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ABSTRACT

The use of biogas in Eswatini is encouraged
opportunity for renewable energy generation i

clifpate and availability of organic waste, with
d health and environmental benefits. This study
with the objective of identifying the relevant factors

that determine the success of biogas s y is based on local experience through a survey of about
twenty biogas pilot installations in Es@@tni. ollected using desk studies, field observations, interviews
and focus group discussions. The espite the existence of good potential, most of the biogas
projects in the past experiencedgp criog and were abandoned due to a multitude of factors related to

projects need to carefull
be accompanied by p
and reduce failure r

ant factors at both the planning and implementation stages and shall
iglics with program and project support in order to realize the full benefit
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al energy crisis as a result of increasing energy demands, the high cost and lack of
availability of non-renewable energy resources such as energy generated from fossil fuels,
coals, etc., [1]. The consumption of fossil fuels is dramatically increasing along with
improvements in the quality of life, industrialization of developing nations, and increase of the
world population [2]. It has long been recognized that this excessive fossil fuel consumption
not only leads to an increase in the rate of diminishing fossil fuel reserves, but it also has a
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significant adverse impact on the environment, resulting in increased health risks and the threat
of global climate change [3]. In addition, the lack of alternative energy resources, the high cost
of energy in the form of electricity or fossil fuels, increasing deforestation associated with the
production of wood as energy resource in rural areas, and the increasing impact on climate
change of the use of fossil fuels as energy resources provide further reason for considering the
use of renewable energy resources. The depletion of fossil fuel reserves, the increasing
generation of wastes and global warming concerns encourage increasing interest and research
on the use of biogas generated from renewable resources [4].

The use of renewable energy resources such as the biogas is also part of the means of
achieving sustainable development, which is the use of available resources without
jeopardizing the well-being of future generations. The use of renewable energy r. rces is

such as dung, fuel wood, and charcoal. These technologies are usuall§
but require less inputs of labor and fuel, and produce less polluti

Renewable energy resources include energy generated
biomass, geo-thermal energy and energy generated frop
renewable energy resources provide 14% of the globa @m
biomass, hydro power energy, geothermal energy, solar po wind Ppower and marine energy
resources [3]. Renewable energy is having a fi Severy field of the world like

called solar/wind hybrids. This technolo
(PV) panels to produce higher level

produces minimum secondary gfasteNgnd a
economic and social needs [8].

Renewable energy res thQt arggsed to satisfy the energy demands at the domestic
house level have the p a zero net emission of both air pollutants as well as
Green House Gases (¢ t th€ Conference of the Parties, COP 21, The United Nations

reduce their carbon emissions by 30% by the year 2030 and
[9]. Waste biomasses are considered carbon—neutral fuels
om their combustion is integrated into the virtuous cycle of

reach carbon ne
because the

for energy generation contained in the methane gas, which is by product
entation of biomass, is a widely existing practice in areas where biomass
has been implemented at household, institutional and industrial levels.
ilable waste materials such as cow manure can be easily digested through
rocess to yield energy [2]. Biogas energy can be used for energy generation in
kitchen use for cooking foods, boiling water, as a source of electricity for rural lighting or
electricity feeding the national grid and even as source a of energy driving industrial processes
and cars. In rural areas, there is high dependence on fire wood as a source of energy, which
naturally leads to deforestation and land degradation through erosion, in addition to the
associated adverse effect on climate change. In many low- and middle-income countries of
Africa and Asia, biogas produced in small digesters is used in rural areas for heating, cooking
or lighting [11]. Biogas can produce energy at household levels in rural areas, which can satisfy
the daily cooking needs of a family. Biogas can be generated for lighting uses. There is also
potential for the use of biogas for institutional and industrial areas, Schools can use biogas
through waste generated from toilets and food wastes, etc. However, the use of biogas for



large-scale institutional and industrial application is limited in Africa because of technology
constraints compared to the more advanced countries [4].

Biogas not only provides energy needed for household uses in rural areas. It also contributes
to improvement of health, reduces poverty and contributes to the creation of local job
opportunities [12]. Several health impacts of biomass burning have been identified, including
chronic obstructive pulmonary disease, pneumonia, low birthweight and cataracts [13]. In
general, inefficient and/or insufficient management of wastes can result in environmental as
well as public health issues [14]. The use of slurry generated as byproduct from biogas use can
be used in agriculture which is an economical replacement to commercial fertilizers and
improves the soil health and yield of crops [15]. Bio-fertilizer (also called slurry) produced

Sadfndent
on natural factors to the same level as for example wind, water or even solar pofyer plMats\l 7].
However, in the case of biogas, energy production cannot directly take frg ‘!i" Snergy Bource,

making energy available [18].
The use of biogas improves the housing air environment co
by firewood, which can increase the risk of respiratory illnes

Qsmokes produced
women reduces

as the need to travel long distance and carry biomass to h i which is often the job
of women in rural areas. The digestate from the biogas 1 rtilizer and can be sold to
users in farming practices. Biogas creates further job ities. Biogas reduces the use of
fossil fuels, reduces the extent of deforestation, ra he inrts of energy and contributes
to reducing the impacts on climate change begfust que is converted to carbon dioxide,
which has less global warming potential th, use of biogas reduces the amount

of waste that needs to be disposed as g : he demand on the landfill sites to
accommodate such waste.

awareness and focus on health benefits and in
general health aspects particulaiyg i s [19]. In rural areas, cow dung is thrown and is
1 result, the environment becomes dirty, unhealthy,
le in the environment, which according to the World
a faCtor of transmission of more than 100 species of various
iseases. Furthermore, it is characterized by high level of
s ammonia, hydrogen sulphide, mercaptan, phenol, heavy metals,

and smelly [20]. Organg
Health Organization
pathogens of anigpa
hazardous substdf L
salts [21].

The jnstallation “edfe¥iogas systems in both the urban and rural settings has a net
i bendfit and contributes towards reducing the impact of global warming

e disposal. Cow dungs spread in the environment in rural areas have
ission of methane that has a global warming potential that is twenty times
at of carbon dioxide. Therefore, the conversion of methane to carbon dioxide
rning results in less overall effect on global warming. In addition, the slurry
produced is used as fertilizer for agriculture that recycles the waste and thus contributing to the
circular economy. The use of such slurry as fertilizer also reduces depends on inorganic
fertilizers, which are more expensive and have higher carbon footprint in their production and
transportation. The proper management of the biogas slurry also reduced pollution of surface
and ground water sources with organic matter, nutrients and pathogens from wastes that are
spread on the field.

The use of biogas reduces the extent of deforestation in search of firewood and the
associated problem of land degradation as well as the net carbon footprint as result of the
burning of firewood, which has a very low energy efficiency (10%).




In urban areas, dependence on non-renewable energy sources such as fuel, coal, etc., is
reduced by the adoption of biogas technologies. The price of electricity continues to rise in
Eswatini putting strain on the consumers who will then resort to the use of firewood as
alternative energy resource thus contributing to global warming.

This study has the purpose of creating a holistic understanding of the environment under
which biogas schemes succeed and of identifying the role different factors such as technical,
policy, institutional, socio cultural and economic factors for sustainable use of biogas facilities
in Eswatini with respect to the potential that exists in the country for energy generation from
blogas The study i is based on a survey of policies and national strategies for renewable energy

provides a useful information for the future planning and implemenf#i
Eswatini and beyond and will be interest to planners, design gvolved in biogas

section outlines the approach and methodolo
collection, the tools that were used for ¢
performance and environment surrou
information that were obtained, the a;

, current status of biogas projects in Eswatini,
yservagion of global biogas practice. The paper ﬁnally

practical steps to be i der 0 assist with a feasible and scalable implementation of
biogas schemes i

1.1. Bi Proc

e of carbon dioxide and methane gas that is produced through anaerobic
ic matter in which a solid residue called digestate remains after production
[22]. The anaerobic digestion biochemically decomposes both liquid and solid
organg tter by various bacterial activities in an oxygen-free environment [11]. Biogas is
as a renewable energy resource since waste is produced continuously and is
considered part of a circular economy since the organic waste is continuously recycled as
fertilizer. Anaerobic digestion is a robust, tried and tested treatment technology that can also
be used for the treatment of solid waste there by reducing the emission of greenhouse gases
while producing sustainable energy [23].

Historically, the initial sources of biogas production came from the treatment of sewage
sludge produced from aerobic treatment of wastewater and animal manure. Later, application
expanded to liquid wastewater and the organic fraction of solid waste. Industrial application of
biogas digesters appeared in the middle of the Twentieth century and the interest in biogas
increased in the 1970s after the global energy crisis [24]. In the eighties, industrial wastewater

nologies, and Implementation Challenges




treated by anaerobic digestion began to grow and worldwide, the overall number of anaerobic
reactors treating industrial wastewater reached over two thousand and kept on increasing since
then. The main focus of anaerobic digestion optimization has been about kinetics of soluble
substrates, considering acetogenesis and methanogenesis as the limiting step [25]. Scientific
and industrial experiences, together with economical and policies changes of last 30 years,
bring anaerobic digestion among the most environmental friendly and economically
advantageous technologies for organic waste treatment and management in Europe [26].
Industries and households use biogas for heating, food industries resort to biogas as cleaner
energy source that does not produce odor and particle emissions.

A broad range of biomass sources can be used as substrate for the production of biogas.

digestion of different types of wastes as a mixture, which results in
well as stability of performance [30]. The suitability of a giyg
digestion shall be evaluated in terms of parameters such as
moisture content, pH and the soluble and insoluble biode
The steps in the anaerobic decomposition process
acetogenesis, and methanogens [31]. The operationg onitoring the anaerobic
Ca en ratio (C/N), waste loading

rate, retention time, extent of mixing of wast ~ , pPH [32], [33]. The acidification
control is required. This happens
for example during the digestion of easily@§ Organic matter and the production of
a large amount of Volatlle fatty a01 ification can be avoided through co-

esence of ammonia, sulfide, metal ions, heavy
stances are often found to be the leading cause
e they are present in substantial concentrations in

SamdPosition process is classified according to the reaction temperature as
philic or with respect to solids concentration as high or low solids or with
B&ing mode as either batch fed or continuous process [40]. The anaerobic
es are also classified in different ways such as on the basis of the reactor
ting parameters such as pH, total solids, volatile solids contents and
ility of substrate [41], [42]. The range below 20 °C is termed psychrophilic and
is not suitable for anaerobic digestion as the reaction rate is very slow. Mesophilic systems are
considered more stable and require less energy input than thermophilic digestion systems.
However, the higher temperature of the thermophilic digestion systems facilitates faster
reaction rates and faster gas production [43]. Dry digestion is recently employed which has the
advantage of small reactor volume, low energy required for heating, better performance at
higher organic loads, greater gas production and greater tolerance to presence of substances
such as plastics, sand and grit while producing compost-like substrate as a byproduct that is
easier to handle than the wet substrate [41]. Liquid anaerobic digestion/wet fermentation refers
to substrate with total solids lower than 15% whereas solid-state digestion/dry fermentation
refers to substrate with total solids higher than 15% [44]. Animal manure, sewage sludge, and



food waste are generally treated by liquid anaerobic digestion, while organic fractions of
municipal solid waste and lingo cellulosic biomass such as crop residues and energy crops can
be processed through solid anaerobic digestion [45]. Solid state anaerobic digestion practices
using lingo cellulosic biomass as feedstock have met with a few challenges, including relatively
low methane yield, potential instability, and low end-product values [46].

The main types of biogas digesters in low and middle-income countries are the fixed dome,
floating dome or tubular digester [43]. The biogas contains typically the most reduced
substance methane between 55-60% and the most oxidized substance carbon dioxide between
35-40%. Other impurities such as such as hydrogen sulphide, nitrogen, oxygen and hydrogen
are also produced [47]. The methane gas is responsible for the heating value of the gas typically
producing 6 KWH per cubic meter of gas. Biogas with methane content higher thaf 45% is
flammable [48].

a solid organic waste is between 0.36 and 0.53 m? per kilogram o
Fruits wastes produce between 0.18 and 0.732 m® of methane
while vegetable wastes produce between 0.19 and 0.4 m® of
solids [50].

Biogas is easily burnt in gas stoves. Alternatively, c8
gas generators. The electricity generation efficie

recommended when used in gas driven engmes 0 praguce Sigctricity and is necessary for
; methane is not possible at higher

applications like fuel cells and vehicle fuels.
temperature because of the low critical tem

The byproduct solid residue of an i ign' (digestate) is rich in nitrogen and,
depending on the nature of the feedst i i

digestion and is more effectiv i temperature thermophilic digestion and long

retention times or with post trea' gestate through aerobic composting [53].

The mesophilic dlges potential in tropical climates of low and middle-
income countries in A s using agricultural feedstock are common whereas
urban biogas system ste generated within urban areas are limited [43]. Plug flow

volume of s 0 olume gas. Methane biogas upgrading and bottling systems have
been produdgd wit P9 purity. The filtering is carried out with wet scrubbing (assisted
e afldition to trap carbon dioxide and other acidic gases) whereas the bottling

pression [56]. Auto Generative High Pressure Digestion (AHPD) results

()

on .
low energy dens % ire continuous use because of the expanded requirement of storage

Biogas units can be constructed in different forms such as fixed dome, floating drum,
balloon types and biogas domes constructed from earth materials, Ferro-cement, etc. The use
of a particular form is dictated by cost, availability of materials, durability, availability of
technical knowhow, the amount of gas produced, availability of water and biogas feed material.
Fixed domes have longer life span although the cost of construction is relatively higher. Fixed
domes constructed from earth materials such as soil cement can reduce the cost of construction.
However, absorption of moisture and methane gas by the soil-cement blocks used for
constructing the digester can occur. This will reduce the efficiency of the anaerobic
decomposition of substrate through lack of moisture in addition to the loss of methane gas
generated by adsorption on the walls of the digester. Floating drums are of low cost installations



and locally available materials such as used oil drums can be used for the digester and floating
gas storage. However, floating domes have limited gas storage capacity, can be subject to loss
of gas through excess buildup of gas in the floating drums and welding of drums requires
additional skills and technology which may not be available in rural areas in Africa. Balloon
types of biogas installations have cheaper installation cost compared to the fixed domes. In
addition, the biogas units can be designed to accommodate large storage volume of methane
gas. The construction of balloon types of biogas installation is relatively easier compared to
the fixed dome construction. However, the inflatable, often plastic, material used for gas
storage may have limited durability due to prolonged exposure to environmental stress such as
rain, wind and sun and may carry the risk of puncture if not protected properly.

1.1.1. Implementation challenges

While the benefits of biogas productions are well established and fit well able
development goals, use of renewable energy resources and combating cts of
climate change, in order to realize the full potential the technical, al and
institutional barriers need to be addressed. This in turn requireg ationfand liaison
amongst policymakers, technocrats, scientists, industries, regulato 8fd users [58],
[59]. Failures of biogas systems are commonly experien I middle-income
countries [59]. Causes of failures are traced back to poor tegh , poor design and

‘ , responsibility and
maintenance by the owners, lack of project monitoring anthg by the promotors, lack
of market for biogas and the digestate and weak / : kels [59], [60]. Biogas systems
failed to generate sufficient interest to contj Rng by the users because of non-
availability of technicians, insufficient gas d preparation/ lighting, leakage of
gas through joints and connections and d generated on users of the biogas
particularly women who are already b household responsibilities. Operation

availability of technicians and rs or in general lack of technical backup and
support [19].

Proper planning and_i W study of biogas schemes are essential including the
that are technically, economically, socially and
environmentally local context [61], [62]. Cost, construction, operation and
maintenance iss 8dNto beaddressed in order to increase the sustainability of biogas
installations dtruction of fixed domes is often higher. Alternative materials can
be sought tagreduce thg cdbt taking into account of course the durability and replacement costs.
Digging es W rock areas is more costly and surface installations may need to be
i ability of water may have to be improved especially during drought times
rvesting. The availability of biomass is another factor that can hinder the
of biogas. Mechanism shall be created in harvesting more biomass in order to
continuity of use of biogas as otherwise anaerobic process can easily be halted for
ough biomass feed or the rate of biogas production can become limited.

1.1.2.  Technical challenges

Biogas technologies have been promoted in the past in light of their potential as viable and
economic alternatives for energy generation. This is supported through initiatives at country
levels and the global efforts to promote clean energy sources and mitigate climate change.
However, these efforts are undermined by the lack of sustained use of biogas systems and their
subsequent failure and abandonment [63]. Technical challenges to sustainable biogas operation
are commonly observed. Failures of biogas systems can occur due to poor construction and



installation, poor practice with respect to addition of substrate to the biogas reactor, operation
and maintenance issues and lack of training and awareness by users on biogas construction
[64].

When biogas is not generated at a level that users expected or when it does not satisfy the
required energy demand of a family, users tend to shift focus to alternative fuel sources such
as fire wood that is relatively easy to obtain [65]. This shift can result in biogas inactivity and
loss of biogas function [66]. In addition users may prefer the convenience of alternative energy
sources such as electricity if available at a price users can afford [63]. The inability to connect
biogas installations to traditional stoves have reportedly led to discontinuation and lack of
interest in bio gas adoption [67].

Poor choice of technology that is not suited to the local geographical environ in sub-
Saharan Africa regions have contributed to failures of biogas systems [68]. Crackingandaeaks
of the biogas dome have occurred due to poor construction that did not take j nt the

soil conditions, ground differential settlement and correct positioning of the ing
construction [63]. Poor feeding practices lead to suboptimal operation o 8 th pBor gas
production or failure to produce biogas eventually leading to their abandofy digestate
can solidify when adequate water is not added and ends up floati the biogas
reactor [69]. Biogas production can also be impaired by substrate M halTesults in low

or high pH values which results in loss of efficiency and eve
awareness and training are also a contributing factor in thisecSgaf . Attempts have been
made to develop sensor technologies for remote monito NHowever, this approach is
not possible to duplicate under all user environment

cattle or the cattle die due to draught [63
can also lead to too dry or too wet coaghiti
of users of the biogas [66], [68].
Climatic factors can also i
lack of water needed for bio
prolonged dry seasons [6
gas production can be
temperature is low [
their poor operatig
reasons especiall N
due to lack giaaNg
In thg African Ot

articularly in areas that experience regularly
gestion process on which biogas systems depend for
en stop during winter times when the atmospheric
systtms can also fail due to failure of the mechanical parts,

of repairing or replacing the parts due to cost and technical
[63]. Complex and too sophisticated biogas systems can fail
pare parts [74].

]. Biogas systems may require commitment from the users on daily basis
ting feed stock and water, their transportation and addition to the biogas
e systems in addition require daily cleaning which can be a burden to the users
he height over which the feedstock may have to be added can also be a challenge
in some cases [63]. Users lack of interest in operating and maintaining biogas systems can lead
to their failure and nonuse [76], [77] . Young members of the family in rural areas often migrate
to urban centers in search of job opportunity which creates a gap in operation and maintenance
of biogas systems [63].

1.1.3. Safety health and environmental aspects

Safety of biogas systems should be given proper consideration both at the design stage as
the observation during the study tour indicated and at the operation stages. Biogas systems pose
dangers in the form of gas explosions, toxic gas releases, risks due to malfunctioning of



electrical and mechanical parts and fires. Accidents have reportedly occurred as a result
causing minor injuries, fatalities and property damage [78]. Explosions can be caused by poor
ventilation, equipment failure and human mistake. Safety measures such as gas detectors,
explosion proof lights and pressure relief valves can be provided to prevent explosions [79].
Malfunctioning that result in electric and mechanical hazard can arise in biogas plants due to
equipment failure or human error resulting in explosion, fires and toxic gas releases. Biogas
plants should have effective maintenance and inspection methods, employ high quality
equipment and ensure that users are properly trained and supervised to avoid malfunctions [79].
Fires can arise because of ignition of gases. Poor ventilation, equipment failure and human
error can cause fires, Biogas systems should adopt safety procedures and emergency
procedures to prevent fires [80].

On the negative side of health, biogas systems contain biological hazards t

Several microorganisms such as bacteria, viruses, fungi and parasites
feedstock including cow dungs, food wastes and sewage sludge. If not

areas in Africa, a practice that causes indoor air pollution
outcome as a result [84]. Biogas converts methane to carbg
and this results in health and environmental concerns [ cwgr, compared to the use of
wood based solid fuels, it has a net health and envirgnmentaienefitS [84]. This is in addition

to biogas being an attractive alternative to fossi ere Wyis energy sources have to be
imported with foreign currency [86]. In gen fics present in biogas have several
health and environmental consequences i e used as gasoil substitute of is

expected to improve urban air quality, b 10@ Tactors of methane are up to 10 times
lower than those of liquid fuels, consi and polycyclic aromatic hydrocarbons
[89]. Hydrogen sulphide is heavierf§than air ly toxic and flammable gas. While upon
inhalation, it reacts with the 1 enymes within the blood stream and results in

collapse, pulmonary paralysis, and death [90].
ogen sulphide at higher concentration can cause
e more toxic than natural gas in terms of dioxins and

Besides having low odo
respiratory paralysis [9
furans activity and en
[87][92].

Biogas procé JgMg toxic gases such as hydrogen sulfide and ammonia. Exposure to
these gases

must as a result have proper ventilation, users must wear adequate
uipment and there must be emergency response plan to respond to the
sible [80].

R ble energy policies adopted by countries have been seen to be successful in
encouraging innovations in renewable energy technologies [93] [94]. Enabling policy
instruments for renewable energy technology include tax reduction, greenhouse gas certificate
trading, renewable energy quotas (with and without trading certificates), renewable energy
targeting, feed-in tariffs, research and development programs, tax credits, and low-cost loans
[95] [96]. Public policy incentives for cost internalization by renewable energy alternatives
encourages the expansion and use of these technologies [97]. In general, financial incentives,
obligatory schemes, quota and mandatory requirements enormously impact renewable energy
application in a positive light [98] [99].



The success of biogas projects and the entire energy transformation process depends, on
the one hand, on the harmonization of activities at the central, national level and, on the other
hand, on taking into account the specific socio-economic features that characterize the location
of the biogas plant [ 100]. The presence of policies such as policies on environmental protection,
clean energy, climate change, and rural development create a localized context within which
biogas development is considered. On the other hand, policy instruments, such as the price of
other conventional fuels and feed-in-tariffs affect the competitiveness of biogas plants. The
absence of policy mechanism for the removal financial barriers for example through co-
financing by the beneficiaries can retard the pace of implementation of biogas schemes [93].

Effective Implementatlon of biogas technologies should be backed up by clear pohcy and

technology can encourage farmers to utilize biogas. In additia
treat the domestic animal waste (including biogas syste
taxes. Marketing strategy was developed that consisted
scale of biogas plants (individual digesters, small,
access to the input (dung); investigate rural incg
identifying potential of private sector i
construction/maintenance team and establi
Vietnamese government also allocate
investment focused on maintenance

.); stUpplying and household’s
gious rural areas of Vietnam;

dedicated to biogas scheme. State
and training human capital on new

governments offered financial anafement of biogas plants and promotion of biogas
in order to increase users. tation strategy, a steering committee was set up
that consisted of represeq Ministry of Natural Resource and Environment,
elopment, the Ministry of Trade and Industry, the
Ministry of Science a d the Ministry of Public Health. The steering committee
were tasked wit

strategy as well Mpework for new institutions needed to aid in the national biogas

program.

In Blut i velopment started with initial pilot project of building over 6000
bioga ot project also has a capacity building strategy of training technicians,
and ness and education amongst rural households on the benefits and technical

gas as of December 2019 [102]. A strategy was also developed that consisted
, strengthening and facilitating access to suitable biogas plants; upscaling the
num various sizes of biogas plants as per the potential in the country; increasing the
functionality of the biogas plants through proper operation and maintenance; providing
technical assistance as well as to build the capacity through training and advocacy; making
biogas plants sustainable by adopting strategic measures in place; assessing and exploring the
potentials for commercial biogas to combat mounting waste issues, and maximizing the
benefits of biogas plants in terms of products as well as usage. A project management
organogram was created with clear definition of roles and responsibilities of stakeholders. The
Department of Livestock was identified as further implementing agency. Financial institutions
were drawn in as having a major role in biogas plants since there is need of credit and subsidy
facility in order to upscale the biogas promotion and production due to availability of other
sources of energy as well as high installation cost. Private service providers such as contractors,



technicians, suppliers and companies were identified with the objective of fulfilling roles such
as: Supply of materials and spare parts to the project or to the users; Involvement in
construction, operation and maintenance of biogas plants; Providing after sales and technical
services to the biogas plants; Owning, operating and managing the biogas plants in some cases.
Project application process was framed and project implementation mechanism was created
that consist of: defining the roles and responsibilities of operation of biogas project office or
center; Project Committee meetings and consultations; Preparation of technical and
management tools; Training and capacity building; Construction and quality monitoring;
Operation and maintenance; Monitoring and evaluation; financing and progress reporting.

1.2.1. Institutional/organizational challenges

by a) its own established criteria to delineate its boundarg
differentiate its members from non-members, b) prigeipl
accountability, and c) lines of command with deﬁn
comprehensive institutional support for investment for bioRg8
local institutions, including local authorities, with jate 1

Prises requires equipping
ruments to shape and monitor

n and at times linked with NGOs
ment. Government interventions are

Most biogas productions in Africa are
and donor organizations with limited priv,

port and even subsidy where this is needed.
environmental friendly alternatives and as part
here policy instruments such as tax exemption.
can be applied [109]. In rural areas in Africa, there

of the climate mitigatio
Government investmen

is institutional gap ing8Crvy n as well as implementation of development programs.
Ad hoc arrangemeg e where such institutional gaps exist which often can be the
source of weak f ementation and at times failure. This situation also influences the
success of bj ral areas where they are more relevant. It is, therefore, necessary
to propegl onal arrangement for developing biogas schemes including the
planning, struction, operation, maintenance, training, marketing and other aspects.
Supgo ms#liral areas should be made available within reasonable distances of biogas

ers ional arrangement for appropriate training and support should be established
ingder tainable manage biogas projects [103].

th® other hand, while government’s role is crucial for biogas development and
expansion, over dependence on government institutions create a bottleneck on institutional
sustainability of biogas projects. Government institutions have rigid structures and existing
departments under ministries or local offices are entrusted with implementation aspects of
biogas projects especially after the completion of the initial project phase involving
construction of biogas facilities. Such departments and offices are often poorly staffed, under
resourced and at times over stretched with low incentive for handling additional duties. Biogas
facilities with such institutional arrangements are poorly attended to. The success rates of
government run projects are often low where more than half of projects fail to succeed.
When there is no institutional arrangement for follow up and monitoring biogas projects,
their operation, maintenance and technical support creates a knowledge gap in terms of the



different factors that may have contributed to poor performance biogas systems and their
nonuse. The lack of clear institutional policy direction has contributed to failures of bio gas
systems in low income countries [76]. Lack of information support from supporting
organization can lead to lack of awareness among biogas users who may use the biogas as a
waste disposal option without the intention of using it for energy generation [63]. With a proper
institutional support and direction biogas installations can achieve high quality in terms of
materials used and workmanship [76]. A properly organized market setup enables availability
high quality materials and products for use in biogas installations.

1.2.2.  Socio-cultural challenges

Socio cultural factors need to be studied in light of their influence on the
adoption of biogas technologies. The users’ level of education for example 4
easily biogas technologies can be understood, adopted, used and maintained.
Africa, the level of education of adults is commonly low. According

iew of the blogas
ation was negatively
wed 1®as the technology for the
puld, therefore, be viewed as a

gas digester slurries and working with the biogas system. In addition,
gative superstition regarding the idea of using waste to generate useful
ith waste such as ashes is considered as witch practice against people and
ice against dealing with such kinds of wastes. Stigmatization of waste and people

view mixing the slurry, therefore, as unpleasant activity. Cultural resistance to the use of animal
and human waste for biogas use can be a major barrier to the long term implementation of
biogas technologies where such barriers have been reportedly affecting the success of biogas
projected implemented in Bangladesh [115], Sri Lanka [63], Ghana [116] and other Sub-
Saharan African countries [73].

Gender also plays a role in the decision on whether to adopt or not of biogas technologies
by households. Most rural societies in Africa are patriarchal in which male members of
households are decision makers and this role gives them an advantage to make decision about
adoption of biogas. If a male member of the household is not convinced about the advantages
of biogas, he will not be committed and invest onit[117], [118]. This means that even if women



members of the household might be interested in adopting biogas technology, they are unable
to realize their wish as they do not have decision making power in the household [110]. Where
female members of the household have decision-making powers, it might be a good starting
point for adoption of biogas system as it is easy to convince female members of the household
who are commonly burdened with the responsibility of collecting firewood and carrying out
kitchen activities such as cooking.

The installation of biogas system often reinforces the existing division of labor among
traditional families where women are expected to handle all household activities. Biogas adds
more labor to women who are already burdened with carrying water, doing cooking, rearing
children, etc. In addition, women are expected to carry water to be used for creating wet slurry,

Traditionally male members of the household make decision-making
exclude women with negative consequence on the success of projects.

Running biogas systems may be challenged by lack of av
environment where rapid urbanization is taking place. Childre Chool. Young
members of the household migrate to the cities in search of e g external labour
is often costly alternative and not affordable to household g aits are labour intensive
as they require collection of cow dung and water; mixing Wth water; feeding the plant;
cleaning the cow shed and transporting the slurry to

bour in an

potentially risky (justifiably so in
n be reduced by proper awareness
and training. There is also a view about t, ¢ hegdth risk due to respiratory inhalation of
Wl and education can also limit the extent

addressed.

Increased awareness raisin® € nd training are essential in order to provide
information on the benefi sysi@ms, break the social and cultural barriers associated
with the use of waste fQ on and encourage the adoption of biogas technology.

It is also necessa : ¢ negative perception of biogas systems, as it is often
Ty 1 requires longer time as compared to charcoal or liquid fuels.
Biogas also can idQthe strong heat required to prepare some meals. The residual heat
of charcoal d&l Warm, which is not possible with biogas. The amount of biogas

of organic matter, is also relatively cheap, economical and affordable as raw
e available within the proximity of the users at little to no cost to the users [120].
Biogas provides economic benefit of gas as energy source and fertilizer of the residue. The
financial constraint of biogas technology is commonly the cost of installation of the digester
dome. Biogas projects are often installed with subsides which is declining with time[121].
Traditional economic evaluation of biogas schemes installed without subsides often indicates
that they are economically unviable[122] [123]. However, when the full health and
environmental benefit is included in economic analysis, biogas schemes are economically
viable. Economic analysis of the viability of biogas schemes should therefore be based on
accurate information on the costs and benefit taking the full benefit and costs including health
and environmental costs.



The cost of biogas installation generally increases proportionally with the size of the
digester. A 6 m® digester volume cost about USD 1500 in 2006 in Ethiopia[103]. Biogas costs
vary between $400-600 in 2010 according to the National Biogas programme of Cambodia
report of 2009 [124]. Reduction in costs can, however, be achieved through contribution of
labor by the users of the biogas and the use of local construction materials.

The economic evaluation of biogas schemes is carried out through a cost benefit analysis,
which is used for comparing the benefits of biogas schemes with the associated costs required
to construct, operate and maintain the schemes [125] [126]. Parameters used in the economic
evaluation include the Benefit-Cost Ratio (BCR), the Net Present Value (NPV) and the Pay
Back Period (PBP) [127] The ﬁnanc1al return on biogas investment can be calculated usmg

Bangladesh. Singh and Sooch [130] and Walekhwa et al [131] use
for their financial calculation in India and Uganda respectively,
Biogas technologies can result in net economic benefit cofp

in rural areas [132]. Annual saving in fire wood consum
per household was obtained in Ethiopia by using biogas s wih digester volumes varying
between 6-8 m>[133]. The higher net economic bepefit oNlogas Schemes in rural areas is
C i fircwgpod for cooking with limited

as kerosene stoves[134]. A net
rosene stoves by biogas plants of
iopia [103], [132]. Similarly, a net

biogas schemes 4g Qi K

evaluations or nog A nSRp8gitive value indicates that the cost invested in the bio gas installation
is less than @ cme geerated under the prevailing discount rate used for calculating the net
present yalugs of bothmedSts and benefits. Similarly the Benefit Cost Ratio (BCR) of biogas
schemes 1 rallylereater than one indicating the benefits are greater than the costs. BCR of

edly greater than one irrespective of the size of the biogas plants [137].

MA LS AND METHODS

This study has the objective of determining past practices and current status with respect to
the use of biogas technologies and practices in Eswatini and identifying the possible technical,
institutional, socio-cultural, financial and environmental factors and constraints that influence
the sustainability of biogas schemes and recommend a way forward for future sustainable
implementation of the biogas technologies.

2.1. The study areas and selection of sites



The areas selected for the study are mainly based on their past history of biogas
installations in Eswatini. These biogas schemes that were undertaken in the past and as revealed
by the initial stage of information collection indicate three main categories. The first set of
biogas installations were those that were constructed in the 1990s as part of the promotional
effort and financial support provided by the United Nations. Two biogas sites that are available
for inspection in the Luyengo area were selected for the study. The second category belong to
a set of biogas units that were provided in the Siphophaneni area in 2013 as several biogas
installations units were piloted around this area as part of a pilot project. The pilot project was
part of a resettlement program for communities affected by the construction of a dam. For the
survey of the biogas performances and the challenges experienced, 15 sites were visited. The

area in Mbabane city and the other is located within the Manzini region.
biogas installations were visited and included in the survey.

2.2. Methods and tools used for the study

maintenance and future expansion of biogas proj .
survey involved examination of relevant proje observation of the biogas schemes
and their operation through visits, intervie d fogu b discussion among users, experts
and construction personnel involved in bi@gas

is enumerated through a surve
the challenge they pose is

as gathered through obse
secondary data. The
review 2) Rapid
interview with tij

ed 1or the data collection include: 1) Desk study and literature
rrent status of biogas facilities through field observation and

are experts and constructers of biogas facilities as well as staff
p@¥that promote the use of biogas facilities. Table 1 shows the data

employed in the study indicating the sources of data, the type of data

or the data collection and the number of samples used in the study.

in the data collection process for interview and focus group discussion were

informed consent for the interview and were allowed to discontinue with

information revealed by the study and for ethical reasons, confidentiality of the data was
maintained against revelation of personal as well as organizational data that might be associated
with such information. The interviews were conducted with the help of local key informants
who also acted as translators. All interviews were transcribed before they were considered for
further analysis. In order to ensure reliability of the data collection process, the inter rater-rater
reliability tool of data collection was adopted involving independent and simultaneous
collection of information by members of the research group and comparing the information
afterwards.



Table 1. Data collection frame of the study involving different stakeholders

Number of samples

Sources of Type of data . )

data/stakeholders  collected Tools used for data collection for 0b§ewat10n/
intervi

Owners/users of  Evaluation of the - Observation of the biogas 2

biogas systems status of operation ~facilities.

past and present  of biogas facilities - Semi structured interview with the
users/owners of the biogas faciliti

Experts involved Status of biogas - Interview and discussion with thQ

in promotion of  implementation, experts.
biogas facilities  challenges - Joint observation and evalu$y
experienced, good through field visits.
practices, etc.
Biogas -Experience with - Interview and di ith 2
constructers design construction, biogas constructors.
operation and - Joint obseg
maintenance of
biogas facilities

aluation

International -Experience on 2
NGOs and technology, training,
training centers  implementation of
biogas facilities ation and evaluation
field visits.
tal number of samples in survey 26

nd validate the study with respect to the different factors that
influence t : se of biogas and the challenges they pose, a broader literature review
tity how these factors influence the success of biogas projects in different
ifferent user environments. The analysis of information obtained from the

ddressing policy and programs, technical challenges, institutional/organizational
issues, socio cultural challenges and health/environmental issues and 4) economic feasibility
of biogas schemes and lessons from international practice.

The biogas potential existing in Eswatini was evaluated by a desk study of published
information and data available with respect to the biogas technology implementation carried
out locally. The analysis of information of the biogas potential was made by looking at policy
and project documents prepared by government ministries, departments and international
partners, past publications on biogas schemes in Eswatini as well as information obtained from
interview and focus group discussion among key informants and experts involved in biogas
development.



Evaluation of the status of biogas use in Eswatini and identification of how the challenges
experienced towards sustainable implementation of biogas technologies was carried out with
respect to a number of thematic areas. These thematic areas include: 1) Operational status of
biogas facilities 2) Technical challenges experienced 3) Policy and programs 4) Institutional
challenges 5) Socio-cultural factors 6) Health and environment tissues and 7) Economic
feasibility and lessons from international practice. Table 2 presents the issues examined within
each of the thematic areas mentioned above in analyzing the data collected.

In order to determine the economic and financial visibility of biogas technologies in
Eswatini, a technical design of two alternative biogas technologies were carried out. One biogas
technology involved a fixed institutional biogas dome that is constructed to digest waste from

are provided in this paper, which was made using the AutoCAD softwarg

For estimating the return on the biogas investment on these two al
prevailing rate of return was used to estimate the net present value g
biogas annually. The results are compared with the available cq

The study revealed information from the users perspectivg
during biogas project implementation with respect tq
influences success of biogas schemes and provided an i ‘@ erstanding of the interplay
among these factors as they influence the success of biogas

2.4. Limitation of the study

The study suffers from the limitatio ata Bgse limited exposure because of the time
frame used for data collection that th&fielM¥isits and conducting of interviews and
discussions with the key informant$} Furthgrm@®e, the national experience with respect to
biogas planning, progammes implemeiftation of biogas projects as well as technical
experience in Eswatini is vgg i formation gathered in this study, therefore, had
to rely on the few pilot bic ertaken in the past such as the ones driven as biogas

. pgomotion by local organizations. The overall number of biogas
ed in atini is limited (less than 30).
t&the quiality of data collected, there might be limitation of confirmation bias

eal true information with regard to the actual causes of failures/poor performance
of biogas systems for fear of being seen as negligent and lacking sense of responsibility or
lacking knowledge and awareness about the use of biogas systems. There might also be
reservation by the respondents against providing negative views on local authorities/agencies
responsible for provision of biogas schemes and of technical support and backup services to
the users. Therefore, there might be a tendency by respondents of the interview to focus on the
more natural factors such as drought, non-availability of water and substrate, etc. as the main
causes for poor operation and failures of biogas plants.



Table 2. Issues examined under each of the thematic areas in the data analysis

Thematic area Issues examined

Operational status

of biogas
facilities
Technical Design and construction, technology selection, adoption of feasi
challenges technical sophistication, local availability of materials and p
stoves, training and awareness, operation and maintenance, ava
and water, feeding practice, climatic conditions, availabili
Policy and
program
master plans across national,
regional and local levels. Policy mech emoval of financial barriers.
Financial incentives. Removal 8s. Marketing strategy. Presence of
national fund dedicated to bioga
Institutional Availability of biogas i cy at national, regional and local levels.
challenges Organizational arran monitoring, technical back and follow up.

Identification of sectors, contractors, technicians that can

es and support. Level of community organization and
rammes and projects. Presence of research and

Socio-cultural
factors

the'®ers of biogas and its influence on biogas adoption. Perceived health
rs from handling of substrate used in biogas. Perception of use, advantage
iciency of biogas against presence of other energy alternatives. Cultural and
@ barriers against the handling and use of waste in biogas. Perception of odor
d danger generated of gas generated from biogas. Reinforcement of division of
abor and burden on women because of adoption biogas technologies.

1th Awareness among the users of the health and environmental impact of biogas. The
env t use of personal protection equipment for health and safety among users. Presence
issues of ventilation and gas leakage indicator. The level of health risk among users from

handling of substrate and use of biogas facilities. Extent of treatment of biogas
against toxic gases. Presence of health and safety emergency response plan.

Economic Cost of installation of biogas facilities. The net economic benefit of biogas
feasibility and installations. Availability of subsidies. Cost of other energy alternatives. Savings
lessons from against the use of fire wood in rural areas. Availability of local market (demand) for
international biogas facilities. Role of local financial institutions for facilitating credits. Role of
practice. international partnership in training, promotion, research and commercialization of

biogas schemes. Presence of regional markets.




RESULTS AND DISCUSSION

The result of the study is discussed below highlighting the potential for biogas application
in Eswatini, the current status of energy supply against the demand, the negative environmental
impacts of the use nonrenewable energy resources, the national level policy and program
support available for biogas implementation and a discussion of the current status of biogas
installation and the constraints that are present in terms of technical, institutionalgfinancial,
socio-cultural aspects. The results are discussed below under the following themes:
Potential, Technologies, and Implementation Challenges. 2) Policy, Institutig MdGocio-
Cultural Enablers and Barriers and 3) Economic Feasibility and Lessongtromy Rattonal
Practice.

3.1. Biogas Potential, Technologies, and Implementation Challen

In Eswatini, a significant potential for application o
generation exists because of the favorable climatic factorggf
anaerobic decomposition of biomass, the availability o
positive regional experiences of biogas generation i crn Aftican region. In Eswatini,
there is a significant population of livestock, whi d e contribution for the biogas
potential as 71% of the land is agricultural and C digestion is readily available [138].
Municipal solid waste in low and middle j
organic matter [139], [140]. Anaerobi es
reducing the volume while at the sa i
digestate.

The use of wood as energy is common in Eswatini particularly in rural areas as in
the wider African continent. i@t e population in Eswatini (78%) are concentrated
in rural areas [138]. hileka [141], Eswatini has managed to increase
electricity access for | i m 20 percent in 2001 to over 80 percent in 2021,
representing one of tiff , dvartices in energy access in the world. The current coverage
of electricity in Jysmgg Bsngtutther increased to 85% [142]. However, the availability of
electricity supply

(he potential of treating such waste,
du energy from methane and nutrient-rich

urrent grid system making connection to the electricity grid
early 80% of the electricity supply is in Eswatini is imported from

ith a total power capacity of 60.4 MW meeting only about 16% of the
needs. Five Independent Power Producers (IPPs) also contribute around 110
dro, biomass, and solar PV technologies. However, the majority of Eswatini’s
s imported, mainly from South Africa’s ageing coal- fired plants, leaving Eswatini
vulnerable to price fluctuations and supply disruptions due to South Africa’s unreliable power
supply [142]. Eswatini’s heavy reliance on energy imports, primarily from South Africa and
Mozambique exposes the nation to price fluctuations, leading to escalating costs that can
become unaffordable for low-income households. It also creates supply uncertainties and
increases vulnerability to power shortages in neighboring countries [141].

Because of the skyrocketing cost of electricity which is imported largely from South Africa
and because of rationing of electricity as a result of low water levels in dams during winter and
the £/ Nino events in Eswatini and South Africa, more and more people in urban and peri-urban
areas in Eswatini are turning to fire wood as a source of energy particularly for heating homes,
heating bathing water and for kitchen use particularly during the winter season. Only 49% of



households use clean cooking methods, and much of cooking in rural areas still relies on
woodlands, affecting the environment. Electricity in rural areas is mainly used for lighting, not
for productive needs, due principally to affordability [142].

The use of firewood leads to increasing global warming, increasing deforestation and land
degradation through erosion. Reforestation programmes at national levels are being carried out
through the Ministry of Energy, Water and Mines under the Department of Forestry. However,
the extent of implementation of forestry programmes is limited towards replenishing the lost
forests.

The use of biogas for energy generated is still low in Eswatini because of problems with
lack of institutional, policy and program drives, the limited awareness of the potential of biogas,
and the limited availability of technical knowhow, skill and experience as well as thggtigh cost
of constructions of biogas facilities. There are limited if any international partnersfyp ingorder
to assist with biogas energy implementation in Eswatini.

3.1.1. Challenges related to technical issue

From the field visits to the installed biogas facilities in Eswati Jlon with the
end users and local experts, it was made apparent that a number of te contributed
to operational problems of biogas facilities almost all of whichg®ert ioning. Analysis
ance and failure

selection, design and construction aspects 2) Operatity aintenance3) Training,
awareness and availability of technical support 4 Peli hstitutional, and socio-Cultural

gnstafations were provided, the biogas domes
pla&tic material and one that was imported from
ifig bolts and nuts and they were installed above
spare parts including the installed pipes, hoses,
ay be needed for repair and replacement had to be

abroad. The parts were assemb
ground or underground. Al
pressure gauges and stove
imported from abroa
Eswatini. Therefore,
abroad. In one i
the installed

old for whom the biogas was installed, it was observed that
howed multiple cracks and broke into pieces partly because of

rigure 1). Examination of the plastic digester showed that the digester
nd nuts for assembling the parts presumably because the digester was

sed for the digester, poor workmanship in assembling the digester and poor
construction that does not take into account differential settlement of the ground over which
the digester is constructed [63], [68]. The failed plastic dome was removed and a second biogas
dome was installed underground with better workmanship. This second dome was working for
some time without a problem until the household stopped providing feed material because of
the non-availability of cow dung and water. The biogas units also required special stoves that
have to be imported from abroad and could not be connected to tradition stoves. Biogas units
that could not be connected to traditional stoves can be a source of disinterest and nonuse
especially when the stoves malfunction and could not be replaced as they have to be imported
[67]. Complex and sophisticated biogas digesters can experience failure because of lack or
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replacement of spare parts or due to poor workmanship in assembly or failure during operation
[74].

The lack of standardization or guideline on the technical design, construction, operation
and management of biogas facilities in Eswatini has created a gap. It is seen that the biogas
designs are mostly fixed dome designs with the associated high cost of construction. The
awareness about other types of designs especially among the local users is limited. Recently
the Solar Training and Renewable Energy Entrepreneurship Centre (STREEC) adopted a
tubular design using expandable bags with relatively lower cost. This is a commendable
practice. However, the durability aspects shall be addressed through the use of durable material
for the gas storage bag and the provision proper shade as bags can deteriorate if exposed to

management.
There can be a distance between the point of generation of the met

useful technical facility, which will help in satisfying the de
competitive with other compressed natural gas sources avag

ected by the daily generation of organic food waste mainly from the kitchen. A
typical daily generation rate is 1 kg per day for a family of five people. However, to meet daily
lighting and heating needs a generation of 5 kg/day is required. Therefore, unless waste is
collected form a number of households in groups or there are other sources of organic waste
such as cow dungs, biogas facilities are not technically feasible for installation at individual
household level. In a similar vein, in rural areas the lack of enough livestock to generate the
needed waste can limit the potential of biogas production. Approximately wastes generated
form eight cattle would be needed to produce cooking gas and electricity for a household.
Failures were also observed where the material from which the biogas fixed dome was
constructed deteriorated. There were also additional plastic domes that were installed in the
pilot project over ground and deteriorated overtime when continuously exposed to the sun.
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These domes showed cracks over time and hence eventually failed to operate. This is an
example of choice of poor material, poor workmanship as well as mode of installation over
ground that resulted in failure because of exposure of the dome material to the sun. The use of
material for the digester should be studied early at the planning stage in light of its
appropriateness for the local environment [61], [62].

One member of the community in the Siphophaneni area during the study visit revealed
that the plastic biogas dome exploded as result of cracks that developed over time. It is
suspected that a combination of gas pressure that is built-up because of non-use of the biogas
and environmental stress on the plastic material due to the radiation from the sun may have
contributed to the explosion of the biogas tank.

3.1.1.2. Operation and maintenance: Substrate feeding, labour and climate conditi

Several of the biogas installations in the Siphophaneni area experienced
feed material due to several reasons. Some of the households that adopteg

ed b ‘
atcd by the EI/ Nino tele

cooking needs of the family. Attempts at gathering feed material frg
additional labor and time and does not seem to be favored or pract

and were abandoned during this drought period. Biogas un crforte poorly or fail to operate
where users experienced lack of feed material ang 8 citi®g due to drought or because of
not owning enough cattle that can produce enough ial'[63].

With the limitation in the amount of fe lable, the gas generated was seen
by the household to be not adequate for m ¢ needs of the household. According

and hence the gas is exhausted. Me
further cooking after they poure
time until further gas is generaf§d t

nto the biogas domes and waiting for some
anaerobic decomposition process. This reveals
to meet the cooking needs of the family.

Some members of the not get sufficient awareness about the limitation of
gas units to cater for all the energy or cooking needs of
ible, this situation may discourage the community from
fle viable option for providing energy. As a result there is a
dgas units in favor of the more readily available options such as
or even electricity [63].

erence was given to alternative sources of energy such as firewood and
he users considered these sources as providing better cooking powers and
food being cooked [66]. Although the respondents to the survey did not directly

users indicated that there was too much gas build up in the digester as indicated by the gas
pressure meter.

A female member of the community for whom a biogas unit was installed in that area
reported that on a typical day the biogas has to be fed with slurry material using two 20-liter
buckets with feed material: water ratio of 1:1. This feeding is done twice a day, one in the
morning and the other in the late afternoon. A typical household would have to have about 10
cattle to gather enough feed material to run the biogas units entirely on their own. Since they
did not have this number of cattle, it means they need to walk around the community to gather
cow dung. This practice is considered by the member of the community as laborious and hence
a hindrance to adopting the biogas units. In general, where users have to collect cow dung
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from open grazing areas, difficulties are experienced in getting enough feed material for the
biogas digester [68], [72].

Additional sources of biogas such as the organic portion of the waste generated by
household such as from food waste and the waste available from toilets should be considered
in future. However, biogas systems that use human fecal matter from toilet are a culturally
sensitive matter and should be vetted for their feasibility at the planning stage with extensive
consultation with the community. In addition, such biogas units that use wastes from toilets
should avoid direct contact with the waste as much as possible. In addition, the feed to the
biogas should only connect the toilet vault/flushing cistern to prevent dilution of the slurry by
wastewater from kitchen, bathroom, sinks, etc.
Operation and maintenance conditions

The biogas digesters failed mostly in cases where the appropriate volu
and water are not supplied to the digester. The anaerobic bacteria cease to fu
feed material and water are not continuously supplied. Poor feeding pfffch with
inadequate water can result in the solidification of the substrate inside t

the substrate inside the digester [63]. The problem with wat

the time of drought also contributed to the drying up of ¢ cxample of a failed

iogas dome installed underground but no longer functional due to lack of feed
material and water

nother *example of lack of proper operation of the biogas units was revealed in one
instan a biogas unit installed by an individual in which piggery waste was used as feed
material. The individual who installed the biogas units entirely covered the cost of installation
and had had a high interest in the biogas technology. The biogas dome has a capacity of 20000
liters and the owner of the biogas spent over 5000 US Dollar for the construction of the biogas
unit. The owner found out while operating the biogas unit that the gas production was very low.
His suspicion was that the piggery waste was not as rich as cow dung in producing methane.
Therefore, he was considering mixing the piggery waste with a cow dung. However,
observation of the feed material to the biogas revealed that the slurry fed to the biogas was too
dilute. The owner was either not sufficiently trained on how to use a suitable water to organic
solid feed ratio or not regularly monitoring this slurry feed. A local expert involved in
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monitoring biogas units advised the owner to use a proper slurry mixture so that the feed slurry
is not too dilute.

In order to improve the efficiency of gas production, co mixing of the cow dung, which
has lower carbon to nitrogen ratio with vegetable waste that has higher carbon to nitrogen ratio,
is beneficial. Biogas system typically requires higher C/N ratio as the anaerobic bacteria has
lower nitrogen nutrient requirements. If such vegetable feed systems are not available
optimization of the biogas system can become a problem. Whereas the cow dungs may be
readily available if livestock is kept at the center, the collection of vegetable waste requires
additional effort from farm fields, which may not always be easily carried out. The biogas units
were not connected to toilets and this option was not considered culturally acceptable either
Climatic conditions

were installed in 2013 around Siphophaneni area, a number of the biogas
in 2015 following the drought created by the E/ Nino tele connection. T

Southern hemisphere in which high press
limited. Lack of water because of dry cli
units when enough water is not adde

lack of water can negativey affegfth
actvitiy can become low or evefigto

Installation of bioga
and mixing of the fi
digester. These arg i
related to the bio
traditional digsi
household
burden o

es bor requirement of a household by way of collection,
| a ater, as well as addition of the mixture to the biogas
other daily routine operation and maintenance activities
requirement for additional labor often reinforces the existing

d VS Su
s%\ in households in rural areas in which female members of the
rry thoNgg@ burden of carrying out household activities. This means that the

T o the survey of the biogas installations visited, it is often the female members

1d that are burdened with the responsibility of providing the required labour for
iogas units. Some members of the household visited expressed the daily challenge
of colleCting substrate and water which lead to poor performance of the biogas digester [66],
[75]. One female member of the community for whom the biogas dome was installed reported
during the visit that her biogas installation failed to operate because of lack of feed material, as
she did not have enough cattle and had to walk around the area asking other members of the
community for cow dung. This practice increased the daily burden on her, as she did not have
assistance from other members of the family. In addition, some members of the community
were not cooperative enough to give their cow dung as they considered installation of the
biogas units as offering selective privileges to some members of the community and, in their
opinion, such privilege should have been extended to them.




Users lack of interest in operating and maintaining biogas systems can be a source of
poor performance and malfunctioning of the biogas units [76], [77]. From the survey of the
biogas facilities that were visited, it can be inferred that there is less interest particularly among
younger members of the household in contributing labor to the operation and maintenance of
biogas units and much less from the young, male members of the household. Young members
of the household in rural areas often migrate to urban cities in search of jobs and education
[63]. There is also generally less interest among younger members of the household in dealing
with the feed material which the young consider it as the job for older people and as a source
of health risk which they do not want to expose themselves to. The younger, more educated
members of the family also consider biogas systems as backward-looking technology meant
for the less developed areas and favor a more modern technology such as electricit
power [113]. This attitude can contribute towards the diminished interest in partlgpatipg in
operation and maintenance of biogas facilities among the younger members o hold.

3.1.1.3. Training, awareness and availability of technical support

suspected that the piggery waste would not yield e
according to the examination by local expert ingdpi0%g

institutions cafeteria and the residents’ kitchen-
when they were told to feed th with waste- they misinterpreted it to mean that
any type of waste can be 10gas unit. As a result, wastes such as papers and
dusts from sweeping of flo #tto the biogas unit. The biogas unit apparently became

According ta fongationi collected through survey of the biogas units visited, there is
generally lo icM support and backup. There is limited organization arrangement

fail [75].
1 know on biogas systems is often limited and government operated systems
ent employees with limited training and skill on design, construction, operation

by interfational partners with better experience and skill have greater success rate. However,
the extent of training of local stakeholders determines how successful such projects will be
going into the future. Therefore, future projects shall address strong local technical training in
order to ensure sustainability of biogas facilities.

Several of the biogas projects only provide a history of installation with limited available
manuals on operation and management of the facilities. Training, if any, are only limited and
the users are little prepared for addressing the operation and maintenance issues and preventing
failures or carrying out remedies when failures arise. Biogas providers frequently fail to
provide clients with adequate training and technical support, resulting in numerous systems
mal- functioning or being abandoned.



3.2. Policy, Institutional, and Socio-Cultural Enablers and Barriers

Countries that adopt renewable energy benefits have achieved success in terms of achieving
innovations in renewable energy technologies [93], ([94]. Eswatini has implemented several
policy and programmes towards addressing environmental protection, energy generation,
combating the adverse effects of climate change. According to a stakeholder consultative
meeting for the preparation of the Swaziland Energy Master Plan in 2017 [143], stakeholders
pointed out that biomass could provide sufficient feedstock for up to about 150 MW ofdpaseload
power from the timber and sugar industries. Natural gas and biogas also should be§€onsidered
as viable options in the future energy mix. The Rural energy master plan and
strategy set to attain universal access to energy including Liquefied Petrole ;
improved cook stoves, solar home systems and biogas [143].

As part of the nationally determined contribution to the global respork 0 . ange,

Eswatini identified biomass energy as a largest source of renewalft 8pchgy pontial in the
country [144]. The Eswatini Nationally Determined Contributions | ((8@®0 generating
OR 28 dbals to shift from

its first economy-

iness as usual [141].
Eswatini aims to achieve

pending expiration of Eswatini’s
contract with ESKOM in 2025 further amplif4 y. to secure a reliable and affordable
energy future [142]. Recently there has
resources for electricity generation a nergy for abstracting ground water in
rural areas.

According to the Initiative
bioenergy policy in Eswatini
addresses multiple socio-e
to the labor market, an
transparency mechanj
progress.

imateQAction Transparency ICAT [144], an effective
y reduce greenhouse gas emissions, but also
ges, such as access to electricity, pollution, impacts

use of biog
mentioned
s system is lacking in Eswatini. Such institution arrangement is primarily
earhead biogas schemes as the experience of Vietnam suggests [101].
mes towards addressing the biogas potential are therefore limited.
biogas projects are not implemented through harmonization of the activities at

under wiiich bio gas projects are implemented [100]. Because of the cross disciplinary nature
of energy and the environment, biogas schemes draw the attention of several ministries, local
organizations. As a result there is a tendency for unorganized and fragment approach towards
development of biogas schemes among the different stakeholders. In order to increase cross
collaboration, avoid duplication and conflict of jurisdiction, there is a need for the formation
of National Steering Committee of biogas programmes in Eswatini consisting of the different
ministries such Environment and Tourism, National Resources and Energy, Health, Trade and
Commerce, Industry as well as tertiary institutions and research centers. A clearly defined
organogram would be necessary with clear definition and roles as well as responsibilities with
respect to biogas development among the different stakeholders [102].



Capacity building strategy for supporting biogas development in Eswatini are limited. Such
a strategy would be useful for implementation training of biogas technicians, for building
awareness among rural households and for providing technical assistance [102]. Enabling
policy instruments for biogas systems such as tax reduction, GHG certificate trading, tax credits
and low cost loans currently are not clearly established [94], [95].

National strategy for promotion of biogas is limited in Eswatini. As a result, only a limited
number of biogas facilities have been installed which according to a study carried out in 2016,
all of the biogas facilities installed were non-functional [145]. A recent study by the authors
also revealed that several of the biogas facilities installed are non-functional because of lack of
water, lack of biomass feed material, lack of interest in using the facilities and lack of technical
knowhow in addressing operation and maintenance issues and absence of institutiong support
and follow up of biogas implementation programmes.

Implementation of biogas energy initiative in large industrial sector shov atini

faces. Younger members of communities generally

are put off by the progg® i W dung with water [111] and in many societies, handling
waste is not a cultyral [ Ragel practice [116]. Previous study in Eswatini in connection with
adoption of dry s VNS ogies revealed that over 50% of residents surveyed stated that
they do not o% ing of human fecal matter or urine as fertilizer or for energy use
due to ethicgl and ¢ alfeasons. Because of the associated strong odor of human fecal matter,
dealing jogasglurry that contain human fecal waste may not be an acceptable practice
by s therefore necessary to limit/avoid contact of slurry from human fecal
wast le, the slurry from the biogas can be directly lead to a twin-pit collection

t will be alternately operated allowing drying of the slurry before withdrawal.
roles also affect on the decision to adopt biogas plants by households. Many rural
societieS have patriarchal dominance in which male members of the household decide on
investment in biogas where the female members of the household are the ones that bear the
brunt of household activities involving cooking [117], [118]. Women in general have less
decision power even though their interest and commitment for biogas schemes may be high
[110].

3.2.2. The Institutional/organizational Challenges

Despite the presence of policy and programmes addressing in broad terms renewable energy
at national level, actual institutional/ organizational arrangements for promotion and



implementation of biogas programs countrywide is limited. There is no clear institutional
policy direction as far as biogas development is concerned. Such specific policy direction is
crucial for the success of biogas projects [76]. Most of the biogas installations visited are a
result of pilot setups from specific organizations as part of resettlement programs pilot projects
aimed at promoting biogas from international organizations such as the United Nations with
limited linkage to local implementing institutions. The involvement of private sector,
contractor in biogas development is almost nonexistent except for individual masons that are
trained in the construction of biogas units as part of pilot projects. Institutional arrangement for
providing technical backup, follow up of biogas progammes is limited in which the few
departments under ministries or parastatals that have taken part in technical support and follow-

very limited.

There has to be a comprehensive institutional support for investment i [103].
This support shall include equipping local instition and authoriti ) e has to be
government sponsored programmes that include biogas as a gy option [109].
Such government programs can be undertaken in the contex stment and as part

There is a need for organizational setup that g ) ting strategy for biogas
development that consists identifying the appro biogas, identifying potential

market for purchasing and selling biogas.
The role of the private sector sh spelled out with respect bio gas
development. The private sector candagy yhe supply of materials and spare parts,

nd managing biogas plants.
periences as revealed by the study is provided
) Tgghnical backup and support 2) Level of community

ke institutional arrangement for providing such technical back up
ed and executed as part of the biogas project schemes. The
as projects is negatively affected in the absence of such supporting
the background which includes providing technical assistance [139].
ocal parastatal was entrusted with follow-up of the operation of the biogas
er activity was carried out to address the greater community of the area to further
biogas project. Some members of the community stopped attending training,
minished interest when they found out that the initial pilot stage included only few
households, and there would be no further upscaling of the project in the future that would
include them.

Engagement with the community is essential during the feasibility study, project planning,
implementation and operation stages. According to the information collected about the biogas
project implements in 2013 in the Siphophaneni area, members of the community were invited
to a training workshop at the initial stage before the project was implemented as well as during
the construction stages of the project. They were given training and orientation on the biogas
installation. Some members of the community initially attended this orientation. Initially



members of the community expressed interest and happiness about the biogas as a potentially
viable alternative against the background of the ever-increasing electricity tariff. They
participated in the digging of pits. They were present in the training given about the
construction, operation and monitoring of the biogas units. However, when members of the
community found out that the biogas installation cost was too high, they were discouraged from
showing further interest in the biogas project viewing it as unaffordable. In addition, further
engagement of the community was not made afterwards apart from this early stage induction.
Provision of technical support, advice and follow up is necessary beyond the construction
stages of biogas units if sustainability is to be achieved in operating and maintain these units.
The end users of the biogas particularly households- while being receptive of biogas

users to whom the facilities are constructed. According to the interview
in Eswatini who had many years of experience of working with the com
with biogas installations, members of the community for whom h
consider the biogas units as belonging to the government or N
other words, they display much less ownership. The expert fug § t whenever those
members of the community encounter a problem with 1
contact with him and say to him “ your thing is not wor in a way reflecting lack of
ownership.

Another example of failure of proper comm:

be around 7000 South African rand,
USD. This biogas unit is now not o ,
from the institution, there was i m the institution management to continue with
operation of the biogas. The finagci @V was available, but the interest to continue with
operating the biogas was ipgtitution has initially a number of cattle but they were
later sold off. The fee more available afterwards and the biogas naturally
stopped operating.
Biogas process hasmg itvein terms of technical, biological, social, environmental and
economic aspect ese components can be studied through research directed towards
achieving ] dlits” in which the positive effects are maximized and the negative

enewable Energy Center. However, such centers are established without
y wide focus and are often ‘owned’ by departments. Besides, the University
rrently faces financial hardship with practically no funding available for carrying
activities. The availability of funds at national level to carry out research is also
limited.

At present institutions or centers that promote and provide training on biogas systems in
Eswatini are limited. The STREEC located in Nhlangano has been taking recently active
interest in biogas implementation. The activities by STREEC include construction of biogas
schemes and providing training in design, construction and operation of biogas systems.
Recently the STREEC has initiated biogas expansion scheme with a plan to construct over 100
biogas units in Eswatini. One recently inaugurated biogas unit constructed in Mbuluzi area is
shown in Figure 3. The biogas units have reduced cost because the inflatable biogas dome is
constructed from a cheaper material, namely the flexible flat high-density polyethylene
material that is glued chemically to the required shape and volume. Training institutes like
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STREEC can provide vital training and guidance on the expansion of biogas systems. However,
additional training, research and development centers need to be established in the different
regions in Eswatini in order to promote the adoption of biogas systems. The responsible
government ministries and departments shall take an active role in this aspect.

It is reasonable to predict that there would be much more interest in adopting biogas units
if there would have been a proper local institutional arrangement for introducing and
popularizing the biogas technology in Eswatini. Organsiors of the annual Trade Fair of
Eswatini heard about the biogas technology and provided local ministries with the opportunity
of displaying this technology to the public during the trade fair shows. However, this
opportunity has not been taken up, as local institutional arrangement with the responsibility of
popularizing biogas, technologies have not been realized.

Figure 3. Inflatable fixed biogas dome r§Cently constgucted by STREEC and inaugurated by the
Eswatini Mistry of Nat esQurces Qnd Energy

3.2.4. The health, sa

Biogas techng erall net health and environmental benefits compared to the
use of fire wood 3 nce of unused manure in the environment [86]. There is generally
increased aj’ pSll sed by fire wood and manure [84]. However and despite these
i carry health, safety and environmental risks. Handling of the feed

es @ bio hazard [81]. If not properly protected, this bio hazard may manifest
s such as gastro intestinal illness, skin and respiratory infections [82], [83].

emlis, the installation of the biogas systems were not accompanied with adequate
ressing the health and safety aspects. Users of the biogas systems do not commonly
wear personal protection equipment to shield them from health and safety risks. This is partly
due to poor knowledge, attitude and practice and partly because of economic reasons of not
affording such personal protection equipment. In addition, some of the biogas facilities did not
incorporate in their designs gas treatment provision that can dissolve potentially toxic gases
that can pose health hazard through inhalation [86]. The kitchens in which the biogas stoves
were provided did not have proper ventilation in some of the biogas installations that were
visited. Lack of ventilation can expose users of the biogas to respiratory distress and nausea
when personal protection equipment are not worn [80].

Accidents causing injury, fatalities and property damage associated with biogas facilities
are common [78]. Such accidents can be minimized trough proper training and awareness
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raising among the users of the biogas as well as provision of health and safety features in design
and construction of biogas facilities [79]. A biogas facility made of plastics that was provided
in the Siphophaneni area was destroyed due to a fire accident. During the survey visit of the
area, it was apparent that the biogas digester was exposed to fire hazards from the open solid
waste dumping site and kitchen that were located in close proximity to the digester. Several of
the biogas facilities visited did not have safety and emergency procedures in case of accidents
which is crucial to minimize accidents and damage [80].

3.3. Economic Feasibility and Lessons from International Practice

Biogas installations, by their very nature, are large volume, high cost installati
within the reach of affordability of the majority of users particularly at househq

Was not considered
als and construction
ree labor such as digging
during construction. According to the interview xpert who was involved in the

project in those times, there was a follow up ef;

educed the biogas volume available for use.
er attempts were made to reduce the cost of

the biogas as desired and there was leakage of biogas
e of the construction aspects of the floating drum such

from the floating dru 0
ible in the rural areas where there is no electricity and the

welding technoldg X
more expengiug,ale
The biogas scheng

5000 lite cityfand were constructed of plastic parts that were assembled on site and the
matgr ime was estimated to be around 18000 South African Rand, which with
the ¢ nge rate is valued around 900 US Dollars. At present, according to the
ey ocal expert involved in the installation of the biogas units at that time, such biogas

expensive for the households in those areas where the biogas units were installed and the costs
were fully covered through external assistance. Members of the community were discouraged
when they were informed of the costs of the material and this was considered as one of the
major hindering factors that prevented the scaling up of the biogas technology in those areas
on self-sustaining basis afterwards.

On the other side of the cost factor, users who can afford the current electricity tariff might
be less inclined to switch to the biogas system that naturally demands greater operation and
maintenance responsibility. An example of this is revealed by a visit to an institutional biogas
unit that was provided in Impakha area and which was found to be no longer operating.
According to the information obtained by this study, part of the reason for the non-functioning



of the biogas unit was the lack of interest by the users of the biogas in the institution to operate
it because alternative electricity supply is readily available and they are not directly responsible
for covering the cost of electricity. In other words, the users afford the electricity that is readily
available and did not see much reason to have to operate the biogas units that require collecting
feed material and water.

A typical fixed dome biogas design in Eswatini designed for a school with a population of
200 students and with a digester volume of 20 m® with waste input of 16 kg per day and
generating methane gas of 3.2 m> costs about 80,000 Emalangeni, which at the current
exchange with US Dollar, is equivalent to 4000 US Dollars. This design was made of as part
of the preparation of Hygiene and Sanitation Technical Design Manual for the Eswatini

can be tried at household level. A preliminary design of plug flow drum dige
shown in Figure 3, produces a bio gas yield of 720 liters of methane per da
of 10 kg per day (on dry basis while the wet slurry is 20 kg/day with 10 68 3
requires about 18000 Emalangeni for construction (the equivalent of
approximately 1000 USD) which is considered low cost in relatin t
construction. The drum digester can be designed with floating dgams
for storing extra gas produced that could not be stored in tha
of such preliminary design is shown in Figure 6 in Anne

Cameroon and Kenya $700, in Tanzania $650, i
Senegal $560 [146]. Table 3 shows the co
installations among the different countries.

Table 3. Comparison of costs of big gferehit countries

Country acity of  Cost per cubic meter
igester (m?) (USD)

Eswatini 20 4000
Eswatini 1.5 750

Rwanda 4 1000
Kenya 4 700
Tanzania 4 650
4 550
i38d dome 4 600
1xed dome 4 560

armers and rural households in Eswatini rely on meagre seasonal earnings, making
it challenging to secure flexible loan programs for establishing and maintaining biogas systems.
The average monthly income of households in urban areas in Eswatini is USD 250 and the
rural households are expected to earn less than half that amount. With the relatively higher
cost of installation of biogas systems, the financial sustainability of the whole biogas scheme
including the capital, operation and maintenance system is very limited. In this situation, only
households with higher income are inclined or willing to adopt the biogas systems. In this
scenario of financial constraints, many biogas projects can only come as some sort of
subsidized schemes to the end users who as a result may view such projects as not really
belonging to them. As a result, the end users expect government or other stakeholders of the



project such as NGOs to continue ‘doing the needful’ i.e., covering the operation and
maintenance costs. The lack of financial sustainability and cross subsidization further feeds
this dependency-syndrome where users expect to be continuously subsidized in matters of
operating and maintaining the biogas facilities.

In order to finance biogas schemes and make them accessible to end users, the role of
financial institutions is crucial. Such institutions facilitate provision credit and subsidy needed
for upscaling of biogas systems [102]. In addition, the establishment of a national biogas fund
by the government of the Kingdom of Eswatini will help in building the capacity for financing
biogas schemes and make them affordable to end users [98] [99].

Economic evaluation was carried out for a fixed dome biogas design in Eswatini
proposed for a school with a population of 200 students. With a digester volume o
a waste input of 16 kg per day generating methane gas of 3.2 m?, the digcgf® about

Dollars. This design was made of as part of the Hygiene and Sanitati
Manual for the Eswatini Ministry of Health which was prepared by one
study. The detail of the economic cost benefit analysis is show
drawings are also shown in Figure 4 and Figure 5 in Annex II.

For the economic analysis, the opportunity cost of capital 0 d as the discount
rate,, 1, according to the African development Bank Rep 2% operation and
maintenance cost was assumed [120] and further a desig f the fixed dome digester

(E) while the net present value of benefit fr: i sumption is 107432.38 (E).

it and running costs of 92197 (E), the
gain from the biogas energy of 1074
term there is a net economic benefit t§ using thejogas system even for a high cost installation

indicating a 16% net benefit gv t in biogas. Generally, the BCR value of biogas
units is greater than one irgg# i ize of the units [137]. Although, the benefit to Cost
economic analysis of thg
Eswatini, similar cale ainst firewood and kerosene stoves indicate positive net
benefit for bioga )

The only pro 8 financing of the initial investment cost, which will be difficult to
be covered c\g hbuseholder in Eswatini. Similar economic calculations at greater

Annual Cost (EAC) of the biogas installation under consideration was
% USD. According to Bedana [120], with biogas classified as small (1.6-2.4
, medium (3.2 Cubic meters), and large (4.2 cubic meter) plants, the annual
sts are calculated as: 165 USD, 200 USD and 323 USD respectively. Compared to
these values, the calculated annual cost of 37.5 USD is quite low which is partly due to the
high rate of return used in the calculation. With the full financial benefit under consideration
including environmental benefits not considered in the above calculation, biogas plants are
economically viable unlike previous analysis that considered biogas schemes as unaffordable
[122], [123] [148]. In rural areas particularly because of the poor income of the households,
biogas schemes may not be affordable without subsidy from outside [121]. Apart from cost
considerations, performance of biogas plants also contributes to their adoption or otherwise
[149]. A clear universal implementation bottleneck of biogas technologies is the financial
constraint. Further, analysis is required of the use of untapped resources such as biogas and



natural gas in the residential and transport sectors, and for power generation in order to increase
the use of clean energy [143].

Banks often have high loan interest rates and this serves a discouraging factor against
getting loans from banks in order to spread the coverage of the initial construction cost of
biogas digesters over a longer period of time. Arrangement of soft loans or interest free loans
for such environmentally-friendly projects would be an encouraging plan that increases the
financial sustainability as well as extent of coverage of the biogas system.

3.3.1. Benefits of the International Partnership

In Eswatini, the International Aid Transparency Initiative (IATA) delegat
training center called STREEC aimed at equipping Eswatini youth with teckm
renewable energy and entrepreneurship. Small commercial farms were chose
within a 100 km radius of the training center for ease of monitoring, traing

services in that respect. With respect to biomass the p
aims to roll out 100 digesters (plus an initial 15 prototyp low Mcome farms in Eswatini

due to the reasons stated, and

context. This project period will be used to
engagement and the established methods ma

define the real needs of the local fa n pdfes and use this information for design
revisions before future commercial r@llott an. ed operation [138].

Recently a high-level gove ntQl delegation of the Kingdom of Eswatini also embarked
on a three-day journey to Austfig to ogas technology [150]. The delegation was also
reportedly visiting two bio plangs in Austria. These field trips were expected to allow
the delegation to gain_f1 edge of the technology, assess its suitability for
Eswatini's condition ify p®tential challenges and solutions.

CONCLUSIOV\Q
bio satisfying the cooking and energy needs is a useful alternative for

itallle environment of the climate and availability of waste biomass in both
sctngs. Despite the potential for development of biogas technology, the level
of biogas is low in the country and the experience with the few pilot biogas
vealed by this study indicated that the schemes were mostly subject to poor
e and eventually ceased to operate and were abandoned due to a multitude of

perfo
reasons.

Despite the existence of a several broad policy and strategy declarations in Eswatini that
address renewable energy as sustainable solution for meeting energy demands and mitigate the
impact of climate change, there is a lack of clear policy, strategy and direction for development
specifically for biogas technology alternative at national level. As a result biogas schemes are
implemented in fragmented manner as isolated projects without coordination among relevant
stakeholders. There is lack of institutional setup for planning, coordinating and implementing
biogas projects and building capacity for biogas development in the areas of training, operation
and maintenance, technical support, marketing, etc.



From the survey of the experiences of implementation of biogas projects in the country, it
was clear to observe the institutional gap in which government sponsored programmes are
nonexistent, there is poor private sector engagement and the level of community organization
is low and the organizational arrangement for development, support and coordination at
different users levels is lacking.

A number of technical factors contributed to the poor performance of biogas installations
which can be ascribed to poor planning and feasibility study that address climate, availability
of feed material, water, labor, etc.; lack of skilled personnel to provide technical back up; poor
technology selection including reliance on imported parts; poor workmanship; inadequate
training and awareness creation and poor provision of technical and back up support.

The study also revealed that socio-cultural barriers hampered the biogas proj

which were observed in the form of low interest in dealing with waste mater of
commitment to provide the required labor for biogas operation, lack of interes outh,
low level of education among users that contributed to low awareness and out
biogas schemes and their advantage as well as the gender bias that exist; ed the

investment and choice compared to male members of households. Ngege algh health and
safety issues observed in the study where biogas schemes pos icre were poor
ventilation, lack of provision for treatment of toxic gases, g provision/hazard
indicators and fire accidents that destroyed blogas dlgeste

of financial institutions to facilitate credit,
low tax on green energy alternatives. F
Eswatini shall properly consider pggi
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Annex 1. List gigab % S :ed in the paper
AHPD Au cnerative High Pressure Digestion

B it Cost Ratio
C arbon to Nitrogen ratio
Conference of Parties
DA Di Ammonium Phosphate
EAC Equivalent Annual Cost
EEC Eswatini Electricity Company
GHG Green House Gases
IATA International Aid Transparency Initiative
ICAT Initiative for Climate Action Transparency
IPP Independent Power Producers

ISPONRE Institute of Strategy, Policy on Natural Resources and Environment
KWH Kilo Watt Hour
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LPG Liquefied Petroleum Gas

MW Mega Watt

NGO Non-Governmental Organization

NGOs Non-Governmental Organizations

NOXs Nitrogen Oxides

NPV Net Present Value

PBP Pay Back Period

PM Particulate Matter

UN United Nations

USD US Dollar
VOC Volatile Organic Carbon Q

STREEC Solar Training and Renewable Energy Entrepreneurship Centre
UASB Up flow Anaerobic Sludge Blanker Clarifier &

WHO World Health Organization

(1+i)™-1]
av WA 0 (1

A = 0.02 * 80000 = 1600 (E) ©)

[(1+0.125)%5-1]

Pogm = 1600 i (1+0.125)25

= 12127 (E) (3)
The net present value of the sum of capital and running costs will be:

Paum = Peapitar + Posar = 80000 + 12127 = 92127 (E) @)
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Using the calorific value of produced biogas 20 MJ/m3 (1MJ = 0.267 KWH) and knowing that
the daily production of energy from the methane gas of the 20 m? reactor with 3.2 m? daily
gas generation rate will be:

Epairy = 20 * 0.267 3.2 = 17.088 KWH )

The annual energy production rate will be:

Egnnual = 17.088 * 365 = 6237.12 KWH (©6)

The net present value of this annual power production from biogas will be:

[(140.125)25-1]

Ep = 6237 i (1+0.125)25

= 47270.25 (KWH)

N—

Using the Eswatini Electricity Corporation tariff rate of E 2.33 per estic
consumption, the net present value of the biogas energy produced :

Pgp = 4727025 (KWH) » o = 107432.38 (E) % (®)
The equivalent annual cost (EAC) of the biogas 1 atior® under consideration is

calculated as:
1
NPV 1-a57
EAC==— ; Ay = SELUL

tr L (9)
—1
Ay = (1(::'21;5)_25 = 7.579 Q) (10)

EAC = NPV _ 92197 _ o %375 USD (11)
Agr 7.579
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Figure 6. A plug flow drum digester design for digestion of 10 kg of organic/food waste per day
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