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Abstract

1) Background: The environmental, financial and social questions in Africa remain unanswered
up-to-date, with the rapid increase in human population and the demand for fuel energy, trigger
the need to generate data on the socio-economic factors influencing the knowledge of use and
adoption of family-sized bio-digesters. The increasing prices of fossil fuels and taxes on energy
sources require finding the alternative, clean and economical sources of energy for households in
developing countries. Moreover, in Africa, the consumption of firewood and charcoal continues
to increase, with wood fuel consumption predicted to increase by 2030 to over 140%. The study
objectives were 1) to determine the socio-economic characteristics of the people in Ngoma
district, 2) to assess socio-economic factors influencing people to use and adopt family-sized bio-
digesters.

2) Methods: Quantitative data collected with semi-structured questionnaires and interviews were
analyzed using descriptive statistics.

3) Results: The results show that many households had not realized the potential benefits of
biogas use and adoption in Rwanda. The study further found that a number of factors such as
household income levels, socio-economic, technological, and institutional influence the
household use and adoption of biogas energy.

4) Conclusions: At the end, the study suggests the need for all players such as Government,
Non-Governmental Organizations (NGO's) and local communities to work together to provide
incentives and favorable environment that can attract individual households to invest in biogas
energy production and utilization.
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1. Introduction

Energy is indispensable to human and the well-being of every society and it is the most
powerful keys for a country to measure its economic development. Thus, economic prosperity
and quality of life in most countries is/are linked to per-capita energy consumption, and serve as
great determinants and indicators of economic development [22]. Similarly, the level of energy
consumption in African countries determines the country’s economic development [16, 3].
Thus, access to clean energy is paramount and brings along with many socio-economic benefits
to the citizens in terms of poverty reduction, cost-effectiveness and safeguarding the
environment [16, 19]. Relying on wood fuel causes major environmental stresses of
deforestation, forest and land degradation, loss of biodiversity, as well as indoor and outdoor air
pollution. As a result, the World Health Organization (WHO) attributes 3.5 million premature
deaths each year to indoor air pollution caused by combustion of traditional biomass for cooking
[14, 23].

In order to eliminate the negative effects of relying on traditional biomass for cooking,
the study’s specific objectives were to assess socio-economic factors influencing peoples’ use
and adoption of family-sized bio-digesters and to determine the extent and level of use and
adoption of biogas as an alternative renewable source of energy. The hypothesis tested was
“Socio-economic factors do not significantly influence the use and adoption of biogas”.
Nevertheless, the increasing fossil fuel prices and taxes on energy require a study to find an
alternative, clean and economic sources of energy affordable and accessible to households and
nations in developing country economies.

In addition, the sustainable development goals on energy emphasize that global and
national economic and social developments adopt the set core principles guiding the innovative
technologies in renewable energy production in order to overcome the present and future energy
crisis [12]. In 2015, almost 20% of the global population in developing countries, approximating
to 2.5 billion people, relied on traditional biomass (firewood and charcoal) as a cooking fuel [13,
14], and in some countries, the ration reached as high as 80% [9]. Although traditional biomass
is renewable energy, its traditional use pattern of burning in open fires or use of three-stones or
stoves has led to enormous energy waste by utilizing only 5-10% of existing potential energy [7,
18, 4].

Africa is a net energy exporter, but the majority of its population lacks access to clean
energy, and many African countries rely on imported energy, yet energy is a key requirement to
improve all aspects of human life [2]. Access to energy, particularly modern energy, has
remained among the major challenges for most of the developing countries like Rwanda.
Rwanda, despite its endowment with the huge potential of renewable energy sources, such as
hydropower, wind, geothermal and biofuels, it still suffers from a severe domestic energy
problem [17].

Energy demand is a major reason for extensive climate change, resource exploitation and
restricts peoples’ standards of living. People living in Sub-Saharan Africa lack access to clean,
affordable, reliable and environmentally-safe energy and hence rely on solid biomass to meet
their basic needs for cooking [6]. This is a core dimension of poverty and a severe constraint to
development. Household income levels might not be the only major factor or consideration for
investment in biogas technology. Socio-economic and institutional factors operating from the
level of the national economy through individual households, all play important roles in
influencing rural household decisions to invest in biogas technology. Although the potential need
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is very high in Africa, the technology is at the embryonic stage, with many countries struggling
to meet their energy demands. It is a challenge for engineers and scientists to build efficient
domestic digesters with the materials available. Although many digesters are constructed, there is
the need for additional research and awareness to meet the changing patterns and conditions [10,

11].

2. Materials and methods
2.1 Description of the study area
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Source: Google Maps, edited by Musinguzi D, using QGIS version 2.14.0, May 2018
Fig.1: Map of Africa showing the location of Rwanda provinces and Ngoma district sectors

Relief and climate: The district of Ngoma (Figurel) is part of the low land areas of
Eastern Rwanda, a region essentially marked by hills with low slopes, with an average altitude of
between 1400m and 1700m above sea level. The original relief is a plateau strongly dissected by
tectonic movements of the quaternary gully erosion, creating valleys and swamps. The relief of
the district influences its climate, which leads to the creation of a temperate climate prevalent in
the low altitudes areas. The annual average temperature is around 20°C.The thermal rhythm is
marked in whole by the alternation of the rainy season, with inter-annual variations linked to the
general movement of massive air currents coming from the Indian Ocean.
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The Flora and fauna: The dominant natural vegetation of the district of Ngoma is
savanna landscapes. It is a typical vegetation of the East African basin, with vast lands of grass
with scattered shrubs of various species. The westemn part of the district is constituted of vast
wetlands constituted by depressions of fluvial-lakes of the Akagera that offers a typical
landscape of lakes and swamps.

Agriculture and industry: Cattle keeping and cultivation of food crops such as banana,
cassava, and beans characterize the district of Ngoma. Although there have been problems of
crop pests and diseases such as banana bacterial wilt that has been affecting production,
measures have been put in place to curb the scourge, for example, farmers have been provided
with resistant crop varieties. Ngoma District does not have many industries except few industries
dealing in dairy processing due to the abundance of cattle rearing in the area.

2.2 Study design, tools for data collection and sample size

The study used a cross-sectional survey design to traverse the entire Ngoma district and
to identify households with family-sized bio-digesters. Using purposive sampling on the selected
households, the study used face-to-face interviews with household heads and local leaders in the
district involving 105 respondents out of 145 identified during the survey. The study
administered semi-structured questionnaires and convened focus group discussions to household
heads, to obtain both qualitative and quantitative data.

Table 1: Selected sample size distribution (N=145, n=105).

Ngoma district N Sample size, n Percentage (%)
North 38 29 27.6
South 36 25 23.7
East 36 26 25
West 35 25 23.7
Total 145 105 100

Data collected using different methods were analyzed using the Statistical Package for Social
Scientists (SPSS) Version 16.0 for windows operating system. The factors influencing peoples'
ability to adapt and use biogas were analyzed by several techniques including descriptive statistic
tests, univariate and multivariate analysis, one way ANOVA, as well as Pearson correlation
coefficient matrix.
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3. Results
3.1. The Socio-Economic Characteristics of the People in Ngoma District
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3.2. Socio-Economic issues and adoption of the use of biogas in Ngoma District

Table 2: One-Sample Kolmogorov-Smirnov t-Test

Socio-economic responses to peoples' use and adoption of 95% Confidence
biogas technology Sig. Intewal of the
(- Mean Difference

T Df |tailed) | Difference | Lower Upper
Like using biogas as alternative energy source 38.2 1105/ 0.00 | 2.36 2.24 248
Biogas is cheaper than other fuels 38.2 1105/ 0.00 | 2.32 2.20 2.44
Biogas is smoke free and convenient 54.1 |105/0.00 | 3.19 3.08 3.32
Biogas is easy to use in Ngoma district 50.8 105/ 0.00 | 2.19 2.11 2.28
Prefer to use biogas to conserve the environment 374 1105/ 0.00 | 2.46 2.33 2.59
?ffeﬁﬁ?ifﬁc‘fe ofbiogas due to lack of 280|105/ 0.00| 250 | 232 | 2.68
Biogas use is affordable in my area 31.2|105/ 0.00 | 2.08 1.94 221
Biogas is a renewable energy option 432105/ 0.00 | 3.14 3.00 3.29
Biogas is easy to make 26.2 {105/ 0.00 | 1.97 1.82 2.12
Biogas cooks better than other fuels 58.7 1105/ 0.00 | 3.42 3.30 3.53
Biogas cooks faster and saves time 719 1105/ 0.00 | 3.35 3.26 3.44
Biogas less dangerous and can be used by children 579105/ 0.00 | 3.08 297 3.18
Biogas family sized digesters are cheap and affordable | 38.7 [105| 0.00 | 2.12 2.01 223
Biogas keeps the cooking environment clean 448 (1051 0.00 | 2.69 2.58 2.82
Levels of use of biogas from local organic materials 50.7 105/ 0.00 | 2.76 2.66 2.87
Biogas is the most common source of fuel in Ngoma 46.2 |105/ 0.00 | 1.94 1.86 2.03
If\h/[;llr;y people find biogas more reliable to use than other 365 1105 000 | 231 719 5 44
Ie\illzjr(;r;ty depend on biogas as an alternative source of 315 11051 000 | 158 1 48 167
Locally, communities like biogas as it is health risk free | 58.8 [105| 0.00 | 3.54 3.42 3.66
Biogas is used for other purposes than for cooking only | 57.4 |{105] 0.00 | 3.15 3.04 3.26

The hypothesis was “socio-economic factors do not significantly influence the use and adoption
of Biogas. The value of t-Test obtained was 0.00 < a 0.05, 2-tailed, df= 105 and the null was
significant. The results implied that socio-economic factors are responsible for peoples’ use and

adoption of biogas technologies as alternative energy sources (Table 2).
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Table 3: A Pearson correlation coefficient matrix of the associations amongst the socio-
economic factors that influence peoples’ use and adoption of biogas technology

SEX | MS ED [LBGAS| BGC |BSCV| DGP | BAFF | BEM | BECB |BCFT | BCEC|BCML|BGW

SEX 1.000
MS 0.209°( 1.000
ED 0.028( 0.057( 1.000

LBGAS 0.046( 0.063( 0.108 1.000

BGC -0.070 0.013 0.073] 0.407™| 1.000

BSCV -0.051| 0.046 0.165] 0.419"| 0.486™| 1.000

DGP 0.067| 0.057| 0.126] 0.454™| -0.082| 0.169] 1.000
BAFF -0.109| -0.045] 0.020° -0.260™"| -0.020[ 0.029]-0.021| 1.000
BEM -0.065| 0.084| 0.046[ 0.175| 0.3477| 0.010] 0.039| -0.196° 1.000

%

BECB 0.060( -0.005| 0.092 0.258"| 0.2187 -0.015( 0.035| -0.33"| 0.42 1.000

BCFT 0.446"

-0.136| -0.044{ 0.211°| 0263 0.270™ 0213 0.136] 0.136[ 0.226°| 1.000

BCEC 0.012]-0.011| 0.000| 0.228°[ -0.195" 0.079| 0.052| -0.163|-0.086 -0.100| 0.065| 1.000

BCML 0.053]-0.026] -0.105 0.028 -0.001] -0.116[-0.126] 0.012{ -0.046( 0.238%| -0.128] -0.094| 1.000

BGW -0.133]-0.055| 0.099| 0.203"| 0.149| 0.111]| 0.227°| -0.097| -0.016| 0.031|-0.088| 0.187*| 0.009|1.000

*, Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed).

SEX= Sex of respondent, MS=marital status, ED=education qualification, LBGAS= Like using biogas as alternative energy
source, BGC= Biogas is cheaper, BSCV= Biogas is smoke free and convenient, DGP= many people have not adopted
biogas use because of lack of government policy, BAFF= biogas is affordable in my area, BEM= biogas is renewable
energy, best option and easy to make, BECB= biogas cooks better than other sources, BCFT= use of biogas saves time and
money, BCEC= use of biogas is less dangerous to women , children and keeps environment clean and hygienic, BCML= the
cost of maintaining biogas is low, BGW= Biogas is not affected by weather and its obtained from locally available materials.

4. Discussions

The analysis on the rural populations of Ngoma district (Figures 2, 3 and 4) for the
demographic and socio-economic characteristics of households was to establish their critical
roles in influencing biogas technology use and adoption. A household defined adoption in this
study as the production and use of biogas energy from a family-sized bio-digester. Explanatory
variables used in the study of the peoples’ adoption process for biogas technology were found to
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lack firm theoretical basis because various factors were found to affect the adoption process.
Most rural household heads who were farmers considered a variety of other issues beyond socio-
economic well being, including non-economic factors such as peoples’ perceptions. A large
number of respondents used in the study were male, between the ages of 36-45 years (Fig.4).
This was because men were responsible for the most installations of bio-digester materials that in
practice require manual labor and traveling long distances for the purchase of equipment.
Education levels of people were used to relate to the status of family livelihood, economic
activities, and capacity to establish and maintain a family-sized bio-digester. The considerable
amount of existing literature on adoption behavior concurs that social, personal, physical,
economic and institutional factors are key determinants of the biogas adoption process as an
alternative renewable energy source [5].

Social and economic factors were important in determining the answers to the issues that
seemed to increase accessibility of alternative and renewable energy sources as a substitute for
hydroelectricity and wood fuel to the rural poor in Ngoma district (Table 2). The research
findings addressed the following issues in question:-

i) Can the rural poor people afford the initial investment and maintenance costs for family

sized biogas digesters in Ngoma district?

ii) Do the poor people have access to finance/credit incentives from the Government of

Rwanda?

iil) Is there a commitment from national government authorities in disseminating the biogas

technology information?

iv) What is the economic efficiency of households using biogas energy?

The results suggest that between 80-90% of Ngoma, households rely on wood biomass fuels
and 72% do not use improved energy saving stoves for cooking. These results almost are in line
with the findings of World Health Organization of the United Nations [21] on biomass energy
for Sub-Saharan Africa. Biogas fuels require money or time to obtain them especially the
purchase of materials for construction of family- sized biogas digesters (Table 2). The
respondents appreciated that even if the installation requirements for this latest renewable energy
technology were still expensive for many households, an integrated biogas system could promote
good sanitation and hygiene programme in cooking and lighting, coupled with a multitude of
other benefits to society. For example, a rise in agricultural production of approximately to 25%
as sludge from bio-digesters can be organic manures in crop fields, new jobs, household
workloads being cut by two to three hours a day as more time is saved using biogas than time
spent in collecting fire wood from distant forests, better health and quality of life, fewer trees
being cut down for firewood, more fertile soil, higher agricultural production, fewer greenhouse
gas emissions, a cut in health costs between 60 and 100 Euros per family per year, a saving of
6,400 tons of fossil fuel per year, a saving of 3 to 4 million tons of wood per year and an annual
reduction in greenhouse gas emissions of 10 Mtons of Carbondioxide (COy).

In India as cited in a statement [8], had established similar findings in a study:
“....promoted as an appropriate rural technology for several decades in India, the
application of biogas technology in the rural areas lies in the fact that it enables effective
utilization of locally available resources. For the rural poor, this technology provides a
clean and convenient fuel at a low cost, being environmentally benign at the same time
....benefits accrue at the user level as well as at the community and global scale.”
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However, social stigma was found to exist against the use and adoption of biogas
technology by the people in Ngoma district because of cultural beliefs. Many people consider the
taste of food cooked by biogas to be inferior to that cooked on a wood or charcoal stove. This
suggests a low population of individual households appreciating the use of biogas as an
alternative energy source (Figure. 5). On the questions as to whether many people find biogas
more reliable to use and whether all the rural people in Ngoma district could afford installation
of biogas family-sized digesters, 65% of the respondents agreed to the reliability of biogas, but
35% had to disagree, mentioning reasons such as lack of or inadequacies in supply sources for
raw organic materials. It can be noted from Table 2 that of the eight household heads interviewed
for similar questions, the variations in their responses ranged least in strongly agree and strongly
disagree but a large number of respondents had to agree or just disagree with the average of 95%
confidence interval difference of less than 2%. Such results are an indication that biogas as a
renewable alternative source of energy for the rural poor in Ngoma has not taken roots in
adoption and applicability. Thus, immediate interventions by the government and other bodies
are a necessary requirement for this concern.

The study used a Pearson correlation coefficient matrix to study how different socio-
economic and peoples’ perceptions were relating to one another concerning the adoption and use
of biogas fuels (Table 3). Understanding these associations was necessary for determining the
factors that need more attention by the government and other stakeholders involved in promoting
the use of alternative energy sources in rural populations such as biogas rather than dependence
on hydro electrification that are hindered by financial, technological, and physical factors like the
terrain of some mountainous places in Rwanda.

Comparison of ratios of strength of associations within different factors was done using a
Pearson correlation matrix (Table 3) and the results obtained were:- Sex/MS (r = 0.209*) weak
positive association significant at o = 0.05 level, 2-tailed, Education qualification (ED) of
individual households was associated with (LBGAS r=0.108, BGC r = 0.407* significant at o =
0.05, BSCV r=0.419**, significant at a = 0.01, 2-tailed, DGP r = 0.454* significant at a = 0.05,
2-tailed) while BSCV/LBGAS was at r = 0.486* significant at a = 0.05, 2-tailed, indicating
moderately positive associations of these factors, except ED/LBGAS of r = 0.108 which was a
weak positive.

The above associations imply that at least one factor was predicted on influencing a
person’s attitudes and perceptions on the use and adoption process to biogas technology
applications. The other associations established by the matrix included BAFF/MS r = 0.320*
significant at o = 0.05, 2-tailed, BEM/BGC r = 0.347** sig. at o = 0.05 2-tailed, BEM/BAFF
r=-0196* sig. at o = 0.05, 2-tailed strong negative correlation, BECB/LBGAS r = 0.258** sig.
at a = 0.01, 2-tailed, BCFT/BGC r = 0.446** sig. at a = 0.01, 2-tailed moderately positive, while
BCML/ED had r = 0.000 showing no association and BCML/BGC/BECB had r=-0.195%*, sig.
at o = 0.05 2-tailed/r = 0.238* sig. at o = 0.05 2-tailed respectively. The associations could
suggest that each paired factors have an identical influence on the use and adoption of biogas
technology by rural populations in Ngoma district. Efforts to introduce biogas digesters should
focus in areas where socio-economic factors are most favorable and the choice of digester design

should be tailored to maximize the local chances of success.
Smallest size Biogas gas plants having a capacity of 1m® can meet the cooking and
lighting needs of a generally small family of 3-4 members (Table 4). The bigger family size of a
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6-m’ capacity plant can fully meet domestic needs of a comparatively large family (18-24

members). An increase in the number of cattle owned by a household increased the likelihood of
a household adopting biogas. In Ngoma district, cattle are the major source of substances/ raw
materials for biogas production. Other sources of raw materials such as crop residues; household
and industrial wastes have not been fully harnessed, mainly due to limited technical skills. The
number of cattle owned by a household has a direct impact on the number of other important
decisions related to biogas utilization and adoption process. It was contended that selecting the
size of a biogas plant to be installed depends upon the number of persons to be served or the
quantity of cow dung available and stress that selection of unsuitable bio-digester capacity that
does not match the availability of the cow dung renders the biogas technology uneconomical
[20]. A previous study found that two heads of cattle per household per day were adequate for
the necessary substrate required daily for gas production from a family-sized digester (Plates 1, 2
3, 4), [1]. Based on the results of this study, where the average number of cattle owned by a
household was 5 for biogas users and none for non-users, it was much more easier for a
household to afford construction of a family sized bio-digester and sustaining it given a better
income or presence of livestock compared to poor households with even no livestock. Although,
in some homesteads, it seemed difficult to effectively and constantly feed the dung into the
biogas chamber due to the commonly practiced free-range system of rearing cattle that could
greatly affect the quantity of cow dung available for biogas production.

5. Conclusions

Biogas technology has not been fully embraced in Ngoma district despite the numerous
advantages and demonstrated experiences as a good waste management strategy and an
alternative renewable energy source. A number of factors were found to influence household use
and adoption of biogas technology. These included household income levels which could affect
the consideration for investment in biogas technology, socio-economic and institutional factors
operating from the level of the national economy through the individual households, all played
significant roles in retarding households from making decisions on investing in biogas
technology, laxity of government to provide incentives and a favorable environment that could
attract individual households to invest in biogas energy production and utilization. Among other
socio-economic factors retarding the rapid adoption of households in Ngoma to Biogas
technology were cited as the size of cattle herd owned by a household was because cattle
provided cow dung as the major substrate to feedstock into family-sized bio-digesters.

6. Patents
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Appendix A: Photographic Presentations of the Use of Biogas in Ngoma District

The Plates 1 to 3 below demonstrate different ways and the locally available resources
(raw materials) used by the rural people in Ngoma district-Rwanda to make biogas. The designs
are suitable for single family-sized bio-digesters to provide energy for cooking and lighting in
homes where otherwise hydroelectricity could not be affordable or sustained. However, the other
observation included understanding the pre-requisite to the availability of biogas raw materials
where a household needed to have some livestock in addition to plant wastes.

Plate 1: A household head-collecting cow dung Plate 2: Cow dung put into a bio-digester
(Source: Field study, 2018)
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Plate 3: Mixing cow dung with water and internal construction of family-sized bio-digester

(Source: Field study, 2018)

A regular supply of water is essential for the operation of biogas plants as this facilitates
rapid anaerobic decomposition of organic matter (plate 3). During the construction of a bio-
digester, it is very important to decide on the size of the digester (Plates 3 and 4). This will
depend on how much biogas is needed to meet daily cooking and lighting requirements,
availability and amount of livestock manure and water (for example: distance of accessibility of
water, number of cows, goats or other livestock available and the materials available on site
(bricks) for construction of the bio-digester (Plates 4 (a), (b), and 5 (a), (b) ) below.

-

Plate 4: Completed dome-shaped bio-digester (a) (b) Constructed bio-digester with backfilling
(Source: Field study, 2018)
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Plate 5: A Completed biogas plant with bio-slurry (a) Biogas plant fiberglass type Turret with the main gas valve (b)
(Source: Field study, 2018)

Water mixed with wastes placed in the bio-digester and stirred to make vicious matter
then flows into the anaerobic chamber-dome. The temperature of the process is quite important
because methane-producing bacteria do their work best at temperatures between 30 — 40°C or 50
— 60°C. It takes from 2 to 8 weeks to digest a load of waste, depending on the temperature. The
leftover slurry that is removed at the outlet for use as fertilizer (Plate 5 (a), while the gas
(Biogas) is taped at the gas valve terminal for cooking, lighting, and other purposes Plate 5 (b)).
A household bio-digester unit normally has the gas production capacity to meet all the cooking
and 2-4 hours of lighting needs for a family.
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