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ABSTRACT

The study analyzed the factors determining rura&rgy choices for cooking in rural areas in Enugu
State, Nigeria using a multinomial logit model. Véenphasize on socio-economic factors that
determine household cooking energy preferencerial iigeria. Firewood remains the preferred fuel
for most households in the study area; though matjathe choice is not sustainable as it portends a
threat to their woodlands and green economy. Engliresults indicate that households’ total income,
the level of education of women, age of women, pation of women, and existence of internal
cooking facilities are essential factors that datae household cooking fuel choice. While income is
an important factor, the empirical findings suggtst need for policy makers to consider socio-
economic factors while addressing issues assocthchousehold energy consumption.
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INTRODUCTION

In developing countries, most of the rural commesihave less access to modern and clean energgesand
mostly depend on traditional fuel /biomass(woogsgs$, leaves, charcoal, animal dung and crop re$idor
virtually all their energy requirements. It has be&stimated that more than 2 billion people globdépend on
biomass to meet their basic energy needs and tlyrrbiomass accounts for about 20% of the worktigrgy
supply (FAO, 2006). Without new policies, the numbgpeople globally that rely on biomass fuelexpected
to increase to 2.6 billion by 2015, and 2.7 billlmn2030 due to population growth (IEA,2006)

Over 60% of Nigeria's population depend on firewémdcooking and other

domestic uses (ECN, 2003). The rural areas, whiehganerally inaccessible due to absence of goad ro
networks, have little access to conventional enesggh as electricity and petroleum products. Pedrol
products such as kerosene and gasoline are pucchasiee rural areas at prices very high in exc#stheir
official pump prices. The rural populace, whosedseare often basic, therefore depend to a largenexin
firewood as a major traditional source of fuelhts been estimated that about 86% of rural houdghol
Nigeria depend on firewood as their source of enévgilliams, 1998). Firewood supply/demand imbalkarmc
some parts of the country is now a real threathto énergy security of the rural communities (ECRQ3.
Nigeria consumes over 50 million metric tonnesigood annually, a rate, which exceeds the replenéent
rate through various afforestation programme (ICCR@D0). Sourcing fire wood for domestic and conuiadr
uses is a major cause of desertification in thd-aone states and erosion in the southern patteotountry
(Sambo, 2009). The rate of deforestation is ab80t(0 hectares per year, which is equivalent&863of the
present area of forests and woodlands, whereasestftion is only at about 10% of the deforestatiaie
(ICCDD, 2000). From available statistics, the oa%s 15 million hectares of forest and woodlanderess
could be depleted within the next fifty years (EC2003). These would result in negative impacts loa t
environment, such as soil erosion, desertificatioss of biodiversity, micro-climatic change andaftling. Most
of these impacts are already evident in differemti@gical zones in the country, amounting to hugenemic
losses (Sambo, 2009). The consumption of firewaoddrsened by the widespread use of inefficienkitap
methods that are hazardous to human health, efipdgciavomen and children who mostly do the cooking
homes.

It has been argued that households with low inctawels rely on biomass fuels, such as wood and ,dwhie
those with higher incomes consume energy thatedangr and more expensive, such as Liquid petrolgasn
(LPG). Those households in transition consume wahatcalled transition fuels, such as kerosene haccoal.
This fuel choice and demand behaviour of househisldeown as the “energy ladder hypothesis”. Ajfrantn
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high income, one set of factors necessary for #ivitcto other fuels particularly in poorer ruraluseholds is
cheap and better availability of alternative fuether than traditional biomass fuels. Empiricaidence has
shown that for many households, the decision oveclwfuel to use or how much of the fuel to usguiees the
consideration of several important factors. Fortainse Narain et al (2008) found that firewood usd a
dependence (defined as its contribution to thel tpermanent income’ of households) increases igttest
biomass availability irrespective of income leveMdso, access to electricity has been found to hether
important determinant of the energy transition (@hell et al. 2003; Davis 1998; Ouedraogo 2006) e@Gtlare
house standard, level of education of husband afed @ccupation of wife, frequency of cooking céntaneals
and household size (Alam et al. 1998; Ouedraogd®2Badubansi and Shackleton 2007; Pundo and Fraser,
2006). Current empirical evidence indicates a mommplex process at work (the notion of “fuel stack)
other than the linear relationship exhibited in érergy ladder hypothesis. Fuel stacking indicttias richer
rural households opt for a mix of modern and tiadél fuel types to meet larger energy requirements
(UNDP/ESMAP, 2003, Heltberg 2005, Masera et alg@®0

In the light of these facts, this study seeks tcdbe the structure of household demand for capkimergy as a
discrete choice and for this purpose to establishanometrienodel suitable for policy analysis. Specifically,
the study seeks to investigate the different caplfirel mostly in demand by households of rural camities

in Enugu State, Nigeria and to determine the diffieffactors that affect a household’s probabilitgleoosing
one cooking fuel over another. The study will he#pto design policies for promoting fuel switchitigereby
increasing household welfare and reducing indoopaliution. We also contribute to literature bypiding an
up —to-date evidence for Nigeria by studying soslected rural communities in Enugu State.

MATERIALSAND METHODS
In this section, we present the data source aral ditcuss graphical relations between fuel choiw: some
variables. This is followed by the specificationtloé model and description of the exogenous vaabl

Data Sour ce and Descriptive Statistics

The data set is based on an extensive survey irthwhiructured interviews and questionnaires were
administered to selected rural communities in Naukkne of Enugu State. Specifically, the commusitie
covered in the study are Ubollo-Afor, Imilike, Ophd Ede-oballa communities. The population of study
comprises more than 30 villages and encompassqsepebthe same cultural but different socio-ecoimom
backgrounds. On the whole, 600 questionnaires aengnistered using the simple random sampling tiecien
During the process of data cleaning, 6 questioeraivere found to be missing and 18 questionnawee
rendered invalid while the remaining 576 were vaficdhong those rendered invalid, some had one oerkey
variables missing, while some had inconsistentrinfdion and were discarded. The study was conducted
between September 2009 and January 2010. The cddiected relate to household’s socio- economic
characteristics and their expenditures.

Household Cooking Choice

Fig.1 indicates that the dominating source of hbhakkcooking energy in the study area is wood-enerigich

is used by 93% of the households; 79% mainly usavéiod and 14% use charcoal. Kerosene is used byf7%
the households.

kerosene
charcoal 7%

14% -

firewood
79%

Fig.1 Distributiofilmouseholds by cooking energy choice
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Although LPG, electricity and other solid fuels weancluded as energy options in the survey questives,
they recorded zero response as none of the respisnatdized them as their main source of fuel.

Household size, income and fuel choice

Fig. 2-3 depicts the relationships between therates of energy types (firewood, charcoal and lerel

household income and household size. Fig. 2 shbatsthhe poorest households are the main usersesfdod

with an average total monthly income of about NGO.00. We observe a pattern reversal for kerosene.
use rate of kerosene is highest among the rictmstdiold with an average total monthly income ofleast

NGN17000.00 indicating a movement to cleaner figelreome increases. The survey also indicatesthigat
users of firewood also use kerosene as a majocsadifuel for

20000
18000 +
16000
14000
12000 ~
10000 +
8000 ~
6000
4000
2000 ~

income (Naira)

Mean total household monthly

charcoal kerosene firewood
ENERGY TYPES

Fig.2 Enengge rate and Household income

Mean household size
w

charcoal kerosene firewood
ENERGY TYPES

Fig.3 Energy wate and Household size

lighting and to facilitate wood combustion. FigsBBows that those with the largest families arentlaén users
of firewood while the use rate of kerosene is higl@nong those with the smallest number of famigmhers.
The figure depicts that as the family size increatee use rate of dirty fuels increases and wirsar

The Model

The study uses multinomial logit model (MLM) toiesate the significance of the factors suspecteddftoence
a household’s choice of cooking fuel in rural arefsligeria. Multinomial logit model describes thehaviour
of consumers when they are faced with a varietyoafds with a common consumption objective. The czhof
the model was based on its ability to perform letti¢h discrete choice studies (McFadden, 1974 Anttje gt
al., 1985). However, the goods must be highly difféedad by their individual attributes. For examptlee
model examines choice between a set of mutualljusix@ and highly differentiated cooking fuels swash
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firewood, charcoal, kerosene, other solid fuelss gad electricity. If only two discrete choices éaw be
analysed, the multinomial logit model reduces togit model.

The probability that a household chooses one tym®aking fuel is restricted to lie between zera ame. The
model assumes no reallocation in the alternativeusé no changes in fuel prices or fuel attribuiéde model
also assumes that households make fuel choicesnéndtnize their utility (McFadden, 1974). The modah
be expressed as follows:

X
PrYi=|] = M e (D)

Zexp(Bin)

Where:

« Pr[Yi=]j]is the probability of choosing eitheraftoal,
kerosene, other solid fuels, gas ectekity with firewood as the
reference cooking fuel category,

« Jis the number of fuels in the choice set,

* j=0is firewood,

* Xiis a vector of the predictor (exogenous) soaoromic factors
(variables)

e Bjis a vector of the estimated parameters.

When the logit equation above is rearranged udipgpaa, the regression
equation is as follows:

e(bo + b+ ... b\/Xv)

The equation used to estimate the coefficients is
1 =00+ DIXa 00y Xy )

Pi

In
[1— Pi

From equation 3, the quantity Pi/ (1 — Pi) is thlel®ratio. In fact, equation 3 has expressed thi¢ (g odds)
as a linear function of the independent factors) (Esjuation 3 allows for the interpretation of thgit weights
for variables in the same way as in linear regoessi For example, the variable weights refer todbgree to
which the probability of choosing one firewood ati&tive would change with a one-year change in acfge

respondent. For exampl£ bv (in equation 2) is the multiplicative factor by whithe odds ratio would
change if X changes by one unit.

The model follows from the assumption that the mandlisturbance terms are independently and iddigtica
distributed (i.i.d) (McFadden, 1974). In additidiidge et al (1985) show that even if the numbexttefnatives
is increased (from 2 to 3 to 4 etc) the odds ofoshmy an alternative fuel remain unaffected. Tlsatthe
probability of choosing the fuel remains the safrieis compared to one alternative or if it is qoemed to two
alternative fuels. The dependent variable is thekitg fuel choice (firewood, charcoal, or kerosemgth
firewood as the reference choice. Estimated caeffis measure the estimated change in the logé fare-unit
change in the predictor variable while the othezdstor variables are held constant. A positivénesied
coefficient implies an increase in the likelihodwt a household will choose the alternative fuelnegative
estimated coefficient indicates that there is lgsdihood that a household will change to alteiveafuel.

P-value indicates whether or not a change in thdiptor significantly changes the logit at the gdaace level.
That is, does a change in the predictor varialgeifstantly affect the choice of response categmmpared to
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the reference category? If p-value is greater tthen accepted confidence level, then there is iicefit
evidence that a change in the predictor affectsctiwce of response category from reference cayeddre
explanatory variables are defined in Table 1.

Table 1: Definition of the exogenous variableshaf multinomial logit model

Variables (x)

Unit of account (Defioin)

Size of household
Education of respondéht
Gender of household
Age of household

Numbehaofisehold members (quantitative)
1-Primary; 2- Secondary and higl3eNone;
0-Femaimale
Yearsiumber

0-Otherdjdrried

Househotdl monthly income(Naira)
1-Farming; 2-Trading; 3-Others

0-Otherwik€&xists

Marital status of respondent
Household total income
Occupation of respondént
Existence of external cooking
facilities

Existence of internal cooking
Facilities

Weekly frequency of cooking
foods requiring long hours

0-OtherwiseExists

Weekly numbercobking foods
requiringdohours of cooking

Percentage of total income
spent on energy for cooking

% of houkktaial income spent on energy
for cookindf) Naira

®For the variable “Education of respondent”, howdes whose variable has “none” as outcome are ased
reference.

®For the variable “Occupation of respondent”, hoaég$whose variable has “others” as outcome are ase
reference.

“For variables “Existence of cooking facilitiesh ihousehold, the variable “without any kitchers'used as
reference.

RESULTSAND DISCUSSION

The empirical analysis starts by the presentatibthe mean characteristics of households in th&esurin

order to ensure a fair representation of situatiaime study area, the study targeted women raltaer men and
thus more than 80 percent of the sampled respomdere women. From experience and field observatin
a large extent, only women and girls collect or fivywood and prepare food. We observe that mostwiod

users in the area obtain firewood from the forest lauy little quantity once or twice monthly to awent those
collected from the forest. To be interviewed, oae€l o be self catered/living alone (for singleshereither a
husband or wife. Gas, electricity and other solidl$ were dropped from the analysis because theg nat

utilized at all as principal fuel by households.

Table 2. Mean characteristics of householdsin the survey

Variable name and N Distribution Mean
description

AGE 576 Minimum: 29 50.98
(Age in years of the Maximum: 80

respondent)

GENDER 576 Female: 485 _
(The sex of respondent) Male: 91

OCCuP 576 Farming: 348 _
(Occupation of the Trading: 191

respondent) Others: 37

HHPOP 576 Minimum: 1 5.18
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(Household size) Maximum:; 9
EDU 576 None: 123 _
(Level of education of Primary: 276
respondent) Secondary and higher: 177
PTE 576 Minimum: 1.67 _
(Percentage of total income Maximum: 7.28
spent on energy for cooking)
ICKFAC 576 Exists: 47 _
(Existence of internal Otherwise: 529
cooking facilities)
ECKFAC 576 Exists: 531 _
(Existence of external Otherwise: 45
cooking facilities)
INCOME 576 Minimum: N 3000 N 8376
(Household total monthly Maximum:; N 30000
income)
MARITAL 576 Married: 508 _
(Marital status of Others: 68
correspondence)
CKFREQ 576 Minimum: 1 1.84
(frequency of cooking food Maximum: 3
requiring long hours)
PRINCIPAL HOUSEHOLD| 576 Firewood as principal: 453 _
COOKING FUEL Charcoal as principal: 80

Kerosene as principal: 43

Table 3.Multinomial Logit analysis for charcoal akefosene as compared to firewood

Variable name Char coal Kerosene
Parameter | P-value Odds Parameter | P-value Odds
coefficient Ratio coefficient Ratio

Intercept -28.225 - - -20.812 - -
Age in years of theg .107 .023** 1.113 .003 .966 1.003
respondent

Marital status off -.240 .651 787 -1.626 .093* 197
respondent

Frequency of .640 460 1.897 1.015 129 2.759
cooking food

requiring long

hours

Household .020 .001*** 1.020 .001 .000* | 1.001
average total

income

Existence of 25.013 .000*** 7.296 11.979 .992 1.593
internal cooking

facility

Existence of 21.784 - 2.890 8.739 .994 6.241
external cooking

facility

Percentage of tota| .209 .198 1.233 -.207 511 | .813




income spent on

energy for cooking

EDU:
Primary: .515 677 1.673 7.841 974 2.542
Secondary | 1.8580 .001*** 6.4115 12.111 .959 1.819
and higher:

Gender of .316 575 1.372 -.006 .995 .187

respondent

Household size -1.575 .000*** .207 -2.349 .000***| .095

Occupation of

respondent: -.055 .952 .946 -2.770 .084* .063

Farming: -1.643 .092* .193 -2.357 .065* .095

Trading:

° (sig) 26 degree of freedom

507.866(0.000)***

M ¢ Fadden pseudo-R? 0.671

Notes: ***significant at 1% level; **significant a®% level; *significant at 10% level.
Source: Results from the logit multinomial regreasbutput

Table 2 presents the estimates of the b coeffigiehthe multinomial logit model and some testistiats. Tests

make it possible to measure the quality of themesties. The? statistic tests the null hypothesis of all estiedat
coefficients taken together being equal to zeraohstitutes for the multinomial logit model whaetFisher

statistic represents for the linear models. Theealf they? statistic for the model is 507.87 and is signiftcain

the 1% confidence level. We therefore reject theasrdumption.

We retain the McFadden pseudd4Br the simplicity of its calculation. The measment of B by Mc Fadden
(1974) based on the likelihood ratios is as follows

2_ 1 Log(Lur)
Log(Lr)

Lur is the maximum of the likelihood function of thedel without constraints, anclis the maximum of this
same function by forcing the coefficients of allogenous variables to be zero. In our case, McKeslde
pseudo-R gives R a value of 0.671. In other words, 67.10% of thergp choices of the households of the
study areas are explained by the exogenous vasiaddéected. This value of the pseudodtiggests a
reasonable efficiency of the model.

The regression result show that the age of theorelmt has positive coefficients both for charcaad
kerosene but only the p-value of charcoal is sigaift at the 5% confidence level. Though theorética
expectation is that increase in age of household imfluence fuel choice through developed loyafty
firewood and reduce the adoption of other fuel casi However, a possible argument is that whes@orelent
becomes older, the lack of adequate physical dtiengeded to gather and use firewood may force the
household to switch to charcoal.

Household size has a negative estimated coeffid@ntharcoal and kerosene and both are also tatatig
significant at the 1% confidence level. This suppdhe theoretical expectation that larger housi=haelill
prefer to use firewood since it is comparativeleaper to use firewood to cook for many people dm# a
lower consumption rate per unit of time comparedchkarcoal and kerosene (Punder and Fraser, 2006).
Moreover, it is believed that larger household sizeay mean larger labour input, which is needdfitémvood
collection. Larger households are more likely toéhaxtra labour (for example children’s labour)ttban be
used to freely collect firewood from public fieldsmd thus may lower the price of firewood relative t
alternatives which cannot be obtained freely.

Being married compared to not being married anérotharital status has a negative estimated coeffidor
charcoal and kerosene. Specifically, the odds msliows that the probability of changing from firexdoto
kerosene for married people compared to othed®ig lower. This may arise from the fact that marpeople
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are expected to have larger families, all thingsdequal and therefore may desire to decreasagheate of
other fuels since firewood is comparatively chedpetarger families.

The positive estimated coefficients for the existenf internal cooking facilities support the stisdiyheoretical
expectation that if a household has internal copkatilities, the household will be more likely use charcoal
or kerosene. The p-value of charcoal is statidjicsignificant indicating that there is enough eride to
believe that a change in the non existence ofnaterooking facility to existence of internal fagds is likely to

make a household change from using firewood togusivarcoal and kerosene. Infact, the odds ratevshhat
the probability of changing from firewood to chaatwith the change in the status of internal cogKarility is

more than seven times higher. However, the p-valuexistence of internal cooking facilities comphr®

absence of internal cooking facilities is not stidally significant for kerosene.

The level of education concurs with the hypothesitworetical expectation of a positive effect loa thoice of
charcoal and kerosene due to an increase in tleé déeducation of respondents. This is evidentesia highly
educated respondent (especially, a woman) is litellack time to collect firewood due to her inveent in
other activities and thus may prefer to use firesvadternatives. However, only the level of secogdand
higher education is significant for charcoal at 18 confidence level. Specifically, the odds raimws that
the probability of changing from being illiterat &cquiring secondary education and higher withctienge in
the education level of household is higher by #ofacf 6.4 or 6.4 times higher.

Occupations of households have negative estimatefficents for charcoal and kerosene relativeitewood
in support of the study’s theoretical expectatibattif households, especially in rural areas arpleyed in
white collar jobs (office jobs), they are more likéo use firewood alternatives than their courdggrpvho are
mainly peasant farmers, fishing households or petgers. It is believed that this behaviour is seal by
improvements in income, which elevate householdghite collar jobs to higher social class.

Table 3 shows a binary logit analysis of firewoautl &harcoal. Firstly, kerosene has been excludem the
analysis because comparatively, few householdsecit@s their preferred cooking fuel (Table 2). @etly, it
has been dropped to allow for the analysis of ehdifferences between firewood and charcoal siheg are
close substitutes: they are produced from trees stime variables in Table 3 have been analysedtle®

Table 4: Binary logit analysisfor charcoal as compared to firewood

Variable Parameter P-value Odds
Coefficient Ratio
Intercept -22.890 - -
Age in years of the 135 .006*** 1.144
respondent
Marital status of responderijt -.112 .869 894
Frequency of cooking food .507 ..281 1.661
requiring long hours
Household average total .001 .00 x** 1.001
income
Existence of internal 18.391 .000*** 9.711
cooking facility
Existence of external 15.026 - 3.34
cooking facility
Percentage of total incomg .216 .187 1.242
spent on energy for cookin




EDU:

Primary: .558 .653 1.747
Secondary 1.669 .001*** 5.3199
and higher:

Gender of respondent ..492 .398 1.64
Household size -1.74 .000*** 75
Occupation of respondent
Farming: -.007 .994 .993
Trading: -1.714 .073* .180
2 (sig) 13 degree of freedom 309.923(0.000)* **
M ¢ Fadden pseudo-R? 0.688

Notes: ***significant at 1% level; **significant at% level; *significant at 10% level.
Source: Results from the Binary logitresggion output

The value of the? statistic for the model is 309.92 and is signiftcainthe 1% confidence level. We therefore
reject the null hypothesis of all estimated coéfits taken together being equal to zero. SimilaHg value of
pseudo-R of 0.688 suggests a reasonable efficiency ofrtbdel.

Age of respondent, household average total incamistence of internal cooking facility, and secawydand
higher education level of respondent; all have tpasiestimated coefficients and are statisticalyndicant at
the 1% confidence level. Their odds ratios arelaityi strong. These results support the theorefieahework,
except for age, which was expected to have a negatiluence with the use of charcoal. Howeverpasible
argument for this has been explained in the armlysitable 3. Marital status of respondent, houkkbkize,
farming occupation and trading occupation of resiemt all have negative estimated coefficients. &\,
only household size and trading occupation ardsstatlly significant at the 1% and 10% confideriegel
respectively. These variables also conform to apexpectations as has been explained for theteestilTable
3.

CONCLUSION

The main thrust of this study has been to invesighe proposition of determinants and implicatidos
cooking energy and to test how well these postuatiexplains the observed behaviour of househatdggn
choices for cooking in rural areas of Nigeria. Wsedi Multinomial logit model to identify the detemants of
energy for cooking as well as sociological and eooical variables influencing major energy souraeshie
study area.

Empirical investigation revealed that apart fromugshold income, household cooking energy choices al
depends on sociological and other economical factach as household size, age, occupation aneecésof
internal cooking facilities. The study shows thaewood is by far the fuel of choice for a majoriof
households in the study area. The study furthezaied that as household income increases, househwltth
to cleaner fuels; from charcoal to kerosene asiedpby the energy ladder hypothesis. The dependence
firewood in this region has far-reaching implicasoon the environment: deforestation, soil erosioa
declining agricultural productivity and lose in thatural habitat.

In the light of the above, we suggest that apannfimproving household income, policy design alsedto
focus on other factors in addressing the challengegural energy exploitation. One solution to the
environmental consequences of unsustainable woplbitation requires that modern cooking fuels bedena
more accessible and affordable and firewood andcobhuse be made sustainable.

Moreover, improvement in income and education eobathe likelihood of the household to increase the
consumption of other fuels. This will help redu@msumption of wood, implying a reduction in the gmere of
wood resources and contributing towards mitigatietprestation.
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Furthermore, measures should be taken by stakedlu¢he energy sector to develop and promotewahke,
clean technologies to lesson the burden of econantigities on the ecosystem, reduce pollution aret the
demand in rural areas. Such measures should praimtese of energy carriers other than biomassedisas
the use of biomass in modern ways.

Finally, since firewood is the fuel of choice bymajority of the rural populace, a permanent progrenof
reforestation that provides for the planting of wospecies that are ecological suitable, socio-rlltu
compatible and economically feasible and produetsydsted under controlled and best practices shioeld
adopted by the government as an avenue to addned€nergy demand issues and other-interrelatadecos
like food production, soil erosion and desertificat
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