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Abstract

The study aimed to introduce biogas as an alternative source of energy for rural cattle farmers in the Maluti-
a-Phofung municipality in the Free State Province, South Africa. To augment the rural farming community’s
adoption of the biodigester technology the following initiatives were undertaken: (i) a situational analysis (or
diagnostic survey); (ii) training on biogas production in an integrated crop-livestock-bioenergy system; (iii)
installation of the biodigesters; and (iv) monitoring and evaluation of the biogas production. Results on the
diagnostic survey showed that the main source of energy for cooking was wood in all the farms and avail-
ability of water was not a constraint. Prefabricated biodigesters of 6m?-12m3 were installed in all the house-
holds and, after continual feeding of the units with cattle dung, the production of biogas increased gradually.
Monitoring of biogas production showed that, in two-thirds of the households, 80% of their cooking needs
were met in summer, while in winter biogas production was minimal due to extremely cold weather.
Challenges faced included non-adherence to a feeding regime — resulting in a blockage of the biodigester —
and lack of feeding. Generally, farmers in the study area showed a high appreciation of the biodigester tech-
nology.
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1. Introduction

Rising energy costs, increasing energy demand,
diminishing fossil fuel reserves and increasing
greenhouse gas emissions are some of the chal-
lenges that many governments face when energis-
ing rural communities (UNCTD, 2010). Renewable
energy is increasingly gaining support as an alterna-
tive and sustainable way of providing much-needed
energy in rural areas, combating climate change
and improving rural livelihoods (UNCTD, 2010;
OECD, 2012). Biogas technology is one of the
renewable energy opportunities that are well
accepted in most countries (APCAEM, 2007).
Biogas is produced when organic matter (abattoir
waste, animal manure, kitchen waste or agricultural
residue) is decomposed in an anaerobic environ-
ment by a chain of micro-organisms (Warget,
2009). The attributes of the biogas technology go
beyond the production of gas, with added benefits
like the conversion of organic waste to high-quality
fertiliser and sanitation improvements (APCAEM,
2007).

Apart from industrial initiatives, there have been
several small-scale renewable energy projects glob-
ally that aim to provide energy to communities.
One of the advantages of biogas technology is its
adaptability at a small-scale level. Hence, this tech-
nology can provide a solution to an assortment of
users at different resource accessibility and afford-
ability levels. Biogas is considered amongst the
cheapest forms of renewable energy in rural areas
of developing countries, but its initial capital cost is
mostly unaffordable for people living there
(APCAEM, 2007; Roubik et al., 2018). Countries
like China, India, Sudan, Ghana and Rwanda have
successfully implemented biodigester programmes
providing energy to multitudes of people (Bensah
and Brew-Hammond, 2010; Bond and Templeton,
2011; Rupf et al., 2015). Small-scale biodigesters
have been deployed in several countries and the
technology has been well adopted in Asian coun-
tries, with over 15 million households using biogas
in China (APCAEM, 2007; Bond and Templeton,
2011; Rupf et al., 2015). This high number of bio-
gas users in Asia is mainly due to the many govern-
ment interventions through regulations, policies
and investment support. Generally in Africa, the
adoption of biogas technology has not been opti-
mal, even though Africa experiences major chal-
lenges related to energy availability in both rural
and urban areas. The failure of African govern-
ments to adopt this technology is due to the lack of
energy policies that support biogas technologies or
renewable energy initiatives, and a lack of substan-
tial investments in renewable energy (Bensah and
Brew-Hammond, 2010).

South Africa has slowly started to embrace
renewable energy through its development of a
renewable energy policy (DME, 2002; Sibisi and

Green, 2005). The introduction of the Renewable
Energy Independent Power Producer Procurement
Programme in 2011 is one of the major initiatives in
South Africa, with massive investment in renewable
energy projects (Eberhard et al., 2014; Yuen, 2014;
DME, 2015). South Africa established a target for
renewable energy production at 10 000 GWh by
2013 and another target is to generate 20 000
MWh of renewable energy by 2030 (DME, 2002;
DOP, 2012). The country has since catapulted into
a world leadership position with respect to renew-
able energy investment and development (DME,
2015). Large investments in renewable energy were
made particularly in the hydropower generation
and solar-PV systems. These technologies are
among the few that are thought to bring an exten-
sive contribution to the renewable energy supply of
South Africa. The White Paper on renewable ener-
gy recognises the potential of using the manure and
litter from livestock to generate methane gas
through anaerobic fermentation in biogas plants
(DME, 2002). DME (2002) further states the need
for assessment of the magnitude of agricultural
waste (i.e. litter and manure) from cattle farms to
potentially power biogas generators.

Even though South Africa is food-secure at a
national scale, policies and inequalities enforced by
previous regimes resulted in continuing food insecu-
rity in some communities. Food security must be
addressed within the context of other developmen-
tal issues that include provision of affordable and
sustainable energy, rural and urban development,
and water and sanitation to all the people living in
the country (Wenhold et al., 2007). The objectives
of this study were therefore to introduce biogas
technology to an agricultural farming community in
South Africa and provide farmers with in-depth
knowledge on the operation and management of
biodigesters, benefits and hazards relating to the use
of biogas at household level. The study demon-
strates how small-scale biogas technology can be
used to improve energy and how it can be used to
provide employment in the rural areas.

2. Materials and methods

2.1 Study area

In this study, biodigester technology was introduced
to a farming community in the Maluti-a-Phofung
municipality in the Free State Province, South
Africa (Figure 1) to improve the livelihoods of rural
households in an environmentally sustainable man-
ner. Maluti-a-Phofung has the highest poverty levels
in both the Free State and the country (Buschke
and Seaman, 2014). Provision of basic services is
minimal, with the poverty rate of between 60-80%
of the households below poverty level (Scott et al.,
2005; HSRC, 2011). Agriculture is the main eco-
nomic activity in this region, with mostly mixed live-
stock and crop farming (Moeletsi et al., 2015).
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Figure 1: The Maluti-a-Phofung municipality geographical location

The region is characterised by hot summers and
cold winters. Rainfall varies spatially and temporal-
ly; the mean annual rainfall varies from 628 mm in
the northern parts to 1 277 mm in the southern
parts, while summer seasonal rainfall varies from
529 mm in the northern parts to 1 161 mm in the
southern parts (Moeletsi, 2010; Moeletsi et al.,
2015). Maluti-a-Phofung experiences high tempera-
tures in December, January and February and low
temperatures in May, June, July and August. Mean
monthly temperatures range from 16°C to 26°C
while low temperatures range from -1.0°C to
12.8°C (Figure 2). During winter months, tempera-
tures can reach below freezing point resulting in
frost and snowfall (Moeletsi and Tongwane, 2017).

2.2. Methodology

To enhance the rural farming community’s adop-
tion of biogas technology, the study was carried out
in phases, as shown in Figure 3. In Phase 1, a diag-
nostic survey was conducted to determine the cur-
rent energy requirements and sources of energy, to
assess if farmers have enough cattle to meet the
daily household biogas demand, and to evaluate if
selected beneficiaries have enough resources (i.e.
land, water and labour). In Phase 2, farmers and
youths were trained to equip the local community
with knowledge on bioenergy, feeding regimes and
the maintenance of the biodigesters. In Phase 3, the
trainees and the project team installed the biodi-

gesters. In the final phase, monitoring and evalua-
tion activities were undertaken to assess firstly the
performance of the biogas technology and the
farmers’ satisfaction with the biogas technology.

2.2.1 Diagnostic survey and situational analysis

Before introducing the biogas project it was imper-
ative to conduct a diagnostic survey in the study
area, since an inadequate understanding of the
community dynamics could lead to inappropriate
interventions and thus resource wastage (Smith,
2006). Situational analysis was undertaken in and

Temperature (°C)

1 2 3 4 5 6 7 8 9 10 11
Months

—Maximum Temperature —Minimum Temperature
Figure 2: Average monthly minimum and

maximum temperatures for Maluti-a-Phofung
municipality
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Figure 3: Study workflow for the introduction of biogas technology in Maluti-a-Phofung

around the farms of the Maluti-a-Phofung munici-
pality during the inception of the study. Major
objectives of the survey were: (1) to identify a ten-
tative target group of farmers; (2) to collect, anal-
yse, synthesise and interpret secondary information
related to the target group; (3) to introduce biogas
technology to farmers and show them how they can
produce their own energy; (4) to determine the cur-
rent energy needs of the farmers and their existing
sources of energy; (5) to assess if farmers have
enough cattle to meet daily household biogas
digester demand; and (6) to assess if selected bene-
ficiaries have sufficient resources (land, water and
labour). The household energy analysis focused on
determining the household energy use, energy use
prioritisation and investigating the type and cost of
the energy that is currently in use. This helped to
identify energy consumptions that can be replaced
by biogas and to assess ease of adoption of the new
technology.

2.2.2 Training and capacity building

Several capacity building exercises took place dur-
ing the life cycle of the study (September 2012 to
June 2015). Table 1 shows several capacity building
initiatives that were accomplished. This training was
done by the project implementers from the
Agricultural Research Council - Institute for
Agricultural Engineering and Institute for Sail,
Climate and Water.

Table 1: Training and capacity building
initiatives

Title Target group

Introduction to bioenergy and Farmers

climate change
Biodigester installation training ~ Farmers and youths

Maintenance of biodigesters Farmers and youths

2.2.3 Installation of biodigesters

Two types of biogas digesters were considered: pre-
fabricated and bricks-and-mortar. In this study, pre-
fabricated digesters were deemed the most suitable,
as they required minimum supervision and were
easy to install. Experts and people with experience
in building bricks-and-mortar digesters were not
available in the project area. Thus, local youths
could install prefabricated digesters after receiving
brief training from the supplier of the technology.
This created temporary job opportunities in the pro-
ject area and skills transfer. Digging the biodigester

pits, installation of the units and connections of the
accessories by ten people took approximately 10
days in one site. Other sites with hard and rocky
surfaces took more time.

Two types of prefabricated biogas digesters were
used, in two phases. The digesters in the first batch
were 3 m? in size, and were coupled and installed
parallel to each other, depending on the energy
needs of the family. The digesters in the second
batch were 6 m? units. Other materials that accom-
panied the digesters include gas pipes, effluent
pipes, pressure gauges, desulphuriser units and bio-
gas stoves (Figure 4). Effluent in the form of biogas
slurry was used to fertilise and water the farmers’
gardens, which was an initiative to improve food
security in their households.

2.2.4 Monitoring and evaluation

To assess the success of the project, the project
managers or implementing team should undertake
monitoring and evaluation (M&E). Monitoring
progress and evaluating impacts have long been
considered important to ensure that investments are
well spent and that the objectives are met (Guijt and
Gaventa, 1998). M&E activities in this study were
undertaken in two ways. Firstly, project imple-
menters monitored the performance of the biogas
plants through unarranged household visits.
Secondly, end-user questionnaires were used. The
M&E activities of the digesters were undertaken in
February 2014, April 2014, December 2014 and
May 2015. Farmers were also interviewed through
structured questionnaires to evaluate their satisfac-
tion with the biogas technology. These evaluations
also assessed whether farmer expectations in terms
of the reliability of biogas supply by the technology,
ease of operation, method of determining the avail-
able biogas and convenience of cooking with bio-
gas and other benefits were satisfied. Feedback on
the possible improvements and benefits of the tech-
nology was also obtained.

3. Results and discussion

3.1 Diagnostic survey

The farmers who were interviewed comprised both
subsistence and emerging smallholder farmers. The
size of their farms ranged between 146 and 462 ha,
less than a quarter of which was dedicated to crop
farming. The 12 farms presented in Table 2 were
chosen as beneficiaries of the project, based on the
project requirements. All the chosen households
kept cattle as the main form of livestock, with herd
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Figure 4: Four installed units of 3m? biodigesters, gas pipes, effluent pipes, desulphuriser and
biogas stove.

sizes ranging from 15 to 115, producing enough
dung to feed a small digester of 6-15 m?. Water
availability is core to feeding the biodigester and all
the chosen households had access to water
throughout the year. On all 12 farms there was
enough space around the house and not far from
the kitchen to place the digester. It is important for
the digester to be placed near the homestead for
security reasons, to reduce piping costs and the
chances of leakages, and to minimise pressure loss
along the gas pipeline. At all the sites there were
clear indications of available labour resources
through either hired labourers or family members.
This is important as work is required to collect the
manure from the kraal, carry it to the digester, mix
it with the water, and finally feed it into the digester.
From the results obtained for energy demand used
for domestic purposes, cooking was cited as the
main energy consumer, followed by lighting, both
of which are in use all year round. Cooking was
mostly done using firewood (48%), followed by
LPG (31%) and cow dung (21%). On all of the

farms, energy for refrigerators and lighting was
entirely from LPG and candles respectively.

3.2 Training and capacity building

Training on bioenergy and climate change raised
awareness of renewable energy sources and their
importance for climate change mitigation. The ben-
efits and disadvantages of this system were con-
veyed to the farmers.

Training equipped farmers and youths with the
skills to install a prefabricated biodigester, the main
components of training modules being: a) selection
of the site, b) demarcation of the site, c) excavation
and d) biodigester installation. The last stage was
the feeding, maintenance and operation of the
biodigester. Farmers were briefed on how to feed
the digester, how to handle blockages and monitor
biogas production.

Selection of the site:
Trainees were taught how to select the best site for
the biodigester on the farm. Several factors should
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be considered, including the distance from the
homestead, which must be as short as possible
(Luer, 2010). The biodigester site should be close to
a water source and the kraals to minimise the time
spent collecting dung and mixing it with water. It is
preferable that it should be on a downward slope
from the kitchen to avoid the need to install a water
drainage system, which would add additional costs
to the installation (Energypedia, 2015).

Demarcation of the site:

Trainees were taught how to determine the correct
measurements for the pit and mark out the
area. The area to be marked out depends on the
diameter of the digester unit as well as the number
of tanks to be installed. The orientation of the tanks
is important because feed inlet funnels and an efflu-
ent outlet should be positioned in such a way that
they facilitate the feeding of the digester and collec-
tion of bioslurry. The position of the effluent outlet
pipes, which should allow for gravity flow to the
garden, is critical.

Excavation:

Farmers were taught the proper ways of digging the
biodigester pit. The hole is excavated considering
the height and depth of the digester. The impor-
tance of maintaining constant dimensions (length
and width) for the hole during excavation was high-
lighted. Other factors to be considered during exca-
vation were also discussed, including leaving space
around the excavated hole to prevent the soil from
falling back into it and providing enough space for
the movement of wheelbarrows and people.

Digester installation:

The installation of the gas and effluent/bioslurry
pipes was demonstrated through hands-on training.
During the gas pipe installation training, emphasis
was placed on making sure that all connections are
airtight, to minimise gas leakage. Outlet pipes
should be connected to a storage reservoir close to
the vegetable garden (Figure 5).

Figure 5: Trainee connecting effluent pipes

Feeding, maintenance and operation:

The biodigester maintenance training took place at
the home of each beneficiary after the biodigester
units had been installed. The main aim was to
demonstrate to farmers how to manage a biogas
digester. They were shown how to mix the animal
dung with water and the frequency of feeding the
biodigester. Beneficiaries were advised to mix water
and animal dung at a 1:1 volume ratio when feed-
ing the digester. All the farmers were advised to use
clean water and utilise animal manure as a sub-
strate. They were taught how to identify potential
problems and were made aware of different types of
feedstock that may be utilised. The trainees learnt
how, what and when to feed the digester. It was
strongly emphasised that it is critical to provide the
digester with the correct quantity and quality of feed
for it to operate correctly and sufficiently on a daily
basis. The safety procedures that must be consid-
ered were also highlighted. These included
installing appliance switches, detecting leakages,
ensuring ventilation and avoiding fires near the
digester and pipes. It was also emphasised that chil-
dren should stay away from the digester tank, con-
nected pipes and appliances.

3.3 Installation of biodigesters
The number of biodigester units installed at a
homestead was based on two factors: the size of the
family, which has a direct bearing on demand, and
the minimum amount of biogas that can be gener-
ated daily by a single 3 m3 biodigester (0.5 m? per
day). A 6 m3 biodigester unit can produce around
1 m?3 of biogas per day. All the homesteads chosen
for this study had enough cow dung and available
water to feed the biodigesters daily. It was therefore
recommended that two biodigesters be installed for
a family with a daily biogas demand of 1 m? or less,
while a family with a biogas demand of 1-2 m? a
day should have four 3 m3 units installed. The fam-
ily size, daily biogas demand and number of biodi-
gesters installed per household are shown in Table
2. The installation of phase 1 biodigesters on farms
1 to 9 was completed in November 2013, and phase
2 installations on farms 10 to 12 in March 2014.
Bioslurry coming from the digester was used to
fertilise and irrigate household gardens. These gar-
dens produced vegetables which provided nutrition
diversity and improved household food security
(Wenhold et al., 2007). Through these gardens,
farmers were able to save on their expenditure on
vegetables. The approach used in this study
demonstrated how these social challenges can be
addressed simultaneously in the rural small-scale
farming communities (Stats SA, 2012).

3.4 Monitoring and evaluation
After the biodigester units were installed, it took an
average of eight weeks to produce biogas. The eval-
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Table 2: Number of biodigesters installed per household

Farm Number of Family Estimated daily cooking Tank size Number of tanks ~ Capacity of bio-
cattle members demand (m3/day) (m3) installed digester unit (m3)

Phase 1

1 44 2 0.8 3 2 6

2 80 2 0.8 3 2 6

3 55 2 0.8 3 2 6

4 44 3 1.2 3 4 12

5 118 3 1.2 3 4 12

6 39 5 2 3 4 12

7 49 5 2 3 4 12

8 90 5 2 3 4 12

9 32 9 3.6 3 4 12
Phase 2

10 53 2 0.8 1 6

11 28 3 1.2 6 1 6

12 13 5 2 6 1 6

uation of phase 1 biodigesters started in February
2014 and phase 2 biodigesters in May 2015. At the
first three evaluations only eight sites had been
completed (phase 1), and the biogas produced on
farms 3, 8 and 9 was enough to allow the house-
holds to cook consistently for more than an hour
(Table 3). Major cooking was done mainly in the
morning and in the evening and biogas production
was enough for these activities. This was mostly
attributed to adherence to the digester feeding
ratios, and the frequency with which the substrate
was fed into the digester units. On farms 1, 2, 4, 5,
6 and 7, biogas production was not at the desired
level, mainly due to irregular feeding, feeding the
digester at a low rate and blockages of the biodi-
gesters due to wrong feeding ratios. At some sites
where the biodigesters were not functioning well,
the kraals were relatively far from the homesteads

which required extra work to collect the feedstock.
This might be the main reason that those house-
holds failed to embrace the technology due to per-
ceived high labour requirements. The units that
were installed between November 2014 and March
2015 (phase 2) were mostly working well at their
first evaluation in May 2015. The general observa-
tion was that the initial units of 3 m3 (digesters
installed in phase 1) required a high level of main-
tenance compared to the 6 m? units that were
installed at some of the sites. The parallel installa-
tion of more than one 3 m? units required too many
connections, such as inter-compartment, inlet, gas
pipe and effluent connections. This led to high
blockage problems and eventually reduced func-
tionality of the biodigester, while the 6 m3 units had
minimal connectivity (effluent pipes and gas pipes).
In phase 2, one unit of 6 m3 tanks was installed on

Table 3: Evaluation of biogas production on the farms

Farm 10-11 February 2014 8-10 April 2014 3-5 December 2014 28-29 May 2015
Phase 1
1 A P P P
2 P P P P
3 A A A A
4 - - P P
5 - - P A
6 A E E A
7 P P A P
8 P P A P
9 A E A A
Phase 2
10 - - - A
11 - - - A
12 - - - A

Biogas production: P = Poor (<1 hour of cooking), A = Average (1-3 hours of cooking), E = Excellent (>3 hours of cooking)
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farms 10, 11 and 12 which gave an improved per-
formance, allowing users to cook for more than an
hour daily.

It was critical to assess the users’ feelings
towards the biogas technology, especially as it was
a pilot project aimed at improving rural livelihoods
and environmental concerns. The operation and
performance of biodigesters, as seen by the users,
was useful for engineers who design the plants,
manufacturers and project funders who assessed
whether the biodigesters are a worthwhile invest-
ment, and for policy makers. The results of the end-
user satisfaction showed that most of the farmers (9
out of 12) were satisfied with the installed biodi-
gesters on the farms, while three of the farmers indi-
cated that they were not content with the technolo-
gy. Eight of the 12 households stated that 80% of
their cooking needs were met in summer. In the four
households (1, 2, 5 & 9) that were not satisfied with
the technology, it was realised that their biodigesters
were not functioning well because of negligence
and blockages, as described above.

It was interesting to note that all the households
showed that biogas production in the winter
months dropped drastically to levels that made it
not worth the effort of feeding the biodigester. In
summer, most of the households can utilise the bio-
gas for over one hour, with two households (10 and
12) claiming that they could cook with it for more
than two hours in the evening. The variation in bio-
gas production was attributed to the large climate
difference in summer and winter months. High tem-
peratures favour biogas production while tempera-
tures below 10°C tend to lower it (Moeletsi et al.,

2015).

4. Opportunities and challenges of small-
scale biogas production in South Africa

One of the problems that South Africa faces is the
assurance of reliable energy in rural areas. Farms
owned by resource-poor individuals are highly
energy insecure and rely on candles, firewood and
animal dung as sources of energy. The rapid rate of
forest destruction and low rate of reforestation have
reduced the availability of firewood. It is thus impor-
tant to introduce alternative sources of energy for
farming communities. These sources must be envi-
ronmentally friendly and sustainable. Biogas tech-
nology provides numerous opportunities that can
be explored, as well as challenges that need to be
addressed to ensure that the technology meets soci-
etal and environmental needs (Surendra et al.,
2014). The biogas technology can also be incorpo-
rated into a crop-livestock-bioenergy system for sus-
tainable production of food and energy. This
approach has an advantage since traditionally
African people practise mixed farming, which
involves the production of both crops and animals
on three types of land, namely residential, arable

and commonage (Abdu-Raheem and Worth,
2011).

Even though biogas technology is one of the
cheapest renewable technologies for rural liveli-
hoods, it is still expensive for resource-poor com-
munities. In South Africa, erecting or installing a 6-
10 m? prefabricated biodigester costs between ZAR
8 000 (>USD 500) and ZAR 80 000 (>USD 5
000), depending on the material used and the size
of the biodigester (Surendra et al., 2014; Moeletsi et
al., 2015; Rajendran et al., 2012). The cost of a
bricks-and-mortar biodigester can be slightly lower.
These costs are too high for most people living in
rural areas, who are unemployed and depend on
government grants to meet their daily needs. Thus,
there is a need for government departments, agen-
cies and private organisations to invest in rural bio-
gas plants to secure the energy needs of the poor
and rural communities. Introducing renewable
energy for rural farming communities in South
Africa is a better solution than putting them on the
national electricity grid, which is fossil-fuel-inten-
sive. Electricity can be substituted by biogas tech-
nology in rural farming set-ups, which produces
clean energy over and above its affordability. This is
becoming ever more necessary as grid electricity
tariffs in South Africa have been increasing at a rate
exceeding 16% per annum since 2010, meaning
that electricity costs will choke small-scale farmers,
resulting in reduced cash flow and farm functional-
ity.

Biogas production requires continual feeding of
organic matter (animal manure in this case study).
The results showed that the small-scale digesters
performed well in households that were kraaling
their cows. This was one of the significant factors
that affected the adoption of the technology in the
region. The issue of the distance from the kraal to
the kitchen was also crucial in the success of the
technology. The further from the kraal to the
digester (installed close to the kitchen), the higher
the chances of defaulting on the feeding of the
digester, resulting in a failure of the system. This was
due to increased labour requirements for collection
of animal dung. In addition, water is a scarce com-
modity in South Africa. Lack of investment in rural
water supply has a direct impact on the success of
biogas digesters, since in most rural areas a constant
water supply is a challenge. Most households do not
have their own water supply in rural areas.

In winter, biogas production at all the sites
dropped significantly. This was attributed to the
extremely low temperatures experienced in this
region, usually below 0°C in the morning and 20°C
in the afternoon. According to Dobre et al. (2013),
biogas can be produced at temperatures exceeding
10°C, with optimal production occurring at around
35°C. A heating system and insulation can be a
solution to the low biogas production in winter, but
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would be expensive and would hamper the eco-
nomic viability of the system (APCAEM, 2007).
This creates a problem that needs serious interven-
tion to allow financially feasibility in rural areas.
Fluctuating biogas production makes unheated
biodigesters unsuitable for the eastern Free State
region, thus having a negative impact on the sus-
tainability of the technology in the area.
Small-scale biodigesters contribute to climate
change mitigation and adaptation, with mitigation
realised through reduced deforestation and cap-
tured methane emissions. According to Surendra et
al. (2014), the greenhouse gas emissions reduction
potential of biogas technology can be realised
through manure management, the substitution of
traditional fuels (such as firewood, coal, electricity,
candle and kerosene) and the substitution of com-
posite fertiliser. Deforestation is reduced through
less wood being collected for cooking, while
methane emissions from manure management can
be reduced by utilising biodigesters. Replacing and
complementing conventional synthetic fertilisers
with nutrient-rich biodigester slurry offers a means
for resource-strapped rural farmers to mitigate and
adapt to climate change (Roubik et al., 2018).
Despite the numerous successes and document-
ed evidence of the benefits of small-scale biodi-
gesters worldwide, the uptake of biodigesters in
South African rural communities remains low. This
can be attributed to poor promotion of the technol-
ogy, communities’ lack of awareness of biodi-
gesters, lack of a variety of choices for consumers,
and a lack of skilled personnel to construct the units.
The absence of research data on the operation and
performance of biodigesters under South African
conditions is also a contributing factor. Bond and
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