 times as much as by rail’?®!. The existing infrastruc-
ture at Indian ports for LPG is also inadequate, particu-
larly on the east coast, so that inland movement is
required and the costs are substantial.

Currently, vast areas of the country are located far from
distribution centres. Storage and bottling facilities outside
the urban centres of high demand have been limited by
whatever the public sector corporations have been willing
to invest. As a result, users have to pay additional charges
for refuelling so that the average expenditure per LPG
cylinder, indicated by NSS data, is higher in rural than in
urban areas. Moreover, for small and remote markets, re-
fills often take more than a week, so that for those without
a second cylinder, there are gaps in fuel supply that ne-
cessitate a stand-by fuel. And, signing up for a second
cylinder obviously increases the deposit cost, a further
deterrent for lower-income households.

From the LPG dealers’ point of view, the small number
of purchasers and low rate of consumption in rural areas
lead to poor economies of scale that along with poor road
infrastructure make it difficult to establish commercially
viable distribution networks.

Further, LPG delivery (as in the case of other pressur-
ized or gaseous fuels) involves cylinder management,
which necessitates more careful transport than kerosene
or firewood; this, in turn, imposes additional requirements
on prospective distributors.

5. Experiences of LPG programmes

Lessons could be learnt from the way household LPG use
was extended in other developing countries and from re-
gional programmes within India.

5.1. Experiences in other developing countries

5.1.1. Asia

In the Philippines, the opening of the market in 1996 en-
couraged several oil companies to invest there. Since
1997, more than 100 bottling plants have been built and
the demand, almost entirely for the household sector, has
risen by about 40 % [WB and WLPGA, 2002]. In the
People’s Republic of China, the shift up the energy ladder
from biomass-based fuels to LPG was spurred by the re-
strictions on the supply of kerosene [UNDP et al., 2000,
Ch. 10]. With liberalisation of the market, a number of
international oil companies have established distribution
and marketing operations, as joint ventures with the Chi-
nese [WB and WLPGA, 2002]. In Indonesia, LPG for
domestic use has been subsidised, but kerosene subsidies
are even higher, undermining the competitiveness of LPG
[WB and WLPGA, 2002].

5.1.2. West Africa

60 % of the LPG consumption in this region is concen-
trated in four countries — Cameroon, Co6te d’lvoire,
Ghana, and Sénégal, where demand has grown signifi-
cantly during the 1990s. Factors that have contributed to
the increase in LPG use in the case of Sénégal, where the
highest growth has been recorded, include subsidised LPG
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to small cylinders of 6 kg each, and also new participants
in the market who have adopted aggressive marketing
strategies [WB and WLPGA, 2001]. In both Sénégal and
Céte d’Ivoire, price subsidies available on small cylinders
have not been extended to larger bottles, emphasising the
assistance to lower-income households [WLPGA and -
UNDP, 2002].

5.1.3. Latin America

Brazil has been successful in providing LPG to about
90 %'** of its households. The main reason for this extent
of adoption appears to be the controlled price of LPG
through cross-subsidies from other petroleum products.
This was proved in 2002, when deregulation led to in-
creases in LPG prices and some lower-income rural
households switched back to fuel-wood. To counteract
this, an assistance programme began, providing low-in-
come families with subsidies towards LPG purchase. In
addition, smaller cylinders — of only 2 kg each — have
been made available, facilitating use among lower income
households {[WLPGA and UNDP, 2002]. Another reason
for the Brazilian success in extending LPG use is a de-
pendable system of distribution and replacement of cyl-
inders [UNDP et al., 2000, Ch. 10]. Brazil is said to have
26,000 such vendors serving 35 million households [Bar-
nes and Halpern, 2000]. However, as about 81 % of Bra-
zilian families live in urban areas [IBGE, 2001], the
distribution problems found in largely rural countries
would not be encountered here!?%!,

In Guatemala, where the LPG market is completely lib-
eralised, instalment payment plans to cover the purchase
of a suitable stove and the cylinder deposit fee are com-
mon and are helping to facilitate the adoption of this fuel
by low/middle-income families.

5.1.4. Factors contributing to extension of LPG use

From the experiences summarised in this section, the fol-

lowing factors appear to have helped extend domestic

LPG use:

e lower LPG prices through cross-subsidies from other
distillates;

e favourable relative prices of LPG (in relation to com-
peting fuels such as kerosene);

e special assistance for LPG purchase directed to lower-
income households;
initial-cost financing;

smaller cylinders/bottles and subsidies on these (tar-

geted to lower-income households);

e restriction on the supply of competing fuels (such as
kerosene);

¢ dependable distribution (increased number and disper-
sion of storage, bottling and refuelling units); and

e more participants in the market (to facilitate regional
focusing).

5.2. Experiences of an LPG programmé in India

The Deepam LPG scheme was launched in July 1999 in

the state of Andhra Pradesh for the distribution of domes-

tic connections to women of below-the-poverty-line

(BPL)!?%! families, particularly in rural areas. Each con-

nection was accompanied by a one-off subsidy of Rs.

1,000 towards the cylinder and regulator. The scheme was
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administered by the state government’s Departments of
Rural Development and Civil Supplies and distributed
through two public sector oil companies, who were also
expected to ensure training of the recipients in the use of
LPG stoves. By 2002, about 1.724 million beneficiaries
(including some of the urban poor) were listed, and 88 %
of the urban target and 91 % of the rural target had been
met {NIRD, 2002].

Several lessons can be learnt from the Deepam scheme.
The advantages of LPG as perceived by the participants
were: time saving, social status, cleaner environment, and
help during the monsoons — because of more employment
(implying more cash available for refuelling), more labour
demand (and therefore less time for firewood collection),
and the difficulty of collecting and storing biomass during
the rains.

However, the scheme was not very efficient, because
although most BPL families participated, over 80 % of
non-BPL families in the region also did. The retention
rate was down to 85 % in less than three years, in a sam-
ple of 52 villages and 18 municipal wards, because of
cylinders having been given away to relatives, and being
lent (!) to local civil servants [NIRD, 2002]. The per-
ceived disadvantages included implementation bottle-
necks, high refill costs (including illegal commissions of
Rs. 5-30 extra, per cylinder, for collection/delivery), and
reduction in the permitted kerosene quota (in municipal
areas). The implementation bottlenecks included limited

- choice, inability of suppliers to supply stoves and acces-

sories when required, and local co-ordination problems.

Suggestions from local self-help groups for improvement
included loans toward refills and reduction in cylinder size
(reducing the cash outflow per refill, although the cost/kg
would increase).

Most importantly, the scheme failed to influence the
fuel-use pattern of Deepam beneficiaries substantially be-
cause wood remained the dominant fuel (for the main
meals), while LPG was used only for supplementary cook-
ing. Crop residues constituted the third most important
source, and kerosene the fourth.

6. Policy issues for domestic cooking fuels in India

Discussion regarding the provision of clean cooking fuels
to all homes would have to begin with the choice of ap-
propriate fuels. If the use of LPG were to be encouraged,
there would then be issues concerning the pricing and de-
livery of LPG. For the longer term, alternative options
would have to be considered, including the integration of
fuel programmes with those of economic growth and
development.

6.1. Choice of LPG among clean fuels?

The advantages of LPG over traditional biomass-based fu-
els are numerous — reduced pollution and thereby im-
proved health, higher efficiency and therefore less
cooking time, reduced fuel collection time and effort, and
avoided deforestation (in some areas). What is more, if
the relative costs of LPG vis-a-vis other fuels were reck-
oned after accounting for their calorific values and the
efficiencies of the related stoves, LPG would not seem as
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expensive. However, it appears that such factors as the
beneficial effects on health are not being quantified or
even included in the households’ consideration, evident in
the survey of Deepam recipients. Only the obvious cause-
effect sequences such as polluted water causing illnesses
appear to force people to pay for alternatives [IEI, 2003].
Hence, it would need public awareness drives to introduce
the “clean fuel” factor into the reckoning.

Another phenomenon to be considered is the use of
more than one fuel for cooking. In such cases, the social
benefits of shifting to cleaner fuels accrue only partially,
but in so far as a partial shift is a step towards a complete
shift, efforts to promote such action would be beneficial.

However, the inter-fuel comparison need not necessar-
ily be only with traditional fuels. A study was made [CBA
Energy Institute, 1996] chiefly for the comparison of LPG
with natural gas, but also for other issues such as urban
air quality in Mexico, in comparison with Brazil, China,
and India. As LPG infrastructure can be more quickly de-
ployed than that of natural gas, and because LPG would
be an improvement over wood and coal, opportunities for
increased use were perceived.

If the goal were to address the availability of fuel in
rural areas where biomass supply is getting scarce, it may
be difficult to accomplish with the poorest households.
However, LPG promotion remains a worthwhile strategy
for those higher on the income ladder. Further, with re-
duced demand from those able to progress to another fuel,
the others still dependent on biomass for economic rea-
sons would be helped.

6.2. Providing LPG

In view of the challenges to increasing the domestic use
of LPG, the following issues would have to be considered
when drawing up policies for the delivery of LPG. On
the demand side, one would have to consider pricing (in
particular, the question of subsidies), financing options,
and public awareness, and on the supply side, security,
effective distribution, and regulation!®”!,

6.2.1. Demand issues

6.2.1.1. Pricing

When discussing the pricing of LPG in India, the most
important issue is how the existing subsidies may be dealt
with. It may be recommended that subsidies be re-
duced/removed, but these would make LPG even less af-
fordable to lower-income households. If subsidies could
be justified for this reason, policy-makers need to consider
several specific issues regarding the types of subsidies and
their funding.

Choices have to be made from among the subsidy op-
tions for LPG - either on the initial costs of connec-
tions/stoves, or on the fuel, and either cross-subsidies from
other distillates or those budgeted from the exchequer.
Subsidising initial costs (i.e., a one-off reduction) seems
preferable to fuel (or refill) subsidies because the latter
could encourage inefficient use or diversion to other
uses/users. However, first-cost subsidies leave possibili-
ties for dropouts from those who cannot afford the fuel
costs, resulting in “dead” investments. '

If operating or fuel subsidies were to be continued,
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some precautions would have to be taken. There could be
rationing/quotas (quantitative limits) for the subsidised
fuel (similar to the ration cards for grain through the gov-
ernment’s public distribution system, PDS) and/or cou-
pons (as with food stamps)'?®l. Alternatively, subsidies
could be restricted to differentiated containers (say,
smaller cylinders, and/or cylinders painted another col-
our). Subsidies also need to be use-based, with the sub-
sidy decreasing with the level of consumption (as with
electricity tariffs), rather than across-the-board, because
the latter results in “subsidy capture” by wealthier sec-
tions of the population [WEC, 2001].

Financing of subsidies would also have to be worked
out. Regulated cross-subsidies from other distillates
have been the norm in India and elsewhere, but would
need to be weighed against the disadvantages of higher
costs of other services (for example, transport). In re-
cent times, Indian public sector oil corporations have
been required to sell domestic LPG at below-cost prices
without commensurate subsidy, but this could be finan-
cially disastrous (as in the case of the state electricity
boards). Progressive tariffs, with the price per unit in-
creasing with the amount consumed, would probably be
the best option, because the more affluent customers
could pay for higher use; this would be akin to cross-
subsidies from higher-income consumers to the others
and would need the upper segment to be large enough
to support the lower segments.

Even when justifiable for social/environmental benefits,
before introducing subsidies, there needs tc be evaluation
of efficiency (i.e. cost-benefit analysis of weifare gain ver-
sus the cost burden and any distortion effects), efficacy
(1.e., success in targeting those for whom it is intended,
including those who should benefit and excluding those
who should not), and cost-effectiveness (i.e., administra-
tive costs should not be prohibitive) [WB, 2000].

When evaluating the pricing of LPG, one has to con-
sider the relative prices of alternative fuels, as these could
effect inter-fuel shifts. For example, reducing/removing
the subsidy on kerosene would make LPG relatively
cheaper, without a burden on the exchequer. Thus far, as
already indicated, subsidies have been higher for kerosene
than for LPG. But as long as homes are not electrified,
subsidy to kerosene has to merit consideration because it
is currently the source of lighting for about 43 % of the
country’s population.
6.2.1.2. Non-pricing schemes
There could be schemes through which LPG is priced at
near/full cost, but targeted households get some predeter-
mined compensation. This would avoid careless use of
subsidised fuel (and may also be an incentive for fuel
efficiency), while assisting the economically disadvan-
taged. However, programmes involving direct payments
have to be carefully implemented, and the better the tar-
geting, the higher the administrative costs. Also, experi-
ences with BPL schemes have shown that those not
entitted manage to be included and, even where correctly
targeted, the payment received may not be used for
cleaner fuels.
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6.2.1.3. Marketing

There are several promotional campaigns that encourage
the purchase of consumer durables by lowering the
amount of each cash outflow. Similar methods could be
used to help lower-income households in the case of LPG.
Instalment payments for the cost of connection and stove
and each fuel refill in smaller containers (e.g., 2-5 kg,
instead of the regular 14.2-kg cylinders) would reduce the
“lumpiness” of successive cash outflows. The latter option
has been launched by the public sector companies but
needs to be extended beyond limited areas.

In addition, public awareness campaigns on the impacts
of indoor pollution and the benefits of cleaner fuels could
increase their popularity and thereby the willingness to pay.
6.2.2. Supply issues
6.2.2.1. Supply security
Uninterrupted availability of LPG would require that there
be adequate supplies from indigenous sources and/or re-
liable sources of imports. In addition, as the International
Energy Agency has emphasised, appropriate transport and
logistics are required in order to meet the growing oil
demand [IEA, 2004].
6.2.2.2. Dependable distribution network
Multi-mode transport facilities, particularly pipelines, are
required for moving LPG to and from alternative desti-
nations. The LPG distribution network also needs to be
improved through the development of geographically dis-
persed storage installations and depots, in order that bot-
tlenecks be avoided. Extension of the distribution
infrastructure would help to address the problems of con-
sumers whose location currently precludes their using
LPG and those of distributors who face unfavourable
economies of scale. There should be also complementary
infrastructure — roads, equipment suppliers, and comple-
mentary services — in tandem, to facilitate the smooth op-
eration of the system. This would be analogous to the
rationale for improving rural infrastructure along with
electrification.
6.2.2.3. Regulation
The government’s role in setting standards to maintain
safety and avoid corruption is essential. Measures for en-
suring that the cylinders are checked for their user-wor-
thiness and are properly filled have to be in force.
Consumer protection has to be provided, particularly as
with a large number of operators and poor enforcement
of standards, accidents and commercial malpractice can
occur.
6.2.2.4. Alternatives for automobile fuelling
Instead of LPG for automobile fuelling, compressed natu-
ral gas (CNG) can be used, as indicated in the Auto-Fuel
Policy [MoP&NG, 2003a}. However, the feasibility of
dispensing CNG all around the country would be contin-
gent not merely on the availability of natural gas but on
pipeline links being established.

6.3. Alternative cooking fuels

It is important to reiterate that as LPG is fossil-fuel-based,
it may not be considered a sustainable source in the long
term; it is being recommended as a part of the transition to
improved biomass-based fuels. Some of these alternatives
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include the following.
¢ Biogas from animal waste. In areas where households
keep cattle, biogas can be generated from cattle dung,

if adequate amounts can be supplied daily to the di-

gester. About 3.482 million family-size biogas plants

have been constructed in the country [MNES, 2003},

of which an estimated 60-80 % are operating success-

fully [AFPRO-CHF, 1997]. India’s largest community
biogas plant with a total capacity of 630 m? has been
running since April 1987 in the village of Methan
(Sidhpur tehsil, Patan district, in the state of Gujarat);
it caters for the main cooking requirements of 320
families [Jamwal, 2003]. Other village/institutional
plants have also been constructed, but the success of
such community plants is contingent on the delivery
of dung by the individual households and effective lo-

cal management [IEI, 2003].

¢ Producer gas. Where adequate crop residues are avail-
able from cultivated land in the area, these can be gasi-
fied to generate producer gas that could be used for
cooking or for power generation [Mukunda et al.,
1993; Henderick and Williams, 2000; Shyam, 2002].
Even where crop residues are not normally available,
plantations can be started on fallow/degraded lands (to
avoid competing with agriculture) for biomass genera-
tion [Larson and Kartha, 2000]. However, one concern
is that as producer gas contains carbon monoxide,
leaks would be dangerous.
¢ New options. Advanced technologies make it possible
to produce synthetic fuels such as synthetic liquid pe-
troleum gas [Larson and Jin, 1999] and dimethyl ether
(DME) from biomass; being clean and non-toxic, they
are well suited to cooking. These technologies are not
currently available in the field, but could be, with ade-
quate market interest and development effort.
6.4. Poverty alleviation
LPG (like other clean fuels), being more efficient (in
terms of heat delivered from input) and also more envi-
ronmentally benign in comparison with traditional
biomass-based stoves, would enable labour reduction as
well as better health for those involved. This would ob-
viously improve the quality of life. Further, the time sav-
ing would free people for more productive pursuits, if
these were available. However, without direct linkages to
income generation, there is no obvious effect on reducing
poverty?),

Further, just as rural electrification has been of benefit
to people with higher income, because only those with
sufficient resources for the initial investment are in a po-
sition to benefit from electricity [Jechoutek, 1992], the
same is likely to be observed with modern sources of fuel
for cooking such as LPG. The “middle” and “upper”
classes on the income ladder have moved up the energy
ladder, with fuel-wood, charcoal, and kerosene being re-
placed by LPG, but it seems unlikely that the poor would
leapfrog the lower rungs of the ladder. However, if inno-
vative financing schemes can provide adequate leverage
to overcome the income barrier, then the benefits of im-
proved cooking fuels could be extended down the income
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ladder, and the resulting impacts on human development
indices through shorter hours of work and improved
health would justify the additional administrative and fi-
nancing costs.

The government has to be involved, at least through its
policies, in helping to provide energy services to the eco-
nomically disadvantaged. Subsidies will continue to be
necessary for a while, but have to be applied with care.
But there has also to be a suitable environment for the
private sector to cater for those who can pay for their
needs. Simultaneously, there should be viable expansion
of rural electrification, because the expenditure on LPG
and other clean fuels for cooking could be balanced by
that on the kerosene requirement for lighting.

In general, the country’s strategies of fostering devel-
opment, economic growth, and employment opportunities
need to be focused on and accelerated. Only then could
there be major changes in household expenditure patterns
that would in turn bring in the collateral benefits of clean
cooking fuels. =

Notes

1. Even in recent times, the procurement and processing of fuel-wood and dung (chopping
branches and twigs, or forming dung-cakes) has been found to be done by women,
while for crop residues, both men and women are invoived in the collection and transport
[Dutta, 2002; Mahapatra, 2002).

2. LPG consists mainly of propane (CzHg) and butane (C4H1o).

3. Annualised life-cycle cost (ALCC) = the annual equivalent of the total costs incurred
{initiafly and during the working life of the equipment) = [Kx(CRF) + A}, where K is the
capital or initial purchase cost, CRF = capital recovery factor = if[1-(1+i)™], with i =
interest or discount rate/year and n = operating life of the equipment (in years), and A
is the average annual operating cost = the sum of fuel and maintenance costs. No
value has been imputed to adverse health/environmental impacts, if any.

4. The World Energy Assessment had considered LPG for the near (< 5 years) term
[UNDP et al., 2000, Ch. 10, p. 380}.

5. A domestic fuel survey conducted by the National Council for Applied Economic Re-
search revealed fuel-use patterns, particularly with respect to kerosene [NCAER, 1985).
The National Sample Survey Organisation (NSSO) of the Government of India conducts
annual sample surveys; the most recent data obtained pertains to the 55th Round
conducted in 1999-2000 [NSSO, 2001).

6. Only the primary fuel has been indicated in cases where households use more than
one fuel.

7. Studies on household energy use, for example, a study on Bangalore city [Reddy, 1996},
have verified this conclusion.

8. The administered pricing mechanism (APM) is being discussed in Section 4.2; the prices
of both kerosene (for limited purchase) and LPG are subsidised.

9. With 1993-94 = 100, the LPG price index rose to 284.0 in 2002-03, while that of kero-
sene rose o 359.7 (Office of the Economic Advisor, Ministry of Industry, quoted in
[MoP&NG, 2003b)).

10. This implies access to one or two cylinders of LPG at a time.

11. Ideally, fuel-adoption curves should be drawn and the region’s current position along it

ascertained, so that annual growth rates are not constant, but correspond to the shape
of the curves.

12. Challenges to increased household use of LPG are discussed in Section 4.
13. 16 of these are in the public sector, that is, with at least 51 % government shareholding.

14. In HPCL's rasoi ghar scheme, individual households do not have to invest on stoves
or pay a connection deposit, but have only to pay for the use of the fuet and the facility,
on the basis of the duration of use. .

15. BPCL had introduced an RMV in 1999, in the state of Punjab [MoP&NG, 2003c]. En-
couraged by its reception, it introduced several more.

16. Private cars and taxis are also being run on LPG instead of petrol (motor spirit or
gasofine).

17. These are not disclosed by oil companies; the costs of only a few projects indicated in
other contexts are mentioned. For example, a recent addition of only 3 Mt/a is estimated
at Rs. 23.6038 billion (US$ 524.5 million) [MoP&NG, 2003c].

18. The “connection” charge is about Rs. 750 through public sector companies, while the
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basic stove price varies between Rs. 800 and Rs. 2,000, so that the package costs
Rs. 1,550 to Rs. 2,750 (US$ 34 to 61).

19. New cylinders of 5 kg or less are not available in most places.

20. There would be increased income if the time saved by women on fuel procurement
could be diverted to productive activities.

21. This has been proved in several cases, for example, Grameen Shakti in Bangiadesh,
Self-Employed Women'’s Association (SEWA) in India, and Vietnam Women’s Union.

22. The new government is continuing the subsidy arrangement for kerosene and LPG fil
2007. But, afthough an increase in retail prices has been permitted (on 16 June 2004),
a gap between revenue and costs of Rs. 90 billion (US$ 2 billion) is expected for the
year 2004-05. Of this, the Government is providing only Rs. 35 billion (39 %), indicated
in the annual budget presented by the Finance Minister on 8 July 2004.

23. The average fuel (diesel) consumption by trucks, per tonne-km of freight hauled, has
been 0.0341 litres (1), whereas by rail it has been 0.0069 | [PC, 1991].

24. This was computed as a proportion of the total 46 million households [WRI, 2002] in
Brazil.

25. For other information on the Brazilian experience, see [Lucon et al., 2004] (in this issue).

26. The “poverty line” is defined in terms of the cost of a specified leve! of calorie intake
per capita, in urban and rural areas, in each state.

27. Currently, the UNDP and the World LPG Association (WLPGA) have an initiative called
the LPG Challenge to address the barriers to meeting the heat energy needs of rural
and peri-urban populations through the expanded use of LPG {UNDP, 2002]. For other
information on the UNDP initiative, see {McDade, 2004] (in this issue).

28. There could also be time-limits for such subsidies, but this may not be practicable as
it is often pofitically infeasible to remove such benefits.

29. There is not much empirical evidence to convincingly demonstrate the linkage between
better fuel use and poverty reduction (as opposed to merely widening access); such
evidence is available in other sectors such as health [Cecelski, 2000].
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Appendix A. A comparison of the annualised costs of cook-stoves (in India)

All at 10 % discount rate

Wood/crop waste Kerosene LPG Electric

Traditional |Improved{ PDS fuel | Market {Subsidised] Market

fuel fuel fuel

- Stove pricel!l (Rs.)I?! 10 150 400 400 1,250 1,250 1500
Useful life of each stove (years) 3 3 5 5 15 15 10

Deposit or one-time payment (Rs.) 750 1,150
Capital recovery factor 0.402 0.402 0.264 0.264 0.131 0.131 0.163
Annualised capital cost'! (Rs.) 4.02 6032 | 10552 | 10552 | 16434 | 16434 | 24412
Enérgy content of the fuel (MJ per kg, litre (I), or kWh) 15 15 35 35 455 455 3.6
Efficiency of stovel*! 15 % 30 % 45 % 45 % 60 % 60 % 71 %
Annual fuel usage (Va, kg/a, kWh/a)l>! 1,395 698 199 199 115 115 1,223
Price of fuel (Rs./l, Rs./kg, Rs./kWh)/®! 1.00 1.00 11.00 16.50 18.52 27.65 3.00
Annual fuel cost (Rs.) 1,395 698 2,193 3,289 2,130 3,179 3,669
Annual maintenance expenses (Rs.) 0.00 0.00 25.00 25.00 75.00 75.00 0.00
Total annualised costs per stove (Rs.) 1,390 758 2,323 3,420 2,344 3,394 3,913

Notes

1.

Stove prices refer to the market prices prevailing in Karnataka state.

The efficiencies of stoves are from [Dutt and Ravindranath, 1993, Table 10, p. 676} and from NCAER's “Energy demand in Greater Bombay", 1975 (quoted in [TER!, 1996]).

The annual fuef usage was entered for LPG connections (= average usage per connection according to the oil companies’ sales figures) and that of the other fuels was derived thus:

Market fuel prices are also from Karnataka and applicable till 15 June 2004. In the case of kerosene and LPG, there are differences between the administered (subsidised) price per
unit and that obtaining in the market, hence two options each have been considered. The PDS (public distribution system) is supposed to provide specified amounts of subsidised

2. 1 USS$ = Rs. 45 (2004).
3. Annualised cost = cost x capita! recovery factor (CRF), where CRF = i/{1-(1+i)"}; i = discount rate
4.
5.
{MJkg x efficiency x kglyeariea / (Md/kg x efficiency)otmsr = tkg/year)sner.
6.
kerosene per household, limited to 24 | per family per year for regular card-holders and 120 | per lower-income holder.
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