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1. Introduction

In Pakistan, and other developing countries, r@@hmunities are often without access to
modern energy sources like electricity and natwas. In recent years, the expansion in
electricity access has increased manifolds, howtheemaccessibility to natural gas still remain
as the major impediment for socio-economic develapnof these rural communities, due to
high inconveniences experienced in collection angiry traditional biomass and other energy
sources. Based on the access to electricity andatajas, 4 types of rural communities have
emerged, in countries like Pakistan, i.e., a) comimas without electricity and natural gas, b)
communities with electricity but without naturalsga) communities without electricity but with
natural gas, d) and communities with electricitd aatural gas. The types, a and b are the ones,
where rural households, either poor or rich, useetysa of energy sources, particularly, for
cooking and heating purposes. In a very limited meanpeople move up the energy ladder when
household income increases in these communitieyigPa995; Leach, 1987, 1988, 1992;
Campbell at al., 2003). However, we often obsehat higher income groups may continue to
rely on traditional biomass (firewood, animal wagikant waste) or use kerosene in addition to
using modern and convenient energy source like [ASairas & Fromme, 1991; Alberts et al.,
1997; Haas et al., 2008; Joyeux and Ripple, 20@rst-and Hovorka, 2008).

The issue of energy source choices in rural comnasnis examined in many studies. In most of
the earlier studies, household income and consomjidi used as the common determinants for
explaining the energy poverty, followed by the mernng research of Leach (1987, 1988).
Leach, based on the national surveys, found thatctinsumption of biomass was related to
income, household and settlement size and fueleprio India, Pakistan and Bangladesh.
Subsequently, other similar studies show that duedn-availability of conventional energy
sources like on-grid electricity and natural gagalr households, including richer one, adopt
traditional biomass as a substitute for meetingskbold energy needs (Wuyan et al., 2007,
Xiaohua and Zhenming, 1996, 1997; Masera and Na®@y/; Tonooka et al., 2006)

We also observed that there is a clear distinchietween the energy source choices and the
energy source switching — also referred as fuetchivig, in energy poor householdsekgy
source choices refer to the energy options available to rural dehwolds, which they choose or



can choose to meet their household energy need® @specific energy source is chosen by a
particular household, three different scenariospassible, a) household starts using it as a main
energy source, b) household starts using it, blyt @ccasionally, hence combining it with other
energy source(s), also called as fuel stacking @it al., 2007) and c) household stop using it
and switch to other possible energy sourée($he first two scenarios clearly depend on
available energy choices and number of relatedfadike income, price, household proximity
etc, whereby households expands their types ofggnsources to meet their energy needs,
whereas the third scenario involves the discontinnaof previous energy source used by
household and switch to available substitute(s)ctvhcould best provide them optimal
combination of related factors (Davis, 1995; Cantipbeal., 2003; Alberts et al., 1997; Horst
and Hovorka, 2008; Wuyan et al., 2007; Xiaohua Amenming, 1996, 1997; Masera and Navia,
1997; Masera et al., 2000; Bhattacharyya, 2006;t&apd Kohlin, 2006).

In this paper, we studied the factors responsimalifferent energy choices, that people living in

rural communities (type a and b only) choose totrtiesir domestic energy needs. We used the
binarylogit models for 5 different energy sources (firewoadmel waste, plant waste, kerosene

and LPG) included in our survey. The structurehef paper is as following. Section 2 offers an

overview of energy sources and their respectiveagsess the different income groups in rural

Punjab. Section 3 discusses the dependent andendept variables used in our analysis.

Section 4 discusses the model results for 5 difteemergy sources and their sub-categories.
And finally section 5 states our conclusions wipedal attention to the question why rural rich

remain energy poor.

2. Energy choices in rural communities of Punjab

Households in the rural Punjab of Pakistan useswdifft types of energy sources in the absence
of natural gas and electricity. In the absence atural gas, rural households are left with
different energy sources like firewood, animal @heht wastes etc to meet their domestic energy
needs. Similarly, in the case where electricityidg accessible, kerosene is the most common
alternative used in kerosene lanterns. Figure IYesgmts an overview of energy sources
available to households in rural communities. Basedhe frequency of usage, the ‘frequent
users’ represent household using a particular greogrce as one of the main energy sources in
their energy mix. On the other side, occasionaltausee households using a particular energy
source intermittently, due to different reasongéas, price, supply, availability etc.).

Figure 2 shows that more than 52% households @&guént users and rely on buying the
firewood from the nearby market, whereas nearly 4@8aseholds collect firewood and are
frequent users. 5.5% of households are those whide same time, collect and buy firewood

! This further leads to ‘fuel switching’ phenomenionrural households. For more information on fueitshing
(Campbell et al., 2003; Alberts el al., 1997; Hansd Hovorka, 2008; Masera and Navia, 1997; Masegh, 2000;
Karekazi et al., 2008; Viswanathan and Kavi, 209autiyal and Kaechele, 2008)



from the market. Only 2.9% of firewood users hagggorted that they use firewood occasionally.
In our sample of 640 households in Punjab, 90.9%u@f households reported that firewood is
one of the energy sources among others. Firewogdb®acollected, bought or both collected
and bought. Both activities require effort for buyifirewood as people may have to go to
nearby town or city.

Fig. 1: Hierarchy of Different Energy Source Choice Available to Rural Households
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Figure 2 shows different income groups and thespeetive proportions (in %) using energy
sources (listed on x-axis). When these income g@oape compared, we can see that
consumption levels are surprisingly equal acrossnrme groups. These consumption levels point
to our main problem statement for the paper, whnjuire the causes for such consumption
consistency in different income groups, particylafbr the traditional energy sources like
firewood and animal waste. In other words, we amsgecifically analyze why rural rich remain
energy poor despite of higher incomes? Apart from infrastructural unavailability, what are
the main factors in shaping energy choices avalablrural households with different income
levels? Why are certain energy sources given moiwity than others in different income
groups?



Figure 2: Proportion of Energy Sources in Differentincome Groups
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During the data collection using the EPS, we fotimat many households, particularly with
higher incomes, consider many factors in decidiog particular energy source. For such
households, these factors are equally importaneresgy source price. Figure 3 shows the
average time per week that different income groangsspending for collection and/or buying
different energy sources on average. The amoutief (per week) that people spend on buying
and collecting energy sources is considerable affdrsl per energy source across different
income groups. Collecting animal waste takes most {(more than 6 hours or more on average
per week) in upper income group, due to relativegh livestock ownership in rich households.
Data shows that the average time spent for callgctirewood decreases as the household
income increases. In the case of LPG, there igghtshcrease in average time spent at higher
incomes (upper middle and upper income groupspagared to lower income groups. This is
certainly due to the increased usage of LPG indrigicome groups.

Figure 3: Average Time Spent (in hours) per week iBuying and Collecting Different Energy Sources
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Source: Energy Poverty Survey conducted by Author

Figure 4 shows that kerosene expense in all incgroaps is rather equal, whereas there is
gradual increase in biomass expense from the lowesime to the upper income group.
Traditional biomass expense represents the coml@rpdnses for firewood, animal and plant
waste bought. We can see that people in the uppeme group are spending twice as much as
the lowest income group on biomass. This shows itieiead of gradual decline of biomass
expenditure in the upper income group, which ismadly expected, it increases actually. Due to



its natural availability in rural setup, biomas#l semains one of the preferred sources of energy
in upper income groups, even when used in comloinatith LPG.

In the case of LPG, an interesting U-shaped cuoreesponds to the bars representing LPG
expenses in figure 4. On average, more than R9 af® spend on LPG in the lowest income
group. Most households in this group do not us&.L®ut of 66 households categorized as the
lowest income households, only 8 households regpdtiat they are LPG users, representing
12.12% of entire group. The LPG expenses went dowthe lower and the middle income
group, whereas it started increasing in upper midthd upper income group. On average,
energy expenses in the lowest income group are tharethe lower and middle income group.
These expenses tend to increase in the upper mitdiene and upper income groups, probably
due to convenient energy sources like firewood hbygompared to firewood collected) and
LPG.

Figure 4: Average Monthly Expenses by Different Inome Groups for Different Energy Sources
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Source: Energy Poverty Survey conducted by Author

3. Data and research method

We used our own survey, called the Energy Poventyey (EPS) to study the energy choices
among rural households. The EPS was conductedgi@@ptember 2008 and January 2009 in
11 different districts of Punjab province in Pa&ist In total, 640 households from 27 rural
communities in 11 different districts of Punjab yarewe were included using stratified random
sampling. In the EPS, 19 rural communities werdaat any natural gas supply but with on-grid
electricity, 6 rural communities were without amgcess to natural gas or electricity, whereas 2
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of them were solar villages, but without any acdessatural gas and on-grid electricity. Table 1
shows that almost all the rural communities in sample are classified either pmor or very
poor. Around 88% respondents belong to age group betd8e/ears and 60 years. The ratio of
male to female is heavily biased towards the ma#pondents, due to the fact that the local
culture does not allow females to interact with @sadther than their family members.

Table 1: Sample Profile: Some Fact and Figures

Province Punjab Household Members
169
Districts 11 2t05 (26%)
388
Rural Communities (households) 27 (640) 6to 10 (60%)
Communities with Electricity but no Natural Gas 19 11 to 15 66 (10%)
Communities without Electricity and Natural Gas 6 16 to 20 12 (2%)
Solar Communities without Electricity and
Natural Gas 2 20 + 5 (1%)
Community Prosperity
Gender Level
599
Male (93.6%) Very Poor 11
Female 41 (6.4%) Poor 11
Age Groups Neither Poor nor Rich 2
Below 18 Years 4 (0.6%) Rich 0
135
18yrs to 30yrs (21.1%) Very Rich 0
268
30yrs to 45yrs (41.9%) Un-known 3
164
45yrs to 60yrs (25.6%)
60+ 69 (10.8%)

Source: Energy Poverty Survey conducted by Author

Using the binary variables for energy source chgieee used the binary logistic regression to
study the effect of different factors on energyrseuchoices made by rural households. In our
logistic regression model, we included the commuremoteness indicatorsgd(andcd), type of
occupations farmer, shop), household sizeh§), number of household members working
(nhmw), constant incomecéns income) and most importantly, the income groupstres
explanatory variables. The dependent and indepéndeiables are discusses separately in the
following sub-sections.

3.1 Dependent Variables

The logistic regression model takes into accoundifférent binary or dichotomous variables for
5 different energy sources, including firewood,naali waste, plant waste, kerosene and LPG.
The first question asked to the respondents fon eaergy source is whether they are using the
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particular energy source or not, which is represegtly 1 as a user and 0 otherwise. We made a
further distinction in the next question by askihg usage frequency to all energy source users
except LPG, which is coded as 1 if household ieegquent user and O if an occasional user (see
Table 2). Specifically in the case of firewood,aluinouseholds collect, buy or do both to access
firewood. In the case when households collect foesy they bear relatively high physical
inconveniences without any costs for the firewood.

Table 2: Dependent Variables and their Description

Variable Code Variable Name Description
firewooduser Household using firewood 1 if yes, 0 otherwise

. , 1 if yes, 0 otherwise. 0 also implies that house sl
FireAlways Frequent firewood user 1 yes, D ofherwise. U also implies that hou

occasional user.

1 if yes, 0 otherwise. 0 also implies that househol
collects firewood or collect and buy (both)

1 if yes, 0 otherwise. 0 also implies that house Haly
firewood or collect and buy (both)

A waste user Household using animal waste 1 if yes, 0 otherwise.

1 if yes, 0 otherwise. 0 also implies that houseélsl
occasional user.

P_waste user Household using plant waste 1 if yes, 0 otherwise.

1 if yes, 0 otherwise. 0 also implies that houseélsl
occasional user.

K_user Household using kerosene 1 if yes, 0 otherwise.

1 if yes, 0 otherwise. 0 also implies that houseélsl
occasional user.

LPG_user Household using kerosene 1 if yes, 0 otherwise.

Source: Energy Poverty Survey conducted by Author

Buy_firewood Whether household buys firewood

Collect_firewood Whether household collects firewood

Awaste _always Frequent animal waste user

P_waste always Frequent plant waste user

K_always Frequent kerosene user

3.2 Independent Variables

3.2.1 Occupations

Eight different categories of occupations were idiex, namely, unemployed (individuals),
farming, (construction) labofjrshopkeeper, government employees, private emgépyetired
individuals, and others including drivers, barbet. Construction labour is found to be the
most common profession among the rural househalasl ithe districts, with 32% households
associated with it. The second most common ocoupadi farming which includes almost 31%
of households, followed by shop keeping (15.7%)mRi@ing 4 occupational categories were
less than 7% separately. For that reason, inithaky selected only three occupations for our
model on different energy sources. However, a biginearity betweetabourer and other two

2 In the EPS, the terabourer is used for the construction workers only as this most common profession among
rural households. Whereas all other labour intenpiofessions common are includedihers category.

12



variables (occupations) was found, which led udrtgplabourer from the econometric analysis,
and thus only includ&armer andshop as occupational variables

Table 3: Independent Variables and their Descriptio

Variable Code

Variable Name

Description

Td Town Distance Village distance in kilometres froparby town
Cd City Distance Village distance in kilometres fromamnby city
hs Household Size Total.number of household members within one
dwelling
Nhrw Number of Household Members Total number of households working (including
working farming)
. 1 if yes, 0 otherwise. Whether the income remains
const_income Constant Income dummy .
constant during the year or not
. . 1 if yes, 0 otherwise. Main occupation of the
F (0] t =F d
armer ceupation arming dummy respondent or household head
Shop Occupation = Shop keeping dummy 1 if yes, O othsewAs per above
. 1 if yes, 0 otherwise. Group with income betweerlRs
Iwstincome Lowest Income class dummy
and Rs. 3000
lwrincome Lower income class dumm 1 if yes, 0 otherwise. Group with income between Rs
y 3001 and Rs 5000
- . . 1 if yes, 0 otherwise. Group with income between Rs
midincome Middle income class dummy 5001 and Rs. 8000
uomidincome Ubper middle income class dumm 1 if yes, 0 otherwise. Group with income between Rs
P PR ¥ 8001 and Rs. 12000
. . 1 if yes, 0 otherwise. Group with income between Rs
upincome Upper income class dummy

12001 and above [Reference Category].

Source: Energy Poverty Survey conducted by Author

3.2.2 Income

Income of rural households is classified into Setdnt groups, namely the lowest income group,
lower income group, middle income group, upper n@ddcome group, and the upper income
group, based on the different income ranges. Theedb income group includes all the
households, which has monthly household incomal(tebusehold income) ranging from 1
rupee to 3000 rupees. Similarly, the lower incomaug includes all the households which have
monthly household income ranging from Rs. 3001 $o 3000, followed by the middle income
group ranging from Rs. 5001 to Rs. 8000, the upmddle income group ranging from Rs. 8001
to Rs. 12000 and the upper income group to incahese Rs. 12000. The explanatory variables
corresponding to each income group are dichotomaugbles that equal to 1 if the total
household monthly income falls into that range gaitg, otherwise zero.

13



Figure 5: Proportion of Income Groups in Different Districts
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Source: Energy Poverty Survey conducted by Author

Figure 5 shows the geographical distribution ofedént income groups in different districts of

Punjab province. Muzaffargarh (25.9%) and Rawalp{Rd%) districts are the ones with highest
proportion of poor people falling into the lowestome group. Sialkot and Gujrat districts are
those with highest proportion of rich people représg upper income group, i.e., 36% and 33%
respectively. It is also worth mentioning here thatording to the set income criteria, none of
the households sampled in Gujrat district belongheolowest income group, hence the district
only represents the remaining four income grousfurther analyse the source of such income
patterns in different districts, figure 6 shows theeak-up of occupations adopted by rural
households. We can see that in the communities &fargarh and Rawalpindi) where poor

income groups are in majority, farming is one @& thajor occupations, whereas in communities
(Sialkot and Gujrat) with the majority of peopleldrgging to upper income group, households
have mostly reported as (construction) laboureveganent and private employee households.
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Figure 6: Occupations and their Proportions in Different Districts
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Source: Energy Poverty Survey conducted by Author

Using a random sampling of rural households insaimpled rural communities, we can see that
more than 10% rural households belong to the lowesime category (see table 4). Similarly,
more than 17% households sampled in the EPS a¥garaed as the lower income households,
whereas 26% are the middle income households. Asapto the set income criteria, we found
that nearly 30% of rural households can be categdras the upper middle income households,
whereas remaining 17% can be classified as theruppeme households. As income in rural
household is seasonal, a specific question wasaalsed to know whether the household income
remains constant throughout the year or not. Assalt, a dichotomous varialbtenst_income is
used in the model, which equals one if the househak constant income throughout the year,
and zero otherwise.

Table 4: Income Group Representation in All Distrids
Lowest Income Lower Income Middle Income Upper Midlle Income Upper Income

SampleMean 5 gy, 17.32% 26.07% 29.42% 16.92%

Source: Energy Poverty Survey conducted by Author
3.2.3 Community Remoteness

Three different variables are used to measure dh@rnity remoteness, namely distance from
nearest villag€vd), distance from nearest towtd) and distance from nearest citgl. To avoid

the repetition of distance from village to villagee avoided to include adjacent villages in our
sample. Also, due to relatively similar market attans in all adjacent villages, rural people tend
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to visit nearest town or city for their energy needhis gave us a reason to exclude village
distance variable from our analysis, leaving ushwvito important indicators for analyzing the
effect of community remoteness on energy source&elo

Table 5: Distance (in kilometres) of Town and Cityfrom
Sampled Rural Community

Minimum Maximum Mean

Town Distance 1 18 5.64
City Distance 3 50 20.64

Table 5 provides a snapshot of community remotetigas shows minimum, maximum and
average distances in kilometres from rural comnyuoitmost nearby town and city. On average,
rural people travel more than 5 and 20 kilometoaieich town and city respectively. In the case
where city is very far (more than 10 kilometreg)nfr rural community, we assume that nearby
town shall be preferred by rural people. Anothepamant aspect is mode of transportation to
access in such far-flung towns and cities. Paditylin lower income classes, rural people
normally travel by foot. However, in some casesythlso use bicycles and animal carts, which
make their access to town and city much more caeménin upper income classes (upper
middle and upper income group), use of motor bike teactor is more common.

3.24 Household size and Number of household membersworking

Household size (hs) represents the total number of household memivectding all men,
women and children living together in one dwellimg.our sample, we found that the average
number of household membeis)is more than 7, with minimum of two and maximum30
household members. In the case of number of hold@hembers workingnhmw), more than
48% household reported that at least 1 householdb®eis working, either employed or self-
employed and earning income corresponding to orteeoincome groups. Similarly, 20.4% and
15.2% reported 2 and 3 working members respectivay the binomial logistic regression, we
consider bothhs andnhmw as the important variables with possible impacth@nenergy access
for households. Our priori is that household witghler hs might have convenient access by
engaging more households members in collecting kandng traditional and non-traditional
energy sources. On the other hand, householdshigtier nhmw might have lower access to
traditional energy sources, as they might not lzlavlie due to their employment.

Apart from independent variables discussed eanwer,also included education variables, for
respondent, other male and female members (selyaratel other occupations like labourer.
However, surprisingly, both types of variables &drout to be highly insignificant with high

% In the EPS, we only had data on household siz&nahon household composition.
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standard errors. Also, both of them were havindirearity problems, which eventually forced
us to exclude them from our final models and tealy-models.

4. Results: Different Energy Choices, Different Reasa

Household opt for different energy choices basedlifferent factors relevant to that particular
energy source. In this section, we discuss thefactlevant to each energy source based on the
binomiallogit regression results, as presented in Table 6.

4.1  Factors effecting household using firewood

Firewood is considered to be the most readily abél and preferred energy source for rural
households (Davis, 1995; Alberts et al., 1997; Radhand Jiang, 2008; Permana et al., 2008).
This also holds true for the rural communities &ddn Punjab where 90.9% of the households
use firewood (bought or collected). In our analysis investigate the determinants of firewood
use, both for occasional users and frequent users.

4.1.1 Householdsusing firewood

In the first step, we took firewood user as a dépeahvariable, representing the dummy which
equals to 1 if household uses firewood and zereratise. Using the independent variables listed
in Table 3, we found that the community remotenedgators (town [p-value 0.10] and city
distance [p-values 0.01]), household size (p-valse0.01), farmer (p-valug 0.01), lower (p-
value < 0.05), middle (p-values 0.05) and the upper middle income (p-vatu®.10) group
turned out to be significant for choosing firewoasl an energy choice in our sample of 640
households. The estimated coefficient, which regrethe log of odds ratio suggest that the odds
of using firewood (collected or bought) are highaghe middle income group [exmidincome)

= 2.74] than other income groups. Similarly, in @eation related variables, the dummy variable
for farmer tells us that the odds [exp (-0.862).422] of using firewood in farming households
are 42% higher than households with other occupstishop keeping). Thelagelkerke R?
shows that our model is able to explain just 15%hefvariation based on the given variables.

4.1.2 Frequent vs. Occasional Firewood Using Households

Rural households tend to make choices on usagaeney of energy source based on different
factors. During our informal discussion with rudople, we found that for poor households
time is less important than it is for rich housetsolOn the other hand, rich households tend to
choose energy sources with greater convenience aretgy efficiency than its price.
Interestingly, we found that they still use firewdband animal waste in combination with LPG to
meet their domestic energy needs. We createdhatdimous dependent variable, representing
the frequency of firewood usage in rural householdsere 1 representing a frequent firewood
usage and O representing an occasional firewoogkeuJdne results in column 2 of table 6 shows
that town distance (p-valug 0.05), household size (p-value 0.10) and the upper middle
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income group variables are significant for the choiof using firewood frequently or
occasionally. Our results suggest that the increaseown distance negatively affects the
frequency of firewood usage, as rural householdshaghly dependent on firewood sellers in the
nearby town. Household sizks] is positively significant, as expected, implyimpre household
involvement in firewood buying and collecting adi®s. In the income related explanatory
variables,only the upper middle income group variable turoetito be the significant one (p-
value< 0.05) with negative coefficient value, suggestinegy low odds [exp (-1.825) = 0.16] for
using firewood frequently when households fallhe tipper middle income group.

4.1.3 Households buying firewood

The results for households buying firewood are wggive the column 3 of table 6. The
independent variablbuy firewood is a dichotomous variable that equals to 1 if lebotds buy
firewood, and O if not. If the rural householdsrdu buy firewood, this also implies that they are
either collect firewood, or combine buying and eotlon. The results shows that the community
remoteness variablet(andcd) are highly significant (p-valug 0.01), along with the dummy
variables for the lowest income group (p-vadu@.10) and lower income group (p-vak®.05).
The negative sign in the coefficients tdf (town distance) andd (city distance) suggests that
with the increase in the community remoteness {liometres), the log odds to buy firewood
decreases. This might be due to the market intka¢jes between the rural community and the
nearby town and city, specifically for buying aredlieg firewood. This is true in many cases, as
most of the firewood or wooden log stal only available in nearby town or city. The niaga
sign may also imply that with the increase of each of distance (kilometre), the probability to
buy firewood among rural households decrease byothedds of -0.06 for town and -0.057 for
city. We may also transform the significant coeéit for the lowest income group (-0.827),
which suggests that there is around 30% probalfitpuying firewood in the lowest income
group, as compared to 70% probability of not buyingSimilarly, the probability computed
from the log of odds ratio for the lower income gpasuggest the probability of buying firewood
in the lowest income group is more than 31%, slyghigher than the lowest income group.

4.1.4 Households collecting firewood

For households collecting firewood and not buyinglistance of nearby town and city are found
to be highly significant (both with p-value0.01) and have positive influence on the dependent
variable (collecting firewood). This implies thaitkvthe increase in distance from town and city,
the odds of using collected firewood increases aymaral households. The model also suggests
that the tendency of using collected firewood amtreglower income group is significant (p-
value< 0.10). The influence dirmer for firewood collection is as per our expectatiohke

* Stalls where wooden logs are sold that can be irséarniture and firewood. This is very common gtiee in
developing countries of South Asia (India, PakisBangladesh, Nepal, Sri Lanka) and Sub-Saharanafr

18



model suggests that the probability of using cedlddirewood is 40.4% ifarmer households as
compared to 0% in non-farmer household. In oursgdfdarmers were usually not having access
to ‘free’ firewood. In such cases, they also havéuy firewood to meet their domestic energy
needs. Though, they have natural access to plastewdue to its seasonal availability, they have
to buy firewood and use it in addition to plant amimal wastes.

4.2  Factors explaining households using animal waste

More than 63% rural households are using animatevas one of their energy source. Among
the sample districts in the EPS, around 91% houdshio the Sialkot district reported to be
using animal waste, followed by the Lahore distwih 88%. Similarly, Rawalpindi and Layyah
district turned out to have the lowest number afreh waste users, i.e., 86% and 75% rural
households reported that they are not using th@anwvaste as an energy source. There are two
main reasons for this. First, the rural communiiieghese districts are comparatively much
poorer than rural communities in other districtec&dly, their high dependence on agriculture
results in much lower household income than otixeed of occupations. As a result, almost all
of the animal waste produced domestically at a &looisl level is used as a fertilizer in their
agricultural land, allowing them to save their exges on fertilizers. Moreover, it was also
observed that due to comparatively high livestoakership in rich households, animal waste
becomes one of their natural energy choices, wisicifiten considered as an exclusive source of
energy for poor households

The ratio of rural household buying animal wastemagnergy source is lower than the share of
households buying firewood. We also found thdtatisehold owns livestock which produces
waste usable as an energy source, household uatihzere often as an energy source than using
it as a fertilizer. Moreover, in many cases, ruraluseholds use animal waste produced from
their own livestock. Apart from buying animal wasteuseholds also reported that in some
cases, animal waste is earnedirm®me in kind by female members of poor households who
assist richer households with livestock ownershipcleaning the cattle shed and processing
animal wastes to eventually make it combustiblle our dataset, around 38% reported to buy it
from the local sources like neighbour or househaldbkin their community, whereas only 1.2%
reported using both ways, buying and collectingahienal waste from the community.

® In rural communities of Pakistan, there is no fafmelling of animal waste which can be later uasdanimal
waste. Usually, animal waste is processed and diyethe females in rural households. If a ruraldadwold with
livestock ownership has surplus amount of animadtejathe females use their personal contacts witardemale
household members to sell or ‘give away’ animalt@a$he practice in rich households (upper middid apper
income group) is slightly different, as the femaflesn those households contact the females fronsdlonid from
low income groups (lowest and lower income groum) @ive away’ the animal waste for free, if femahembers
from low income household agree to process andhdleacattle shed.

19



4.2.1 Householdsusing animal waste

In the case of households using animal waste,diiiance and town distance appeared to be
significant at 10% and 1% significance level respety (see column 5 in Table 6). The results
imply that lower the community remoteness, highex thances of using energy source other
than animal waste, as that increases the availalmfi other energy sources like firewood,
kerosene, and liquid petroleum gas. In the estispate can also see that household income is
without significant influence for the use of aninvedste. In other words, this also implies that
decision to use animal waste as an energy souticglependent of the household social status,
specifically in the case of rural communities.

4.2.2 Frequent vs. Occasional animal waste using households

The column 6 in table 6 shows thagit regression results for the frequency of usingathienal
waste, in households which have already report@dawaste as one of their energy sources.
Apart from the community remoteness indicators lflmgnificant at 1%), number of household
members working in a specific household also turoetto be significant at 5% significance
level with a negative coefficient value, implyingetfrequent use of animal waste as an energy
source decreases with an increase in employed holgdseembers. This might be due to the fact
that animal waste requires relatively higher degrfdeousehold efforts to make the animal dung
usable for burning. Therefore as the number of déloolsl members working in a household
increases, the use of animal waste decreasesilbuerstains as one of the energy source. From
the given sample size of 406 households, we cansas that more than 63% households uses
animal waste as one of the energy source to meetitbusehold energy demand.

4.3  Factors explaining plant wastes usage

Contrary to our hypothesis, the use of plant wasteng rural households is independent of land
ownership. Instead, it has been observed thaetaanship between the land ownership and the
use of plant waste as an energy source turnecbdue highly insignificant)’=0.872, df=1, p-
value = 0.350). Among 109 rural households usiraptpWwaste, 47% reported that they do not
own any agricultural land. In general, less tha#oI8ral households use plant waste for energy
purposes, as more effort and time is required tiecoit. Also, plant waste is not considered as
an efficient energy source in terms of energy peceduby it for the cooking purposes, as
compared to firewood and animal waste. Within défe districts, 83% and 72% rural
households in Muzaffargarh and Layyah district eesipely were using plant waste in addition
to other energy sources. On the other side, rwakéholds in 4 districts, namely Rawalpindi,
Gujrat, Lahore and Multan, were not using it at all

4.3.1 Householdsusing plant waste

In column 7 of table 6, a binary variable is useddlant waste using household, which equals to
1 if households are using plant waste and O otlserwiihe result ofogit regression shows that
the all explanatory variables turned out to be ifigant except community remoteness
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indicators, number of household members working @redupper middle income group. The
results clearly show that the households with fagriave higher odds of using plant waste as an
energy source. Moreover, households with incomenigamo seasonal impacts also reported
higher log of odds ratio of using plant waste tllamse who are not. Due to high co-linearity of
shop (shop keepers) variable with other occupationsag dropped from the model.

The lowest (p-values 0.01), lower (p-values 0.01) and the middle income group (p-vatue
0.05), household size (p-valge).01), constant income (p-valge).05), farmer (p-valusg 0.01)
and number of household members working (p-val0el0) turned out to be significant. One of
the reasons for significance b could be the possibility of household members ngage
themselves in plant waste collection, especialigdkes and children. Similarly, income groups
with low income have higher log odds ratio of uspignt waste than households with higher
income. Similarly, the high significance falrmer implies that due to easy access of plant waste,
log of odds ratio of using plant waste are reldgivegh among farming households than those
who are not. WithR? of 0.14, the model is still able to explain onK4 variation, implying that
still there are many unknown factors for remain8&§6 variation responsible for plant waste
collection.

4.3.2 Frequent vs. Occasional plant waste using households

The results from 110 plant waste using househdidsvghat most of the variables were unable
to explain the variation in dependent variable,egtdhe constant income variable (p-vatue
0.05), shop variable (p-value0.10) and the lower income group variable (p-va@el10).

21



Table 6: Binomial Logit Regression Results for Dirent Energy Sources

Dependent Firewood Animal Waste Plant Waste Kerosene LPG
Variables 1) 2 3 4 ©) (6) ) (8 ©) (10) (11)
User Frequent vs. Buy Collect User Frequent vs. User Frequent vs. User Frequent vs. User
Occasional Occasional Occasional Occasional
User User User Users
td -0.063* -0.126** -0.06%** 0.055*** -0.048** -0.098*** -0.043 0.167 -0.031 -0.312%** 0.086***
(0.033) (0.049) (0.021) (0.021) (0.02) (0.034) (0.029) (0.15) (0.021) (0.055) (0.021)
cd 0.052%** 0.029 -0.057%** 0.059%** -0.053*** -0.04%** 0.008 0.03 0.062%** 0.072%* -0.035***
(0.015) (0.022) (0.008) (0.008) (0.007) (0.015) (0.009) (0.041) (0.008) (0.017) (0.008)
hs 0.184+* 0.215* -0.003 0.033 0.088** 0.087 -0.022 0.05 -0.013
(0.063) (0.113) (0.031) 0.004 (0.031) 0.038(0.032) (0.057) (0.036) (0.108) (0.032) (0.065) (0.031)
nhmw -0.113 -0.235 -0.086 -0.244** -0.16 -0.184 -0.229 -0.148**
(0.12) (0.183) (0.074) 0.055 (0.075)| 0.094 (0.074) (0.12) (0.103) (0.355) 0.028 (0.073) (0.148) (0.075)
Const_income 0.968 -0.059 -0.2 -0.279 0.908** 2.024* 0.149 -0.346 -0.731%**
0.395 (0.36) (0.593) (0.26) 0.313 (0.273 (0.257) (0.512) (0.377) (0.972) (0.25) (0.565) (0.244)
Farmer -0.862*** 0.67 0.394* -0.389* 0.746 0.676*** -0.365 0.283 -0.679***
(0.321) (0.676) (0.219) (0.225) 0.179 (0.211) (0.526) (0.234) (0.969) 0.289 (0.206) (0.493) (0.226)
Shop -0.213 -0.301 -0.473 -0.619 -0.574 3.122* -0.615 0.209 0.867*
(0.69) (1.121) 0.695 (0.524) (0.524) (0.449) (0.87) (1.705) (0.557) (1.175) (0.473)
Income Groups
Lwstincome -0.17 -1.613 -0.827* -0.02 0.929 1.389%* 1.529 1.38%** 2.409** -2.688***
(0.503) (1.128) (0.427) 0.375 (0.422 (0.384) (1.106) (0.458) (1.384) (0.383) (1.178) (0.57)
Lwrincome 0.998** -0.071 -0.779** 0.323 1.084%** 2.479* 1.276%* 1.151* -1.753%**
(0.5) (1.297) (0.33) 0.61* (0.332)] 0.261 (0.315) (0.66) (0.412) (1.412) (0.313) (0.679) (0.342)
Midincome 1.009** -0.858 -0.209 0.32 -0.018 0.885** 0.569 0.468* 1.081* -1.510%*
(0.443) (0.936) (0.28) 0.173 (0.284 (0.269) (0.483) (0.384) (1.216) (0.275) (0.62) (0.275)
Upmidincome 0.723* -1.825** 0.211 -0.266 0.231 0.566 -2.493 0.147 -0.666***
(0.427) (0.839) (0.28) (0.288) 0.124 (0.268) (0.513) (0.395) (2.102) 0.309 (0.275) (0.583) (0.253)
Constant 0.236 2.904** 1.995%+* -2.377*** 1.478%* 3.967*+* -3.614%** 0.167 -2.24%* 1.402 1.592%**
(0.713) (1.321) (0.459) (0.471) (0.451) (0.862) (0.621) (0.15) (0.454) (0.962) (0.455)
Obs. 640 581 581 581 640 406 640 110 640 251 640
Nagelkerke R? .15 13 .28 .28 .23 .22 .14 .29 .24 42 .25

Reference category in Income groups = Upper Incgrap; Robust standard errors in parenthesis; *Significant at 1%, ** = Significant at 5%, * = Sigicant at 10%
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4.4  Factors explaining kerosene usage

Households normally consume kerosene in lanterfgragniting traditional biomass (Alberts et
al., 1997; Rijal et al., 1990; Karekazi et al., 80@irza, 2008). Figure 2 shows that more than
50% of households in the lowest income group amdired 60% of households in the lower
income group use kerosene as one of their energices In each of the income groups,
kerosene consumption went down due to the incoewers involved, rather than buying power
of higher income groups. Also, we observed thahdéigincome groups tend to buy more
convenient energy source like liquid petroleum ghan kerosene for cooking purposes due to
its relatively higher efficiency.

The regression results in the column 9 of tableofiom that the odds of using kerosene is
highly influenced by the city distance, and whetheusehold is classified as the lowest or the
lower income group household (p-vak®.01 for each). The transformation of log of odakso

into probability shows that the probability of ugikerosene in the lowest income group is nearly
80%, whereas for the lower income group it falls78%. The estimates for the middle income
group also turned out to be significant at 10%,gesting that the probability of using the
kerosene in the middle income group is nearly 6T#ts gradual decline in the probability of
using kerosene can be attributed to the physiclrtef and travelling involved for rural
households.

The column 10 in Table 6 shows that the decisioruging kerosene frequently or occasionally
in rural households depends on the community remeste and the household status. The
negative estimate for town distance, representedeal®g of odds suggests that with the increase
of town distance, the odds for frequent use of &ene declines. However in the case of city
distance, the positive sign of log of odds miglggast that with the increase of distance between
city and rural community, households might prefer use kerosene more frequently than
compared to a situation when city is close by. @assible explanation for this could be that
when rural communities are distant, kerosene ngkbme available within community market
through shops and small grocery stores. The reldtigh value foiNagelkerke R? for frequent

vs. occasional kerosene user (column 10 of tabkh6jvs the model is far better in prediction
than all other models for energy sources.

4.5  Factors explaining LPG usage

The liquid petroleum gas or more commonly referasdthe LPG, is one of the most common
substitutes for natural gas in relatively affluaouseholds, as it involves relatively higher initia
costs for stove, gas cylinder and some access@fieshua and Zhenming, 1996; Heltberg,
2004; Hosier and Kipyonda, 1993; Karekazi, 1994)2000 and 2008, Masera et al. and Horst
and Hovorka respectively, found that albeit theargpcome households use LPG as a substitute
energy source in the absence of natural gasjtsslinot a complete substitute as they continue
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using traditional biomass in combination to LPGeTdescriptive results from our dataset also
confirm this fact. We found that more than 32 % deholds reported to be using the LPG in
absence of natural gas, in combination with otinergy sources, like firewood, animal and plant
waste. As shown in the Figure 2, the use of LR{@8<td0 increase from the lowest income group
till the upper middle income group, and then a ithecin the upper income group.

The column 11 in Table 6 shows tlagit results for the LPG usage in 640 rural households.
Except household size variable, all explanatoryabdes turned out to be highly significant,
however most of them with negative signs. The comtguemoteness variables (town distance
and city distance) suggest that with the incredseitg distance, the odds for using the LPG
decreases, but in the case when town distanceasesethe odds for using the LPG increases,
which is somehow unexplainable. Similarly, coe#iitis for constant income and farmer also
suggest that LPG usage is probably not common weeiseholds have constant incomes and
are associated with farming profession. In the adsaifferent income groups, the coefficient
estimates with negative sigmow an apparent increase in the probability ohgidiPG when
household income increases. The transformation fogrof odds to probability for using LPG
explains that there is nearly 6.3% chance of LP&yesn the lowest income group, whereas it is
more than 34% in the upper middle income group éooisl.

5 Conclusions

In this paper, we have attempted to analyse thenae of energy choices among different
income groups in rural communities of Punjab. Tadreunderstand the energy access in rural
households, we differentiated the energy sourcegeusato different sub-categories. The
approach of distinguishing households on the bassame (frequent vs. occasional user) and the
type of energy access (buy or collect) has helpetbwnderstand the degree of energy mixes
that households with different incomes use to ritest domestic energy needs.

Our results propose multiple conclusions. Firstig, conclude that the choice of energy sources
among different households are not only affectethieyhousehold income, but is also subjective
to other important determinants like the communigmoteness and household’s major
occupation. One of the important facts validateddegcriptive and regression results is the
diminishing role of household status for choosihg traditional energy sources. Our results
suggest that the role of income becomes more irmpbivhen household decide to include
expensive and advance energy source like LPG in ¢hergy mix. In our dataset, we find that
traditional energy sources are preferred by allskbolds, regardless of their household income.
Nevertheless, as the price of energy source inese@scome starts playing its influential role in
deciding for a particular energy source. This fingdiquestions the linear and unidirectional
approach adopted by the energy ladder, whereagsamed that households tend to shift towards
modern energy sources with the increase in theonre (Wuyan et al., 2007; Xiaohua and
Zhenming, 1996; Karekazi, 2002; Reddy, 1995).
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Secondly, we also conclude that community remoteigesn important determinant for energy
source choice in rural households. The high sigaifce of the community remoteness indicators
in almost all energy sources (except plant wastgyasts that rural households tend to avoid the
inconveniences associated in energy access asyitnoaonly involve transporting specific
energy source (LPG cylinders, fuel wood bundlesvood logs) but also incur financial costs,
requires tremendous physical efforts, engage haldehembers and their time. Thirdly, other
variables like household sizkhsf, number ofhousehold members working (nhmw) and constant
income €ons_income) also turned out to be significant in some caBasticularly in the case of
firewood and plant waste usage, household sizevisated as an important factor for deciding
whether to choose these energy sources in enepggmmiot.

Finally, our results also suggest that use of eawdrgy source can be attributed not only to

household and community related factors, but atsgeculiar access factors relevant to a

particular energy source. In the case where holgglgdecide for animal waste and plant waste,

different factors turned out to be significant ither case. Based on our results, we conclude that
the use of animal waste by a rural household i®@légnt on community remoteness, whereas
using plant waste can be attributed to income gafugphousehold, household major occupation

and household size.

In general, our results also correspond to easliedies, especially that of Horst and Hovorka
(2008), Masera et al (2000) and Rao and Reddy (260 two perspectives. Firstly, rural
households in general, do not follow the unidit@atél approach of using energy sources, i.e., a
shift from traditional biomass towards modern egesgurce like LPG, with the increase in
household income. Instead, a mix of energy souscased, even by richer households who can
even afford LPG as the only energy source. Secotlysehold income and size, along with
community remoteness indicators turned out sigaificfactors for determining the energy
choices among rural households.

From energy policy perspective, we believe thatettgyMng countries need to improve the
energy access factors for rural communities, palgity to develop rural energy markets, which
can provide improved energy access in remote @fagd/oreover, we also stress diffusion of
cooking (and heating) technologies at househol@l/ethrough active participation of local

governments, non-governmental organizations angpoo business entities.

The study is also subject to its limitations. Doelimitations of the EPS, we are not able to
explain fuel or energy switching phenomenon whishhighly interconnected with energy
choices available to rural households. Also, dusciape of our research objectives, we are not
able to include previous energy usage history oélrbouseholds, which might be critical to
further understand the energy choices and subsedueh switching phenomenon in rural
households.
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