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Many households in Kenya depend on charcoal as an important source of energy. However, overharvesting of trees
and the use of inefficient technologies promote unsustainable charcoal production. Furthermore, high demand
for charcoal from slow-growing indigenous species contributes to increased pressure in the drylands, threatening
future supply and livelihoods. Recent studies have shown that Prosopis juliflora an invasive species introduced
to arrest desertification equally produces quality charcoal. Also, improved technologies with more efficient car-
bonization rates have the potential to reduce not only the number of trees harvested but also quality of charcoal.
Despite the existence of improved technologies, and the presence of fast-growing Prosopis juliflora, charcoal pro-
duction remains unsustainable in Baringo County. This study used choice experiments (CE) to determine char-
coal producers willingness to pay (WTP) for improved charcoal production system in Marigat sub-county.The
attributes measured include charcoal quality, wood quality, P.juliflora growth trend and kiln type. Primary data
was collected from a sample of 384 randomly selected charcoal producers using a semi-structured questionnaire.
Study results indicate that charcoal producers were willing to pay more charcoal quality improvement which
is associated with improved production systems and quality wood. However, they were not willing to pay for
improved kilns. The findings suggest that the charcoal producers have a natural inclination to improved tech-
nologies with the study recommending charcoal producer association (CPA) membership as the first and efficient
point of contact to adopt and use improved technologies.

1. Introduction of these tree species for charcoal production are considered as

major drivers of environmental degradation (Ahrends et al, 2010;

Woodfuel (especially charcoal and firewood) is an important source
of energy for cooking and heating for more than 60% of people in Kenya
(MoE and CCAK, 2019). Charcoal consumption among rural households
is 40% and 47% for those in the urban setup with a weekly consump-
tion of about 7.9 and 7 kilograms respectively (MoE and CCAK, 2019).
Approximately 40-75% of charcoal is produced in Kenyan drylands
(Burrow and Mogaka, 2007; liyama et al, 2014; KFS, 2017) and pro-
ducers in these areas source wood from individual farms (MoE, 2002;
Mutimba and Barasa, 2005). However, still a 55% of national charcoal
deficit exists (MENWR, 2013).

The demand for charcoal is projected to increase with the growing
population and household preferences demanding more trees to be
harvested (MoE, 2002; KFS, 2013). Slow growing Acacia sp are the most
preferred as they produce high-quality charcoal (Oduor et al, 2012).
However, the use of inefficient technologies (kilns) and over-harvesting

liyama et al, 2014) thus negatively impacting the social-economic wel-
fare of people in these areas. For instance, 99% of charcoal producers
in Kenya (Mutimba and Barasa, 2005) and 100% in Baringo county
(Ndegwa et al, 2021) use traditional kilns with low wood conversion
efficiency of 10-14% (Okello et al., 2001; Mutimba and Barasa, 2005;
KFS, 2013) resulting to lesser output as compared to the biomass
harvested.

Kenya has made deliberate efforts to meet the rising national en-
ergy demands such as rural electrification, investing in renewable en-
ergy sources such as solar, geothermal and wind energy. However, a
significant growth and importance continues to be noted in the char-
coal sub-sector for the period 2004-2012 with an estimated national
revenue of over US$ 1.28 (Mutimba & Barasa, 2005; MEWNR, 2013).
The same studies indicated that the sector supported 1 million people
with over two million dependents signifying the vital role of charcoal
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in the country. Among the beneficiaries include different charcoal value
chain players such as transporters, traders and consumers.

The presence of the invasive P.juliflora species in drylands areas is a
threat to biodiversity (Mooney, 2005) and livelihoods (Mbaabu et al.,
2019). However, studies have indicated that it is a potential feed-
stock that produces quality (high calorific value) charcoal (Oduor and
Githiomi, 2013). A study conducted in Baringo in October 2019 showed
that local communities obtain fourteen different products and services
from Prosopis juliflora where men and female separately ranked char-
coal as number one (Njenga et al., 2019). Further, Mbaabu et al.,
(2019) noted that management by utilization targeting the invasive
species using improved technologies will improve people’s livelihood
and the environment.

Recent studies focused on charcoal production in Kenyan drylands
have indicated the limited use of improved production technologies with
higher wood conversion rate compared to the rudimentary methods. For
instance the use of improved charcoal production technologies was only
limited to Voi sub-county under the sustainable land management (SLM)
Project. Also, the drum kilns introduced by Kenya Forest Network were
limited to only Mwatate sub-county (Wanjala, 2016). Similarly, the use
of traditional kilns is prevalent in the study area (Ndegwa et al, 2021).
Key hindering factors among producers to adopting improved produc-
tion technologies include limited expertise, high set up and mainte-
nance cost, and lack of mobility for some of kilns (Kitheka et al.,
2019).

Therefore, there is need for an elaborate approach to be incorporated
in decision making in meeting energy demands, livelihoods and protect-
ing the environment. As such, quantitative and monetary approach are
the most suitable for elicitation of economic values on the different pro-
duction systems for long term use and management of natural resources
(Tallis and Polasky, 2009). The advantage of choice experiment, one of
the stated preference techniques (SP) is that it has the ability to elicit
the WTP information for individual attributes of the production system
(Louviere et al, 2000).

It is against this background that a choice experiment study was car-
ried out in Marigat sub-county with an aim of 1) estimating producers’
WTP for improved production system and 2) evaluating factors influ-
encing willingness to pay for improved charcoal technologies. Thus ev-
idence from the study will be relevant for coming up with an effective
way of managing the invasive species through charcoal production thus
meeting the rising charcoal demand as well as improving charcoal pro-
ducers’ livelihoood.

2. Methodological approach
2.1. Study area

The study was undertaken in Marigat sub-county of Baringo County
in Kenya (Figure 1). The study site is located 250km west of Nairobi city
with an altitude of 1067 metres above sea level (m.a.s.]) (Baringo County
Government, 2018). According to the 2019 census, there were approx-
imately 19,854 households in Marigat Sub County with a population
of 90,955 people. Further, the census findings indicated that the av-
erage household size is 4.5 with the study area covering a total of
1,453.4 square kilometres (km?) and a population density of 65/ peo-
ple per km? (KNBS, 2019). Charcoal production is one of the dominant
economic activity among 93.7% of the households in the study area
(Ndegwa et al., 2021). Just like in Kitui and Kajiado counties, charcoal
producers in the study area source wood from their farmlands for pro-
duction (MEWNR, 2013). The dominant vegetation in the lowlands is
Vachelia spp mainly deciduous shrubland and evergreen forests in the
highlands (Mwangi and Swallow, 2008). For instance, the study area
is comprised of Acacia tortilis, Balanite aegyptica, Boscae spp and bushes
of Salvadora persica as some of the native vegetation (Andersson, 2005)
covering only 23.7% of the land (Ndegwa et al., 2021). A joint initiative
between the Government of Kenya and Food and Agricultural Organi-
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zation (FAO) introduced P. juliflora in around 1983 under the Fuelwood
Afforestation Extension Project (FAO, 1985). Currently, Prosopis juliflora
has invaded most areas of the study area stretching from lowland sur-
rounding areas of Lake Baringo to the northern and southern areas of
Lake Bogoria (Undersson, 2005; Ng et al., 2017).

2.2. Methods

2.2.1. Identification and selection of attributes

The first step in identifation of attributes was creating a list of the
attributes in a charcoal production system. This was done through liter-
ature review and participartory rural appraisal (PRA) carried out dur-
ing a reconnaisance visit to the study area. The information targeted
in this stage included efficiency of the production systems, purchasing
price of charcoal, training on production systems, environmental friend-
liness of different tecnologies, quantity and quality of output (charcoal)
and wood, the trends of P. juliflora, and labour intensity needed in each
system. A matrix comprising of improved production system attributes
derived from literature review and PRA was developed and presented
to the charcoal producers during a community action planning (CAP)
meeting. A total of 160 (102 men and 58 women) participated in the
CAP process across the study area with CAP meeetings held on different
days. The respondents were then tasked with ranking of attributes con-
sidered to be important for an improved production system. This was
done on a scale of 1-10, with each charcoal production attribute ranked
in order of perceived importance in terms of the benefits provided to
individual households in the community. The ranking process reduced
the number of charcoal production attributes to be considered during
the choice experiment as means of lowering participant fatigue (Alpizar
et al., 2001; Ryan and Gerard, 2003); as studies have shown that having
more than four to five attributes in a choice set may affect the qual-
ity of the data collected due to task complexity and participant fatigue
(Alpizar et al., 2001). The mean score was calculated by authors and the
final outcome indicated that charcoal producers ranked the attributes of
charcoal quality, wood quality, P. juliflora trend, technology, and cost
of production, highly compared to the rest. In addition to the identified
attributes, an additional attribute of payment vehicle that was familiar
and reasonable with the respondents (Martin-Ortega et al., 2011) was
identified together with the participants. By a consensus, the cost of
installation of the production system was agreed with the respondents
as their prefered payment vehicle. This payment vehicle was used in
estimation of the willingness to pay for the other charcoal production
attributes. The CAP also played an important role in the description of
the attribute and their levels. Table 1 shows the attributes and the levels
as assigned by CAP.

2.2.2. Experimental design

When creating a stated choice experiment, a complete model spec-
ification has to be determined with all the parameters to be estimated
(Choice Metrics 2012). Based on the selected attributes three policy op-
tions were developed to include: two progressive options A and B that
reflect choice of a more efficient charcoal production technology, and a
third option C being the status quo or opt out option. After selecting the
attributes and their levels, the study team generated a combination of at-
tributes and levels that would appear in choice cards (Rodrigues et al.,
2016). Such choice cards can be generated either through orthogonal
or efficient designs. Orthogonal designs ensure a balance between at-
tributes and their levels, as well as independence between estimates for
all parameters (i.e. no correlation). Efficient designs aim to yield stan-
dard errors that are as low as possible during the estimation of param-
eters, and are currently preferred to orthogonal designs. For this study,
the choice cards were generated using a multinomial logit model to-
gether with D-error measure to obtain an efficient design. A pilot study
with about 30 respondents was used to obtain an efficient design, using
orthogonal design choice cards generated with the software package
Ngene (ChoiceMetrics, 2014). If any of the generated choice cards have
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Fig. 1. Map of the study area.

Table 1

Attribute levels for choice experiment.

Attributes Description

Levels assigned

Charcoal quality

Wood management

The quality of charcoal produced in terms of (smoke produced
during combustion, combustion time, weight and size)

Appropriate practices done to ensure wood grows to the right size

a.) Good
b.) Poor

a.) High

for charcoal production.

Prosopis juliflora trend

Technology Used

Cost (the price of the kiln)

Extent and regeneration of harvested trees species

Output of charcoal production to illustrate kiln efficiency

The price of kiln giving the cost for a certain system

b.) Moderate
c.) Low

a.) Declining
b.) Stable
c.) Increasing

a.) Drum kiln (0.75 bag) in 0.5 days

b.) 15 sacks for Improved earth kiln of the
same size as an average traditional earth
kiln 7 days

c¢.) 6 sacks of charcoal for an average
Traditional Earth Kiln in 4 days

a.) 6,000
b.) 5,500
c.) 3000
d.) 500

N/B: Bold represents current status, i.e. the current practice.

dominant alternatives, Johnson and Orme (1996) suggest that it is im-
portant to exclude implausible and dominant alternatives by including
constraints at the design stage of the choice tasks. These constraints en-
able information on trade-off preferences as respondents normally pre-
fer a dominant alternative, regardless of their preference (Boxall et al.,
1996; Louviere et al., 2000). Trade-offs reflect an efficient design based
on some of the principles associated with the design generation such
as orthogonality, level balance, minimal overlap and utility balance
(Miihlbacher and Johnson, 2016; Street and Burgess, 2007). However,
constraints that exclude implausible combinations or dominant alterna-
tives do introduce some degree of correlation and level imbalance in
the experimental design (Johnson et al., 2013). Dominant alternatives
also offer a test for measuring respondents’ attentiveness to the attribute
levels and definitions (Louviere et al., 2000). An alternative approach
to avoid dominant choices in the choice cards is to identify the dom-
inant choices in the experimental design and subsequently change the
levels of one attribute to avoid dominance. This option was however not
used, although it could have increased the utility of most of the choice
cards. Instead dominant designs were included in the survey, mainly to
avoid introducing correlation at the data analysis stage and to test par-
ticipants’ level of attentiveness. However, these were not included in

data analysis since they do not yield the trade-offs required for choice
experiment studies.

2.2.3. Questionnaire development and sampling

The study questionnaire consisted five sections. The first section was
the consent form; the second section comprised introductory questions
that ensure the respondents familiarity with the charcoal production
technologies; the third section was the choice experiment; and the fourth
was on debriefing questions aimed at establishing the reasoning behind
the choices. The questionnaire was concluded with a final section on
questions about the socio-demographic attributes of the participants. In
the choice experiment we created a hypothetical market for charcoal
production technologies, and we used pictograms to reduce the cogni-
tive burden on participants (Davies et al., 2002). Prior to actual data col-
lection, pretesting (n = 30) was carried out to test the efficacy and suit-
ability of the choice sets and attribute descriptions. The sampling units
in this study were households from across the selected sub-locations in
the sub-county. Out of the 3,002 households in the study area, 2,453
households produced charcoal. Using the Yamane’s (1967) formula, the
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sample size of the study was calculated as follows (Equation 1);
N

n= ———— 1)
1+ N(e)?

From the above formula, n = the required sample size; N = the pop-
ulation size; e = the level of precision (standard value of 0.05). When
Equation 1 is applied to the above study population, the sample size is
arrived at as follows (Equation 2);

2453

=— = 2)
1 +2453(.05)

2.2.4. Theoretical and Empirical models

The Lancaster theory of value (Lancaster, 1966) and the McFadden’s
random utility theory (McFadden, 1974) form the theoretical basis for
the analysis of the participants stated choices. In modelling these dis-
crete choices, the conditional logit (CL) model is used (Hensher et al.,
2005). The CL model assumes that the error terms are independently
and identically distributed (IID) over alternatives and individuals. This
means that irrelevant alternatives with non-zero probability are inde-
pendent of each other, and are thus unaffected by the introduction or
removal of additional alternatives in the choice set (Louviere et al.,
2000). Though computationally convenient, the IID is unlikely to hold
if there is unobserved preferences heterogeneity among respondents
(Louviere et al., 2000). In this case, the use of CL will lead to biased
estimates. Therefore, there is a need to use a model that avoids the IID
assumption such as the mixed logit (ML). Given a decision-maker who
faces a choice among J alternatives, the utility of person i from alterna-
tive j is specified as;
U =Blx; +e; 3)
Where x;; are the observed variables that relate to the alternative and de-
cision maker, ﬁ[’ is a vector of the coefficients, and ¢;; is the random error
term. According to Hensher et al. (2005), these coefficients vary among
the population with density function f(;|0). The density function rep-
resents the individual preference heterogeneity in the sampled popula-
tion. The vector 6 comprises parameters characterizing the density func-
tion that captures individual deviations from the mean (Hensher et al.,
2005). The decision-maker knows the value of his/her own f;s and ¢;;s
for all j and chooses alternative m iff U;,, > U;; Vj # m. The researcher
does not know p; and therefore cannot condition . Therefore, the un-
conditional choice probability over all possible g; i.e. mixed logit prob-
ability is given by;

B N rJ eﬂ,"xim
PU;, > U;) = —— |fBdBI “
i=t Ji=t \ Y, efixis

Several distributions for the coefficients can be assumed for the
above probability distribution, e.g. normal, lognormal, uniform or tri-
angular (Hensher et al., 2005), which should be specified during the
analysis. If the analyst intends to constrain the parameter estimates to
some specific sign (positive or negative), a triangular distribution with
the standard deviation restricted to equal the mean, or lognormal dis-
tribution can be used. The challenge with lognormal distribution is the
asymptotic nature of the tails, which could be problematic in WTP esti-
mations. There is an assumption that normal distribution will not con-
strain the parameter estimates to any specific sign, which might lead
to counter intuitive results such as a positive sign for the cost attribute
(Hensher et al., 2005; Kragt and Bennett, 2011).

2.2.5. Generation of choice cards

Based on the attribute levels identified in Table 1, a fractional facto-
rial design using Ngene (Choice Metrics) software was run and resulted
in 24 possible combinations for the study (Choice Metrics, 2012). The
combinations were grouped into four groups and each respondent was
presented with 6 choice sets. Each card consisted of two options and
the status quo or opt out option. The other first two options (A and B)
represented the experimentally designed options (of improved charcoal
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production systems) consisting of a balanced combination of the levels
for each attribute. Figure 2 represents an example of a choice card used
for the study.

2.3. Data collection

A pre-tested semi-structured questionnaire was used on sampled
households for this study, which were households from six sub-locations
namely (Kiserian, Salabani, Iling’arwa, Eldume, Ng’ambo and Maji
Ndege) in Marigat sub-county, selected because of a high prevalence
of charcoal production and presence of P. juliflora. A systematic random
sampling was employed in picking respondents. Based on charcoal pro-
ducing households’ population of 2453, six experienced and qualified
research assistants conversant with the local language visited every 6
household to administer the questionnaires using open data kit (ODK).
A 10% attribution rate was allowed to take care of the non-responses
and spoiled questionnaires and a total of 384 responses were collected.
In determining charcoal producers willingness to pay for improved pro-
duction system, the respondents were presented with the choice cards
and the options. To ensure the responses captured the position of the en-
tire household, the research assistants ensured that the respondents were
well informed before picking a response. The cost implication of the op-
tions presented indicated their monetary value of the system chosen. The
enumerators also played a key role in breaking down the information
presented in the local dialect to the level of respondent’s understanding.
The marginal value of a change in one attribute was measured through
the ratio of the two coefficients giving the willingness to pay as shown
in the equation 5.

_ ﬂAttribute (5)

wtp =
ﬂCOSI

3. Results and discussions
3.1. Demographic information

Relatively more men interviewed (51.3%) produced charcoal com-
pared to women (48.7%) with a mean respondent age of 36.8 years.
Majority of the respondents (81.3%) earned a monthly income of below
Kenyan shilling (KES) 20,000, 16.0% earned KES 20,001-50,000 and
2.7% earned KES 50,001-75,000. Charcoal production among respon-
dents did not depend on land ownership since both landowners and
internally displaced persons' (IDPs) engaged in the activity. The largest
land owned was 40 acres with the mean land size ownership being 5.2
acres. A majority of respondents (75.6%) preferred clear cutting as a
method of managing the invasive species within their farms. The other
24.4% of the respondents practised coppicing as a method of manag-
ing P. juliflora. More than half of the sampled population attained upper
primary (class 5 to 8) education, while only 7.6% of the population re-
ported to having not attended any form of basic education.

A small percentage (12.2%) of the respondents were members of
CPAs in the area compared to a majority (87.8%) who were non-
members. This is despite the important role CPAs play in sustainable
charcoal production as stipulated by the charcoal Rules 2009. Some
of these CPAs include Cumins, Charcoal Farmers Association, Ilchamus
CPA, Nalipo Self Help Group, Lokasacha, Nadupa group, Minkichooyo
group, and Field Farmers School. From the focus group discussion
(FGD), the main barriers to joining associations by the non-members
were lack of associations to join,and mistrust among members. To create
space for arable land, clearing of land is a common practice and results
in residues used for charcoal production (Mutimba and Barasa, 2005;
KFS, 2013; Ndegwa et al 2019). This explains the large percentage of

! Internally displaced persons (producing charcoal) did not own land as per
the time of the study.
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Attributes

Option A

Fig. 2. Sample of choice card used in the study.

Charcoal
quality

Wood
quality

P. juliflora
trend

Technology

Cost

Choose your
preferred
option

respondents practising clear cutting as a method of managing the in-
vasive P. juliflora. Also, Eckert et al (2020) indicated that the invasive
species regenerates at a very high rate.

3.2. Willingness to pay for improved charcoal production

Two discrete choice models i.e. Conditional Logit and Mixed logit
model were deployed for the estimation of determinants of willingness
to pay for improved charcoal production technologies and each was run
four times covering various parameters including main effects only mod-
els; main effects and alternative specific constant models; main effects
and interactive effects with alternative specific constants; and main ef-
fects with interactive effects, alternative specific constants, and with
cross effects. Hensher and Johnson (1981) observed that a model with
the highest McFadden’s pseudo R-squared is a better fit compared to
others over the same data, and so are models with higher/bigger log-
likelihood also considered to be a better fit than one with smaller log-
likelihood. The best fit was observed for both conditional and mixed
model with interaction terms and it is only these results that have been
presented as shown in Table 2.

From the results in Table 2, the alternative specific constant of the
status quo (opt out option) was negative and statistically significant, an
indication that respondents had a natural inclination towards the op-
tions of improved charcoal production technologies (i.e. options A & B).
The statistically significant and positive coefficient shows that respon-
dents preferred quality charcoal associated with improved charcoal pro-
duction system and use of high wood quality. The negative sign of the
coefficient showed that respondents preferred a declining trend of the
P. julisflora plant. This could be because of its ubiquity in the area and
fast growth which suppresses growth of other plants. The findings are in
agreement with the argument of Mbaabu et al. (2019) that increase in
the spread of P. juliflora negatively impacts the livelihood of residents
in the drylands areas. Its coefficient was, however, not statistically sig-
nificant indicating that it was not an important determinant of charcoal
producers’ willingness to pay for improved charcoal production tech-
nologies. Also, the negative coefficient of kiln technology showed that
respondents preferred the existing traditional charcoal production tech-
nology to a more improved one presented by the drum kiln or improved
earth kiln. The statistically significant and negative coefficient of the
cost attribute showed producers were less inclined to pay for improved
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Table 2
Conditional and Mixed logit Results for the choice experiment study.

Variables Conditional logit model ~ Mixed logit model
ASC (status quo) —1.2482** —5.1599***
Charcoal quality 1.2482*** 6.3542*
Wood quality 0.1381** 0.1480***
Kiln technology —0.0231*** -0.0139
Trends in Prosopis juliflora -0.3214 —-0.4755
Cost (Incost) —0.1937*** —-0.2276**
Kiln*HH —-0.0011 —0.00096
HH*Prosopis —0.0425*** —0.0098
Age*ASC 0.0126* —-0.0141
CPA*ASC 0.3378* 1.9095*
Edu*ASC —0.1973*** —-1.6274***
Gender*ASC 0.4750%** 1.7199***
Income*ASC 0.00001*** 0.00011***
Knowledge*ASC 0.08195 0.0475
Frequency*Kiln —0.00953* —-0.0065
Knowledge*Prosopis 0.1716 0.1552
Summary statistics

Log-likelihood —2230.2784 —1819.8724
McFadden Pseudo-R> 0.0972 -

AIC 4490.557 3697.745
BIC 4592.807 3895.429
No. Observations and respondents 6746 6746

** indicates that the coefficient is significant at 90% confidence level
*** indicates that the coefficient is significant at 99% confidence level
* indicates that the coefficient is significant at 95% confidence level

Table 3
Marginal willingness to pay in US$.
Charcoal Wood P. juliflora Kiln type
quality quality trend
Mixed Logit WTP 27.92 0.650 -.061 -2.09
Conditional Logit WTP 6.44 0.713 -0.12 -0.166

charcoal production systems, though they were more inclined to cheaper
technologies.

Results from the mixed logit model were used to compute the
marginal willingness to pay (MWTP) (Hanley et al, 2001). The results
of MWTP? presented in Table 3 showed that producers disapproved the
current trend of increasing P. juliflora and have a negative willingness to
pay of US$ -0.061. The producers are however willing to pay US$ 27.92
to produced good quality of the charcoal as opposed to the poor quality
they are currently producing. An improvement in wood quality is also
critical in the production process and charcoal producers are willing to
pay US$ 0.65 for access to improved wood quality. Although improved
kilns such as drum kilns and improved earth kiln require initial capital
and expertise, they produce more and better quality charcoal compared
to the traditional ones, and producers have a negative willingness to
pay of US$ -2.09 for these kilns. A possible explanation for the negative
utility from kiln type attribute is the dominant use of traditional earth
mound kiln (Ndegwa et al. 2021) which is easy and requires little capital
to install and manage (FAO and Climate Care, 2014).

The interations between the different socio-economic factors and
the ASC for the status quo option are an indicator of the respondents
preferences to alternatives A and B. For instance members of CPA are
likely to prefer the status quo option as shown by the positive intera-
tion term between the ASC and CPA. This is an unexpected result as
CPAs play the role of information dissemination of charcoal production
among members, thus enabling them to pool resources for purchasing
improved technologies. The interation between education and ASC has a
negative and significant sign, showing that individuals with a high level
of education are likely to shun the status quo option and adopt other

2 Results of MWTP in USD (using a conversion rate of 1USD=KES 103.32)
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alternatives option. This expected as higher eduction exposes individ-
uals to more information and more informed decision making. Gender
(males = 1 and females = 0) and ASC were also interated, and the results
show a postitive and significant result indicating that female producers
are likely to prefer the other alternatives, while males prefer the status
quo. An improvement in household welfare is likely to impact more on
women, hence the result. Finally, income and ASC interation has a posi-
tive and significant coefficienct, indicating that households with higher
incomes are likely to prefer the status quo option. This was not expected
as these household have resources to adopt the modern charcoal produc-
tion technologies and meet other accompanying costs.

4. Conclusion

The study aimed at finding out the monetary values that producers
attach to the different production technology attributes. The study em-
ployed choice experiment in eliciting individual preferences among the
suggested attributes. Key among important attributes considered in this
study included, wood quality, charcoal quality, P.juliflora growth trend
and kiln type.

Generally, charcoal production is not dependent on land ownership.
In terms of socio-economic profile of charcoal producers, CPA mem-
bership and literacy level play an important role in adopting improved
technologies. However, women are the likely beneficiaries of improved
household welfare resulting from improved technologies suggesting that
time and energy consumed in the construction of traditional kilns could
be invested elsewhere to increase their livelihood. The study also found
out that charcoal producers prefer quality charcoal which is associated
with the use of quality wood and improved technologies. However, a
negative willingness to pay for improved technologies is a major hin-
drance to producing quality charcoal. Based on the above findings, the
study recommends sensitization of producers to join CPAs to enable
pooling together of resources to purchase improved technologies, as the
first point of contact of ensuring maximum use and adoption of these
technologies and for effective information dissemination among mem-
bers. Finally, the study proposes a system that encompasses social opti-
mal levels of the attributes of production.
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