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ABSTRACT

High dependency on biomass has been associated with energy poverty in Uganda with suc-
cessful intervention to modern energy expected to results to economic transformation. This 
paper examines utilization of various forms of cooking energy sources among households 
using data from the 2005/6 Uganda National Household Survey (UNHS). Results indicate 
that utilization of modern energy sources was only by 4 percent of households. A multino-
mial probit model (MNP) was used to estimate coefficient of determinants of energy choices. 
Determinants of household energy choices were observed as consumption expenditure wel-
fare, residing in urban or rural areas, household size, achievement of education levels be-
yond primary level and regional location of a household. The study recommended deliberate 
efforts by government to intervene in addressing low adoption of modern energy especially 
now that the country has oil and gas reserves. The government should implement policies 
to encourage private sector involvement in provision of modern energy alternatives, provi-
sion of micro-credit for buying equipments and availing modern energy in smaller quantities.
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1.0 	 INTRODUCTION

Energy poverty is one of the factors contrib-
uting to slowing down economic and social-
transformation in Uganda (GoU, 2010). En-
ergy poverty is defined as the absence of 
sufficient choice in accessing adequate, af-
fordable, reliable, quality, safe, and environ-
mentally benign energy services to support 
economic and human development (MEMD, 
2002a). The energy exploitation and con-
sumption patterns reflect that the country 
is still in infancy stages of energy application 
in production processes. The exploitation 
patterns are such that biomass accounts 
for 92 percent of total energy consumed 
while fossil fuels accounts for 7 percent and 
electricity only 1 percent. Most of biomass 
energy is from wood, which is consumed in 
the form of charcoal and firewood (NEMA, 
2009). 

Biomass exploitation is unsustainable due to 
heavy reliance of natural forests, limitation 
to its application and serious environmen-
tal effects (GoU, 2010). The rural – urban 
per capita consumption has been estimated 
at 680 kg per year and 240 kg per year for 
firewood and 4 kg and 120 kg for charcoal 
respectively (MEMD, 2007). Promotion of 
efficient use of energy and mitigation of the 
adverse environmental and health effects 
associated with the use of biomass fuels is 
an important policy issue for the country. 
Alternatives to biomass energy sources in-
clude electricity, liquidified petroleum gas 
(PLG) and kerosene, all of which are consid-
ered cleaner sources (Modi et. al. 2006). 

Utilization of biomass has been observed 
to result to negative environmental, so-
cial (health) and economic impacts among 
the poor in the developing countries (von 

Schirnding et al. 2002). One of the most 
profound environmental issues affect-
ing Uganda is high rate of deforestation 
(NEMA, 2009). Yet, forests play important 
roles including climate moderation, carbon 
sequestration, influencing the rainfall pat-
terns, flooding control, absorption of pol-
lutants, biodiversity conservation and other 
ecosystem services such as provision of 
food, medicine and spiritual purposes (NFA, 
2004). Utilization of agricultural waste as 
fuel aggravates the soil fertility depletion 
which is associated with high cost especially 
for replacement of organic matter (Sangin-
ga and Woomer, 2009). Loss of biodiversity 
affects the aesthetic, existence and bequest 
value that are important for tourism indus-
try (NEMA, 2009). Low or non-use of clean 
energy may result to negative environmen-
tal effects that have negative impacts on key 
productive sectors including forestry, agri-
culture, tourism and water (GoU, 2010). 

Globally about 1.3 million deaths per year 
are attributed to indoor pollution from bio-
mass energy utilization (OECD/IEA, 2006). 
The deaths are more than those of malar-
ia estimated at 1.2 million per annum. In 
Uganda pollution related diseases including 
upper and lower respiratory account for the 
second highest incidence of reported health 
issues after malaria (Nabulo and Cole, 2011). 
Other health issues that have been linked 
to indoor pollution exposure in developing 
countries include cancer, tuberculosis, peri-
natal mortality, low birth weights and eye 
irritation and cataract (von Schirnding et al. 
2002). 

A number of interventions have been un-
dertaken for the energy sector in the last 
few years. In 2002, a National Energy Poli-
cy was produced with a goal “to meet the 
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energy needs of Uganda’s population for 
social and economic development in an en-
vironmentally sustainable manner” (MEMD, 
2002a). The policy was a response to the 
government’s desire of a long-term plan-
ning approach to the energy sector due 
to its importance to the economy. One of 
the objectives of the policy was to manage 
energy-related environmental impacts and 
was to be achieved through promotion of 
alternative sources of energy and technolo-
gies which are environmentally friendly. 

In 2007, the Renewable Energy Policy for 
Uganda was produced with a main goal of 
increasing the use of modern renewable 
energy, from the 4 percent to 61 percent of 
the total energy consumption by the year 
2017 (MEMD, 2007). The policy wished to 
respond to some challenges associated with 
renewable energy technologies in meeting 
energy needs of the country. One of the 
challenges was the country’s desire to fulfill 
the commitment on greenhouse gas emis-
sions reductions, under the Kyoto Protocol 
and contribution to the global fight against 
climate change. Efficiency in biomass ener-
gy utilization was recommended in the re-
newable energy policy, but so far no efforts 
have been documented on the issue or in-
tervention to reduce utilization of fuelwood. 
Although the country through the Forestry 
Policy and National Forest Plan strives to 
increase fuel source through farm forestry, 
the success of the activity are yet to be ob-
served (NEMA, 2009). Already, supply of the 
biomass fuels has been limited leading to in-
creased prices (UBoS, 2009) and the scarcity 
having impacts on the quality (nutritional 
value) of food prepared among the poor 
(NEMA, 2008). 

Albeit the efforts by the government to en-

courage use of alternative energy source 
through policies, high levels of reliance on 
biomass energy for cooking has persisted 
(UBoS, 2010). No wonder, the country has 
remained among the energy poorest in Af-
rica and has the second least improvement 
on multidimensional energy poverty index 
in the continent (Nussbaumer et. al. 2012). 
Natural resources management institu-
tions have put in some effort in address-
ing the energy challenge by raising concern 
on the higher levels of forest depletions 
(NEMA, 2009; NEMA, 2008; NFA 2005). The 
recommendation of the natural resources 
management institutions has been to plant 
more trees to replace the forest cover lost 
through biomass harvesting for energy. 

The efforts of replacing forest cover have 
not been successful due to long durations 
it takes for trees to mature and the higher 
rate of deforestation to cater for energy, 
timber and expansion of agricultural land 
(NFA, 2005). Figure A.1 (appendix) shows 
the country wood fuel utilization, coun-
try potential and net increase in biomass 
(MEMD, 2002b). Both the available stock 
and available yearly yields have been on 
decline trends. The available stock has de-
clined from 275 million tonnes in 1995 to 
less than a million tonnes. Available yearly 
yields have declined from 33 million tonnes 
per year to about 15 million tonnes per an-
num. Consumption of woodfuel has been 
on increase from 19 million tonnes to 26 
million tonnes per year. 

Natural resources have been depleted to 
the point that they are no longer able to 
provide employment, water, fuel, medicine, 
spiritual and cultural services and support 
other productive sectors leading to higher 
levels of poverty (NEMA, 2008). A case is 
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reported in Nakasongola where commu-
nity livelihoods used to rely on rangelands 
through firewood and charcoal burning and 
selling. Currently the same community is 
experiencing challenges accessing biomass 
energy sources leading to a shift to paraffin 
for cooking, buying of firewood from other 
places and some households although with 
food are unable to afford cooking energy 
leading to hunger. Such experiences as in 
Nakasongola are wide spread in more dis-
tricts with the entire country predicted to 
encounter biomass fuel scarcity by 2014 
(MEMD, 2002b). 

Utilization of biomass energy has been ob-
served to be inefficient at production, pro-
cessing and use levels (Naughtons-Treves et 
al. 2007; MEMD, 2002b). For example, char-
coal production technologies recovery rates 
in Uganda are low at between 10 and 15 
percent (Kazoora, et al. 2010). Naughtons-
Treves and others (2007) estimated that 
the manufacturer of 50 tonnes of charcoal 
from hardwood required the clearance of 1 
square kilometer of forest cover. 

Considering the existing biomass resources, 
population growth and demand for land 
for various uses, the best intervention for 
addressing energy challenge may be on de-
mand side management with more empha-
sis being on household shifting to cleaner 
energy. Understanding the factors that in-
fluence high reliance of biomass energy as 
a household cooking energy source and de-
termining opportunities for shifting demand 
from biomass to modern energy will com-
pliment the government intervention on 
the energy sector especially the supply side 
management. It is important to understand 
the demand side issues especially consump-
tion patterns and factors affecting energy 

choice at the household level. 

1.1 	 Policy Question and Objectives 

The policy question being addressed by this 
study is “what are the interventions neces-
sary to ameliorate households’ energy pov-
erty in Uganda?” The objectives of the study 
include: to determine factors influenc-
ing household’s choice of cooking energy 
source in Uganda, to determine existence 
of relationship between energy poverty and 
household’s consumption expenditure wel-
fare and to determine factors that will facili-
tate amelioration of energy poverty in the 
country. Results of the study will provide 
information that will effectively facilitate 
the implementation of the energy policy 
and provide a yardstick for evaluation of the 
promoted and implemented energy policies 
that address people’s basic needs and the 
preservation of the environment.

2.0 	 LITERATURE REVIEW

Concerns have been raised about the high 
proportion of people in developing coun-
tries relying on biomass such as fuelwood, 
charcoal, agricultural waste and animal 
dung to meet their energy needs for cooking 
(OECD/IEA, 2006). Unsustainable harvest of 
resources and energy conversion technolo-
gies inefficiency were prioritized as issues 
requiring immediate intervention. The 
study called for new policies to ensure shifts 
to cleaner and efficient use of energy for 
cooking. It recommended two complimen-
tary approaches to improve the situation: 
promoting more efficient and sustainable 
use of traditional biomass and encouraging 
people to switch to modern cooking fuels 
and technologies with appropriate mix de-
pending on local circumstances. The same 
study observed that switching to oil-based 
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fuel would not have significant impacts on 
world oil demand and even when fuel costs 
and emissions were considered, the house-
hold energy choices of developing countries 
would not be limited by economic, climate-
change or energy-security concerns. 

Utilization of an energy source by a house-
hold was considered a discrete choice from 
a number of other alternative supply choic-
es arranged in order of technological so-
phistication whether in rural or urban areas 
(Campbell et al. 2003). As the demand for or 
supply of more sophisticated fuels increased, 
a greater number of users made transition 
from firewood and charcoal through kero-
sene to LPG and electricity. This transition 
concept also considered as “energy ladder” 
(van der Horst and Hovorka, 2008) is driven 
by economic change, change in taste and 
preference of energy choice, technologi-
cal change on energy sources, energy car-
rier availability (Campbell et al., 2003) and/
or shifts in supply of energy options (Zulu, 
2010) and their prices (van der Horst and 
Hovorka, 2008). The sophistication of ener-
gy sourcing has impact on environment and 
household health. 

When households climb the energy lad-
der, forest resources utilization reduces as 
less of firewood and charcoal are required. 
Indoor and outdoor pollution that leads to 
respiratory acquired diseases is reduced or 
eliminated with shift to more sophisticated 
sources (Mishra, 2003). The sophistication 
of energy sources has been considered as 
improvement of household’s or/and coun-
try’s welfare, akin to other socio-welfare 
indicators that have been used to measure 
the standard and quality of life (Berenger 
and Verdier-Chouchane, 2007). 

The Millennium Development Goals (MDGs), 
a United Nations initiative outlining time-
bound goals in areas of poverty, health, 
education and environment recognized the 
importance of energy welfare to achieving 
most of the goals. The importance of mod-
ern energy in contributing to welfare in 
terms of health, saving time and providing 
opportunities for other activities (especially 
for women and children), improved produc-
tivity and education achievement has moti-
vated international donors support to ener-
gy development as part of achieving MDGs 
(United Nations, 2005). Energy poverty has 
been considered to undermine global devel-
opment challenges including income pover-
ty, inequality, climate change, food security, 
health and education (Nussbaumer et al., 
2012). While the idea of poverty has been 
widely accepted among the international 
community, it has been very difficult to get 
an agreement on an adequate definition of 
energy poverty due to problems in dealing 
with methodological and conceptual issues 
in defining it (Barnes, et al., 2011). 

A number of approaches have been used in 
defining or establishing levels of energy pov-
erty. Pachauri and Spreng (2004) estimated 
energy poverty based on energy expendi-
ture as a proportion of household total ex-
penditure. Under this measure households 
spending more than 10 percent of their to-
tal expenditure on energy are considered 
as energy poor. Another measure that has 
been used in estimating energy poverty is 
by considering the energy type used and 
its value in the consumption expenditure of 
poor households (Foster et. al. 2000). An-
other measure of energy poverty considers 
the physical needs of daily requirements 
for cooking and lighting based on surveys 
around the world and sets the minimum 
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energy need to be about 50 kgOE1 per cap-
ita per year (Modi, et al. 2006). Barnes et 
al., 2011 used energy demand, income and 
other factors to identify the energy poverty 
line in Bangladesh and reported high con-
sistence between the income and energy 
poverty. It was observed that 46 percent of 
the income non-poor were also energy non-
poor while 81 percent of energy poor were 
also income poor. 

Nussbaumer et al, (2012) used a multidi-
mensional energy poverty index (MEPI) to 
estimate the deprivation of access to mod-
ern energy services in Africa. MEPI captured 
both the incidence and intensity of energy 
poverty at various levels including regional 
and country levels. Socio-economic and 
market access factors influence the house-
hold choice and intensity of utilization of 
various energy types, which when analyzed 
provide insight on energy poverty. Narasim-
ha, et al (2007), used micro level data cov-
ering 118,000 households to establish varia-
tion in energy use by Indian households. 
They reported that a household chooses the 
desired source of energy considering their 
socio-economic characteristics, availability 
and prices of the different energy sources. 
The socio-economic characteristics that af-
fect choice of primary source of energy in-
clude household size, income, religion, edu-
cation and age of the family head and loca-
tion of household whether in urban or in 
rural area and region. Economic, technical, 
social and traditional constraints affected 
complete switching to cleaner fuels in rural 
India (Joon et. al. 2009). Social factors that 
affected use/ choice of fuel used included 
housing characteristics, cooking behavior 
and food types. Demand for biomass fuel 

1	 kgOE stands for kilogramme oil equivalent. A measure of total energy 
consumption (1000 kgOE=42 Giga joule) 

was predicted to persist if only pure transi-
tion approach based on the sophistication 
of energy source were not undertaken. 

The policy scenarios with either improved 
financing opportunities, fuel subsidies or 
a combination of both in India, suggested 
that a major obstacle for the adoption of 
modern fuels, especially LPG, is the high in-
vestment cost and the discount rates that 
the consumers use in their energy related 
decisions. According to the results, subsidy 
alone may be inefficient for promoting mod-
ern fuels, as the steep upfront investment 
costs are not always covered through the 
subsidy. Improved financial opportunities 
for the appliance investment alone would 
already increase penetration of modern fu-
els remarkably within the population. Com-
bined with small LPG subsidy, the whole 
population might be prompted to switch to 
LPG (Ekholm, et al. 2010). 

An increase in the proportion of households 
using wood fuel sources was reported in 
Kano State in Nigeria between 2002 and 
2006 against a background of supply chal-
lenges for biomass sources of energy in the 
town’s vicinity due to deforestation (Ma-
conachic, et al. 2009). Although availability 
of wood was reported to have reduced be-
tween 2002 and 2006, its utilization rose by 
about 40 percent by 2006. Factors that af-
fected the choice of energy sources includ-
ed, cultural factors, cost of energy source, 
household size, convenience in use, health 
concern, environmental consideration, food 
taste attributable with specific energy use, 
energy source availability and recruitment 
of large number of people into energy busi-
ness due to shifting returns from other en-
terprises. 
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In Ouagadougou, Burkina Faso firewood 
was the cooking energy source of choice 
by 70 percent of households (Ouedraogo, 
2005). Other preferred choices by house-
holds were LPG, charcoal, kerosene, elec-
tricity and other fuels which were reported 
by 13, 6, 4, 1 and 7 percent respectively of 
the households surveyed. Determinants of 
a household’s cooking fuel choice for either 
natural gas, charcoal, firewood, kerosene 
and other fuels were income, frequency of 
different food delicacy cooking, household 
size, achievements of primary education, 
age of household and religion of household 
head, existence of cooking facilities (exter-
nal or internal) and availability of electricity 
for lighting. The coefficients of the marginal 
effects of multinomial logit models for all 
these factors were significant at either 1, 5 
or at 10 percent significance level as deter-
minants of household cooking energy pref-
erence. Other factors with significant coef-
ficients of the marginal effect included sex 
of household head, higher education level 
achievement and ownership of the dwelling.

3.0 	 DATA AND METHODS

3.1 	 The Data

Data used in this paper are derived from the 
Uganda National Household Survey 2005/6 
(UNHS 2005/6) collected by Uganda Bureau 
of Statistics (UBoS). In particular, the data 
was derived from the socio-economic and 
community modules. The survey covered 
7,421 households with 42,111 individuals 
and was conducted between May 2005 and 
April 2006. The survey was based on a two 
stage stratified random sampling design. 
In the first stage, Enumeration Areas (EAs) 
were selected from the four geographical 
regions with probability proportional to 

size. The sample of EAs was selected using 
the Uganda Population and Housing Cen-
sus Frame for 2002. In the second stage, 10 
households were randomly selected from 
each of the EA using simple random sam-
pling. The household questionnaire gath-
ered information on socio-economic issues 
affecting households and communities. In-
formation on the type of fuel used for cook-
ing in 2005 and retrospectively in 2001 was 
collected among others. The community 
module captured information on commu-
nity infrastructure among others. 

The data used includes the social economic 
characteristics of households, types of en-
ergy used for cooking and expenditure on 
energy sources used for cooking. The types 
of cooking energy included in the survey 
were firewood, charcoal kerosene, electrici-
ty, biogas and liquefied petroleum gas (LPG). 
Information reported on use of various 
energy sources in 2001 was only used de-
scriptively due to its limitation for detailed 
analysis. The analytical part of the study uti-
lized respondent information on energy use 
during the survey in 2005/2006. The energy 
sources were categorized into three includ-
ing firewood, charcoal and modern energy. 

3.2 	 Conceptual framework 

As shown in Figure 1, use of various energy 
sources for cooking by households reflect a 
ladder. Shift from one level to the other is in-
fluenced by socio-economic characteristics 
of the household, supply factors and gov-
ernment interventions that influence price 
of energy options. The use of non-processed 
biomass sources of energy or firewood (i.e. 
crop residue and wood fuel) illustrates en-
ergy poverty among households and is as-
sociated with the lowest scale of the ladder. 
This type of energy source is associated with 
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higher levels of indoor pollution, time allo-
cations especially by women and children 
for its collection, unreliability of supply and 
local environment degradation. The use of 
firewood is therefore a detrimental factor in 
welfare improvement and constraint to the 
achievement of all the eight Millennium De-
velopment Goals (MDGs). 

Although the use of charcoal has been con-
sidered among some literature as similar to 
firewood due to it being biomass sourced 
and the fact that it is solid (Rehfuess, et al. 
2006), this study considered it as a tran-
sitional step in achieving desired energy 
welfare. Charcoal is processed thereby im-
proving its portability, reducing its pollu-
tion potent and does not constraint the 
achievement of all the MDGs. All other en-
ergy sources which are non-solid and are 
not biomass derived have been considered 
as the desired type and hence are associ-
ated with better household welfare. This 

category of energy source that include fos-
sil fuel derived kerosene and liquidified pe-
troleum gas (LPG) and electricity utilization 
have minimal constraint in achievement of 
all MDGs (Barnes, et al. 2011). 

The movement of households to different 
levels of the energy ladder reflects a shift 
from one energy poverty level to another. 
A number of factors influencing such shifts 
include changes in socio-economic charac-
teristics, changes in community character-
istics as influenced by private sector actors 
or government and or changes affecting en-
ergy types’ prices as a result of interactions 
between demand and supply. Government 
interventions could influence shifts from 
one energy level to the other especially with 
policies that affect access and prices of en-
ergy sources. This study is interested in es-
tablishing socio-economic factors determin-
ing household choices for cooking energy.

Figure 1. Conceptual framework of poverty –energy ladder nexus 

Source: Adapted from van der Horst and Hovorka, 2008
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3.3 	 Analytical Model

To assess the most likely explanation(s) for 
household utilization of a particular type of 
cooking energy among the various catego-
ries, this paper uses the multinomial probit 
model (Maddala, 1983). The model was se-
lected due to its practicability on prediction 
of probability for multiple choices and the 
fact that it has been widely used (Jumbe and 
Angelsen, 2011; Jepsen, 2008). The multino-
mial probit model (MNP) was chosen from 
other probabilistic-choice models as the 
data used on energy choice was unordered 
(McFadden, 1980; Jepsen, 2008). MNP was 
adopted in favour of multinomial logit mod-
el (MNL) in the consideration of assumption 
related to the residual. MNL assumes re-
siduals as identically and independently dis-
tributed, while MNP consider residual as in-
dependent and normally distributed (Mad-
dala, 1983). Besides MNP takes cognizant 
that other alternative choices also influence 
the outcome unlike MNL which doesn’t (Le-
rman and Manki, 1982). 

Although MNP has been identified as con-
straint in computations involving evaluat-
ing multiple integrals, in this study limita-
tion did not apply as only three alternative 
outcomes were being considered (Maddala, 
1983). If more than three alternatives of 
outcome were being considered, then, we 
could have simulated using the Monte Carlo 
simulation techniques (Maddala, 1983). To 
address the challenge of heteroskedasticity 
which is common with cross-sectional data, 
weights were incorporated in the analysis. 

The theoretical framework for analyzing 
household’s decisions on the choice of en-
ergy source type can be cast in a random 
utility model (McFadden, 1980). The MNP 
model could be simply represented as

 
ijjiij xy εβ +′=*

In this equation ijy *  is the unobservable 
utility of alternative i as perceived by indi-
vidual j. x′  is a (1 x M) vector of explanatory 
variables characterizing both the alternative 
i and the individual j. β  is a (M x 1) vector 
of fixed parameters and ijε is a normally dis-
tributed random error term of mean zero 
assumed to be correlated with errors as-
sociated with the other alternatives j, j =1, 

… j, j ≠ i. Where it is assumed that the εi’s 
follows a multivariate normal distribution 
with covariance matrix ∑ where ∑ is not re-
stricted to be a diagonal matrix. Category j is 
chosen if У*ĳ is highest for j, i.e.

 

The probability to choose category j can 
then be written as 
 

Looking at this probability it is clear that 
only the differences between the ’s are 
identified and hence a reference category 
has to be assigned. As a consequence the 
covariance matrix also reduced in its dimen-
sion from (M x M) to (M-1) x (M -1). If defi-
nition for  
for l =1… (j+1), …. , M then the probability 

 is given by a high dimensional in-
tegral at each iteration (Weeks, 1997). We 
shy away from highlighting the dimensional 
matrix (Bolduc, 1999; Weeks, 1997) in this 
paper considering the type of readers we 
are targeting. To estimate the probability p (

=1), we make one or more draws from the 
density f (  and calculate the frac-
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tion of draws that fall into the required in-
terval, namely, . 
 In this case we estimate the equation given 
by 

ijjiij xy εβ +′=*

 Where ijy *  is the probability of cooking en-
ergy source alternative (i.e. energy source 
selected either from firewood, charcoal 
or modern). ix′ is a vector of explanatory 
variable composed of vector of household 
head characteristics, household character-
istics and community characteristics, β  is 
a vector of the parameters, while εij is the 
error term. i  represents individual house-
holds while j could take the value of 1, 2, or 
3 depending on choice of energy. Explana-
tory variables used in the MNP are shown in 
Table 1. In this analysis modern energy com-
prised the non-solid energy sources used for 
cooking including electricity, kerosene, LPG, 
solar and biogas. 

3.4 	 Model specification testing issues 

The proliferation of random effects is one 
of the most troublesome characteristic of 
the multinomial probit model. The compu-
tational challenges associated with dimen-
sional integral have been lifted by devel-
opment of the simulation-based inference 
particularly the Monte Carlo integration, 
yet due to the number of outcomes evalu-
ated, MNP was effective for this study. The 
specification of an error structure associat-
ed with the underlying data generating pro-
cess is a key component of any (stochastic) 
economic model (Weeks, 1997). In the case 
of the MNP model, the importance of this 
is magnified given that the impact of mis-
specification of the error structure filters 
through to the parameters of the determin-
istic component of choice. 

Although the specification of the stochastic 
component does influence mean equation 
parameters, necessitating specification test-
ing in multinomial models, no testing have 
been recommended for MNP due to its in-
herent complexity (Hausman and McFad-
den, 1984). Unavailability of specification 
testing notwithstanding, researcher has ad-
opted the MNP due to its strength than the 
MNL which also require a Hausman specifi-
cation test. The test statistics is based upon 
the difference between the two sets of pa-
rameter estimates and relies on both being 
consistent under the null. This is a particu-
larly logical test of the MNL model since the 
predominant characteristic of the model, 
the independence of irrelevant alternatives 
(IIA), states that the ratio of two probabili-
ties depends only upon the attributes (and 
possibly characteristics) of the two alterna-
tives considered (Weeks, 1997). 

Although the MNP model is characterized 
by the intractability of probability expres-
sions for greater than four alternatives, the 
log-likelihood function has a relatively sim-
ple structure. As a consequence, once an 
estimator has been found for the pseudo 
true value, the Cox test statistic has a closed 
form representation. Also it has been rec-
ommended of a possibility to utilize classical 
methodology to compare the MNL and MNP. 
Since the few proposed testing involve arbi-
trary decisions by the analysts, their use and 
improvement are limited (Natarajan et. al., 
2000; Bolduc, 1999; Weeks, 1997).  

3.5 	 Descriptions of variables used in 
the analysis:

Household head characteristic: - Household 
head characteristics considered in this study 
include:- education level of household head, 
marital status and sex interaction, and age 



10 Economic Policy Research Centre - EPRC

Determinants of Household’s Choice of Cooking Energy in Uganda

of household head. Achievement of ad-
vanced level of education was predicted to 
lead to adoption of a higher energy source 
on the energy ladder. Education levels 
achieved were disaggregated into catego-
ries including no formal education; some 
primary; completed primary; some second-
ary; completed secondary and any other 
post-secondary education. 

Age of the household head was expected to 
have inverse relationship with adoption of 
an alternative higher energy source on the 
energy ladder. Age captures an individual’s 
life cycle and its association with influenc-
ing adoption of technologies. Age of house-
hold was categorized into those aged below 
25 years, those aged 26 and above but less 
than 60 years and those aged 60 years and 
above.

Marital status and sex interaction was con-
sidered as an important factor that will influ-
ence choice of energy source in a household. 
Categories for marital status and sex inter-
action were unmarried/divorced/widowed 
female head, married female, unmarried/
divorced/widowed male head and married 
male. Inclusion of a variable representing 
missing data on education levels of house-
hold head was influenced by the fact that 
leaving that information out could have bi-
ased the analysis. The variable was included 
after imputing median value of education 
level of household heads. 

Household characteristics: - Household 
characteristic considered were household 
size, share of adults in the household and 
household welfare proxied by consumption 
expenditure. Choice of an energy alterna-
tive higher in the ladder was predicted for 
households with improved welfare (high in-

come or expenditure) and those with larger 
proportion of family members being adults. 
Since investment on cleaner energy is con-
sidered expensive household with improved 
welfare were assumed have higher prob-
ability of affording modern energy. House-
holds with many members were assumed to 
be unlikely to adopt cleaner energy due to 
more energy requirements and associated 
costs to fulfill household demand. 

Community characteristics:- Community 
characteristics considered as important in 
influencing choice of energy for cooking by 
a household were whether the household 
is located in rural or urban area, specific 
region, distance to feeder roads.. Access 
to different energy sources have a location 
dimension with modern energy sources e.g. 
electricity is well distributed in urban areas. 
Regional dummies (Central, Eastern, North-
ern and Western) and distances to feeder 
roads (infrastructure) were also considered 
as explanatory variables. Also included in 
the explanatory variables, was the variable 
representing missing data on distance to 
feeder roads. The variable was included af-
ter imputing median value of the distance to 
feeder roads. 

Dependent variables: the multinomial probit 
model used to estimate determinants of en-
ergy choice in household allowed the con-
current use of three dependent variables. 
The variables used were firewood, charcoal 
and modern energy.
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Table 1. Description of explanatory variables used in the model

Characteristics Explanatory variables Proportion 
(%)

SD

Household head characteristics

Education level of household 
head

No formal education 18.1

Some primary 41.5
Completed primary 14.9
Some secondary 13.6
Completed secondary 5.1
Post-secondary plus 6.9

Education level of household 
head (missing data)

Imputed median value of education level 
of household head

0.006

Marital status 
and sex interaction

1=unmarried/divorced/widowed female 
head, 0=Others

18.3

1=Married female, 0=Others 8.9 
1=unmarried/divorced/widowed male 
head, 0=Others

8.7

1=Married male, 0=Others 64.1
Age of household head Household age<=25 years 12.3

Household age=(26-59) years 71.8
Household age>=60 years 15.9

Household characteristics Mean
Household size Household size 5.2 2.9
Share of adults in the house hold Share of adults in the household 0.6 0.6
Welfare Log of Consumption expenditure per 

adult equivalent per month (Ush), real 
terms

10.7 0.7

Community characteristics Proportion (%)
Residence in urban 1= urban, 0=others 22.9
Region 1=central, 0=others 28.3

1=eastern, 0=others 25.9
1=Northern, 0=others 21.9
1=Western, 0=others 23.8

Mean
Distance to feeder roads Log of distance to the feeder roads 0.7 1.1
Distance to feeder roads(missing 
data)

Imputed median value of distance to 
feeder roads

0.04 0.2

4.0 	 RESULTS

41. 	 Descriptive results 

Table 2 shows the proportion of households 
using various sources of energy for cooking 
in Uganda in 2005 and 2001. In 2005, fire-

wood use at the national level was 76 per-
cent of households. Charcoal use at national 
level was low with about a fifth of all house-
holds. Use of modern energy was observed 
to be very low nationally with only 4 percent 
of household reporting its use in 2005. Use 
of charcoal was dominant in urban areas 
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Table 2: Trends of households’ cooking energy source preference in 2005 and 2001 
(column percentages)

Urban Rural National Regional, 2005
Energy Source 2001 2005 2001 2005 2001 2005 Central East North West
Firewood 38.9 29.9 92.1 90.2 80.4 76.4 63.6 78.3 83.3 83.3
Charcoal 55.9 60.8 6.8  7.7 17.6  19.8 30.1 18.6 18.3 13.0
Modern  5.1 9.3 1.2 2.2 2.0 3.8 6.3 3.1 1.42 3.7
Total  6,761 7,389 6,761 7,389 6,761 7,389 2,088 1,920 1,623 1,758

Source: Authors calculation based on UNHS, 2005/6

(61 percent) while firewood was widely re-
lied on in rural areas where 90 percent of 
respondents reported it as the main energy 
source for cooking. Use of modern energy 
sources was by 2 and 9 percent in rural and 
urban areas respectively. 

In urban areas, the proportion of house-
holds who were using firewood progres-
sively decreased from 39 percent in 2001 to 
about 30 percent in 2005. The proportion of 
urban households who were using modern 
cooking energy increased from 5 to 9 per-
cent. There was an increase in the propor-
tion of households who were using charcoal 
from 56 to 61 percent among urban dwell-
ers between 2001 and 2005. The proportion 
of rural households who used various types 
of energy changed marginally between 
2001 and 2005. Reliance on firewood as a 
preferred choice of cooking energy source 
reduced from 92 to 90 percent. In rural ar-
eas, the proportion of those who used char-
coal and modern energy in 2005 increased 
by about one percent from the 2001 levels. 
Nationally, status of various energy sources 
used changed slightly between 2001 and 
2005. Proportion of households who were 
using firewood decreased from 80 to 76 
percent. Proportion of households utilizing 
charcoal increased from 18 to 20 percent 
while use of modern energy rose from 2 to 
4 percent between 2001 and 2005. 

Energy source utilized for cooking among 
households changed marginally between 
2001 and 2005 indicating a little improve-
ment of type of household’s cooking energy 
adopted among Ugandans. This study’s ob-
servation is consistent with that of Nussbau-
mer and others (2012) which reported only 
slight improvement in multidimensional 
energy poverty indices (MEPI) in Uganda 
over time. Although Uganda was observed 
as being among the energy poorest country 
in Africa together with Malawi, Rwanda, Ni-
ger and Ethiopia, the country performed the 
worst in improving its population’s energy 
poverty welfare. 

Though firewood was the most popular 
cooking energy source across the regions, 
the highest percentage of households who 
reported use of firewood as the main en-
ergy source were in northern and western 
regions (83 percent). Only Central region re-
ported a percentage use of firewood lower 
than the national average. The percentage 
of households using charcoal in the Central 
was 30 percent, more than twice the per-
centage in the Western at 13 percent. As 
expected, modern energy utilization was 
highest at 6 percent in the more urbanized 
Central region which has greater access to 
modern sources of energy. 
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Figure 2 depicts the relationship between 
household welfare (proxied by consump-
tion expenditure) and their expenditure 
on various categories of cooking energies. 
The graph for household expenditure on 
charcoal indicates that at lower levels of 
household welfare improvement (increased 
consumption expenditure to about UGX 
300,000 per month), households increased 
its use up to about UGX 25,000 per month. 
As welfare improved expenditure on char-
coal reduced while expenditure on modern 
energy increased. At higher levels of welfare, 
households do not expand firewood use. Ex-
penditure on firewood remained low at less 
than UGX 15,000 per month. From the graph 
it is clear that there is a direct exponential 
relationship between monthly expenditure 
on modern energy and consumption expen-
diture per adult equivalent. Observations 
from this graph lead to a conclusion that the 
incidence and intensity of improved energy 
utilization among households is influenced 

by household welfare proxied by consump-
tion expenditure. 

Figure 3 shows share of total expenditure 
attributed to various types of energy sourc-
es for different income quintiles. Across all 
quintiles, expenditure on charcoal account-
ed for the largest share of spending on ener-
gy. The expenditure on firewood and mod-
ern energy accounted for the second and 
third largest share respectively across all the 
quintiles. While the ratio of expenditure as-
sociated with energy to the total household 
expenditure decreased as one ascended to 
the richer quintiles, the patterns of spend-
ing on various energy types remained iden-
tical. The ratio of expenditure attributed to 
modern energy decreased as one ascended 
the welfare ladder from quint1, the poorest 
fifth of the households to quint5 (the rich-
est 20 percent of the households). The ratio 
of spending on various energy types to the 
household’s total expenditure ranged from 
3 to 11 percent. 
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Figure 2. Household income and cooking energy expenditure relationship in 2005
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4.2 	 Analytical Results

Table 2 shows marginal effects coefficients 
and predicted probability of a multino-
mial probit estimates. Predicted probabil-
ity values confirmed that most households 
had very high probability (89.7 percent) of 
adopting firewood for cooking. Households 
with a probability of choosing charcoal as 
energy source accounted for 9.7 percent 
of Uganda’s households, while those that 
could have a probability of choosing mod-
ern energy made up less than 1 percent of 
the population. 

 The marginal effects of household energy 
use for cooking indicate that households in 
rural areas had 51 percent chances of choos-
ing firewood than their urban counterparts. 
The probability of household in urban area 
adopting modern energy was about 3 per-
cent. The probability of household in urban 
area choosing charcoal was about 49 per-
cent. Achievement of formal education by 
household head to beyond completion of 

Figure 3. Proportion of income spent on energy by income quintiles in 2005

Source: Authors calculations based on UNHS 2005/06
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primary education was observed to have 
increased the probabilities of households 
choosing cleaner energy source.

Achievement of some secondary education 
reduced the likelihood of households adopt-
ing firewood as the cooking energy source. 
Completion of secondary and post–second-
ary plus education achievements reduced 
probabilities of choosing firewood by 13 
and 14 percent respectively. Being unmar-
ried/divorced/widowed male head, share of 
adults in a household, improved welfare and 
a household being in the urban increased 
the likelihood of households adopting mod-
ern energy. 

Married females, household heads aged 
above 25 years, large households and 
household being in Northern region were 
observed as being significant in reducing 
likelihood of household choosing modern 
energy as the cooking energy source. Some 
factors that influenced household persis-
tence use of firewood included;- the head of 
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household being in age category above 59 
years, between 26 to 59 years and house-
hold size. An increase by one individual in 
a household had a 2 percent probability of 
plunging a household into severe poverty. 
Households found in Eastern, Northern and 
Western had 6, 7 and 11 percentage chanc-
es of experiencing severe energy poverty 
than their counterparts in Central region. 
The shifts from Central to other regions had 
significant influence on the choice of alter-
native energy sources at (P< 0.01). 

5.0 	 CONCLUSION AND POLICY 

IMPLICATIONS

5.1 	 Conclusions 

The study has observed high dependency of 
firewood as cooking energy source among 
households in Uganda. Socio-economic fac-
tors affecting choice of energy source for 
cooking have been observed as consumption 
expenditure (welfare); whether a household 
is in urban or rural areas, age of household 
head, number and composition of members 
in households, geographical regions, mari-
tal status and sex and education levels of 
household head. There is direct relationship 
between households’ consumption expen-
diture levels and energy poverty. Consider-
ing that a large proportion of households 
have likelihood of choosing either firewood 
(88.3 percent) or charcoal (10.9 percent), 
the ability of available biomass stock to sus-
tainably cater for cooking energy is doubted. 
Although there was a slight decline in the 
proportion of households utilizing firewood 
and charcoal between 2001 and 2005, the 
condition seems to be persistent requiring 
deliberate targeted policies to ameliorate 
the problem. 

Considering the persistently high demand 
for wood fuel and yet wood regeneration 
is very low, the forest resources are under 
high pressure with resultant high depletion 
rates. To ensure conservation of the forest 
resources for them to offer other ecosys-
tem services, an intervention to reduce fuel 
wood dependency is urgently required. The 
successful intervention would address the 
costs aspect of wood fuels and also other 
consequences including; human health, 
climate variability and change, and envi-
ronmental disasters from the high level of 
reliance on this fuel. While it is possible to 
shift household from a specific utilization of 
energy source to another, it is difficult to re-
place trees/forests as mitigation to climate 
change as fast as the country may desire. 
This therefore suggests the need for urgent 
and deliberate policy intervention to shift 
household cooking energy sources from 
wood fuel to other superior sources and 
hence reducing the levels of energy poverty.

With the country’s recent discovery of oil 
and gas reserves and its commitments to 
pursuance of the social welfare improve-
ment and economic transformation (GoU, 
2010), targeting shift to modern energy 
sources is timely. The move will also ensure 
mitigation to the threat of climate change 
as forest resources will be saved and an av-
enue for more income through the Reduc-
ing Emissions from Deforestation and Forest 
degradation (REDDs) programmes (NEMA, 
2010). Availability of the energy source tar-
geted and improved welfare of the popula-
tion will facilitate shift. 

5.2 	 Policy Implications 

There are several policy implications of 
these results.
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i)	 Policy interventions that would in-
crease the demand for LPG cooking technol-
ogies
Government interventions that may affect 
successful transition include those sup-
porting the households to afford LPG or 
paraffin energy as well as the appropriate 
equipment to be used in cooking. It would 
be worthwhile for government to rethink 
policy that would increase the demand for 
LPG cooking technologies than just the re-
duction of tax on LPG. The high cost of LPG 
cooking equipment (canisters, hose, stove) 
may be more of detriment on LPG use than 
just the price of LPG. 

The government should also consider 
through fiscal policies to encourage private 
sector to ensure that modern energy espe-
cially LPG equipment (cylinder) are available 
in small quantities that most households 
could afford to replenish regularly as the 
challenge of re-filling the conventional cylin-
der (which are large with the smallest being 
6Kg) may hinder its use. Government and 
other development agencies should pro-
vide affordable micro-credit to households 
to support purchase of efficiency appliances 
and required equipment for use with mod-
ern energy sources. 

ii). 	 Government to provide incentives 
for private sector participation in supply of 
modern energy
Government should provide incentives and 
enabling environment for private sector 
participation in supply of modern energy. 
Improvement of infrastructure in the coun-
tryside will encourage private sector invest-
ment and hence removal barriers to access-
ing of cleaner fuels. Government and other 
sectors stakeholders should also encourage 

demand through promotion of cleaner en-
ergy. 

6.0 	 REFERENCES

Barnes, D.F., S.R. Khandker, and H.A. Samad, 
(2011), Energy poverty in rural Bangla-
desh Energy Policy 39:- 894-904

Bategeka, L. and J.M. Matovu (2011), Oil 
Wealth and Potential Disease Effects 
in Uganda. Economic Policy Research 
Centre, Research Report No. 81., EPRC, 
Kampala, Uganda.

Berenger, V. and A. Verdier-Chouchane, 
(2007), Multidimensional measures 
of well-being: standard of living and 
quality of life across countries. World 
Development, 35 (7): 1259-1276 

Bolduc, D. (1999) A practical technique to 
estimate multinomial probit models 
in transportation. Transport Research 
Part B 33: 63-79

Campbell, B.M., S.J. Vermeulen, J.J. Mango-
no, and R. Mabugu, (2003), The ener-
gy transition in action: urban domestic 
fuel choices in a changing Zimbabwe. 
Energy Policy 31:553-562

Ekholm, T., V. Krey, S. Pachauri, and K. Riahi, 
(2010), Determinants of household 
energy consumption in India. Energy 
Policy 38:5696-5707

Foster, V., J. Tre and Q. Wodon (2000), ”En-
ergy Prices, Energy Efficiency, and Fuel 
Poverty.” Latin America and Caribbe-
an Regional Studies Programme. The 
World Bank, Washington, D.C. 

Government of Uganda (GoU), (2010), Na-
tional Development Plan 2010/11-
2014/15. Government of Uganda, 
Kampala Uganda.

Hausman, J. and McFadden, D. (1984) Speci-
fication tests for the multinomial pro-



18 Economic Policy Research Centre - EPRC

Determinants of Household’s Choice of Cooking Energy in Uganda

bit model. Econometrica 52: 1219-
1239

Jepsen, C. (2008) Multinomial probit esti-
mates of college completion at 2-year 
and 4-year schools. Economic Letters 
98 (2): 155-160 

Joon, V., A. Chandra and A. Bhattacharya, 
(2009), Household energy consump-
tion pattern and socio-cultural dimen-
sions associated with it: a case study 
of rural Haryana, India. Biomass and 
Bioenergy 33:1509-1512 

Kazoora, C., C. Asiimwe, Z. Birungi and I. 
Kasozi, (2010), Value chain analysis 
of charcoal enterprise and its impli-
cations for forestry management in 
Uganda.FAO, Policy Brief 2010.

Lerman, S., C. Manski (1982) On the use of 
simulated frequencies to approximate 
choice probabilities. In C. Manski and 
D. McFadden (eds.) , Structural Analy-
sis of Discrete Data: With Econometric 
Applications. Cambridge, Mass. MIT 
Press. 

Maconachie, R., A. Tanko and M. Zakariya, 
(2009), Descending the energy lad-
der? Oil price shocks and domestic 
fuel choices in Kano, Nigeria. Land Use 
Policy 26:1090-1099

Maddala, G.S (1983), Limited Dependent 
and Qualitative variables in Econo-
metrics. Cambridge University Press, 
NY. USA. 

McFadden, D (1980) Econometric models 
for probabilistic choice among prod-
ucts. Journal of Business 53(3):513-
529 

Ministry of Energy and Mineral Develop-
ment (MEMD), (2007), The Renew-
able Energy Policy for Uganda. MEMD, 
Kampala, Uganda.

Ministry of Energy and Mineral Develop-
ment (MEMD), (2002a), The Energy 

Policy for Uganda. MEMD, Kampala, 
Uganda.

Ministry of Energy and Mineral Develop-
ment (MEMD), (2002b), The National 
Biomass Energy Demand Strategy 
2001-2010. MEMD, Kampala, Uganda

Mishra, V., (2003) Indoor air pollution from 
biomass combustion and acute respi-
ratory illness in preschool age children 
in Zimbabwe. International Journal of 
Epidemiology 32:847-853

Modi, V., S. McDades, D. Lallement, and J. 
Daghir (2006), Energy and the Millen-
nium Development Goals. New York: 
Energy Sector Management Assis-
tance Programme, United Nations De-
velopment Authority, UN Millennium 
Project and World Bank, 

Nabulo, G, and D. Cole (2011) Uganda: en-
vironmental health concerns. Encyclo-
pedia of Environmental Health 439-
451 

Narasimha, M R. and B. S. Reddy (2007) 
Variation in energy use by Indian 
households: an analysis of micro level 
data. Energy: 32:143-153 

Natarajan, R., C.E. McCulloch, & N. M. Kiefer 
(2000) A Monte Carlo EM method for 
estimating multinomial probit models. 
Computational Statistics & Data Anal-
ysis 34 (1):33-50

National Environment Management Au-
thority (NEMA), (2009), Uganda Atlas 
of Our Changing Environment, UNEP, 
Nairobi Kenya.

National Environment Management Au-
thority (NEMA), (2008), Pilot Integrat-
ed Ecosystem Assessment of the Lake 
Kyoga Catchment Area. NEMA, Kam-
pala, Uganda. 

National Forestry Authority (NFA), (2005), 
National Biomass Study: Technical Re-
port 2005, NFA, Kampala, Uganda. 



19Economic Policy Research Centre - EPRC

Determinants of Household’s Choice of Cooking Energy in Uganda

National Forestry Authority (2004), The Val-
ue of Ugandan’s Forests: A livelihood 
and Ecosystem Approach, NFA, Kam-
pala.

Naughton-Treves, L. D.M., Kammen, and C. 
Chapman (2007), Burning biodiversity: 
wood biomass use by commercial and 
subsistence groups in western Ugan-
da’s forests. Biological Conservation 
134:232-241

Nussbaumer, P., M. Bazilian, and V. Modi 
(2012), Measuring energy poverty: 
focusing on what matter. Renew-
able and Sustainable Energy Reviews 
16:231-243 

Organization for Economic Cooperation and 
Development (OECD) and Internation-
al Energy Agency (2006), World Ener-
gy Outlook 2006. Paris: OECD and IEA

Ouedraogo, B., (2006), Household energy 
preferences for cooking in urban Oua-
gadougou, Burkina Faso. Energy Policy 
34:3787-3795

Pachauri, S. and D. Spreng (2004), Energy 
Use and Energy Access in relation to 
Poverty. Economic and Political Week-
ly: 39 (3) 271-278 

Rehfuess, E. S. Mehtaand A. Prüss-Üstün 
(2006), Assessing Household Solid 
Fuel Use: Multiple Implications for the 
Millennium Development Goals. Envi-
ronmental Health Perspective:114(3): 
373–378

Sanginga, N. and P. Woomer, (2009), Inte-
grated Soil Fertility Management in 
Africa: Principle, Practices and Devel-
opmental Process. Tropical Soil Biol-
ogy and Fertility Institute of Interna-
tional Centre for Tropical Agriculture. 
Nairobi, Kenya. 

Uganda Bureau of Statistics (UBOS), (2009), 
Statistical Abstract 2009, UBOS, Kam-
pala Uganda. 

Uganda Bureau of Statistics (UBOS), (2002), 
Statistical Abstract 2002, UBOS, Kam-
pala Uganda. 

United Nations Environment Programme 
(UNEP), (2010). UNEP Year Book: 
New Science and Development in our 
Changing Environment UNEP, Nairobi, 
Kenya. 

United Nations (UN) (2005), The Millen-
nium Development Goals Report. UN, 
NY. USA. 

van der Horst, G.H. and A. J. Hovorka (2008) 
Reassessing the “energy ladder”: 
Household energy use in Maun, Bo-
tswana. Energy Policy 36:3333-3344

von Moltke A, C. McKee and T. Morgan 
(2004). Energy Subsidies: Lessons 
Learned in Assessing their Impact and 
Designing Policy Reforms. United Na-
tions Environment Programme and 
Greenleaf Publishing, Sheffield, UK. 

von Schirnding, Y. N. Bruce, Smith K., G. Bal-
lard-Tremer, M. Ezzat and K. Lvovsky 
(2002) Addressing the Impact of 
Household Energy and Indoor Air Pol-
lution on the Health of the Poor: Impli-
cations for Policy Action and Interven-
tion Measures. World Health Organi-
zation (WHO), Washington, DC. 

Weeks, M. (1997) The multinomial probit 
model revisited: a discussion of pa-
rameter estimability, identification 
and specification testing. Journal of 
Economic survey 11 (2); 298-320

Zulu, L.C., (2010), The forbidden fuel: char-
coal, urban woodfuel demand and 
supply dynamics, community forest 
management and woodfuel policy in 
Malawi. Energy Policy 38:3717-3730



20 Economic Policy Research Centre - EPRC

Determinants of Household’s Choice of Cooking Energy in Uganda

7.0	 Appendix 

Appendix 1

Figure A.1 shows the country wood fuel utilization, country potential and net increase in 
biomass.

Source: Ministry of Energy and Mineral Development, 2002b 
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