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University of Technology

Office of
THE VICE-CHANCELLOR

WELCOMING MESSAGE FROM THE
VICE-CHANCELLOR

Delegates, visitors and friends, welcome to the 19™ international conference on the
‘Domestic Use of Energy’ (DUE). Thank you to the Conference Organisers and the
Editorial Committee, who have worked hard to establish this annual focus on
domestic energy. The inevitable electricity tariff hike has once again emphasised the
importance of using available energy more effectively. This conference focuses the
attention on energy efficiency and the importance of developing and promoting the
use of renewable energy sources. At the Cape Peninsula University of Technology,
our Energy Institute continues to address these issues of national importance. Solar

water heating has, for example, been researched for the past 10 years.

The programme and the comprehensive conference proceedings you already
received at the registration desk are indicative of yet another important energy
conference. All delegates and visitors, especially those from countries as far as
China, are most welcome to enjoy what our campus has to offer and please enjoy

your stay in greater Cape Town, where our university has five campuses.

Prof L V Mazwi-Tanga
VICE-CHANCELLOR
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DUE EDITORIAL POLICY

Since its inception in 1992, the Editorial committee of the annual International

Conference on the Domestic Use of Energy (DUE), has been upholding the
following principles and editorial procedures:

>

The Editorial committee consists of invited senior subject specialists
from a broad spectrum of local and international universities,
technikons and research institutions

In order to ensure a high standard, all abstracts of proposed
conference papers are sent for evaluation to those members of the
Editorial Committee, who are specialists in a particular DUE session

The ‘Abstract Evaluation Form’ is completed by the evaluators and
forwarded to the respective collator, reflecting the rating on a 10-point
scale of the quality and contents of the intended paper; how well it
would fit into the forthcoming DUE conference; the standing of the
presenter; and his/her ability to present a paper, together with
additional recommendations the author(s) should consider in order to
enhance the value of their presentation

Each collator informs the Chairman of the Editorial committee of the
outcome, recommending that the Abstract be either accepted,;
accepted with amendments; or rejected; ensuring that the paper has
not been published elsewhere before and that actual research results

are included in the presentation

The Chairman informs each main author of the outcome timeously,
inviting the successful author(s) to submit a print-ready manuscript in
accordance with the evaluators’ comments and general guidelines.

Upon receipt of the manuscript by the DUE secretariat, the draft paper
is sent out to all evaluators in the DUE specialist group concerned,
who ensure that it is in line with the approved Abstract. The ‘Paper
Evaluation Form’ has to be completed along the same lines as in the
case of the Abstract and sent to the respective collator.

The collator collates all comments and makes the final
recommendation to the Chairman, who informs the author(s)

accordingly

The peer-evaluated and refereed papers are printed and bound in book form.
The bound conference proceedings are then distributed to all delegates upon

registration.
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CAN SOLAR -BIOGAS HYBRID SYSTEMS BE THE SOLUTION TO
SUSTAINABLE ENERGY SUPPLY IN RURAL AREAS?

Henerica Tazvinga, Bamikole Amigun, William Stafford and Maxwell Mapako
Natural Resources and the Environment
Council for Scientific & Industrial Research, CSIR, South Africa

ABSTRACT

Access to modern energy services is a fundamental
prerequisite for poverty reduction and sustainable
human development. Many remote rural South
African communities are characterised by low energy
demand and low population densities, making
centralised epergy generation and transmission
prohibitively costly. However, most rural areas are
endowed with renewable energy resources that can be
transformed into usable energy appropriate to rural
and remote areas. This study explores the use of
modern and hybrid emergy supply for poverty
reduction and environmental pretection in remote
rural areas of South Africa. A conceptual and
practical framework is presented that incorporates
sustainable livelihoods thinking with the provision of
sustainable energy services to inform poverty
reduction policy.

1. INTRODUCTION

The majority of the population in South Africa continues
to reside in the rural areas [1]. The importance of
providing renewable and sustainable energy to rural areas
therefore cannot be overemphasised. Extension of the
national grid to the rural areas has been hampered by
several factors such as long distances, high cost of
establishing the transmission grid, and distribution losses.
The availability and accessibility of other modern energy
sources is very low due to the high cost of these fiels,
exacerbated by high supply costs to rural areas. Provision
of renewable and affordable enmergy is crucial for the
reduction of extreme poverty and the attainment of the
Millennium Development Goals (MDGs). Energy supply
in rural South Africa consists mainly of biomass, typically
wood, dung and crop residues for heating and cooking
[11]. Electricity where available is used mainly for
lighting and low power appliances. Electricity costs are
escalating in South Africa and renewable energy
technologies are therefore becoming increasingly
aftractive. Petroleum products in the form of paraffin,
and liquefied petroleum gas (LPG) are also used. .. There
have been numerous efforts by Governments and donors
in Africa to promote renewable energy technologies
including improved cook stoves and solar cookers
(RETS) but the uptake has been low, due to poor
- Institutional frameworks and infrastructure, inadequate
RET planning policies, lack of co-ordination and linkage
in the RET programme, pricing distortions that ignore

externalities and place renewable energy at a
disadvantage; high initial capital costs; weak
dissemination strategies; lack of skilled human resources;
poor baseline information, and weak maintenance service

and infrastructure [1; 2; 8].

In South Afiica, the accelerated National Electrification
Programme (1994-1999) aimed at widening access to
electricity in rural areas. However remote rural areas
could not be reached in the medium term for reasons
highlighted above and off-grid technologies were
perceived as an attractive electricity delivery mechanism.
The global promotion of off-grid technologies as a clean
energy source, particularly by certain funding agencies
was also a driver [3]. In an effort to ensure access to
electricity in rural areas and stimulate the renewable
energy market, the Department of Minerals and Energy
(DME) adopted the concessionaire model as the delivery
mechanism for the off-grid electricity service to poorer
communities [4]. Five private companies were each
granted concession areas to establish off-grid energy
service utilities (fee-for-service) as shown in table 1.

Table 1 Concessionaires and concession areas

Concessionaire Concession Area

Nuon-Raps (NuRa) Northem Kwa-Zulu
Natal

Solar Vision Northern Limpopo

Shell-Eskom Replaced by 3 | Northern parts of the
smaller companies in 2005/6 | Eastern Cape
and Southern Kwa-

Zulu Natal
EDF-Total (KES) Interior  Kwa-Zulu
Natal
Renewable Energy Africa | Central Eastern Cape

(REA)

Source: ERC, 2004.

The geographic areas allocated to these consortia are
broadly defined and include areas with access to the
electricity grid. The off-grid service providers were to
target small pockets within these broader areas, which are
to be identified on an annual basis in consultation with the
appropriate grid utility and service-provision authority.
The licensing agreement entitles the concessionaire to
install and maintain off-grid electricity technologies in
allocated rural areas and these have been largely limited
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to the provision of PV solar home systems (SHS),
producing electricity for household use.

Biogas is a renewable energy source whose feedstock
(human manure, animal manure, poultry manure) is
readily available in most rural areas. Use of biogas can
save the labour and time of gathering and using firewood
for cooking, minimise the harmful effects of smoke in
homes, and reduce deforestation and greenhouse gas
emissions as well as reduce reliance on fossil- fuels such
as paraffin. Additionally, the residue from the biogas
production process can be used as fertiliser by farmers.
Solar energy can generate both heat and electricity and
can be used for various applications such as solar drying,
water heating and providing electricity for lighting and
powering televisions, radios and cell phone chargers. The
use of solar (PV) systems can improve the quality of life,
for example, the provision of lighting in rural schools,
evening education and community activities, and
refrigeration at health care clinics.

This paper proposes the integration of solar/biogas hybrid
systems in the rural energy supply mix. It also uses
systems dynamics to enhance the understanding of the
opportunities for off-grid energy technologies in poor
rural communities that can improve rural livelihoods.
System dynamics is an aspect of systems theory, an
approach that can be used to understanding the behaviour
of complex systems over time (dynamic). It deals with
internal feedback loops and time delays that affect the
behaviour of the entire system

ENERGY PROFILE, NEEDS AND BARRIERS

A study carried out by ERC (2004) showed that two
thirds of the SHS households interviewed experienced
problems with the system and that reduced the enthusiasm
for solar power and confidence that it could supply the
communities’ energy needs. Three factors weighing
heavily on customer’s appreciation for the SHS included:
the cost of the monthly fixed charge; limitations on what
appliances can be used, and the cost of other additional
fuels that must be purchased despite having solar power.
SHS households still had to use other fuels for cooking,
ironing, and water heating-59% of SHS-users rely on
paraffin as their main cooking fuel, 27% use gas and 12%
use fuel wood [3]. Compared to non-electrified
households, SHS-users spent less on candles and dry cell
batteries, because part of the lighting is catered for by the
SHS. There was no significant change in the use of fuel
wood. The SHS can only cater for lighting and
entertainment and hence people still turn to non-
renewable fuels within their proximity, mostly wood, to
meet their heating and cooking requirements. Some of the
issues associated with continued use of non-renewable

fuels are that:

e Traditional energy sources such as firewood are
becoming scarce and expensive

e The collection and use of traditional fuels at the
current rate is not sustainable (woody biomass

harvested at a rate greater than trees are being planted
and allowed to mature) and therefore exhausts natural
resources and damages the environment on which
people depend.

e The collection of firewood utilises valuable time, in
particular for women and children, which could have
been spent otherwise at school or in more productive
activities such as alternative income generation [11].

o Use of firewood and paraffin as fuels results in
indoor air pollution, causing respiratory and eye
problems. Some studies [5; 6] have linked exposure
to indoor smoke to asthma, cataracts, tuberculosis,
heart disease, lung disease, cancers and adverse
pregnancy outcomes, in particular low birth weight.
More than 1.6 million deaths were attributable to
indoor smoke from solid fuels in 2000 [7]. About
2.6% of the global burden of disease (3.6% in
developing countries) is considered to be due to
cooking with solid fuels and acute lower respiratory
infections (ALRIs) in young children account for
59% of all attributed premature deaths [5].

e  Other problems include high cost of paraffin further
straining scarce cash resources, dangers of fire
outbreak and risk of explosions from paraffin
appliances, and

e  Production of greenhouse gases thus contributing to
climate change [8]

In light of the above problems associated with non-
renewable fuels, there is a need for clean, renewable
sources of energy such as biogas to cater for the cooking
requirements and solar collectors for household hot-water
requirements. Biogas typically refers to the gas produced
by the anaerobic digestion of organic matter including
manure, sewage sludge, municipal solid waste, or any
other biodegradable waste. Biogas technology is one of
the mature renewable energy technologies to produce
energy from bio-wastes [9]. The organic materials needed
for producing biogas are readily available and often
considered as waste or pollutant and are available in most
rural areas. The wastes (human and animal wastes) that
fuel biogas digesters present an environmental health
threat when left untreated and this justifies use of the
technology. Use of biogas can save the labour of
gathering and using wood for cooking, minimise harmful
smoke in homes, and reduce deforestation and greenhouse
gas emissions. The residue from the production process
can also be used as fertilizer by farmers. Solar collectors
or solar water heaters (SWH) for household hot-water
requirements are also a mature technology which has been
implemented globally and is being implemented at
various household income levels in South Africa under
Eskom’s demand side management programme [4].

There is, however no single solution to cater for rural
energy requirements due to site-specific energy
needs/profile and the characteristics of each location.
Therefore, appropriate technology choice should be
guided by the availability of resources in each location;
energy needs of the community, distance from current
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(and future planned transmission grid) and take
cognisance of not only access, but also the affordability of
the current and proposed energy services.

Sustainable energy service provision for the poor is
important in the transition from subsistence livelihoods to
increased productivity, income generation, and improved
living standards. Developing economies face energy
challenges in meeting the needs of billions of people who
still lack access to basic, modern energy services while at
the same time participating in a global transition to clean,
low-carbon energy systems. There is therefore a need to
provide access to reliable and affordable energy services
as a pre-requisite to alleviating extreme poverty and
meeting other societal development goals. This justifies
the use of more decentralised forms of power supply
systems built near the locations of use and benefit from
being modular in nature to incorporate future

development.

2. SOLAR/BIOGAS HYBRID SYSTEM

2.1 HYBRID CONCEPT

Options for providing energy in rural communities
include stand-alone renewable energy systems, diesel
generator sets, or a combination of these forms of energy
in a hybrid system. While stand alone systems such as
solar home systems have been implemented in some rural
areas, they cannot meet the demand due to the resource
intermittence and cannot meet thermal. The hybrid
concept is therefore an attractive option for power supply
in rural areas as it eliminates most of the disadvantages of
both diesel and solar systems. Hybrid systems have the
potential to significantly increase the reliability and
security of power supply due to the use of two or more
energy sources. The decentralised nature of renewable
energy technologies means that they require local
installation, operation and maintenance capabilities
thereby creating local employment opportunities. In
addition, the modular nature of these technologies means
the initial investments can be sized to meet the needs of
the end-users, and as these needs grow, the investments

can be increased [10].

While biogas will cater for the thermal and lighting needs
of the rural communities, solar energy can be
complimentary by providing energy for lighting,
entertainment, battery charging, cell phone charging

(SHS) and hot water (SWH). Such solar systems (SWH-
SHS) can be implemented both at household and
community levels. Biogas has been generated for
centuries in small digesters, built to supply households

205

with gas for cooking and heating. The interest in biogas
technology in Africa has been stimulated by the
promotional efforts of various international organizations
and foreign aid agencies [5]. However, most of these
initiatives are donor driven and this has contributed to
failed biogas technologies in South Africa. Despite the
many challenges, the value proposition of the biogas
industry attracts governments and investors across both
developed and emerging societies. Agama [14] has been
successfully implementing biogas projects on a
commercial basis around Cape Town although the
considerable upfront capital cost limits this to the middle
and high income families. It is estimated that there are
400000 households that do not have access to electricity,
but have sufficient bio-wastes (at least two cows that can
generate valuable animal manure bio-waste) to use biogas
digesters that will generate sufficient biogas to supply the
household cooking fuel needs. Other positive aspects are
that biogas technology is simple and reliable, construction
and repair maintenance cost can be lowered by use of
local labour who can easily be trained, the use of local
construction materials and the plant has a long-lifetime
little operation and maintenance cost. The sale of both
biogas and solar electric systems can also create jobs for
installers in rural areas, as well as opportunities for urban
and cottage industries in the manufacturing and
maintenance.

2.2 RENEWABLE ENERGY SYSTEM

MODELLING

A decrease in green house gas emission/pollution leads to
a decrease in air pollution related health problems that are
caused by the pollutants that are emitted by petroleum
fuels. This has a positive effect on the general well-being
of individuals and societies. A decrease in petroleum
(diesel) use leads to a decrease in green house gases
especially, carbon dioxide build-up in the atmosphere.
This is due to the fact that the combustion of petroleum
releases carbon dioxide that had been previously stored
underground in oil reserves into the atmosphere. A
decrease in carbon dioxide in the atmosphere reduces the
effect of pglobal warming. Income and job
diversification/creation could lead to small enterprises
development which will in turn reduce poverty and
promote sustainable rural livelihood.

Reduction in poverty in turn will decrease the traditional
use of biomass (wood) and related activities such as
deforestation, overgrazing and over-cultivation (there is a
correlation  between poverty and environmental
degradation).
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Fig. 1. Economic, environmental and social benefits of solar-
biogas energy system

3. IMPLEMENTATION MODELS

3.1 RENEWABLE ENERGY IMPLEMENTATION
MODELS

Renewable energy technologies have been implemented
world-wide with both donor supported programmes and
projects as well as through market initiatives. However, a
sustainable renewable energy market has not developed
due to a number of factors including high capital cost and
lack of financing resulting in a small market potential for
an entrepreneurial investment. Other factors include the
lack of clear local ownership of the technology, lack of
maintenance and rejection of the technology.

A number of innovative renewable energy
implementation models that have been developed [10]
and used in order to encourage widespread affordability
and acceptance. When developing a new market for
renewable energy, it is vital that an informed choice on
the most appropriate implementation model is made. It is
important to recognise that local conditions will demand
tailored solutions and approaches, or perhaps
combinations of the models described here. The three

generic ones are [10];

Model 1, Cash Sales: A renewable energy supplier sells
the renewable energy system directly or via a dealer to the
end-user. The end-user immediately becomes owner of

the system.

Model 2, Credit sales: the end-user acquires the renewable
energy system on credit. Credit sales are divided into

three categories:

* Dealer Credit, the renewable energy supplier/dealer
sells the renewable energy system to the end-user,
who enters into a credit arrangement with the
renewable energy supplier/dealer. Depending on the
arrangements, the end-user immediately becomes the
owner of the system, or when all payments are made.

* End-user Credit, the renewable energy supplier/dealer
sells the renewable energy system to the end-user,
who obtains consumer credit from a third party credit
institution. The end-user usually becomes the owner
of the system immediately, but this can be delayed
until all payments are made.

* Lease/Hire purchase, the renewable energy
supplier/dealer or a financial intermediary leases the
renewable energy system to the end-user: At the end
of the lease period, ownership may or may not be
transferred to the end-user, depending on the
arrangements. During the lease period, the lessor
remains owner of the system and is responsible for its
maintenance and repair.

i
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Model 3, Fee for service: an ESCO (electricity supply
company) owns the system, and provides an energy
service to the end-user, who pays a periodic fee (eg.,
monthly) to the ESCO. The end-user is not responsible
for the maintenance of the renewable energy system and
never becomes the owner, although the end-user may own
for example the battery and lamps/radio or gas stove.

32. CASE OF THE RWANDA BIOGAS
PROGRAMME

Many modern energy service delivery projects have been
implemented in Africa, though in most cases these have
failed [11]. Many lessons can be learnt from these
experiences, including needs identification, institutional
and financial factors, operation and maintenance capacity,
market research and quality control. The biogas
programme in Rwanda is a recent initiative that seems to
have taken into consideration the lessons learnt from past
failures. It is presented here to illustrate the roles of the
public and private sector stakeholders may be
synchronised, and how the financing arrangement could
be arranged as well as the maintenance and training

issues.

A need was identified in the Rwanda domestic cooking
fuel market in view of the very high population density,
high power tariff and problems with deforestation [12]).
The programme is supported by the Netherlands
Development Organisation (SNV) which has extensive
experience and notable successes in Asia, Nepal being a
case in point. SNV provided technical assistance for
market development and the aim was to have a self-
sustaining programme. The program was initiated in
2007, with a target for the Rwanda national biogas
programme as 15 000 units by 2011. By 2008, some 175
household biogas plants had been completed, including
100 initial demonstration units, and 185 contracts for new
biogas digesters had been signed by farmers. Ten private
companies were undertaking construction. A minimum of
2-3 cattle are required for the typical 6m’ digester, and
fertilizer from biogas digesters was sometimes sold.

The biogas digesters were more expensive than in Asia,
with a 6m® family. digester costing around US$1 200 in
Rwanda compared to US$250-$400 in Nepal. In Rwanda
cement was about $13 per bag, and 18 bags were required
for the average digester, while in Nepal cement cost about
US$2 per bag in 2008. The designs that were promoted in
Rwanda were based on the Nepalese model with
nodification to reduce the amount of cement used. In
*wanda the walls were constructed with stones (due to
he ban on using firewood for brick firing), and the dome
vith cement. The farmer’s contribution was labour and
naterials including sand, stones and water. Biogas had
ignificant benefits at the individual and community
evels, and if carbon emission reduction was considered,
1e benefits are even greater. Users saw smoke reduction
§ a greater benefit than financial benefits and the
romotional message highlights this benefit to users [13].
he capacity to pay for biogas digesters was not a

constraint since it was estimated that 100 000 farmers had
the capacity to pay for the biogas digesters, hence the plan
for 15 000 units by 2011[11]. The zero grazing of cattle
(feeding of cattle in feed-lots) also made the choice of
biogas technology favourable since all dung and urine
was collected. The digested dung can still be applied to
the fields and does not lose its fertiliser value since only
carbon compounds; carbon dioxide (CO;) and methane
(CHy) are removed in the biogas production process of
anaerobic digestion. The steps involved in a successful
application for a biogas digester are as follows:

Farmer  submits  application  form, installer
inspects/certifies site as suitable, farmer and company
sign contact, and contract endorsed by MININFRA,
company builds digester. First inspection by MININFRA,
and payment of first portion. Second payment disbursed
after digester is operational. A balance of 7.5% is paid at
12 months, after 3 compulsory visits at 2, 6, and 12
months have been completed.

The financing for the biogas digesters was structured as
follows: [12]

® 1/3 subsidy from programme (split government 25%
and programme 75%).

e 1/3 farmer contribution in labour and materials (sand,
stone, water),

e 1/3 cash by farmer, this can be through a loan,
normally payable over three years.

The biogas loan interest was 13% per annum, which was
the same as for agricultural finance. Banks had no
problems in extending credit for biogas as the criteria for
installation link the digesters to income generating
activities, especially milk sales. Eligibility for payment
was restricted to trained and certified builders, and
refresher courses included the rectification of existing
faults. The financing arrangement ensured that
participating companies had sufficient injtial capital to
start operating. The users need to be trained to deal with
minor maintenance issues like leaks in pipes, and the
installing company had to undertake the required
maintenance visits. User manuals had to be in the local
language with contact details for both the installing
company and the programme. [13]. Installing companies
were contractually bound to train local maintenance
technicians, and there were refresher courses for
technicians, funded by Netherlands Ministry of Foreign
Affairs (MININFRA). Records books were kept at the
client’s premises for inspection when necessary.

Companies were encouraged to cluster installations to
minimise costs through the phased simultaneous
construction of digesters in one area. Additionally, the
following training components were required to be in
place: user training courses held: training capability
enhanced; entrepreneurship and management training
provided to the installing companies and the school
curricula amended to have a renewable energy
component. Government and institutional acceptance was
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an important criterion for SNV to decide to become
involved. In Rwanda, the Government responded well,
engaged additional personnel as required and signed a
memorandum to show its commitment. Various
stakeholders including the Kigali Institute of Technology,
SNV and the private sector brought in technical capacity.
Model farmers who adopt and pioneer new ideas would
receive visitors who can see new ideas in action. The
initial farmers for the biogas demonstration phase were
chosen on this basis and biogas digesters would sell on
the basis of clients seeing working digesters and satisfied
users. To avoid dissatisfaction of users, construction
should not proceed where the basic conditions were not
met, for example minimum number of cows and
availability of sufficient water.

Institutional plants were selected on the basis of
availability of funds, for example through the parent
ministry for prisons, and donor support for schools and by
2008, 13 of the 20 prisons had biogas digesters. Human
wastes were added to the digester as well as the animal
manure The easy availability of dung was assured due to
two other projects [12] whereby selected farmers got a
free heifer together with veterinary and artificial
insemination services. These projects were run by Heifer
Project (USA) and Send a Cow (UK) and required each
recipient of a free heifer (or other animal) to pass on for
free the first female calf to another farmer as a way to
propagate heifer ownership. These farmers sold milk from
their cattle and in most cases the loans for the biogas
digesters were being paid off with the proceeds of the
milk sales. The cattle were zero-grazed and the farmers
grew the fodder for their cattle.

4. DISCUSSION AND CONCLUSION

A major pitfall in many rural development projects has
been the top down approach where the interventions are
developed with little or no understanding of the priority
needs of the recipient communities. In Rwanda, there
were district level plans for all sectors and stakeholders
involved. Coordination was via local structures, such as
the farmer organisations. Leaders had performance
contracts for each year. Institutional biogas digesters were
installed in response to critical sanitation and energy
needs due to prison overcrowding. Schools copied from
the prisons and funded themselves or found sponsors. To
avoid disillusionment it was crucial to be up-front with
users about the limitations. Interestingly, users prioritised
lighting (mantle lamps) very highly, in some cases above
cooking [12]. Clearly, this raises the opportunity to
incorporate SHS and SWH with biogas systems so that
both the lighting and communication (electricity) and
thermal needs (heating and cooking) are met.

South Africa could successfully implement the solar-
biogas hybrids by applying lessons-learnt from successful
projects elsewhere such as bottom-up approach to needs
identification, private-public partnerships, quality control,
maintenance and operation capacity and the provision of
suitable finance for projects. A model that could be
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implemented is one where proceeds from commercial
activities from the solar-biogas hybrid are used to pay
either the loan or the maintenance fees depending on the

financial arrangements.

Use of demonstration models can be useful so that
adoption is enhanced on the basis of clients seeing
working systems and evidence from satisfied users.

There is need for Government and institutional
acceptance and support to enable coordination and
dissemination of information via provincial and local
structures in order to raise awareness and educate the
public of the benefits of renewable energy technologies.
There is also need to identify areas where the grid may
not reach, and give these priority in the provision of off-
grid renewable energy technologies.
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