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EXTENDED ABSTRACT

The consumption of charcoal is a prevalent practice for many
households in Montserrado County, Liberia. Charcoal serves as a
primary source of cooking fuel for many families. While charcoal
may be a readily available and affordable energy source, its
production and consumption have significant environmental and
sustainability concerns. The aim of this study was geared towards
analyzing the factors influencing household charcoal consumption
and the associated negative environmental consequences in
Montserrado County, Liberia. Its sole objective was to gather
necessary information to aid policy formulation on sustainable
charcoal production and consumption in Liberia. Specifically, the
study intended to look at the factors influencing households’
charcoal consumption, determine the challenges associated with
charcoal consumption in the study area, identify the main sources of
energy in the study area, and determine the environmental impacts
associated with charcoal consumption. In this study, a Cross-
sectional research design was adopted. The sample size was 386
respondents in Montserrado County. Quantitative data were
collected and descriptive statistics and regression models were both
used with the aid of SPSS (Version 20) in analyzing the data.
Findings from the multiple linear regression model showed that
household’s education level, number of meals per day, price of
charcoal and household size were statistically significant (p < 0.05)
associated with household’s charcoal consumption in Montserrado
County. Furthermore, respondents identified high price (22.7%), low
quality (21.6%) and dirtiness of homes (20%) as main challenges
faced in the consumption of charcoal. Moreover, it was evident that
increase in household’s charcoal consumption influenced charcoal
production. More than half of the respondents (65.5%) strongly
agreed that the unsustainable production of charcoal is one of the
drivers of deforestation and (25.13%) agreed that the unsustainable
production of charcoal also disrupt the soil profile, thus devastating
the environment. Based on the findings from this study, to address



the challenges posed by high charcoal consumption and its
associated adverse environmental impacts, it is crucial to promote
sustainable energy practices, increase hydro-electricity power
supply, raise awareness about the environmental impact, subsidize
the production of energy efficient technologies to reduce charcoal
consumption and production, regulate the charcoal industry, and
support research and development of alternative cleaner energy
technologies such as solar, and briquettes as well as initiating
education programs tailored to sustainable charcoal consumption
and production in the study area. On the other hand, it is believed
that the introduction of Low-cost retort-kiln or Improved Charcoal
Production System (ICPS) will help minimize the adverse effects on
the environment caused by charcoal production processes. In
addition, engaging local communities, offering incentives, and
fostering collaborations among stakeholders will further contribute to
a more sustainable energy landscape and forest conservation in the
region.



IKISIRI KUU

Matumizi ya mkaa ni mazoea ya kawaida kwa kaya nyingi katika
Kaunti ya Montserrado, Liberia. Mkaa hutumika kama chanzo kikuu
cha nishati ya kupikia kwa familia nyingi. Ingawa mkaa unaweza
kuwa chanzo cha nishati kinachopatikana kirahisi na kwa bei nafuu,
uzalishaji na matumizi yake yana wasiwasi mkubwa kuhusu
mazingira na uendelevu. Lengo la utafiti huu lilikuwa ni kuchambua
sababu zinazoathiri matumizi ya mkaa kwa kaya na madhara hasi
ya kimazingira yanayohusiana na hayo katika Kaunti ya
Montserrado, Liberia. Lengo lake pekee lilikuwa kukusanya taarifa
muhimu zitakazosaidia kuunda sera kuhusu uzalishaji na matumizi
endelevu ya mkaa nchini Liberia.

Mahsusi, utafiti huu ulikusudia kuchunguza sababu zinazoathiri
matumizi ya mkaa kwa kaya, kutambua changamoto zinazohusiana
na matumizi ya mkaa katika eneo la utafiti, kutambua vyanzo vikuu
vya nishati katika eneo la utafiti, na kubaini athari za kimazingira
zinazohusiana na matumizi ya mkaa. Katika utafiti huu, muundo wa
utafiti wa muda mmoja ulitumika. Ukubwa wa sampuli ulikuwa ni
majibu 386 kutoka Kaunti ya Montserrado. Takwimu za kiasi
zilikusanywa na takwimu za maelezo na mifano ya kurejesha
zilitumika kwa msaada wa SPSS (Toleo la 20) katika uchambuzi wa
makusanyo ya taarifa.

Matokeo yalionyesha kwamba kiwango cha elimu ya kaya, idadi ya
milo kwa siku, bei ya mkaa na ukubwa wa kaya vilikuwa na
uhusiano mkubwa wa kistatistiki (p < 0.05) na matumizi ya mkaa ya
kaya katika Kaunti ya Montserrado. Zaidi ya hayo, waliojibu
walitambua bei kubwa (22.7%), ubora mdogo (21.6%) na uchafu wa
nyumba (20%) kama changamoto kuu zinazokabiliwa katika
matumizi ya mkaa. Aidha, ilikuwa dhahiri kwamba ongezeko la
matumizi ya mkaa ya kaya liliathiri uzalishaji wa mkaa. Zaidi ya nusu
ya waliojibu (65.5%) walikubali kabisa kwamba uzalishaji usio
endelevu wa mkaa ni moja ya vichocheo vya ukataji miti na
(25.13%) walikubali kabisa kwamba uzalishaji usio endelevu wa
mkaa pia huvuruga muundo wa udongo, hivyo kuharibu mazingira.
Kutokana na matokeo ya utafiti huu, ili kukabiliana na changamoto
Zinazotokana na matumizi makubwa ya mkaa na athari zake hasi
kwa mazingira, ni muhimu kukuza mazoea ya nishati endelevu,



kuongeza usambazaji wa umeme wa maji, kuongeza uelewa kuhusu
athari za kimazingira, kusaidia uzalishaji wa teknolojia zinazotumia
nishati kwa ufanisi ili kupunguza matumizi na uzalishaji wa mkaa,
kudhibiti sekta ya mkaa, na kuunga mkono utafiti na maendeleo ya
teknolojia mbadala safi za nishati kama vile sola, na mabriketi
pamoja na kuanzisha programu za elimu zilizobinafsishwa kwa
matumizi na uzalishaji endelevu wa mkaa katika eneo la utafiti. Kwa
upande mwingine, inaaminika kuwa uanzishwaji wa retort-kiln yenye
gharama nafuu au Mfumo Ulioboreshwa wa Uzalishaji Mkaa
utasaidia kupunguza athari mbaya kwa mazingira zinazosababishwa
na mchakato wa uzalishaji mkaa. Zaidi ya hayo, kushirikisha jamii za
mitaa, kutoa motisha, na kuimarisha ushirikiano kati ya wadau
kutachangia zaidi kwenye mazingira endelevu ya nishati na uhifadhi
wa misitu katika eneo hilo.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Over the years, households have heavily relied on biomass
combustion for cooking, lighting, roasting, smelting, ironing,
and boiling water. Choices and demand at individual levels in
the energy portfolio are influenced by socio-economic, cultural,
and demographic statuses (Garcia et al.,, 2012). The
household’s energy portfolio continues to play a major role in
shaping the structural outlook of the environment. Households’
choices on the type of energy consumption are affected by
price stocks and weather variability (Dacuycuy & Dacuycuy,
2018). Individual decision-making processes at the level of the
household on consumption of energy are inherent in the theory
of utility maximization. Higher income, according to the energy
ladder theory, influences the energy switching strategy of
neoclassical consumers (Koopmans & Koppen, 2019). As it
stands, some households and non-household charcoal
consumers prefer the energy stacking strategy due to the
insufficient power supply, power surge, and high price for
electrical power in Montserrado County, Liberia (Modi et al.,
2014).

Global trends in charcoal production between 1965 and 2005
show rising output levels, with Africa at the top of the list
(Onekon and Kipchirchir, 2016). Accordingly, about 33% of the
total population of Liberia resides in Montserrado, and at least
95% of the urban population consumes charcoal (Brieland,
2015). Montserrado County continues to witness an
unprecedented movement of people seeking greener pastures,
sustained livelihood activities, and government jobs. The
exodus of people migrating from rural to urban areas has



influenced household size, thus prompting a higher demand
for charcoal.

It is now glaring that the consumption of charcoal remains
unabated due to its availability and affordability, unlike
electrical power. Notwithstanding, the government of Liberia
has crafted an ambitious plan to increase electricity
accessibility to 70% of the current population by 2030.
However, the current figures show that less than 20% of the
population has access to power at a rate of US$5.00 per
18kwh.

With the current situation regarding the inadequacy of
affordable and reliable electricity, the demand for charcoal will
continue to experience a high increase to meet the domestic
energy needs of households and non-households, thus
imposing immense pressure on the natural forest and its
natural ability to replenish itself.

Numerous scholarly environmental studies have hypothesized
that the main driver of deforestation in Africa is the extraction
of forest for fuelwood. The collection of fuelwood for cooking
and heating is a significant driver of deforestation in Africa,
particularly in rural areas where there is a lack of access to
modern energy sources (Namaalwa et al., 2007; Hosonuma et
al.,, 2012; Getahun et al.,, 2017; Ullah et al., 2020). As a
consequence, and in order to meet the growing energy
demand, the tree stock is gradually being exploited, leading to
deforestation and climate change in ecosystems. Therefore, in
order to mitigate the adverse economic, social, and
environmental consequences through an all-inclusive and
comprehensive environmental policy, a clear understanding
and analysis of the factors (socio-economic and demographic)



driving households and non-household fuel choices and
demand cannot be overemphasized.

Charcoal consumption surveys are important for
understanding the use and impact of charcoal in various
regions and populations. However, conducting such surveys
can be challenging, especially in estimating the actual driving
variables contributing to the perpetual increase in consumption
of charcoal and the per capita choices and demand due to
population growth, urbanization, poverty, a lack of alternative
energy sources, and cultural practices (Makanda et al., 2017;
FAO, 2020).

This study is therefore focused on building a comprehensive
econometric model to visualize the effect of the price of
charcoal, household’s disposable income, number of meals
per day, educational level of household head, marital status of
household’s head, and age of household’s head. The output of
this study will appropriately inform planners and decision-
makers in the government and the private sector in crafting
environmental and ecological policies for the net social welfare
gain. To ensure access to affordable, reliable, sustainable, and
modern energy for all (SDGs 7) and sustainable consumption
and production patterns (SDGs 12), it can only be achieved in
Liberia if human beings are continually reminded that their
actions have the proclivity to either enhance the renewability
characteristics of the environment or unintentionally deplete
the natural capital, thus hampering sustained economic growth
and development (UNDP, 2015).

1.2 Problem Statement and Justification
Charcoal is consumed by both households and non-household
actors in many countries, including Liberia. However, in



addition to households, non-household charcoal consumers (in
industries and services such as restaurants, slaughterhouses,
breweries, and bakeries) use charcoal for a variety of reasons.
The consumption of charcoal by households and non-
households continues unabated, especially in urban
communities in Liberia. Studies indicate that there are several
influencing factors contributing to the high and increasing
charcoal consumption in Liberia. These factors include
urbanization, household dynamics, the high price of alternative
energy sources like liquefied petroleum gas (LPG) for the
majority of citizens, and an inadequate supply of electricity. By
2030, it is predicted that the amount of charcoal consumed in
most sub-Saharan African countries will increase twofold
(Puzzolo et al. 2019). This rise in demand for charcoal will
require an estimated 544.8 million cubic meters of fuelwood
and result in the production of 46.1 million tons of charcoal
(Tassie et al., 2021). Notwithstanding, the sustainable pattern
of consumption by these statistical units leads to poverty
reduction, welfare  optimization, and environmental
sustainability. However, the unsustainable behavior of
household and non-household charcoal consumers influences
forest degradation, deforestation, and greenhouse emissions
(Houghton and Nassikas, 2018).

A study by Mwampamba et al. (2023) shows that national
policies frequently emphasize unfavorable narratives about
charcoal, charcoal producers, and charcoal users, depicting
consumers as resistant to switching to alternatives. Due to the
complex nature and the continuous increase in the
consumption of charcoal, more contemporary researchers are
now considering the demographic variables of households'
heads in energy consumption (Keilman, 2003). According to
Chidumayo and Gumbo (2013), who investigated the



environmental impacts of charcoal production in tropical
ecosystems around the world, charcoal consumption and
production in tropical countries around the world largely
depend on natural forests, where natural regeneration is the
main source of forest recovery. Doggart et al. (2020) looked at
the influence of energy policy on charcoal consumption in
urban households in Tanzania, where it was revealed that
many households will continue to choose charcoal as their fuel
of choice due to its affordability. A new strategy for the industry
is required that highlights its beneficial effects while minimizing
its unfavorable social and environmental effects. Bamesigwe
et al. (2020) revealed that firewood and charcoal biomass are
among the major causes of deforestation in Uganda and the
sub-Saharan region. Furthermore, Mensah et al. (2022);
Njenga et al. (2013); and Broto et al. (2020) research works
have extensively focused on the adverse impact of charcoal
production and consumption on both the health of the
environment, the producers, and the consumers.

As per country-specifics, this theory has been discounted, and
as a result, both rich and poor consumers of charcoal are in
the study area. However, from the previous research’s
information on  households’ charcoal consumption,
sustainability and its environmental impact have not been
exhaustively revealed, especially in countries like Liberia,
whose deforestation rate is increasing. In order to make a
greater impact and contribute to the available knowledge base,
this study therefore intends to evaluate the demographic
variables of households’ heads and their corresponding
implication on charcoal demand in Montserrado County.



1.3 Objective of the study

1.3.1 General objective

The general objective of the study was to assess the factors
influencing households charcoal consumption and the associated
adverse environmental impacts in Montserrado County, Liberia.

1.3.2 Specific objectives
To achieve the general objective, this study intends to:
i. Identify factors influencing households’ charcoal
consumption
ii. Determine the challenges associated with charcoal
consumption in the study area
iii. Assess the main sources of energy in the study area
iv. Analyze the environmental impact of charcoal
consumption

1.3.3 Research questions
The below questions aid in enhancing this research work:
i. What are the factors influencing households’ charcoal
consumption?
ii. What are the challenges associated with charcoal
consumption in the study area?
iii. What are the sources of energy used in the study area?
iv. What are the main environmental impacts of charcoal
consumption in the study area?

1.4 Literature Review

1.4.1 Charcoal consumption in Africa

A range of socio-economic factors, including poverty, urbanization,
population growth, and weak governance drive charcoal
consumption in Africa (German et al., 2011). The
demand for charcoal is driven by a range of socio-economic factors,
including poverty, urbanization, population growth, and weak
governance. In many African countries, households that rely on
charcoal for cooking spend a significant proportion of their income



on fuel, with low-income households being the most affected. As
urbanization and population growth continue to accelerate in Africa,
the demand for charcoal is likely to increase, exacerbating the
environmental and socio-economic challenges associated with its
production and consumption. In Malawi, it is estimated that charcoal
consumption in the four largest urban areas is 6.08 million standard
bags per year. When calculated, it takes about 1.4million cubic
meters of wood representing 15,000 hectares of forest land
harvested per year (Patrick et al., 2007). In Nigeria, charcoal is
widely used by people of all socio-economic strata for domestic
energy. Onakoya et al. (2013) reported the rate of deforestation at
2.4% over the period 1990-2000 due to the increase in the prices of
kerosene and cooking gas. Deforestation in the Country, Nigeria is
reported to be about 300,000 hectares per year which is about 3.5%
of the current area of forest and woodland (Darling et al.,
2008).The associated environmental consequences are increase in
flooding, microclimatic change, desertification, soil erosion, and
biodiversity loss (Nnaji et al., 2012).

Sustainable solutions for charcoal production and consumption in
Africa require a multi-stakeholder approach that involves
government, industry, civil society, and local communities. Some
potential solutions include promoting the use of clean and renewable
energy sources, improving the efficiency of charcoal production and
distribution, and strengthening governance and regulation of the
charcoal industry. For example, the promotion of alternative clean
energy sources like LPG (liquefied petroleum gas) can reduce the
demand for charcoal and improve air quality. The United Nations
Millenium Development Projects recommended halving the reliance
on traditional solid biofuel for cooking by 2015 so that household
could switch from using less efficient energy sources to efficient
energy sources. Households stand to accrue numerous benefits
such as the improvement of standard of living for countries that rely
on biomass for energy (Lee, 2013). Moreover, switching to cleaner
energy can also provide access to education, health care, and give



women time to engage in income-generating activities since they are
they are directly involve with charcoal utilization in homes. Similarly,
improving the efficiency of charcoal production can reduce the
amount of wood needed to produce charcoal, thereby reducing
deforestation and greenhouse gas emissions. Stronger governance
and regulation of the charcoal industry can also help reduce the
negative environmental and social impacts associated with its
production and consumption (Omoti and Ogunwale, 2008).

The production and consumption of charcoal has significant
environmental impacts, including deforestation, soil degradation, and
greenhouse gas emissions. Sustainable solutions for charcoal
production and consumption in Africa require a multi-stakeholder
approach that involves government, industry, civil society, and local
communities. While the challenges associated with charcoal
consumption in Africa are significant, there are opportunities for
sustainable and equitable solutions that can promote economic
development, improve health and well-being, and protect the
environment Omoti, & Ogunwale (2008); Kuyper et al. (2014).
However, there is a wealth of information available on the topic, and
further research is needed to develop sustainable solutions for this
complex issue.

1.4.2 Charcoal consumption in Liberia

The Liberia National Energy Policy has estimated that about 95% of
the total population in Liberia rely on energy derived from Biomass
(Republic of Liberia, 2009). The demand for charcoal is growing
exponentially due to its affordability, cultural affinity, desirable
performance characteristics, poverty and the limited cost-effective
alternative in Liberia. Findings from the last empirical studies on
biomass energy conducted in Liberia 2011 estimated that the total
volume of charcoal consumed was 137,000 metric ton/yr. of which
75% was consumed by residents of Monrovia (Van der Plas, 2011).
Hence, it is expected that the demand for charcoal will increase with
an expected rate of urban population at 3.4% (World Bank, 2018).



Charcoal production in Liberia is largely informal and unregulated,
with the majority of charcoal producers operating outside the formal
economy. Charcoal production often involves cutting down trees in
forests and woodlands and converting them into charcoal using
traditional kilns. The production process is often inefficient, with
significant amounts of wood being wasted and the resulting charcoal
often of poor quality. This inefficiency contributes to deforestation
and soil degradation, which can lead to a loss of biodiversity and
increased greenhouse gas emissions.

The consumption of charcoal in Liberia also poses health risks,
particularly to women and children who spend significant amounts of
time in poorly ventilated kitchens. The burning of charcoal produces
fine particulate matter and other pollutants that can cause
respiratory diseases and other health problems. The use of charcoal
as a cooking fuel is also a significant contributor to indoor air
pollution in Liberia, which is estimated to cause around 4,000
premature deaths per year (Kamara et al., 2019).

Efforts to promote sustainable charcoal production and consumption
in Liberia have been limited, with most interventions focused on
improving the efficiency of charcoal production and distribution. One
notable initiative is the Liberia Forestry Support Program, which
seeks to promote sustainable forest management practices and
reduce the negative impacts of charcoal production on forests and
local communities. The program supports the establishment of
community-managed forests and the adoption of improved charcoal
production technologies, such as the use of more efficient kilns and
the promotion of sustainable harvesting practices (USAID, 2020).

1.4.3 Energy consumption in Liberia

Liberia is a low-income country located in West Africa, with a
population of approximately 5 million people. The country has one of
the lowest rates of access to electricity in the world, with only around
12% of the population having access to grid-connected electricity
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(World Bank, 2021). As a result, the vast majority of households in
Liberia rely on traditional biomass fuels, such as charcoal and
firewood, for their cooking and heating needs. Charcoal is the most
widely used cooking fuel in Liberia, with an estimated 96% of
households relying on it for their cooking needs (Kamara et al.,
2019).

Efforts to promote sustainable energy consumption in Liberia have
been limited, with most interventions focused on improving the
efficiency of charcoal production and distribution. However, there is
a growing recognition of the need to promote the use of clean and
sustainable energy sources, such as solar and wind power, to
improve energy access and reduce the negative impacts of energy
consumption on the environment and public health

The high consumption of charcoal in Liberia is driven by limited
access to electricity and clean cooking fuels, and has significant
environmental and socio-economic impacts. Efforts to promote
sustainable energy consumption in Liberia should focus on
improving access to clean and affordable energy sources, such as
solar and wind power, and reducing the negative impacts of
traditional biomass fuels, such as charcoal, on the environment and
public health (WB, 2021).

1.4.4 Charcoal consumption and environmental implications

Charcoal production and consumption have  significant
environmental and socio-economic impacts. The production of
charcoal requires large amounts of wood, which can lead to
deforestation and soil degradation if not managed sustainably.
Additionally, the burning of charcoal produces greenhouse gases
and contributes to climate change. The use of charcoal for cooking
and heating also poses health risks, as indoor air pollution from
burning charcoal can cause respiratory problems, especially in
women and children who spend the most time in the kitchen.
Sustainable charcoal production and consumption can help mitigate
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these negative impacts. Sustainable charcoal production involves
using efficient kilns that reduce the amount of wood required and
minimize greenhouse gas emissions (Chidumayo and Gumbo,
2013). It also involves using sustainable forestry practices, such as
replanting trees and preserving biodiversity. Sustainable charcoal
consumption involves promoting the use of cleaner and more
efficient stoves that reduce indoor air pollution and improve energy
efficiency.

Efforts to promote sustainable charcoal production and consumption
have been undertaken by governments, NGOs, and other
stakeholders in various countries in sub-Saharan Africa. For
example, in Tanzania, the government has implemented a program
to promote sustainable charcoal production and consumption by
providing training and support for charcoal producers and promoting
the use of efficient stoves (Mwampamba et al., 2018). In Kenya, a
project called the Kenya Charcoal Project has been implemented to
promote sustainable charcoal production and consumption by
providing training and support for producers, and by promoting the
use of efficient stoves and alternative fuels (Guta et al., 2020).

Charcoal consumption has significant environmental and socio-
economic impacts, but sustainable production and consumption
practices can help mitigate these negative impacts. Efforts to
promote sustainable charcoal production and consumption should
focus on wusing efficient kilns, promoting sustainable forestry
practices, and promoting the use of cleaner and more efficient
stoves.

1.4.5 Theoretical framework

Numerous scholarly works have been done in the past with
recommendations highlighting the critical correlations between the
environment, population, poverty, and economic growth. Ecologists
and environmental scientists have postulated that population growth
and economic output per capita over the years have had a
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cumulative adverse effect on the environment (Quivik, 2003) as sited
in (Rosa et al., 2004). On the contrary, environmental Kuznet’s curve
(EKC) —Neoclassicist, Ecological Modernization Theory (EMT) and
Lomburg have all asserted that environmental impacts are being
upgraded by economic prosperity (Gurlik, 2011; Lomborg, (2001),
2007; Spaargaren & Mol, 1992).

The anthropogenic drivers (human factors) over the centuries have
immensely contributed to environmental disturbances on the global
scene. Literature review revealed that population and affluence
(anthropogenic activities) have a devastating negative impacts thus
leading to greenhouse gas emission, emission of ozone depleting
substances and the ecological footprint (Rosa et al., 2004).

The consumption of charcoal in Liberia is a growing concern to the
national government. The government of Liberia has made many
interventions to curb its negative impacts on the environment and
the health of the consumers. The formulation of market-based and
regulatory policies by the Forestry Development Authority (FDA) and
the introduction of the Reduced Emissions for deforestation and
forest degradation (REDD+) are steps to mitigate the adverse effect
on the environment. However, about 95% of the urban households
in Liberia use wood-based energy as the preferred energy for
cooking and heating (Goll et al., 2014; Oladeji et al., 2018). Non-
households’ consumption in urban areas are also on the increase
but a comprehensive empirical studies are yet to be done to
ascertain the facts.

In spite of the marginal increase income per capita, high electricity
rates, and renewable energy availability household’s charcoal
consumption remains a major source of domestic energy. About
80% of households in Sub-Saharan Africa consume this product
(Arnold et al., 2006; Zulu & Richardson, 2013). The increase in the
demand for charcoal coupled with the average household per capita
consumption has placed an unprecedented pressure on the tropical
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forest, mangroves, and woodlands (Oladeji et al., 2018). Aside from
population density, environmental scholarly studies have identified
households’ demographic variables as being another issue of
concern in nature resource consumption.

1.4.6 Demographic variables

According to studies, there exist numerous factors that affect choice
and consumption of charcoal. These factors include: demographic
(educational level, the gender of households heads, the age of the
household, the size) among other factors (Kebede et al., 2010).
Research has revealed that when a household’s head disposal
increases, the likelihood of an increase in the consumption of the
resources is more likely (Keilman, 2003). About 70-80% of
household’s consumption on the national scene and greenhouse
emission is linked (Moll et al., 2005).

Households in Developing countries unlike developed countries,
choices are inherent in the energy ladder theory or fuel switch
(Heltberg, 2005). This theory states that with an increase in
household’s head disposal income, individual household will
consume superior fuel. Contrary to this theory, other researchers
identified gaps in the energy ladder model and asserted that besides
income, influence of cultural or other factors like education, fuel
availability, household consumption tradition and urbanization are all
factors contributing to consumer preferences (Van Der Kroon et al.,
2013). Demographic characteristics of household’s head have
therefore been hypothesized by researchers as key drivers to the
perpetual increase in the utilization of biomass in most African
countries from findings and Liberia is of no exception. What is of
growing concern is to test those key non-economic drivers to test the
magnitude of household’s energy demand sensitivity to each of
those variables in Montserrado County, Liberia.
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1.5 Conceptual Framework

The conceptual framework demonstrates the expected relationships
between independent variables or predictors (Social demographic
variables, Income, Price, Supply and Technology) and the
Dependent variable (consumption of charcoal in kg by both
households and Non-households). It shows the conceptual
differences between the variables of concern.

Predictor Variables Dependent Variable

. Social demographic
variables (age, sex,

education level, Consumption of

occupation, family charcoal for
size, adult size, Households and

. Income Non-

. Price households.
. Supply of charcoal

. Technology

Figure 1.1: Conceptual model of household’s charcoal
consumption

1.6 Methodology

1.6.1 Selection of the study area

The study was conducted in Montserrado County, Liberia. This
County was selected predicated upon its huge diversified population,
its susceptibility to exodus of rural dwellers who seek greener
pastures. Notwithstanding, with a relatively huge economic activities
and better energy infrastructure, Montserrado accounts for about
65% of the total volume of charcoal consumed in Liberia. It is upon
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this backdrop that Montserrado County was selected. Notably, most
of the households use charcoal for cooking and heating, while non-
households also use charcoal for cooking and other needs.
Montserrado County is situated on the Northern part of Liberia with
capital Bensonwville. Its population according to the 2008 census was
1,118,241 with an area of 1,927.7 square kilometers (738.5 square
mi). Montserrado County is noted as the smallest in size of the
Counties which has about 33% of the total population in Liberia, its
population density is 599.7 per square kilometers. Montserrado
County has an average household size of 4.7 people, a reduction
from 5.4 at the 1984 census (MCDA, 2012). Montserrado County
has four districts: Careysburg, Todee, Greater Monrovia, and St.
Paul River. Each district has its own unique characteristics. Due to
logistical constraints and cost, a spot consumption survey or surveys
of short duration were used.

1.6.2 Research design

A cross-sectional research design was used in this study. Data were
viewed and collected from the population of interest at one specific
point in time. The key characteristics of a cross-sectional design is
that the study takes place at a single point in time; variables are not
manipulated; it gives researchers to view many characteristics at the
same time (age, income, gender, etc); and it can give information
about the activities in a given population (Levin, 2006). During data
collection, questionnaires were used to collect vital information on
the household demographic characteristics and socio-economic
status of the respondents for households and non-households
respectively. In addition, personal observations and focus group
discussions were used for data collection.

1.6.3 Study population

The study's population included all households in Montserrado
County that consume charcoal, specifically in the four districts:
Careysburg, Todee, Greater Monrovia, and St. Paul River. The
selection of these four districts was based on their status as the
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most populous counties, centers of economic activity, and having a
high prevalence of charcoal consumption. Hence, efforts to promote
sustainable charcoal production and consumption in Montserrado
County and other parts of Liberia are crucial for reducing the
negative environmental and health impacts of charcoal production
and consumption.

1.6.4 Sampling techniqgues and sample size

A combination of both multi-stage and purposive sampling were
used in the study. The population was divided into groups after
which the clusters are chosen at random. In the First stage,
Montserrado was selected purposively due to its population,
multiplicity of tribes and energy infrastructure. The second stage
involved purposive selection of specific heads of households in the
study area to understand the percentage of the population
consuming charcoal and to make statistical inferences about the
population of interest. Third stage, the sample size was determined
from the sampling frame using Boyd et al. (1981) and a 10%
sampling intensity, whereby 10% of each sampling frame was
considered as the sample size.

1.6.5 Data Collection

1.6.5.1 Primary data

Primary data were collected using questionnaires with both closed
and open-ended questions which was customized to reflect the
demographic characteristics of the unit of measurement, household
and the socio-economic status of the head of the household.
Questionnaires were also developed for the non-household users,
the daily sales, the daily consumption and the size of the customer
base.

1.6.6 Data Analysis
Objective 1: Identify the factors influencing households
charcoal consumption in the study area
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Multiple linear regression was used as a method of analysis for this
objective. As the model was used to determine the key influencing
factors that are associated with household charcoal consumption in
the study area.

The multiple regression equation used for analysis is as explained
below:

Y=PFo+f1X1+ PaXo+ ...+ B7X7

Where:

Y = Consumption (Kg per household)

Bo = Constant Variable

X; = Age of household (Years)

X, = Marital status

X3 = Household size (Total number of people in a
household)

X4 = Price of charcoal (Unit price of charcoal)

X5 = Income (Wages received by household)

Xe = Education Level

X7 = Number of meals (meals per day)

€ = Error Term

Objective 2: Determine the challenges associated with
charcoal consumption

Content analysis together with descriptive analysis was used as
methods of analysis for this objective. Through multiple response
analysis, challenges regarding charcoal consumption were obtained
and reported in a systematic manner.

Objective 3: Assess the main sources of energy sources in the
study area

Descriptive analysis was used as method of analysis for this

objective. Different energy sources that were used in the study area
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were analyzed descriptively showing statistics of the respondent’s
main source of energy.

Objective 4: Analyze the environmental impacts of charcoal
consumption

Descriptive statistical analysis was used as a method of analysis for
this objective. Through the use of a Likert scale analysis with 4-
point rating scale, which was used to determine the environmental
impacts of charcoal consumption among the respondents.
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frvwood = the prafersed snergy sosee for cosking
N do Comuty Mo ung & d
wouw kely doe 1o B lack of affecdable, svailabie and
mioble dess soergy wuzom sod the mate of
whesization. This energy deficst Sas mufiuenced the
high increese in bowsebodd commamytson of the foceet
besed prodect mataly chercoal which o adversely
affecting e sovitomment due S0 housheldy’
fomacil locagetdty 1o purchese modern smetp
comversion techoslogies (Elas and Victor, 2005)
Stadies conducted = Liwrie have estimated thet
woee then half of the tutal populstion residing in
Moutwrrads County arv experwmriag bmsted actws
10 electricsty and other desmer enerpy sostoes Bke
pon. snd bevosene (MCDA, 2003) Studies by Goll ot
ol (sony), Brsland (30031 Oladep of of  (2008) and
Workd Bask. (3000) have stiwsmd the need for
g Ty wahancomest progremm. Lew enfor veeats
programs. and 4 mote sonmemnically  comgeetitive
scvonmmic model for & realietic xmalyvis of Uhe Inctorsy
taflaencing the progs m Soumebokd v
charmosl consumption tn Liberia It is estimsated that
the samual prowth rte of the wrhen populstion &
245 andd 1 s expected that the dessand for o !
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m the nest 20 years may esceed 500,000 by 2090
(Woeld Bask zow) Moeotsmrado Coouty has
witnessed over the yeary an umprocedenterd mcTeese
5 the sumbee of hoasbolds (MCDA, 3053) Libweta's
National Energy Policy has estimated that sbout s5%
of Libwria's popul olien on & snergy for
cocling (MCDA, zoxz) Heoce to bridge this gap
son-scononuc Satne peed o be moorporated inte
the model to test the statistical significance of thess
veraldes o ad

. - & '

. 3 e 3

from
cxsnmmnity focwets (Woeld Bank 2016). The resslts of
the study slwo offer sugzestions to the poly
formealation crpass on  adeguately furest
sustanabday

Ofgertuve of the study

Nae obpectivw

To des factors relsted to b
m Montserrado Coumty, Libersa

ol o

Therefose the cuvent stody tends to lock inte
factony dtoh np o
Montmrtads County, Lideria The current study

2 Iedd i 2

a

g bokds in Uhe sudy
ares. Momover, the Sndings of this study wre
comsistenst with the tweifth goal among the 17
Sastamnsble Development Goubs whuh i reaposahle

should belp 1o understand the factors

2 .

anausg

22

Description of the study area

and prode o achy

3. do County (Fig. 1) i» the oldest county in

tnssagernent and dficient e of b
2030 (UN, 2015). Furthermore, the Sndings of this
stucdy are i Bow with the Lideris Farwst Sector Project
(2006 - 202)) whose key swe &5 to produce and

the y. alenest as old s the Republe of Liduris
el Momtserrndo Countyis scoumtyin the
sorthomestorn porthon of the West  Afiesn natien
of Liberss s el capetal B e

. s 0 -
——

Montsertsco Costy
N o
s e =

ﬁ;:.u-p-h—-‘u_n-udacm.
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The county W bounded Soath by the Atluatic Ocessn,
Bong Coumty an the Narth, Bonu County on the West
aned Margild County on the Esmt. Mantserrado County
s sescaptible to & massive exodes of people seeking

Data collection

Primiary data were collected from respondents using &
pre-strocturwd  questionnaies with both open and
dosed soded questions. Purther, ten focus group
by (FGD) were conducted. the FGDs

povermment jobs, and sful bun b "t

W the commrcsal hab, and & place dominsted by
almost all 16 tribes of Libersa It has two main
climatic conditions, the miny season from May to
Novwmber and the Dry sesson b Decwitiber to

ived 15 pertep comprisng  slders,
und youth lembecs. A total of 150 participumts werw
vwd i1 the ol To snssre the validiny

A The o . tanges b
@ and 96°C with sy anouad average reindall of sbout
1oz (MDA, 2012)

M. do |s the "‘Mhd-.hllh
largest 1 & poped ng Wpp
mdlh-tlhdpphim‘lhmm-

and peliabdity of the collected data, the data
prthering fools were pre-tesied in the shudy wres,
before the actual datsa collection o guarantes
fumdinesty and clanty, Collectod data during the
piloting the data cnllectian tool wers not ncludesd (o
the study's final analysss

for choosing Montserrwdo County as the study sres Is Data avoligais
hul-dt-h‘pphnuldp- capita Q‘M data mlhad through  the
1 pticn The county for about were d using the Statistical
(63%) of the total demand for charcoal (LFSP. 30190). l'-hp for Social Sclwncws (SPSS wivien 30)
Heswen, the demand is more than ten tioses gr vharuby both  deserip ey and
than 1= any other county in Liberia nges) wers & ined. A wmltiple linear
nn-t— m-ld was n-l T wetbmate  The
Research design 1 g b housebald
The croes soctianal ressarch approach was wed in the ch 1} p and socso factors,
urrent study as it allowesd for the collection of Inife or " b fabiles were
comparably data from fausly hoasebolds wha use decod liy mignificant i the pvakse was

chareoal for cooking ot once (Neuman, 3014), The
design was chosen because It b affondability,
velativuly quick 1o conduat and permnts significantly
faster dats collection without compromising dats
quality (Setia, 2016)

Sampling techmiques and smmple 2y
A combstnation of multy stage sempling and purpostve
sampling was used. Af stage ooe, Montserrsdo

Coumty wan purponrvely selected.

Mwmwwubhh

d de of M do County (Table 1)
wurw selncted through purposive sampling so as to get
W specific b hold who are ok | users. The
sample size wos determined according to Boyd of al
(981) whers the Intesssity of 10% from evwy

samplizng frame

2008 For the cawe of qualitative dots that was
ollected throogh FGDs, content sualywis was used,
wharsby the anewers from the wembers were
oategorized into meanmgful themes.

Results and discussion

Rexpondents  demograplic  and  somo-economie
chnrocterinies

Demographic and socio ch of
the respondents show that magorsty of the
wepandeits (57%) were males whils (48] were
fonales (Table 23 Farsi of gl (2007) ndicated that
female-headed boussholds are statistically significant
oe to the fact that charconl wtilimtion sod daly
housebold food prep are 1o the preview of
women.  These studies were consistent  with
Mukeousn and Kollfin (3009) who postulated that
the probability of female beaded howseholds
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consuming either charcoal or & mex of solid and wou-
solsd foel was high Charcoal comsumption coold
operience & dowwward consmusption tesd o
alleriative snergy sources were svailadde acoemaibie
wnd reliadie i Mostsertado County Resalts sbwomed
that respondents with age betwswn 30 60 years were
ative proups constituting sbest 575 of charcoal
sctors. This was Sollowsd by ages ranging betwees 0
M yvars comsiating of about (43%) of charcosl weers
snd lastly the proup of ages above 6o years which

Table 1. Sampling Dame and sample sioe.

constituted BAN of the charvoal waers.  Thin shows
that meont of the chatvoal conmsmers were 1 maddle
age constatent with Liberia v desuograpboc dvidesd as
omluined = the Natosal Development Agends
(PAFD, 2008) where shout (33%) of the populstion
are betwonn (he apes 15 ~ 64 yoars constituting the
wocking age These are income sarmers who heve the
financial capabiity o purchase st will will power to
the eoecgy taarket syviem.

C oty Thasva TEaly pogaiitim | Lesegiag S| Tample se (A
T Crestes Mamsrita = 13
Tarey Viai g DVATRY =3 -
Tades Dhsttics = v
T & Pk Dema P "
- Twd Yo

Rewuits further inbicnte thet majority (43%) of the
wpomdents were marvied  Thews b wers better
orpantzed and opthmistic about mpeoving thesr
onecgy strntegies o slectricity was sffondable sod
rellable On the other hand abowt (39%) of the
respondents have attained o college el sducation

Thess respondents are Berste (Venanee of ol 2006)

ot po locotes #t Al and heoce sdopting so altermative
wuree of sneegy spart fom charcoal B a4 b
challengng for them Notwthstanding  bhousebobd
heads with comparatively kigh wngaged n
tnter fuel stacking

Factory influrncing howsehohl cturvoms! comnmem pédon

Literate ch | actoes are d 1o have & bether A multiphe Nowar regresston model was weed o
wndeatanding of inahle on ch q detormune | influencing housebold charvoal
consumption (Emans o al. 2017) snd can sasldy conmunption Exple y variables iowiuded age of

adopt sew, efficent sad modern snvitoumental
ceolong technologes contrary o those withowt any
formal education who see bese formesd sod less
Bhuly to aduget mew cooking tecbisologies

Homsehold s was also » magor socko soomousse
factor. Results show that the majority of the
Tespondents (4AN) had & housbold wee of more than
6 peopde. This trphien that households 1n the study
atwas comaprised more people. hemcn, the per capita
chacconl convamption s lhely 10 be higher than in
other comnties. This bs commistent with the study done
by Vienanor of of. (3006) whe reported that the higher
the household stse the more lhely the sourve of
wnergy b consamed  Porthormors. the descriptive
wnalysis shows that shout (40%) of the respotndents
were not smpboyed (Table 3) This sugpests that the
ety of the bousebold tn the study ares have low

bousebold, muarstal status, education level, mcome,
Dhossabiold stoe, mumdeer of weals and the pries of
charcoal The actiual setimsatos of causal wfincts weve
obtaied by  wsitng  these  comtrol  variabdes
(Munermund and Louw, 2030} Resubts in (Toble 20
show that no varables had » tolevanes vabaw (1) snd
VIF valus (> 10) Thes chesrvatios confirms that thers
was no violation of the multicollinearity sssumption
o this corrent stady as stipulated by Pallant (3011)
1 sddition. e Durbin Watson's d tests wetw used to
ot for wuto covrelstions The reewits showsd that the
Durbiss Watsom's 0 £ 78 for the il which falls within
the values of 1.3 « d « 25 snplving that thers is no
asto-correlatiug (Kutner of ol 200%). Heoos, there s
Bo suto cortelaticn I the multijle Moesr regression
dats. The conflichent of determination (R) i the
regrewsion model for the full sample was 77 1% (Table
13
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")
¥

ool

O~ 28 yomss

Absrve 60 youis

SGF |BEn |csEeua |»srBE |2E6 t!I
&

Thee Ttsear segrowsion sesnits b (Tabde 20 shrw That on
wwrage, the peice of harcesl was  statiatically

of Boenr switching s Mhaly by bousehobds. This will
redace the commmmption of charcosl. ts seing The
and the tropical fecest. H L

agnficant (p « 0.001) with bousebald's chasooal
sonsumption.  However, 0 had & megattve beta
confBcient of 034 A coeuuit Uecreass tu price will

& . 2 a4

pot  statietscally mgmficent in the sub ssmgples
o+ ug the & parately. The Soding

o o & i by

with the finding by Nywmbe. (2011) who

osdkilograms coterie parfbes, conmitent with the
o d theury of i Mo . the neture
of the product and s significant rele I rosidential

rvported in his Sndingy that the prive of charconl was
wopatiedy  mlated 1o houshalds  chascoul
g that 3 when The poier of chnrcosl rises

gy wee i Mouteertado Comnty howsbolds will

Y | Hreep of the n puice
Thie tmplies thet M thers s Alvraaiive seerpy
sutres thet s costefiocthe and  mastsise

gt ity of the bossebiodds switihes 1o cther sty
wouscos which sie cheapeer sad afliudatde than using
the ssmne snwegy souroe o1 & Migher price. A siouilar
findeg was reported by Babeols and Ops (2032)
Mo and Koblin (2008) sl Nux. (2021)

tnctron domesticall the probabity
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Tahle 3. Regrossion resaits of fiull sample and the four districts

Tt Tol sompte Teeater S5 P Wi Totes
m w30 [ * agm) c-'po (n ~ w) o » gud
e T ) ) 3’ ® ey 5
i -5 "y -y " 5 - - -: "
ey L X - " - v -t "
m.— ey nn, um .‘ -.o‘ .-F - " )
= T e
- = A a-—'ﬁl ot
e A .—‘; - e -, — o) " 1. . l& }" -l-;. e
e o -yt - ) - et age® - " L
I " &.“ = -4 [37] Cra—

However, the energy deficit seenario i Liberis has
comatrained  houvsebolds 10 perpetially  consune
charcoal st & higher price due to searvity of the
alternative snergy soucces. With the current situation
W Montseerndo County and on & per-distriet lovel,
consamers ate not exposed to alternative enecgy
sources where the market svstem allows them to
froely choose 4t an optimal level o minimum cost

Housebold size was statistically sigmificant with
charcoal consumption und alse exhilet & posttive
relationahip with & coelficsent of 0 103kilograma. This
tnphies that & aneunit increase (i the siae of the
howsehold resilta in an i the b
charconl comumption by o togkilograms. Morsover,
the stze of the family determines the quantity of food
cooked amd the quantity of charcoal to be wed
Earlier stited, Moutserrado Coanty s the official set
of National governznent that coatinnes to expensnen
an lncrease |8 population which bhas  affected
bousebold stze. This  implies that o proper
decontralization of major economic activites s
Initiated by the Central government, howsebiold siee
will be at & mimimam level. thus alfecting charcoal
consumption  pegatively.  Comparatively,  slailar
rosults ware alio observed (0 the two sub. samples
distriets of Todee sid Careysburg while the remaining
two districts had different rovults. G Mons

Ty
L}

coumume  korosene, gases and other allernative
sources of smergy  Furthenmers, the fodings by
Kyrereh of al. (2019) reported that houssholds with »
greater number of malen are considered 1o be active
wembers and om produce more volime of charconl
than households with fewer numbers. Housubold stze
s & cructal factor bn determining the conmumption of
charcosl sinow the mcrwase in household size affects
tha ability of housebiokls to move to cloaner fusls.

Results on the number of menls (Table 3) are
statistionlly sigaifioant with howsebold's charcoal
conmunption and it shows & posttive relationship.
Rosnlts from the analysis show that boaseholds'
charcon] domand senaitivity to cunges in the number
of mwals per day are positively corrulated.

A one-unit merosse I the mmber of meals per day
leads to an tncrvase of 0.52) kilogranss of charcoal tn
o apectlic household. Comparing the results of the full
sample 10 the swb-samples of the distriet it can be
obaecved that results are sinsilar with the wxcoptson of
the Greater Moorovie distriet which the number of
meals was not statistically signtficant but stonilasly
had n posittve celationship.  Sunilar results were
reported by Sabubangs of ol (2015) snd Babalols and
Oplt (2013) that the uumber of meals per day
e h | consumption. Gesater Mourovia

ushibited 2 panittve relstiouskip even though o wasat
statiatieally sigmifieant. St Paul Wiver distriet rosults
o0 housshold s were neither significant nor had o
posttive relationabip. Stmiler findings to the full
saniple  were teported by Hetberg (2009) and
Mekonnen and Koblin (2009). They found out that
botsebobbs with large family skaws wees more likely to
comsine  charcoal and wood and les Nkely to

distriet has comparatively better infrastracture s
compured 1o the other districts. Moreover, the socio-
woonomic  and  demogruphic  charscteristion  of
household hesds o G M district are
fairly good as compared to the other districts
Household baads have better market information and
wre wxposedd to other alternative enstgy sources ax
compared to the other districts
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Table 4. Challenges on chascoal commumption.

Thallenge = tymtete o

Tiigh prce

Low quality

Thstiness of homes

=
232
b
™

Limuted supply

Tong distance

¥l

Purther towults on education Jevel (Table 3) show that
i is statistically significant with howsebold's charooal

p but b rosalts from the analyss
show & negative relationship between sducation bevel
with b This implies that whes »
household head adx n by one onat,
bowsebold chatoosl comumption declines by
Oskilograms holding all other factors constant
Heoce the mote educated boussbold heads the moce

the swursness of using soviconmentally friendly
enecgy sources therefore the less ch d

-
W ——

Districts of Gesater Motirovia, and Carvpnbaryg for the
wrpect of income wete statisticoally tignifiesnt with
positive and negats ships. In
consdering the full semple. tesults (Table 3 on
inosne show & negative el ship with ch
consmption. That s 1o sy, 4 one-anit Incresse W
bousebold  doposalde  Income  declines  the
conmmption of charroal by 0 opokilograms.

o

This imples thet those bousebobds with highe

consamption Ho . only Monr Dy had
shnilar results 1o the general sample while the
remsaining  districts had  lowignificant  tesults on
education lkevel The finding s comsmstent with the
Gudings by Yusuf of ol (2021), Paudel of ol (2016)
aod Dugnachew of ol (2009) that level of education
knowledge has an impact oa i consumptios.
bossehold beads with higher sducation sre more
likely o be economsically capable and less likely to
of <k i wely, houssbhold heads
with no formeal education are woes lkely to conmne
traditional fuel and Jese likely to adopt energy
wfficient technology This unphes that education has
the sbility to influence fusl cholors thus making the
eoecgy transition process from infersoc emergy to
saperior and clean soergy sasy. However, Sndings by
Zulu and Richandson, (201)) arpeed that scoems to 2
high lovel of sducation with poor income yet has 5o
opect on charconl comsumption Therefore, for
oeszy y. most b b s foel
stacking strntegy in the wake of uncertaintios

e

e

Onther facturs such as the age of the housshold,
martal stutius el incotie wete ot stativtieally

vignificant ia the bousebold's charroal conmemption.
But compared with the distract level soparately. three

will tically gr to the
saperior snergy soarces Althoagh the finding was wot
statistically significant they ate consistunt with the
comrgy ladder bypothesis thet housebold (Bovme
inflasnces thetr ability to pocchase superios smergy
sourees (Van der Kroon and Van Beskering 2013)
Furthermmoee. differvnt studies have coported siler
findmgs Baland of ol (2038) sod Mperepekumana of
ol (3021) that household weome affects the readiness
0 adopt and use wsod logies.

- a

-

This kmplies that this tesalt, Nks ofher studies
discounts the mnergy ladder theory sod thus
consdaring sther factors in the model will help n
undetstatnding thoss relevant influsmcing variables
that srw affecting household charcoal comumption
Mostseriado County, especially with incoms in
dspesable income

The age of the bead of boussbhold had & posttive
relationship with charcoal consumption but was not
statistically sgnificant in the model As the age of the
head of bowsehold Mxcrwases the consumption of
b d e by og-kilog: The marital
status of the rmpondents was not  statutically
shpnificant and had & negative relationslrp Mesning
that marital status bad mo influence oo charooal
romsmImptn
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Challenges in consuriing charcoal

Multiple teaponss analynls results sbhow difforent
challenges axparwnced by charconl usirs (Table 4).
Th fiest ruported challenge that wis canmon for the
wajority of the respondents wan the high price of
charcoal which nccounted for nearly & quarter
(22.7%) of the respoodents Findings in o study by
Nabukalu and Glere (2019) showed that ch |

reasona  mixch s exceeded  doforestation  which
prohibits charcoal producers from cutting down trem
over & poriod of tine hence resulting in insdequate
vopply.  Mowever, Brsnch and Titmamer, (2022)
reported (n the Nterature that charcoal prodisction
will consn due 1o the ongoing global «ffort 1o ensure
tellable uod sustninablo snergy for al) meeting the 7

pricing depends on better quality and origin. Charcoal
fromn different aress comes with differvnt prices wnd
Ivonew, bottar quality charcoal 1 comprommed with »
higher prics i the study aren Notably, there are
those consuners who prefer soft charconl dus 1o s
lower pesce and the fast tate at which it burns while
others peeder hard chirconl beconme they consider it
mote  seonomsdenl with & slower  burniog  eate,
Hawover, the N ult T (i Limited report of
2003 revealed thut the cost of charcoal varies slightly
depending on the particular season, durtng the rainy
seasan price of charcoal in higher and it Jowers during
the dry sonson. Furthermore, the sudy by Sankbaynn

Sustainable Developiment Goal Similarly, Ierature
by Tippaynwong «f al. (2020) reveals that charcoal
production 1w lkely to degrade the environment
hece, production should conse and the introduction
of a better source of yoliable energy of smokeless
charcoal  from  plant  pesbdues  which & mote
wovironmentally  friendly ax  compared o wood
charcoal,  Purthormore, long  distances sl the
dirtiness of hones s among othet challonges facing

tha comsumption of chatcoal
Conel and R .
Busod on the study Dndings and the discussions
i d, o luded that wducation level,

and Hotstad, (2000) on production and spatial price
diffsronees for charcoal vevenlod that there s no

| wvid of peice o or d with
distance. Therefore, the price of charcoal Is ot only
flwenced by one factor bat the price fuctuates
depending on various ressans us explatned by the
pr Blos wxplained above Low quality of
charcoal wis tho second mentioned challenge with
sccounted (for 206%) of the rospondonts, whereby
low quality of charcoal was seen as az obatacle i the
conmimption of charconl for dally wess (Table 4)
Flodings by Nabukalu and Ghere, (3019) show thut
the quality of charconl depends on the price used to
purchase charcoal. Lower prices rosult in low quakity
howeyer, due to some lopographscal aspects thers
may be some charcoal wood varieties that are of low
quality 1o nature, Moreover, the Hmited sapply of
chareoal wun noother challengs due to the natural and
artificial scarcity of ch 1. Some p » Sgage
0 hoarding 1n order 1o create amificial scarcity, ths
[ kg prices arbitturily for thetr own faancial

number of meals, price of charvoal and housshold
sz wore atatistically significant sasociated with
housshold eharvoal commumption 1 Montserrado
County, Education level plays a signifioant role in the
cansumption of ch . Most households profer
chatcoal an compared 1o alternative snergy sources
due to its affordability, reliability and sccenibility,
Howsshalds with o highes leved of sducation, ineame
and better soclal status tend (o engage o snergy
wacking strategy  compared to those of lower
socloeconomie  status  In Montserrado  County,
Housshiold size latgely influenced the quantity of
charcoal to be used, Further, the high pries of
charcoal, low quality of chatreoal nod distioees of
homes worn the top thees challonges affocting
charcosl comamption In the sudy aren. Due 1o
b I and o
faetors, household ch | consumption

way vise furthor if progrms to enhance sistainability
are tot initiated and enforced. Charcoal usage directly
coutributes 10 deforestation and forest degradation,

L ) -

poins Noabukalu and Gaere (2010) belinve thnt scarcity
of chareonl arises sometimes dus 10 somw scoboghoal

Thia b recommends that national government
natituts policies the will promote, support wnd
fores the wse of alt ey ke gas,
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solar and coal briquattes which are clean and low.
enrbon  smitters  than  charconl and  introduce
enstomized programs for sustainable production and
consumption of charooal
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3.1 Abstract

Charcoal is the primary energy source for Liberians, especially in
urban cities where the bulk of the population lives. Charcoal
production is frequently perceived to have devastating ecological
and environmental consequences, and government through the
Forestry = Development  Authority  and non-governmental
organizations have been especially concerned about these charcoal-
related impacts on the forest resource. The most frequently
mentioned impact is deforestation, or the removal of the forest
cover. The current study intends to look into the source of cooking
energy and the related environmental impacts in Montserrado
County, Liberia. Specifically, the study aims to determine the
available sources of energy used for cooking and to determine the
environmental effects associated with charcoal production. The
study used a cross-sectional research design, with data collected
from 386 households in Montserrado County. Semi-questionnaires
and Focused Group discussion checklists were used to collect
guantitative data and qualitative data, and descriptive statistical
analysis together with Likert scale analysis and content analysis
were used to analyze the data. The study results showed that,
charcoal is the most (51.9%) used form of energy for cooking in
most of the households and the charcoal production has caused
devastating environmental impacts. Also, the results on the impact
of charcoal consumption showed that deforestation was the major
impact in Montserrado County (65.5%). Therefore, any successful
effort to combat the environmental effects of charcoal production in
Liberia must necessarily tackle the current unsustainable nature of
charcoal production and consumption. Conclusively, compared to
other cleaner energy sources charcoal is relatively very cheap,
available, reliable and accessible throughout the year. However,
charcoal has devastating effects to the environment which causes
deterioration of the environment as the result of high rate of charcoal
production to meet the growing consumer’s residential energy needs
for cooking, boiling and ironing. To reduce the devastating effect of
charcoal as domestic energy, which was prevalent as compared to
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the other energy sources, the introduction and education of charcoal
producers to the usage of a low —cost retort-kiln or Improved
Charcoal Production System (ICPS) is paramount; the development
of an inclusive energy policy aimed at promoting cleaner energy
accessibility and affordability to all income earners in the study area.

Key words: Environmental consequences, deforestation,
Ecological, Unsustainable nature, Environmental
effects
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3.2 Introduction

In sub-Saharan Africa, one of the primary causes of forest
degradation is the manufacturing of charcoal for urban energy use
(Nyamoga, 2019) and (Sedano et al. 2016). The majority of Africans
living in cities and suburbs rely mostly on wood fuels for cooking and
heating (Nyamoga and Solberg 2019; Prasad, 2011). These are a
significant source of family income in sub-Saharan Africa, where
they produce more than 80% of the country's primary energy supply
(Chiteculo et al.,, 2018). The primary causes of this forest
degradation are fuelwood gathering and charcoal manufacture
(Gumbo et al, 2013). Numerous strategies have been used
internationally to stop deforestation and forest degradation. The
Food and Agriculture Organization (FAO) reported in October 2006
that deforestation accounts for 25 to 30 % of the release of
greenhouse gases as charcoal production and use are increasing
globally rather than decreasing. Charcoal production not only affects
forest resources but also the entire environment. According to the
World Population Review (2022), Brazil is the leading country with a
high rate of deforestation in the whole world. Hence, the production
of charcoal to meet household’s residential energy demand in urban
cities is considered an important driver of degradation (which
maintains the forest canopy but causes losses of carbon) and
eventual deforestation in Africa (Boucher, 2011).

Studies show that charcoal production is among the significant
contributing factor in Africa’'s deforestation (Ryan et al. 2012). One of
the main contributors to deforestation is the use of wood as a major
source of cooking energy (Lusambo, 2021). In conjunction with
population increase and development, the production and use of
these wood fuels have increased, affecting the sub-Saharan Africa’s
deforestation rate (Nyamoga, 2019). Nearly 43 billion trees, most of
which are found in South Africa, Ethiopia, and Nigeria, are found on
the continent of Africa, which is home to 26% of the world's land that
is classified as forest (lgini, 2022). Trees has immense quantity of
carbon and it constitutes about 50% of the wood’s weight (Boucher,



41

2011). Due to the potential for deforestation, land degradation, and
climate change effects, large-scale charcoal manufacturing,
particularly in sub-Saharan Africa, has become a significant issue of
concern (Jones, 2015).

More than two thirds of Liberia's land is covered by forests, which
total 6.69 million hectares (Nthara and _Srivastava, 2020). According
to the Global Forest Watch (2022), about 9.16Mha of natural forest
covered 97% of Liberia's land area in 2010. It lost 128 kha of natural
forest in 2021, which is equal to 75.4 Mt of CO2 emissions. Half of
the people in Liberia reside within 2.5 kilometers of a forest,
whereby, these households spend more than three hours a day
gathering forest items for consumption and for sale, which generates
35% of their revenue (Nthara and _Srivastava, 2020). About 95% of
Liberians rely on conventional biomass fuels like wood and charcoal
because less than 1% of the population has access to grid electricity
a s a result of inadequate infrastructure, high costs, and low-income
levels making charcoal asthe main fuel used for heating and
cooking in Monrovia, a developing metropolitan center (Goanue,
2009 and Jones, 2015).

Due to the fact that only a relatively tiny portion of the continent's
production is evaluated and recorded, Africa’s charcoal industry is
weaker (Zulu and Richardson, 2013). As a result, there has been
discussion over the true extent of usage and its effects on rural
livelihoods or forest degradation. Different studies by Clement,
(2019); Sedano et al., (2022); Tasie et al., (2020); Nyalusi, (2015)
focus mostly on forest degradation and charcoal production on how
they are related or looking at how the impacts of charcoal production
activities on the environment. There is little information regarding the
energy consumption and effects of charcoal production on
environment in Montserrado County, Liberia. Therefore, the current
study intends to fill this knowledge gap by specifically looking at the
cooking energy sources and the environmental impacts caused by
charcoal production in the study area. The key findings from this
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study will help to understand the major source of energy used by
most of the households in Montserrado County, Liberia. The results
of the study also offer suggestions to the policy formulation organs
on adequately forest sustainability. The study is also aligned with
Sustainable Development Goals number 7, 13, 12, and 15 which
aim at affordable and clean energy, climate action, responsible
consumption and production, and life on land respectively.

3.3 Objective of the study

3.3.1 Main objective

To determine the energy and charcoal effects on the environment in
Montserrado County, Liberia.

3.3.2 Specific objectives
i.  To determine the source of energy in the study area
ii. To determine the environmental impacts associated with
charcoal production in Montserrado County

3.4 Methodology

3.4.1 Description of the study area

This study was carried out in Montserrado County (Figure 3.1).
Montserrado County is the oldest county in the country, almost as
old as the Republic of Liberia itself. Montserrado County is
a county in the northwestern portion of the West African nation
of Liberia and it hosts its national capital, Monrovia. Montserrado is
the smallest county by size, but the largest by population comprising
approximately 33% of Liberia’s total population. (25%) of the county,
population is engaged in charcoal-making activities. The
county is bounded on South by the Atlantic Ocean, Bong County on
the North, Bomi County on the West and Margibi County on the
East. The primary reason for choosing Montserrado County as the
study area is because it dominates the market on charcoal and it
accounts almost over (65%) of the total demand hence, more than
ten times greater than any other county in Liberia. However,
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respondents for data collection can be obtained easily as compared
to other counties.

Montserrado County

Study sites =
Not study site =

Figure 3.1: Study area
Source: Author’s Construct

3.4.2 Research Design

A cross-sectional research design approach was used in the current
study as it allowed for the collection of comparable data from family
households who uses charcoal (Neuman, 2014). The design was
chosen because it is affordable and permits significantly faster data
collection without sacrificing data quality (Setia, 2016).

3.4.3 Sampling techniques and sample size

A combination of multi-stage sampling and purposive sampling was
used. At first, Montserrado County was purposively selected.
Secondly, the household heads from the four selected districts of
Montserrado County (Table 3.1) were selected through purposive
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sampling so as to get specific household who are charcoal users.
The sample size was determined according to Boyd et al. (1981)
where the intensity of 10% from every sampling frame were
adopted.

Table 3.1: Sampling frame and sample size

County District Study Sample Size
Population (n)
(Sampling
Frame)
Montserrado Greater 1500 150
Monrovia
Careysburg 900 90
District
Todee District 900 90
St. Paul River 560 56
District
Total 386

3.4.4 Data Collection

Primary data were collected from respondents using a semi-
structured questionnaire with both open and closed-ended
guestions. Further, ten Focused Group Discussion (FGDs) were
conducted, the FGDs involved 15 participants comprising of elders,
community leaders, student representatives, women, and youth
leaders. A total of 150 participants were involved in the discussions.
To ensure validity and reliability of the collected data, the data
gathering tools were pre-tested in the study area, before the actual
data collection to guarantee familiarity and clarity. Collected data
were not included in the study’s final analysis.

3.4.5 Data Analysis
Descriptive analysis was used as method of analysis together with
Likert scale analysis to analyse the quantitative data. Quantified
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data concerning usage of different energy sources in the study area
identified by the respondents was analyzed. Also, several
environmental impacts due to charcoal consumption was analyzed.
Moreover, content analysis was used in analyzing qualitative data
from the FGDs by using Nvivo Software.

3.5 Results and Discussions
3.5.1 Respondent’s demographic and socio-economic
characteristics

According to the study findings, the demographic and socio-
economic characteristics of the respondents show that the majority
of the respondents (57%) were males while 43% were females
(Table 3.2). However, according to Farsi et al. (2007) female-headed
households were statistically significant with household’s charcoal
consumption because females are the ones who are directly involve
with the affairs of the kitchen. They periodically decide the weekly
residential menu, know the quantity and quality of food to prepare
and the quantity and quality of charcoal per the different types of
food. Males headed homes will always opt for a cleaner energy that
is environmentally friendly (Esty and Winston, 2009). Results
showed that, respondents with the age between 36-60 years was
active group constituting about 56.5% of charcoal actors followed by
the age group between 0-34 years (34.7%) of charcoal users and
the group of people above 60 years (8.8%). Respondents in this
category were preoccupied with what have been done in the past
and were unwillingness to adopt. One of the respondents said,;

‘I have been practicing this for the past 30

years and | feel comfortable in using the

traditional cooking methods”.

Results further show that, about 42% of the respondents were
married. During the consumption survey, it was noticed that such
homes were organized and were knowledgeable of their daily
allotment for charcoal consumption. The issue of adoptability to
modern cooking technologies and fuel stacking strategy was highly
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likely in these homes. According to the aforementioned results
(Table 3.2) about 29% of the household’s heads attained a college
level education. These respondents were regarded as literate and
the findings were consistent with Venance et al. (2016) and as such
the probability of having a better understanding of sustainable
charcoal consumption practices and adoptability was highly likely
ceteris paribus. These results coincided with Emana et al. (2017)
who hypothesized that adoptability for the educated household’s
heads to new and efficient technologies was easy.

Household size was also an important socio-economic variable.
Results show that majority of the respondents had a household size
with more than 6 people. This implies that it will require huge
guantity of charcoal for food preparation because household size
and charcoal consumption are directly correlated ceteris paribus
This is in line with the study by Venance et al. (2016) who reported
that the higher the household size the more energy is consumed.
Furthermore, about 39.5% of the respondents were not employed
(Table 3.2). This suggests that majority of the household in the study
area have low or no income at all and hence adopting alternative
source of energy apart from charcoal was a challenge for them.
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Table 3.2: Respondents Demographic and Socio-economic
Characteristics (n = 386)

Characteristic Frequency Percentage
Sex Male 220 57.0
Female 166 43.0
Age 0 - 35 years 134 34.7
36 — 60 years 218 56.5
Above 60 34 8.8
years
Marital status  Single 153 39.6
Married 161 41.7
Divorced 24 6.2
Widow 43 11.1
Cohabitation 5 1.3
Education Illiterate 85 22.0
Level Elementary 33 8.5
Junior high 54 14.0
College 113 29.3
University 95 24.6
Post graduate 6 1.6
Household Less than 3 57 14.8
size Between 3—-6 144 37.3
Above 6 185 47.9
Occupation Not employed 152 394
Employed 137 35.5
Entrepreneur 97 25.1

3.5.2 Types of energy sources used for cooking in Montserrado
County

Different types of cooking energies were identified in Montserrado

County. Table 3.3 shows that, charcoal is the major consumed

source of energy for cooking in all the four districts (Greater

Monrovia, St. Paul River, Careysburg and Todee). Findings show
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that, more than half (52%) of the respondents in the selected four
districts use charcoal as the main cooking energy source. Whereby,
Todee is the leading district that uses charcoal as their main source
of energy with (60%) of the respondents adhering to charcoal,
followed by Careysburg district with more than half of the
respondents (56%) using charcoal and St. Paul River only (50%)
responded to charcoal as their source of energy. While Monrovia
District had the least percentage (45.3%) of using charcoal as the
source of energy as compared to other districts. This implies that,
charcoal consumption is highly practiced in almost all of the
households and non-household residents. This is highly influenced
by the low level of income among the members of the four districts
as charcoal is mainly sold in small sacks which are very cheap and
affordable by households as compare the other available energy
sources. The results are in line with the study by Nyamoga et al.
(2022) who reported that income level has a significant effect on the
choice of the type of energy consumption among most of the
households in sub Saharan countries. It is expected to be the
predominant energy source for years because it is affordable,
accessible, and convenient to use compared to other forms of
energy (i.e. electricity and petroleum gas). The price, affordability, of
charcoal as compare to other efficient energy sources may seem
more economical from the consumer's point of view but the
opportunity cost is enormous, environmentalist must be emphatic
that the price of charcoal is a mirage. According to research
conducted, the true cost of charcoal is not the amount paid daily to
meet the cooking needs of households but rather benefits such as
environmental values. How well does the price represent the lost to
provision of the forest ecosystem services? If only we can find a
balance between this economic activity and its related
consequences, the economy will benefit. Furthermore, in Monrovia
and St. Paul districts, electricity was the direct substitute to charcoal
consumers (interchangeability) while in Careysburg and Todee
districts charcoal was the direct substitute to firewood consumers
ceteris paribus. This transition was facilitated by improved socio-
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economic statuses of household’s heads and the infrastructure
development of the districts.

Types of energy sources

200
150
100 7
61 51 53
24 4 138 28 2
50
pal 3 BL ,m8135 6 -L's 5 E.LGI4 4
0 a— — h - - -—
(n=386) (n=150) (n=56) (n=90) (n=90)
Montserrado Monrovia St. Paul River  Careysburg Todee
County
Firewood Charcoal Kerosene Gas M Electricity

Figure 3.2: Types of energy sources in the study area

Moreover, the primary type of energy for cooking in Africais
fuelwood, and charcoal (Bensch et al., 2021; Meng et al., 2021).
Although, these traditional cooking methods are often inefficient and
contribute to deforestation and greenhouse gas emissions (Meng et
al.,, 2021). According to the International Energy Agency (IEA),
Africa’'s energy demand is expected to increase significantly in the
coming years, with a growing demand for modern and clean cooking
solutions. Efforts are being made to promote the use of clean
cooking solutions, such as biogas, and electric stoves, which are
more efficient and environmentally friendly. However, the transition
to clean cooking solutions faces several challenges, including
affordability, accessibility, and cultural preferences for traditional
cooking methods.
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Table 3.3: Types of energy for cooking in Montserrado County
and its districts

Montserrado . .
Type of Monrovia St. Paul River = Careyshurg Todee
County
energy
(n=386) (n=150) (n=56) (n=90) (n=90)
Firewood 24 (6.2) 3(2) 2(3.6) 6(7) 13(14)
Charcoal 200 (51.9) 68 (45.3) 28 (50) 51(56) 53(60)
Kerosene 67 (17.4) 21(14) 8(14.2) 22(24) 16(18)
Gas 61(15.8) 38(25.3) 13(23.2) 6(7) 4(4)
Electricity 34 (8.8) 20(13.3) 5(9) 5(6) 4(4)

NB: Number in brackets represent percentages.

3.5.3 Impact of high rate of charcoal consumption

The most mentioned impact of high rate of charcoal consumption
were identified by the majority of the respondents as illustrated in
(Table 3.4) including deforestation as among the impact high rate
averaging about 65.5% of the respondents equivalent to 235 people
strongly agreed that deforestation was the major impact, 32.12% of
the respondents equivalent to 124 agreed, 2.38% of the respondents
equivalent to 27 people disagreed. This finding is similar to the study
by Hofstede (2009) and Grainger (2013) who found out that in
almost all countries where charcoal is produced expressed concern
about the deforestation and forest degradation that occurs as a
result of the production process. Moreover, Luoga et al. (2002)
found that the removal of 4.64 t/ha for charcoal production on public
lands in Tanzania's Morogoro region exceeded the mean annual
increment of 3.15 t/ha, implying that harvesting was causing forest
degradation through changes in the structure and composition of the
vegetation.

Furthermore, results in Table 3.4 show that, the impact on soil
occurs on an area with high rate of charcoal production. About
25.13% of the respondents strongly agreed, 22.54% agreed, 34.72%
disagreed and 17.61% strongly disagreed. These findings are in line
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with the study by Rodrigues and Junior (2019) who reported that the
extreme heat generated during the carbonization process, as well as
the digging to make a pit and/or soil to cover the wood pile, have a
significant impact at the kiln site. Low impact occurs in the vicinity of
the kiln where the wood is harvested. Soil impacts in the harvested
area are likely to be comparable to those of any low impact forest
clearing that does not result in land use change.

Greenhouse gases emissions particularly CO, was another impact.
Table 3.4 shows that 13.47% of the respondents strongly agreed,
36% agreed, 29% disagreed and 22% strongly disagreed. The result
implies that there is some level of awareness among the
respondents about the impact of greenhouse gas emissions,
particularly CO, emissions. A majority of the respondents either
strongly agreed or agreed that greenhouse gas emissions,
particularly CO, emissions, have an impact. However, a significant
percentage of respondents (29%) disagreed or strongly disagreed,
which suggests that there may be some lack of awareness or
understanding among a subset of the respondents about the impact
of greenhouse gas emissions on the environment. These findings
support what has been reported by Withey et al. (2019) that
emissions from charcoal production contribute more to global
warming than emissions from charcoal combustion.



52

Emvironmental impact of charcoal consumption
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Figure 3.3: Likert Scale analysis 4 response scale on
environmental impact of charcoal

Effects on catchment hydrology has also been identified as the
environmental impact of high rate of charcoal production. Table 3.4
show that about 14% of the respondents strongly agreed, 41%
agreed, 20% disagreed and 25.35% strongly disagreed.
This means that on charcoal production around the water catchment
areas there is an increase in discharge of river water. The results
are similar to Rajaei et al. (2018) who reported that the immediate
result of forest clearing is an increase in runoff from watersheds. The
capacity to supply regular and efficient electrical power by Mt.
Coffee Hydropower Plant in Harrisburg Township, Careysburg
district Montserrado County is diminished especially during the dry
season as a result of forest degradation caused by the
unsustainable harvesting of the forest resource for economic
reasons. The anthropogenic activities tend to negatively affects
normal economic activities thus increasing the hardship to local
communities.
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Table 3.4: Environmental Impacts of High Charcoal
Consumption

Strongly Agree Dis St_rongly
Agree agree Disagree
Impact
p Co Percen Co Percen Co Percen Co Percen
unt tage unt tage unt tage unt tage
(%) (%) (%) (%)
Defores o0 655 124 3212 27 238 0O 0
tation
Impacts o2 5513 87 2254 134 3472 68  17.61
on soil
Greenho
use
gases 52 1347 139 3601 112 29.02 83 215
emissio
ns
Effects
on
Zii‘:hm 53 1373 158 4093 77 19.96 98 2538
hydrolo
gy

3.6 Conclusions and Recommendations

3.6.1 Conclusions

Based on the study findings, it can be conclusively established that
charcoal serves as the primary source of energy for cooking in all
four districts under investigation. Notably, among these districts,
Todee emerges as the prominent area where charcoal is extensively
utilized as the main energy source. Conversely, Monrovia District
exhibits the lowest consumption of charcoal when compared to the
other districts, indicating that alternative energy sources may be
more prevalent in this locality. The study has provided clear
evidence that the high rate of charcoal consumption has
considerable ramifications, as indicated by the majority of the
respondents. Of particular concern is the impact of deforestation,
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which was identified by a substantial majority of respondents as the
primary consequence resulting from the high rate of charcoal
consumption.

3.6.2 Recommendations
As means of mitigating the adverse effects of deforestation and
forest degradation in Liberia, it is recommended that:

Promote Sustainable Energy Alternatives: To mitigate the
environmental impact of high charcoal consumption, it is
essential to encourage the adoption of sustainable energy
alternatives for cooking and heating. Initiatives promoting the
use of cleaner energy sources, such as biogas, solar
cookers, or improved cook stoves, should be implemented
and supported.

Awareness and Education Campaigns: Launching targeted
awareness and education campaigns can raise public
awareness about the negative consequences of excessive
charcoal consumption, particularly deforestation. Informing
communities about the environmental, social, and health
implications will encourage more responsible energy choices.
Strengthen Forest Conservation Measures: Collaborate with
local communities and authorities to implement and enforce
effective forest conservation measures. Encouraging
sustainable forest management practices can help reduce
the indiscriminate cutting of trees for charcoal production.
Policy Interventions: Develop and implement policies that
promote sustainable energy practices and regulate the
charcoal industry. This may include incentives for using
alternative energy sources and measures to curb illegal and
unsustainable charcoal production.

Community Engagement: Involve local communities in
decision-making processes related to energy use and
conservation. Engaging with residents can help identify their
specific energy needs and find culturally appropriate and
acceptable solutions.
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CHAPTER FOUR

4.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

4.1 Summary of Major Findings

The following is a condensed overview of the key results and
discoveries from the study, presented in a chronological order as
outlined in the two manuscripts. The summary aims to highlight the
major findings in a clear and concise manner, while also providing a
logical flow of information that mirrors the order of presentation in
the original manuscripts.

4.1.1 To determine households’ charcoal consumption
influencing factors

This objective aimed to determine households’ charcoal
consumption influencing factors in the study area. Whereas, the
findings showed that education level, number of meals, price of
charcoal and household size were statistically significant associated
with household’s charcoal consumption in Montserrado County.
Moreover, age of household was positively associated with charcoal
consumption despite of not being significant Education level plays a
significant role in the consumption of charcoal.

4.1.2 To determine challenges associated with charcoal
consumption in the study area

In objective two, the study aimed to determine the challenges
associated with charcoal consumption in the study area. The results
of the study indicate that there are several challenges that affect the
consumption of charcoal in the study area. Among these challenges,
the high price of charcoal is a major concern that has significant
implications for households and their ability to afford this essential
energy source. This is further exacerbated by the low quality of
charcoal available in the local market, which can impact the
effectiveness of the fuel for cooking and other household activities.
In addition to these factors, the dirtiness of homes resulting from the
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use of charcoal is another key challenge that affects the overall
quality of life for residents in the area.

4.1.3 To determine the main source of energy in the study area
Objective three of the current study aimed to look at the main source
of energy in the study area. The study findings revealed that that
charcoal is the mostly used energy source for cooking, where Todee
District experience a greater number of respondents (60%) that
opted for charcoal as the main source of energy while Monrovia
being having the least number of respondents (45.3%) who opted
for charcoal as their main source of energy.

4.1.4 Determine the environmental impact of charcoal
consumption

Objective four of the study aimed to determine the environmental

impacts of charcoal consumption. The study findings showed that

the charcoal consumption has effects to the environment,

deforestation being the most agreed mentioned environmental

impact by the respondents.

4.2 Conclusions

Based on the study findings and discussions, several factors were
identified as statistically significant in association with household
charcoal consumption in Montserrado County, Liberia. These factors
include education level, number of meals, price of charcoal, and
household size, all showing notable correlations with charcoal
consumption. Households with higher education, income, and social
status tend to adopt energy stacking strategies, utilizing multiple
energy sources, including charcoal. Conversely, lower socio-
economic status households rely more heavily on charcoal as their
primary energy source. Household size also plays a significant role,
with larger households consuming more charcoal, likely due to
increased cooking and heating demands. The study further revealed
three main challenges affecting charcoal consumption: high prices,
low quality, and resulting household dirtiness. Additionally, the
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impact of urbanization, population growth, and non-economic factors
may further contribute to increased charcoal usage, posing risks to
deforestation and forest degradation in Liberia. Overall, charcoal
emerged as the predominant energy source for cooking in all
investigated districts, with Todee district showing the highest
consumption and Monrovia District displaying the lowest, indicating
the possible prevalence of alternative energy sources in the latter.

4.3 Recommendations

Based on the findings of the study, several recommendations can be
made to promote more sustainable and efficient use of charcoal in
Montserrado County.

i. Promote Sustainable Energy Practices: Implement programs
to encourage the use of sustainable energy sources for
cooking and heating, such as biogas, solar cookers, and
improved cook stoves. These alternatives can reduce the
dependence on charcoal and mitigate the impact on
deforestation.

i. Raise Awareness and Education: Conduct awareness
campaigns to inform communities about the environmental
consequences of excessive charcoal consumption,
particularly deforestation. Educating households about the
benefits of sustainable energy options can foster responsible
energy choices.

iii. Regulate Charcoal Industry: Enforce policies and regulations
to ensure sustainable forest management and responsible
charcoal production practices. This can help curb
deforestation and ensure the quality of charcoal available in
the market.

iv. Support Research and Development: Invest in research and
development to improve the affordability and efficiency of
alternative energy technologies. Making clean energy
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solutions more accessible can drive adoption and reduce
reliance on charcoal.

Engage Local Communities: Involve local communities in
decision-making processes regarding energy use and
conservation efforts. Engaged communities are more likely to
adopt sustainable practices that align with their specific
needs and cultural values.

Introduce Incentives: Offer incentives or subsidies to
encourage households to switch to cleaner energy sources.
Lowering the financial barrier can make sustainable options
more appealing.

Monitoring and Evaluation: Establish a robust monitoring and
evaluation system to track progress in reducing charcoal
consumption and its impact on deforestation. Regular
assessments will inform future strategies and ensure the
effectiveness of interventions.

Collaboration and Partnerships: Foster collaboration among
stakeholders, including government agencies, NGOs, and
private sectors, to create comprehensive and effective
strategies for sustainable energy adoption and forest
conservation.
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APPENDICES

Appendix 1: Household Questionnaires for charcoal

consumption in Montserrado County.

Section A: General Information

1.

3.
4.
5.

Name of Enumerator-------

Date interview conducted (mm/d/yy)

Village--
Town--
District

Section B: Socio-Economic Variables of The Household

6.
7.
8.

10.

11.
12.

13.

14.

15.

16.

Age of the respondent in years:
Gender of household head: 1=male [ ], 2= female [ ]

Level of Education of the household: 1=llliterate [ ],
2=Elementary [ ], 3= Junior high [ ], 4=College [ 1.
5=University [ ], 6=others [], (specify)-------------

Marital status of the household head: 1=Single [ ], 2= Married
[ 1,.3=Divorced [ ]

4=Widow or Widower [ ], 5=Others (please specify) ------------
How many adults in the household: 1=none [ ], 2=less than 3
[ ],3=3-5[ ], 4=6 above [ ]

Size of household:

What are the ages of each household member? Please
specify

Household head occupation: 1= not employed [ ]
2=employed [ ]

If not employed, please  specify  source  of
INCOME......coiviiiiiiiieians

Household head monthly/daily income (LRD):

How many household members are employed?
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Section C: Household Consumption of Charcoal

17.
18.

19.

20.

21.

22.

23.

Does your household consume charcoal? 1=yes|[ ], 2=No | ]
If yes, what do you use charcoal for? 1=Cooking food [ ],
2=Boiling water [ ],

3=For ironing [ ], 4=0Others please specify

What other type of energy source do you use? 1=Kerosene [
], 2=Electricity [ ], 3=firewood [ ], 4=Gas [ ], 5=Others
please specify-------------=-mmmmmrmmme-

State the type of cooking stove: 1=traditional stove (cook pot)
[ ], 2=energy serving [ ], 3=gas stove [ ], 4=Electricity [ ],
5=0Others specify---------------------

What can you say as the main reason for consuming
charcoal? 1=affordable [ ], 2=available [ ], 3=higher energy
content [ ], 4=others specify---------------------

(select only one please)

What are things you look for when buying charcoal?
1=quality [ ], 2=cost [ ], 3=others please specify-----------------

What price you pay for a unit of charcoal?

Unit Cost (LSD)

Plastic bag (small) in kg

Plastic bag (medium) in kg

Plastic bag (large) in kg

Rice bag in kg

Others (specify)

24.

25.

26.

How much of charcoal do you consume in kg daily: please

How many meals you do prepare per day?

What do you say about the price of charcoal in kg? 1=
reasonable [ ], 2=too high [ ], 3=lower [ ], 4=other specify
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27.What are some of the problems in consuming charcoal?
1=high price [ ], 2=long distance [ ],3= low quality [ ],4=
limited supplies [ ], 5=others specify

28. What can be done to minimize the problem you have
mentioned in question 25? Explain---------

29. Do you experience changes in the supply of charcoal? Yes [
l,No[ ]
1=Increase, why? ----

30. When do you experience changes in the price of charcoal?
Please Specify ----------=====mmemmme e

31. What price do you pay for the alternative energy sources?

Unit Cost (LSD)

Kerosene

Gas

Electricity

Firewood

Others please specify

3.2 What are the challenges do you face which are associated with
charcoal consumption?

33. What are the environmental impacts caused by charcoal
production?

34. Does charcoal production increase the risk of deforestation and
forest degradation?
1=Strongly agree 2=Agree 3=Disagree 4=Strongly disagree
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Appendix 2: Non-Household Questionnaires for charcoal

consumption in the in Montserrado County.

Section A: General Information

10.

11.

12.

Name of Enumerator-------

Date interview conducted (mm/d/yy)

Village--
Town--
District
Business type -----------==mmmmmmmmmeen

Section A: Non-Household Consumption of Charcoal
Do you use charcoal? 1=Yes [ ],2=No [ ]

If yes, what do you use charcoal for? 1=Cooking food [ ],
2=Boiling water [ ],
3=0thers please specify-------

What type of energy source do you use? 1=Kerosene [ ],
2=Electricity [ ], 3=firewood [ ], 4=Gas [ ], 5=0thers please
specify--
Daily consumption of charcoal in kg? ------------------------o-m---—-

State the type of cooking stove: 1=traditional stove (cook pot)
[ ], 2=energy serving [ ], 3=gas stove [ ], 4=Electricity [ ],
5=0Others specify----- e

What can you say as the main reason for consuming
charcoal? 1=affordable [ ], 2=available [ ], 3=higher energy
content [ ], 4=others specify-----

(select only one please)
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14.
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What are things you look for when buying charcoal?
1=quality [ ], 2=cost [ ], 3=others please specify-----------------

What price you pay for a unit of charcoal in kg?
Unit Cost (LSD)
Plastic bag in kg

Rice bag in kg

Others (specify)

15.

16.

17.

18.

What can be done about the situation in question? Explain----

Do you experience changes in the supply of charcoal? Yes [
l,No[ ]
1=Increase, why? ----

When do you experience changes in the price of charcoal?
Please specify ---------

What price do you pay for the alternative energy sources?

Unit Cost (LSD)

Kerosene

Gas

Electricity

Firewood

Others please specify

19.

20.
21.

22.

What is the size of your customers?

How many meals you do prepare per day?

What are the challenges do you face which are associated
with charcoal consumption?

What are the environmental impacts caused by charcoal
production




