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Abstract

A study of charcoal consumption, involving 240 letnadds, was conducted in three different
districts of the city of Bujumbura in Burundi. Thedistricts were selected according the
standard of living for residents and the level abperty taxes received by district. The main
objective of this study was to show the differegpegts of charcoal consumption by
households in the city of Bujumbura. Specific regents to identify were: charcoal

consumption patterns, the amount of daily cookamganalysis of charcoal expenditures, the
coefficient of charcoal consumption (kg per pergpen day), and the relationship between
charcoal consumption and socio- economic and deapiuc parameters. The results

indicate that households in Bujumbura fall into é&r categories according to charcoal

consumption patterns: those households that onty almarcoal (83%), those that combine
charcoal and firewood (5 %) and those that comhharcoal and electricity (12%). These

results show that charcoal is the main cooking fieelhouseholds in Bujumbura. Average
spending per person per day totalled 299 BIF. Asparconsumes 0.78 kg of charcoal per
day. The following factors influence household exjitere on charcoal: household income,

the charcoal price, the household size, the nundfecooking sessions per day in the
household and the preparation of time consumingl§o@uch as cassava leaves). Charcoal
consumption can lead to deforestation in areasuppfy. The dissemination of improved
cooking stoves can help alleviate this situation.
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1. Introduction

Access to energy is an essential component of edgignsocial and political development
(Djezou, 2009). Although Africa has huge potentiamith in fossil and renewable energy, it
also suffers from significant energy deficits (jaz 2009). The availability of energy for the
african population is largely insufficient and tkaergy consumption, based primarily on
biomass (wood residues), is very low. 90% of th@ybation of sub-Saharan Africa use
biomass for lighting, cooking or heating (Kauffmar@., 2005). The availability of these
fuels drops greatly in some areas due to over-éaplin (Kauffmann, 2005).

Many studies have been conducted on the use of woedyy in developing countries
(Ferari, 1990; ESMAP, 1991, Bationo, 1993; Ouédoa@p06; Couturet al. 2008; Gazull,
2009; Meyerset al. 2009; Trefonet al, 2010). Most of these studies have focused on the
substitutability between energy sources includingosy gas, electricity and fuel oil.
Econometric approaches were used, based on disztretee models or continuous models.
This research is based on an assumption of enelggtititability. Its economic importance
determines the type of energy chosen and the ammmgumed by the household. This
assumption is based on the fact that the energy mgea household depends on its socio -
economic status. The authors are interested inyistyidthe relationship between energy
demand, price and income.These studies show thahigher the income, the higher more
“traditional” energies (such as wood and oil) aplaced by “modern” technology (electricity
and gas). In addition to the relationship betweemahd, price and income, these studies
highlight, the important role played by socio- eomric and cultural characteristics in the
choice and determination of the consumption of primenergy source and secondary energy
sources.

In Burundi, the energy sector is subdivided intoderm energy (petroleum products,
electricity, solar or wind, etc.) and traditionaleegy (wood, charcoal, vegetable waste, peat).
According to the Ministry of energy and mines (Rlelpuof Burundi, 2011), the balance of
energy in Burundi is dominated by wood energy &69This dependence of to wood energy
has an negative impact as on forests and woodl&®is.studies on the wood energy sector
have been completed. Those that have been doneldréBesse et Guizol, 1991). The
charcoal consumption in the city of Bujumbura isryesignificant due to increasing
urbanization and a rapid population growth. Chdrc®decoming increasingly rare and its
price continues to rise. Following the increasihgrcoal demand, the lack of studies in this
field and the failure of charcoal substitutes, seattention is required concerning the
management of forest resources supplying the €iBugumbura. In order for stakeholders in

the wood energy sector to have updated industai@a, h better understanding of the charcoal
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consumption in this region is needed. Thus, thigdysthas been undertaken to better
characterize the charcoal consumption by househdkk city of Bujumbura.

2. Objectives of the study

The main objective of this study is to show thdeddént aspects of consumption of charcoal
by household in the city of Bujumbura. Specific uggments to identify were: charcoal
consumption patterns, the amount of daily cookarganalysis of charcoal expenditures, the
coefficient of charcoal consumption (kg per pergam day) by the method "expenditure
conversion" (Ouédraogo, 2006) and the relationdiepnveen charcoal consumption and
socio- economic and demographic parameters.

3. Methodology

3.1. Study Area

The study has been conducted in Bujumbura. Thisigitocated in the west of Burundi, on
the shores of Lake Tanganyika. It is surroundedhieyrural province of Bujumbura (to the
north by the district of Mutimbuzi, to the eastthe districts of Isale and Kanyosha and to the
south by the distict of Kabezi). From 1990 to 20€& town has seen a growth rate in
population of 4.2%, from 226,628 inhabitants in Q98 478,155 inhabitants in 2008. During
the same period the national growth rate was 27B& average household size was 4.9
people (Republic of Burundi, 2008). The concentratdof population in the suburbs has
forced the city to expand, encroaching on the rarehs. In 1990, the town was made up of 9
districts, while at present, there are 13.

3.2. Sampling

The sampling process consisted of a geographiesiai of the city of Bujumbura and a
survey of households. A selection criteria allowesl to identify three districts for our
investigations. These areas differ, depending enstindard of living of the inhabitants and
the level of rental and property taxes collectedtty district. The total annual revenues
received by each district is divided by the numbérinhabitants, in order to make a
calculation per individual.

Table 1 gives the classification of districts innte of the amount of property and rental
taxes paid by each inhabitant of the district. Tinee selected districts are: Rohero (first
place) Cibitoke (7th) and Buterere (13th) as rangdental and property taxes received per
capita from 2008 to 2011.
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Table 1: Revenue from rental and property taxes from 2008 to 2011 (FIB)

District | Total by district | Total by inhabitant | Rank
Buterere 1016693 36 13th
Buyenzi 69888353 1721 8th
Bwiza 141569028 3791 5th
Cibitoke 97224384 1868 7"
Gihosha 121201408 3388 6th
Kamenge 20321100 405 %1
Kanyosha 32712082 570 10th
Kinama 13502864 277 2
Kinindo 255289260 12517 "D
Musanga 53233526 1299 "9
Ngagara 156875461 4955 thg
Nyakabiga 110007202 5851 3
Rohero 5710119417 359919 1

Source: Financial Service of city of Bujumbura (2013)

The sample size is 240 households across thragtistvith 80 households per district.
The district is subdivided into areas. The numifehauseholds surveyed in each district is
calculated by dividing the 80 households by the Imeimof areas located in the district. Once
the sample size is determined, the selection ofkdionids to be surveyed in each area is
random. The issues discussed were: the socio-e¢ontdraracteristics of the households,
household expenditure, factors influencing spendingcharcoal, ways of using charcoal,
supply sources, the use of stoves, improved ometke, for cooking purposes.

3.3. Data Analysis

The collected data was recorded and processed &R®S and Excel software. A
descriptive analysis uses the approach of desegifgtiatistics for reporting, presenting and
visualizing the phenomena studied. In order totilemwhether there was a difference in he
seasonal price for charcoal during the rainy ang mhriods, an examination of average
charcoal expenditure was carried out. To do thishethod of “expenditure conversion” was
employed, which consists of dividing the per camtgenditure on charcoal for a given
period, by the average price in kilograms of chafaturing the same period (Ouédraogo,
2006). This method has been used to determineattifiagients of coal consumption (kg per
person per day). The advantages of this methodfiasdy, it uses the average price of a
kilogram of wood energy, calculated from the moptmheasurement of wood energy
alongside commercial intermediaries of this fudheTinstitute of Statistics and Economic
Studies Burundi (ISTEEBU) carry out monthly weigl#lculations of charcoal at various
points of sale in the city of Bujumbura to estdblithe average price of a kilogram of

charcoal. Secondly, the average price reflectmfalimation concerning the seasonal scarcity
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of fuel and thus shows the relevance and the reptasson of the coefficient obtained by this

method in relation to seasonal price changes. Thitde knowledge of consumer spending

on this fuel is sufficient to effectively evaluatiee quantities consumed and therefore to
determine the coefficient of consumption.

With the use of an econometric spending modelatiadysis of socio-economic variables
influencing household charcoal expenditure can dredacted. The study of factors which
influence spending seeks to explain the functioeddtionship that exists between socio-
economic situations, demographics and householudapg on charcoal. The functional form
in the framework of this analysis is the double-legear regression was performe@he
significance of the entire model has been testethbyeconometric theory (Ordinary Least
Squares (OLS)), the quality of the fit by the atidscoefficient of determination’Rind the
significance of individual coefficients by the Séurds t test.

4 Results and Discussion
4.1. Procurement

The supply of charcoal for households in Bujumbsreonnected to the purchasing of the
product. Purchases can be made either from proslusdrolesale traders or from retailers
(IFDC, 2011). The results of our survey show th&#@of households buy from producers of
charcoal, 0.5% buy from wholesalers, and 95.8% fsayn retailers. Those households
sourcing from producers are those taking advantdgeork travel within the country to buy
charcoal on major trunk roads to and from Bujumbiiar the transportation of coal, the
latter use service vehicles (vans, police or nmifitaucks, etc.). This group includes those that
travel across the country for family celebratiohmérals, wakes, etc.) and buy charcoal on
roads on their return to Bujumbura. They use th®im vehicles as their means of
transportation. Householders usually purchase fmholesalers during major festivals
(dowries, weddings, new year celebrations, gradoatibirthdays) which take place in their
households.

Table 2: Packaging and cor responding prices (FIB)

Packaging Corresponding
Price (in FIB)

Small container (retailer) 500

Small container (retailer) 1000

50kg bag (producer) 1 5000

80kg bag (producer) 24 000

50kg bag (wholesaler) 20 000

80kg bag (wholesaler) 32 000

Photos 1 and 2 below show the packaging of chaindadgs of 50 and 80 kilograms.
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Photo 1: 50 Kg bags Photo 2: 80 Kg bags
Within the calculation framework of the consumeicg@rindex (CPI) for charcoal, the

Institute of Statistics and Economic Studies of Buli (ISTEEBU) performs monthly
measurements of different packaging at differeribfgoof sale in Bujumbura in order to
determine the price per kilogram of charcoal. TaBlshows the monthly price of one
kilogram of charcoal over 10 years (2004 to 2013).

Table 3: Price of one kilogram of charcoal (in FfR)m 2004 to 2013

Jan. Feb.| Mar.| Apr| May| June July Aug. Sept. Qdtlov. | Dec.

2004 | 92 94.6| 1143 1120 989 96,9 118131 |162.7| 162.y123.6 | 133.4

2005 | 215.9| 229.1189.3 | 169.3134.2 | 127.2169.5/151.7 | 144 138 | 138 1265

2006 | 126 | 139 | 139 | 170,998.4| 194.4153.7|/180.9 | 157.1| 147.2168.4 | 149.8

2007 | 164.9| 228.3197.1] 180.1173.4| 190.9187 | 175 | 190 | 243.&25.3 | 217.5

2008 | 249.8| 253.8239.3 | 244 | 257.6 282.,312.4/305.1 | 251.8| 283.0326.6 | 278

2009 | 279.8| 279.8317 |289 | 249.3 286.5297.1/305.1 | 326.8]| 348.8263.6 | 311.9

2010 | 301 | 284.6283.3 | 294.4276.8 | 333.7376.7|364.9 | 353.5| 353.5368.8 | 356.7

2011 | 319.5| 338.2356.7 | 436.2358.5| 343.6335.5/354.9 | 347.6]| 362.83666.6 371.8

2012 | 363.2| 378 | 404.8 425.807.2| 367.9366.4/394.4 | 389.1| 406, 371 378|2

2013 | 522.2| 491.p683.4 | 452.2458 | 452.21459.1|416.5 | 414.3] 429.8429.8 | 420.9

Source: ISTEEBU, 2013
From the data in table 3, a seasonal analysis arfcohl prices is performed in order to

see if they are influenced by the seasons (raidyday season). The rainy season includes the
months of January, February, March, April, May, teegber, October, November and

December, while the dry season includes the maoitidsine, July and August. It calculates
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the average price for the rainy season and thexgeerice for the dry season during a period
of 10 years and examines the difference in avepages.

Table 4: Examination of the difference in averageqgs of charcoal during the rainy and dry seasons

season N average difference ddl T  significance
rainy Season
10 275.570 115.5564
18 | 0.37 0.97
dry season
10 273.680 111.8387

Sour ce: copyright data from I'|STEEBU

The p-value (level of significance of test) is 0.8dd is greater than 5% (confidence
threshold). Therefore, at 97%, the statistical ysal of the data revealed no significant
difference between the average monthly price ofad® during the dry season and of that
seen during the rainy season. In other words, tlee n charcoal does not vary according
the season.
4.2. The consumption patterns of charcoal

Charcoal is either consumed by householders in gwtibn with other fuels or on its
own (PERACOD 2010). Charcoal is the main sourceamking energy used by households
in the city of Bujumbura. Of the 240 householdsveyed, 83% use only charcoal, 5%
combine charcoal and firewood while 12% combinaaba and electricity.
4.3. The number of cooking sessions per day and the equipment used for cooking

The conclusion in the city of Bujumbura is that tihenber of cooking sessions varies
from one to three times a day according to the &looisl. 5.4% of households cook once a
day (evening). Those cooking twice daily are thesimoumerous, representing 85.4%
(midday and evening) while the remaining 9.2% dres¢ who cook three times a day
(morning, midday and evening).
Three types of equipment are used for cooking witlbd energy: the improved charcoal grill
(stove) (saving on charcoal and cooking time), nba-improved charcoal grill (stove) and
the traditional three-stone fire place.

In the sample as a whole; 30% of households usartheved charcoal grill; 65% use
the non-improved charcoal grill and 5% use theitiathl three-stone fireplace.

It is noted that the penetration rate of househo#iisg improved charcoal grills is low in
the city of Bujumbura.
4.4, Expenditure on charcoal

Daily expenditure on charcoal varies from 500 FiB 2500 FIB depending on the
household. 5 % of households spend 500 FIB, 5.9éad 1000 FIB and 6.4% spend 1500
FIB. The largest group are those who spend 2000aRtBmake up 50.8%, followed by those
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who spend 2500 FIB who represent 12% of the sanfjie.the total sample, the average
daily expenditure per household totalled 1798 RiBjle the average daily expenditure per
person totalled 299 FIB. On a monthly basis (30sdlay is estimated, therefore, that the
average expenditure per household totalled 53,9 hile one person spends an average of
8,979 Burundian Francs. The portion of average éimnisl income expenditure on charcoal is
11%.
4.5, Estimates of quantities consumed.

Given that we have both daily and monthly houselesidenditure on charcoal used for
cooking, we will use the method of "expenditureamnsion” to determine the daily quantities
of charcoal consumed per household and per person.

Table 5: Average amount per household and per perso

Category Per household | Per person
Average daily expenditure pel
person (FIB) 1798 299
Average Price (FIB) 385 385
Average daily quantity per perspn
(kg) 4.67 0.78

It is clear from table 5 that the average amoumisamed by household per day is 4.67
Kilograms while that consumed by a person is 0.#8dgfams. For a period of one month (30
days), the average consumption per household iskg4@nd it rises to 23.4 Kgs for one
person during the same period.

4.6. Factorsinfluencing spending

The factors that influence consumption can be ifladsnto three categories: economic
factors (income, prices, credit, and advertisirgpcial factors (composition and size of
family, age and sex, etc.) and sociological fac{sial group, lifestyle, etc.). Regarding
charcoal consumption, the main factors which inftee expenditure are: household income,
the price per kilogram of charcoal, the size ofdehold, number of cooking sessions per day
in the household, the weekly frequency of food prapon that require lengthy cooking
times.

4.6.1. The estimation model of charcoal expenditure
4.6.1.1 Results of analysis

The parameters given in table 6 used to write gtemated model of expenditure on
charcoal are as follows: Log expenditure = 0,631300g Income + 0.60 Log Price + 0.83

log size + 0.37 Log no. of cooking sessions + L83 leaves + Error
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Table 6: Definition of model variables

Types of
Variables variables Signification of variables

Dependent

measure of monthly expenditure (BF) on charcoal| by
Log expenditure Quantitative | household

Independent variables

Log Revenue Quantitative| Approximate income of hefldousehold

Log Price Quantitative | Price per kilogram of chaico

Log size Quantitative | Number of people in household

Log cooking sessions Quantitative  Number of cooldgegsions per day

Log leaves Quantitative | Number of cooking sessigmisg cassava leaves per week

1° Suitability of Model

The results show that the adjusted R2 is high {Qif€licating that the parameters of the
model represent charcoal expenditure by housefdld.error is distributed according to the
laws of normal distribution.

The VIF (Variance Inflation Factor) for all pararest are between 1 and 5. There is a
colinearity, but the model remains satisfactoryhvilte estimate by Ordinary Least Squares
(OLS) as the VIF is less than 10. A maximum FIVueabf more than 10 is considered an
indication that the colinearity may influence esttors.
2° Individual meaning of the model coefficients
The household income: the parameter associated with the income varigbtggnificant at
the 5% threshold. The income coefficient is positilf income increases (or decreases) by
1%, expenditure increases (or decreases) by 0.13%.

The price of charcoal: the price coefficient is positive. If the pricecieases (or decreases)
by 1%, spending on charcoal increases (or decrelg€s60%.

The size of household: the size of household coefficient is positive aighificant at the 5%
threshold. If the number of people in the houselirddeases (or decreases) by 1%, spending
on charcoal increases (or decreases) by 0.83%.

The number of cooking sessions per day: the number of cooking sessions per day
coefficient is positive and significant at the 5Bteishold. If the number of cooking sessions
per day increases (or decreases) by 1%, so doesdityre by 0.37%.

The frequency of cooking cassava leaves per week: the coefficient for the weekly cooking
of cassava leaves is positive and significant @tS% threshold. If the weekly frequency of
cooking cassava leaves increases (or decreasd®ppthen spending on charcoal increases

(or decreases) by 0.33%.
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5. Conclusion and Recommendations

The main objective of this study was to show thigedént aspects of consumption of
charcoal by households in the city of Bujumburae@ic requirements to identify were:
charcoal consumption patterns, the amount of dadgpking, an analysis of charcoal
expenditures, the coefficient of charcoal consuompt{kg per person per day), and the
relationship between charcoal consumption and secionomic and demographic. The study
was conducted from a survey of 240 householdsreetHistricts of the city.

Descriptive analyzes of this study show that chalrconsumers fall into three categories:
those that combine charcoal and electricity (12¥%)se that combine charcoal and firewood
(5%) and those that only use charcoal (83%). Clarisothe main cooking fuel used by
households in Bujumbura. These cook either ondg (&i4%) or twice daily (85.4 %), three
times daily (9.2%). To cook with firewood, traditial fireplaces are used. To cook with
charcoal is made either with improved braziers wither unimproved braziers. The daily per
person expenditure for the purchase of charcoallléot 299 Fbu. The consumption
coefficient is 0.78 kg per person per day, whiclangethat the total amount consumed by the
population of Bujumbura is huge. Expenditure onrcbal is influenced by economic, social
and sociological factors. The main ones being: ébaokl size, household income, the price
per kilogram of charcoal, the number of cookingsgass per day and the frequency of
cooking cassava leaves. The results of the ecomenmabdel of expenditures show that
adjusted Ris high (0.99), which means that the parametetkinmodel explain households'
expenditure on charcoal. The error is distributedoading to a normal distribution. All the
coefficient associated with these variables ardtipesand significant at the 5% threshold.
These variables thus contribute positively towaedplaining the evolution of charcoal
expenditure for households in the city of Bujumbura

The use of improved cooking stoves is of great irgyae in order to economise on
charcoal for cooking. Economies in coal in turntdeaeconomies in wood used for charcoal
production. Therefore, in terms of coal consumptigrhousehold, given that the penetration
rate of improved cooking stoves is low (30%), westrencourage the usage of more efficient
stoves in the households of Bujumbura, thus redudhe pressure on the plantations
supplying the city of Bujumbura.

Future studies should focus on analyzing the detembs of charcoal consumption by
artisans in the Bujumbura and other major citie$ ewvaluating the impact of this demand on

resources forest in the country.
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