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Executive Summary

Obijective

The level of electrification in sub-Saharan Africa is low, with less than 10 percent of the rural households
having access to electricity. One of the key barriers to accelerating access is the high cost of connections,
arising, inter alia, from the use of outdated, unsuitable, high-cost methods in electricity networks. A second
key barrier is the small and dispersed nature of electricity demand, arising from low density of population
and low income levels, which lead to high average costs of providing electricity service. The objective of this
report is to help in reducing the high costs of electrification by documenting proven, low-cost methods and
techniques in electricity networks that have not yet become widely used in sub-Saharan Africa.

Need for Changes in Technical Standards

The report is based on studies related to innovations in Tunisia, Ghana, South Africa, Australia and New
Zealand, and field visits by an expert group of technical specialists to Zambia, Mozambique, Tanzania and
Uganda. The group found that these countries had very similar norms and standards for electricity networks,
based on concepts imported during colonial times, with very little adaptation to local conditions having taken
place. For example, existing technical standards allow for snow and ice loading in places that have never
experienced such weather conditions.

Technical Approach

There are many low-cost methods that are worthy of consideration; this report focuses on four low-cost
methods that are likely to have a significant cost-reducing impact and are also likely to be widely applicable
in sub-Saharan Africa. These low-cost methods should be seen as one element of an overall plan to keep
costs down. For example, there are several “good business practices”, such as better procurement methods,
inventory control and quality control, that could go a long way in reducing network costs
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SUB-SAHARAN AFRICA: INTRODUCING LOW-COST METHODS IN ELECTRICITY DISTRIBUTION NETWORKS

These methods have been identified on the basis of international experience and discussions with experienced,
local technical experts in Zambia, Mozambique, Tanzania and Uganda. The four concepts are:

*  “Appropriate design” engineering;

e Developing an institutional cost-cutting culture;
. Single Wire Earth Return; and

e Shield wire systems.

“Appropriate Design” Engineering

The term “Appropriate Engineering” describes an approach to reducing costs rather than a specific technique
or system. “Appropriate Engineering” looks at existing networks, the design, the materials used, the methods of
construction, benefits of marketing and a whole range of issues that enable lower cost networks to be constructed.

Many electrical utilities use standard designs that incorporate solutions to all problems encountered in the

|II

past, no matter where the network was installed. This leads to a “one-size-fits-all” design, which is substantially

overdesigned.

Costs are further exacerbated by high demand assumptions instead of local estimates of the likely load flows
and consumption, even though there is enough experience from sub-Saharan African electrification for
local estimates to be readily developed. This high demand assumptions lead to excessive line sizes, voltage

drop calculations, transformers and switchgear capacity.

The overdesigned systems are sometimes sought fo be justified by the notion that the network must allow for
growth, and it is not practical to keep going back and adding to the network. One solution to this “design,
construct and forget” approach is to size the network for the current load flows, with a flexible design that
can be upgraded easily as and when the load increases.

Nevertheless, it is recognized that distribution systems need some standardization to address concerns about
adequate maintenance and inventory of spares, as well as to consider the availability of materials and
equipment. Thus, a balance has to be found between the need for standardization and the benefits of
flexibility in design.

The “Appropriate Engineering” concept applies to capital costs as well as operating costs. Some major
capital cost items to be appropriately designed are:

e Network phase: Single-phase, instead of three-phase networks, are likely to be adequate in many
situations, with the design permitting upgrading to three-phase in the future. Consumers who want to
run high-powered three-phase motors could be served by using phase converters.
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EXECUTIVE SUMMARY

e Transformers: In many cases, they operate at a fraction of their design output and do so for their entire
life. Transformers should be closely sized to the actual load flows, with flexibility and, in few instances,
it may be beneficial to consider single-phase transformers to be later upgraded to three-phase
transformers.

e Poles: The traditional pole design has cross arms on the top of the poles. Modern designs use post-top
insulators fixed directly to the side of the pole and there are no cross arms. Pole-mounted transformers
should be mounted on a single pole instead of using the conventional three pole design.

e Conductors: Instead of following the common practice of using 50 mm2 and 100 mm?2 conductors,
they should be sized for the actual load conditions and smaller conductors should be used wherever
possible, except where there is a high incidence of lightning strikes.

*  House connections and ready boards: Traditional methods provide a circuit breaker with a protective
housing mounted on the pole and a cable leading to the house. The expensive circuit breaker and its
housing may be replaced by a fuse or even a piece of fuse wire and the cable to the house should be
an aerial conductor of flat twin and earth construction (dumb-bell) cable.

Institutional Cost-cutting Culture

A good example of instituting a cost-cutting culture is Tunisian Company of Electricity and Gas (STEG), the
Tunisian power utility. In the mid-1970s, when only 6 percent of the rural households had access to electricity,
STEG initiated a successful rural electrification program that went on to cover more than 88 percent of the
households by 2000, and aims to cover 97 percent rural households by 2010, while the balance households
are to be served by the solar photovoltaic (PV) systems.

Vigorous efforts to cut the capital and operational costs of rural electrification was emphasized right from
the start, and were followed up by continuous technical innovations to develop and adapt technologies
suitable to Tunisian conditions. The linchpin of these cost reductions was the adoption in the mid-1970s of a
low-cost system named Mise a la Terre (four-wire, grounded neutral network) “MALT”. Instead of continuing
to follow the existing three-phase European distribution system, which was found to be overdesigned for
scattered settlements and low levels of demand in Tunisia, STEG chose to adapt the lower-cost three-phase/
single-phase distribution systems used in North America and Australia to its own needs and environment.

This decision was perhaps the single most important factor in enabling the later success of the Tunisian rural
electrification program. Not only did the broader use of single-phase distribution reduce costs, but also the
effect of taking a courageous, much-criticized, technical decision, fostered confidence and motivation in
STEG to continually develop and implement, over the years, a number of vigorous cost-cutting efforts and
innovative technical approaches to rural electrification. While MALT itself may not be directly transferable,

STEG's focus on cost-cutting is readily applicable in other sub-Saharan countries.
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SUB-SAHARAN AFRICA: INTRODUCING LOW-COST METHODS IN ELECTRICITY DISTRIBUTION NETWORKS

Single Wire Earth Return (SWER)

SWER is a single wire system that cuts costs by using the earth as a return conductor. SWER originated in
New Zealand in the 1920s, and has been extensively used there and in Australia; today, there are more
than 200,000 km of SWER power lines in the rural areas of these two countries.

SWER is an economical solution for extending power supply into more sparsely populated, low load density
areas of sub-Saharan Africa. lts advantages are its low initial capital cost, design simplicity, ease of construction,
excellent level of reliability and low maintenance costs. Limitations include restricted load capacity, the
requirement for reliable low-resistance earthing, possible interference to metallic communication systems
and higher losses due to charging currents.

Many of the design considerations for SWER are similar to those of other power distribution systems, particularly
with regard to pole strengths, and sags and tensions, although the stringing of only one conductor means
that much longer spans can be achieved for the same strength poles and size and type of conductor. Special
requirements for SWER are the need for isolating transformers and for low-resistance earth banks at
isolating and distribution transformer stations.

Shield Wire System (SWS)

This system has been used in Ghana, Brazil, Ethiopia and Laos. In the mid-1980s, Ghana built a
high-voltage grid that conveyed power to all but a few remote towns. However, these high-voltage transmission
lines could not serve many of the communities they passed over without the additional cost of substations,
transformers, etc., and these costs were unaffordable when compared to the levels of demand from rural
communities.

SWS was developed and implemented to address this problem. It costs about 15 percent of a conventionall
power line. Ghana has successfully implemented 526 km of SWS, and connected over 3,000 rural
communities since the mid-1980s.

SWS uses the existing shield wires on the top of the transmission lines as power conductors as well as shield
wires. The shield wires are insulated using standard insulators and optical ground wires may also be used so
that there is no restriction on using the shield wires for communication. SWER is used to convey power up to
100 km from the source along the line and for 20 km on each side of the line for use by rural communities.

Xvi



EXECUTIVE SUMMARY

Conclusion

This study has confirmed that power utilities and technical experts in Uganda, Tanzania, Mozambique and
Zambia are inferested in low-cost methods which would reduce the costs of networks. It has also confirmed
that proven low-cost methods are available which would significantly reduce both capital and variable costs.

However, so far there have been no systematic efforts to introduce and mainstream low-cost methods in
electricity networks in most sub-Saharan countries. One of the barriers to these low-cost innovations is the
lack of knowledge. This can be readily rectified by reports such as this, and other forums for disseminating
the relevant information. However, this would still leave in place two key barriers: lack of capacity to
undertake the required engineering analysis and work, and lack of a systematic framework for planning
and designing cost-effective networks. The mitigation of these barriers requires capacity-building as well as
a significant change in the managerial and operational culture of the utilities.
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1. Introduction

The level of electrification in sub-Saharan Africa is low, with less than 10 percent of the rural households
having access to electricity. One of the key barriers to accelerating access is the high cost of connections
arising, inter alia, from the use of outdated, unsuitable, high-cost methods in electricity networks. A second
key barrier is the small and dispersed nature of electricity demand, arising from the low density of population
and low income levels, which lead to high average costs of providing electricity service. The objective of this
report is to help in reducing the high costs of electrification by documenting proven, low-cost methods and
techniques in electricity networks that have not yet become widely used in sub-Saharan Africa.

Many African countries have inherited European standards for their distribution networks, standards that
were developed for high density, high demand centers in continental Europe. This has often resulted in
oversized networks with unnecessarily high costs for connecting rural loads. In spite of these problems,
some countries in Africa, especially Tunisia and South Africa, have been addressing these issues through an
active pursuit of measures to decrease the costs per connection and, in the process, developing their own
locally adapted low-cost standards.

This section of the report focuses on the past and current situation in Uganda, Zambia, Tanzania and
Mozambique, and describes country barriers and makes suggestions for mainstreaming low-cost
methodologies or strategies. The information is based on discussions with utility experts, consultants, researchers
and available reports.

Uganda

Only an estimated 5 percent of the total population and less than 1 percent of the rural population has
access to grid-supplied electricity; about 72 percent of the total grid-supplied electricity is consumed by 12
percent of the domestic population concentrated in the Kampala metropolitan area and in the nearby towns
of Entebbe and Jinja. Uganda currently has one of the lowest electricity consumption per capita. At present,
Uganda Electricity Distribution Company Limited (UEDCL), the distribution company, connects about 20,000
consumers per year, while there is a population growth of 90,000 or more new households per year.



SUB-SAHARAN AFRICA: INTRODUCING LOW-COST METHODS IN ELECTRICITY DISTRIBUTION NETWORKS

The cost of rural connections in Uganda often exceeds US$8,000-US$ 10,000 per connection. UEDCL,
like many other African utilities, uses a common standard of a typical European three-wire design for 33
kilowatt (kV) Medium Voltage (MV) distribution networks. This implies a high cost per km of line (US$25,000)
and, in many cases, unnecessary high power transfer capacity (over 15 MW).

Further, rural loads are mostly calculated using simple formulae. As a direct result, both peak power, and
the monthly consumption figures are overestimated. For example, a load study (undertaken in 2000 as a
cooperative project between Makerere University, Kampala, Uganda Electricity Board and Lund Institute of
Technology, Sweden) found that in Naijjeera village outside Kampala, all four transformers had a peak
power demand of less than 6 kVA, whereas the rated capacity of the transformers were 100 kVA.

In Uganda, the main barriers to low-cost methods were identified as:

e UEDCLs Rural Electrification (RE) engineering capacity is too small;
*  RE planning methodology, design guidelines and planning tools are lacking; and
*  Lack of appropriate information and ability to compare technical options.

The following cost-reducing ideas emerged from a well-attended two-day workshop organized for this study
in 2005:

*  The Shield Wire Technology (SWT) on 132 kV transmission lines should be applied to both existing
lines as well as to forthcoming ones. While upgrading, a special case should be taken to change
existing steel wires to ACSR conductors, which are likely also to include optical fiber links.

*  Special attention shall also be given to 22 kV lines for rural electric distribution.

*  SWER systems should be widely accepted and used wherever possible. However, special attention
should be paid to protect earth wires/conductors from being stolen or vandalized perhaps by concealing
the earth wire in hollow concrete poles. It was further recommended that ongoing pilot projects should
be designed to demonstrate the applicability of SWER technology in Uganda.

*  Ready boards and simpler house wiring techniques should be implemented in Uganda in forthcoming
projects. Ready boards should be more actively promoted by the electricity regulator and should be
locally produced in Uganda, with due attention being paid to quality control and safety standards.

e Design codes should be adjusted to allow for simpler construction methods and allow low-cost techniques.

. There is a strong need to introduce a “culture of maintenance”, now almost non-existent in Uganda.

Tanzania

Electricity access rates in Tanzania are low.

The Tanzania Electric Supply Company Limited (TANESCO), a vertically integrated utility, typically uses
British Standard three-wire designs for its 33 kV and 11 kV MV distribution networks. This implies rather



INTRODUCTION

high cost per km of line extension and, in many cases, in rural and remote areas unnecessary high power
transfer capability (e.g., over 15 MVA). The cost of rural connection, most often exceeds US$ 10,000 per
connection, especially in low population density areas. TANESCO has a limited capacity for increasing the
access rate.

TANESCO added 38,000 connections — less than the number of additional households created that year —
in 2003 — but the onset of drought and the need to convert from hydropower to diesel and gas power has
delayed plans to increase access. As a result, TANESCO is presently meeting less than 50 percent of the
known demand for new connections.

A number of rural electrification projects are being carried out by the Ministry of Energy and Minerals
(MEM) and TANESCO to demonstrate more cost-effective solutions. RE projects in Urambo and Serengeti
have used new functional procurement methods for the first time. Simple specification on the functional
level means more design work for the designer but also requires more careful analysis of suggested
solutions, typically valuing quality over price. Functional procurements have resulted in more innovative
solutions which, when mainstreamed, could demonstrate clear cost-cutting measures. Both projects will
make use of insulated ABC conductors for Low Voltage (LV) distribution, concentric drop wires for houses
and use-ready-boards. Both measures are intended to minimize non-technical losses like electricity theft.

A study was performed in 2002 to design low-cost MV transmission and especially introduce distribution
systems based on SWER techniques. The study, initiated by the World Bank and financed by Swedish
International Development Cooperation Agency (Sida), was performed by a SWER specialist from Eskom
South Africa. The study found that outdated, high-level costing models (urban standards) have been configured
and used for almost all applications even in low demand rural areas. In a typical project, it was found that
construction of a TANESCO standard three-phase, 62 km line at 33 kV would cost $1.4 million; when
“appropriate design engineering” was applied to the project, the costs would be US$368,000, while a
SWER line for the same project would cost only US$166,000.

In Tanzania, internal house wiring, using a 63 ampere (A) main switch/breaker, for a two-room house with
a separate toilet costs about TSh 152,000 (US$160). In a special R&D project, the Dar es Salaam Institute
of Technology (DIT) looked at the possibility of reducing the house wiring cost]. The study found that by
adopting a better methodology, using fewer materials and wiring differently, the house wiring cost could be
reduced to less than TSh 90,000 (US$94). Further, with the use of ready boards, the “house wiring” costs
reduced to TSh 50,000 (US$52).

Atypical service line in Tanzania costs TSh 250,000 (US$263) for a single-phase 25-mm? connection. For
a three-phase connection, 50-mm? cable is used, and the corresponding service line cost is estimated to be
TSh 583,000 (US$613). The service line is restricted to maximum 30 m from the LV backbone. For route
lengths beyond 30 m, TANESCO charges are based on actual cost incurred.
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In Tanzania, the main barriers to low-cost methods were identified as:

*  The perception that “low-cost” is equivalent to “low quality”;

*  TANESCO's small RE engineering capacity;

*  Costly and outdated planning methods and designs that are not applicable to rural loads;

*  Inappropriate RE planning methodology, design guidelines and planning tools;

*  Lack of appropriate information and ability to compare technical options;

* Inefficiency of TANESCO's infernal standardization committee; and

e High cost for foreign contractors to be registered in Tanzania (US$30,000 initial and US$10,000 per
year, which is about 1,000 times higher than for local Tanzanian firms).

The following cost-reducing ideas emerged from a well-attended two-day workshop organized for this study
in 2005:

*  Introduction of single-phase motors (3-75 kW) in the Tanzanian commercial market;

*  Introduction of SWER technology for energizing small remote rural load centers;

o Introduction of shield wires in new transmission line corridors for cost-effective distribution; and

e Introduction of ready boards and current limiting devices and simpler house wiring methods to address

poorer households.

Mozambique

Mozambique is richly endowed with cheap hydropower and produces 7,193 Gigawatt hour (GWh) per
year. However, Mozambique’s own consumption is restricted to about 200 Megawatt (MW) and 1,390
GWh per year. In Maputo, the capital, about 20 percent of households now have access to grid electricity
while outside the Maputo province, only 2.6 percent have access to the national grid. This indicates that only
5-6 percent of Mozambican households have access to electricity at present. There has been practically no
increase in access over the last 25 years. Of the 120 or so “district capitals”, some 55 are still without any
form of public electricity supply, or have sporadic supplies from small generator sets to a handful of consumers
via old and poorly maintained small grids.

The Government has recognized the high costs and heavily implicit cross-subsidies in expanding electricity
access via EAM, the power utility, to distant areas with low levels of demand. Under the Energy Reform and
Access Program (ERAP), the Government began rehabilitating isolated grids in relatively distant towns and
infroduced management contracts for these systems. The Government has also recognized the potential
economic and environmental promise of decentralized renewable electricity to serve very smalll, dispersed
loads.

With the assistance of a consultant funded by the African Development Bank in 2004, the EdM finalized a
master plan for electrification. The master plan describes generic design costs (unit costs) for both transmission
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and distribution systems and includes overhead lines, underground XLPE cables, wooden/concrete/steel
poles, substation/ transformer costs for both three-phase and single-phase systems including SWER. The
plan also proposes the use of SWT as a method for cost-effective rural electricity distribution.

In 2002, Mozambique agreed to a 10-year ERAP co-financed by a World Bank credit of US$60 million.
This program includes some cost-reducing provisions:

For the main grid

e Distribution investments, on a supply and install basis, in peri-urban and rural areas, aimed at infroducing,
proven lower cost distribution network designs, standards and construction and management procedures,
in order to substantially reduce the cost per new consumer connection and per unit load (kW) served.

*  Prove the effectiveness under Mozambican conditions of other options for further cost reductions with
a view to mainstreaming them at a later stage.

For independent grids

*  Independent grid suppliers will be offered capital subsidy on a competitive basis, subject to
pre-specified criteria for service quality and household access.

*  Evenifit appears necessary that some of these small-scale investments have to be made by the public
sector, construction (on a turnkey basis) and operation/management would be done by the private
sector.

In Mozambique, the main barriers to low-cost methods were identified as:

*  Unrealistically estimated rural and peri-urban loads. It is understood from past experiences and also
from current design planning that electricity demand is highly overestimated for both rural and peri-
urban energy consumption and peak power.

*  Limited knowledge of innovative and cost-effective solutions, even though such solutions are of interest.

e Unsystematic framework for planning and design of cost-effective networks.

The following cost-reducing ideas emerged from a well-attended two-day workshop organized for this study
in 2005:

e Need for wider distribution of knowledge regarding low-cost options. It was recommended that there
should be more, specifically oriented, workshops involving more categories of technicians in the
design and planning process. More time should be spent analyzing input data before constructing RE
projects.
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*  Involvement of communities in early stages of planning. It was recommended that EDM make contact
with local community leaders at early planning stages to optimize designs and get priorities right.
Projects should be developed keeping in mind the sustainability factor rather than purely social
considerations.

e Revise the present standards and develop more appropriate rural standards. A more flexible design
approach was recommended in which innovative and appropriate ideas would be adopted to find the
most appropriate solutions. It was proposed that better and cheaper house wiring schemes and ready
boards should be permitted to reduce the cost of connection for poor households.

Zambia

In Southern Africa, Zambia enjoys the unique position of having surplus electric power available. Much of
the power generation capacity was constructed 30 years ago and little debt is still attached to this investment.

Zambia has a population of 10.5 million on an area of 750 thousand km?, so that the average density is
only 14 persons/km?. The population is mostly urban and many people live in Lusaka and the Copperbelt
region. This means that large areas of the country have a very low population density and dwellings in these
regions are widely dispersed. One of the critical developmental challenges facing Zambia is the access to
modern forms of energy by the rural population. Only about 2 percent (about 124,000) of the people out
of the 6.2 million rural population have access to electricity.

Zambia Electricity Supply Company Ltd (ZESCO), the power utility, uses 100mm? overhead conductor as a
standard. Three-phase MV (33 and 11 kV) and LV (400 V) lines only, and nothing smaller than 25 kVA,
three-phase transformers. These high “standards” are justified on the basis that it is too costly to go back if
the network needs to be upgraded at any point of time in the future. ZESCO points out that the very low tariff
encourages a high consumption.

ZESCO charges K256,000 (US$51) for a domestic urban connection K380,000 (US$76) for a rural
connection, and full cost recovery for any connection away from the grid. Due to the expensive and
standardized nature of the connection, it is estimated that each connection costs ZESCO about US$700.

At present, there are no “low-cost” initiatives in Zambia. The main barriers to low-cost methods were
identified as the lack of:

. Interest and motivation in low-cost methods; and
¢ Knowledge regarding low-cost methods.
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The following cost-reducing ideas emerged from a well-attended two-day workshop organized for this study
in 2005:

e  Grid extension should not be the only solution for the provision of electricity to rural areas. It was
crucial to consider the economics of grid extension and consider other systems such as mini/micro
hydro, biomass, solar PV, etc., where these could offer least-cost and effective options.

e Differenttechniques may be used in Zambia but they have to be cost-reflective. In view of the special
peculiarities, the techniques proposed (SWER, SWS, efc.) will require pilot studies and testing to ascertain
suitability.

*  Socio-economic studies should be undertaken to consider non-technical issues of theft.

Common Features

There are a number of ongoing parallel activities to implement electrification master plans, rural electrification
agencies, demonstration projects, education and training programs. However, many ongoing initiatives are
financed by different donor organizations, and there is weak coordination (if any) amongst them.

The common barriers to low-cost innovations are:

e Limited local engineering and design capacity;

e Costly and outdated planning methods and designs that are not applicable to rural loads;

*  Inappropriate planning methodology, design guidelines and planning tools;

*  Lack of appropriate information and ability to compare technical options; and

*  No systematic framework or motivation for planning and designing cost-effective networks.






2. Suggested Low-cost Methods

There are many low-cost methods and techniques that are worthy of consideration, and should be considered
in specific situations as the opportunities arise. In comparing the costs of different methods, it is important to
avoid focusing only on initial capital costs. Instead, the cost comparison should be based on lifetime costs
which take future capital costs into account, whether from depreciation or from system expansion to take
account of load growth and operational costs.

This report focuses on four low-cost methods that are likely to have a significant cost-reducing impact and
are also likely to be widely applicable in sub-Saharan Africa. They are:

*  “Appropriate design” engineering;

*  Developing an institutional cost-cutting culture;
. SWER; and

e SWS.

These low-cost methods should be seen as one element of an overall plan to keep costs down. For example,
there are several “good business practices” that could go a long way in reducing the cost of electrification.
One is the adoption of procurement practices that increase competition and avoid wastage; functional
procurement may itself reduce costs because it gives some flexibility fo vendors. Better inventory management
would also help; it is common in the utilities to find a lot of slow-moving items in their stock, yet the utility
suffers from shortages of critical equipment. Finally, overall quality control, with improved operational
maintenance, would reduce lifetime costs.

“Appropriate Design” Engineering

The term “appropriate design” engineering describes an approach to “low-cost” technologies rather than a
specific technique or system, such as SWER or MALT. Appropriate design engineering looks at existing
networks, the design, the materials used, the methods of construction, benefits of marketing and a whole
range of issues — and these enable lower cost networks to be constructed without changing the basic
concept. This is a value engineering exercise in which each component is critically assessed to ensure that
it is the most economical and appropriate device for the job.
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Design

Electrical utilities, especially vertically integrated national utilities, frequently use standard designs that have
evolved over many years, and tend to incorporate solutions to all the problems that have been experienced
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no matter where the network was installed. This is “one-size-fits-all” policy leads to network designs that are
suitable for a variety of conditions — desert, grassland, forests, coastal and polluted regions — irrespective of
the actual site conditions. As a result, almost all networks are substantially overdesigned and can carry

several times the actual power required.

Costs are further exacerbated by failure to understand and apply loading factors applicable to the demand

likely to be experienced by the networks.

Network cost reduction starts with a good design based on an accurate knowledge of the actual load flows
and consumption. There are enough experience and examples of developing country electrification for
these values to be known for all situations. Typically, a network with single-phase, 60 Amp connection to
each consumer, can be expected to have an After Diversity Maximum Demand (ADMD) of 0.4 to 0.7 kVA.
This can be compared with the “standard” design level of 2.5 to 3.5 kVA and, it is obvious that applying load
levels four to five times above reality will cause overdesign all the way back up the network. This will affect
line sizes, voltage drop calculations, transformers and switchgear capacity.

How can future growth load be taken into account in the network design? One justification advanced for the
“standard design” approach is that the network must allow for growth and nobody wants to keep going back
and adding to the network. This is the “design, construct and forget” policy, the direct result of which is that
network costs remain high.

The low-cost alternative is to design the network for the correct, actual load flows, with flexibility to upgrade
it easily, as and when the load increases. The method for doing this is to consider each transformer zone
and design the network to allow for additional transformers to be inserted as the need arises. Careful design
ensures that the LV line lengths are reduced when this technique is applied, leading to reduced losses and
better voltage regulation. Another method is to provide MV single-phase to low load areas but to design the
network so it may easily be changed to three-phase MV by the addition of a single wire. This wire can be
added to correctly sized and pre-drilled poles. The same may be done with the LV network.

Nevertheless, it is recognized that distribution systems cannot always be engineered and designed to the
size needed because some standardization is needed to address concerns about adequate maintenance
and inventory of spares, as well as to consider the availability of materials and equipment. Thus, a balance
has to be found between the need for standardization and the benefits of flexibility in design.

Taking each component that comprises a network in turn, the following ideas can be helpful in reducing
costs.
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Transformers

Transformers are one of the big cost items in any network and in many developing networks they are
operating at a fraction of their design output and do so for their entire life. (It is also not unusual to find
overloaded transformers.) Transformers should be closely sized to the actual load flows and, in some
instances, it may be beneficial to consider single-phase transformers. These transformers can be replaced
later with three-phase transformers and the lines upgraded from single-phase to three-phase as needed.

Transformers may be overloaded for considerable periods of time without any harmful effect, provided the
temperature rise is controlled. Utilities tend to put LV circuit breakers on the output of transformers and this
limits the ability of the transformer to operate under overload conditions. An alternative method is to put ol
temperature probes in the transformer and trip the output of the transformer before the oil temperature
exceeds the design level. In this way, the short-term overload capacity of the transformer is utilized to
provide the network with the required power at minimal cost during peak consumption.

Poles

The traditional pole design has cross arms on the top of the poles. This creates unnecessary wind loading at
the top of the pole and a large number of components that increases cost. Modern designs use post-top
insulators fixed directly to the side of the pole and there are no cross arms (see Picture 2.1). This type of
construction, using porcelain or cyclo-aliphatic resin isolators, improves the impulse withstand voltage of the
line. Typically, an 11 kV line impulse voltage rises from 75 kV to 95 kV.

Picture 2.1:22 kV Rural Line. (Traditional Design on the left, New Design on theright)

11
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Pole-mounted transformers should be mounted on a single pole and the typical, traditional design using
three poles dispensed with (see Picture 2.2).

Picture 2.2: The transformer on the left is 50 kVA and the one on the right 100 kVA

Conductors

Utilities frequently use 50 mm?2 and 100 mm?2 conductors. The low-cost alternative is that the conductors
should be sized for the actual load conditions and smaller conductors used wherever possible. The only
exception to this should be where there is a high incidence of lightning strikes and there is a danger of
smaller conductors being burned off during such strikes.

House connections

Traditional methods provide a circuit breaker with a protective housing mounted on the pole and a cable
leading to the house. The expensive circuit breaker and its housing may be replaced by a fuse or even a

piece of fuse wire and the cable to the house should be an aerial conductor of flat twin and earth construction
(dumb-bell) cable.

Ready boards

Aready board is a distribution board that acts as a termination for the incoming supply from the utility. The
ready board comes complete with circuit breakers, socket outlets and a light; this effectively forms a starter
pack for new household wiring system. Provision of a ready board means a huge cost-saving for the
householder, as he does not have to install fixed wiring in his house or seek inspection from the utility for his

12
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installation. This means that some structures that would not normally be approved for electrical installations
can now become part of the network, thereby increasing the consumer base and reducing the average cost

per connection.

Construction costs

One of the major causes of high construction costs is the use of centralized labor, centralized depots and the
need to transport both personnel and material over long distances to new construction sites. A more cost-
effective strategy is to provide training to local personnel. Initially, they can be trained to carry out final
connections to the consumers and installation of the meter. Next time around, successful entrepreneurs can
be trained to do LV construction and eventually they can graduate to MV construction. These trained personnel
can bid for contracts for construction on a competitive basis and will employ local labor in their construction
teams.

Benefits of Ready Boards: Swaziland

In 2003, Swaziland Eleciricity Board was trying to find ways of reducing the cost of extending electricity to
rural communities. Swaziland was already applying many of the techniques described under “Appropriate
Engineering” but the cost per connection was still very high due to lengthy lines and a few consumers per
km. A major problem was that Swaziland Electricity Board did not wish to provide electricity to any houses
that were not constructed out of approved materials such as brick or stone with tiled or corrugated iron
roofs. This meant that more than 50 percent of their potential consumers could not be provided with
electricity. By introducing ready boards, the Swaziland Electricity Board was able to reduce the average cost
per connection by more than 50 percent.

Cost-cutting Culture

It is clear that each country and utility would have to find its own way of instituting a cost-cutting culture within
the utility. In this section, the report describes the experience of STEG, the Tunisian utility. While Tunisia is not
a sub-Saharan country, its experience is relevant for power utilities in this region.

Tunisia’s rural electrification program was launched in the mid-1970s, a time when only é percent or
30,000 of the country’s rural households had electricity. At that time, about one-half of Tunisia’s population
lived in rural areas. Over the ensuing years, the country has made impressive gains in providing electricity
to its rural population. By the end of 2000, 88 percent of all rural households had electricity service. Today,
the country has begun a program to serve even the most remote areas with PV systems. The current goal is
to achieve total rural coverage by the year 2010, with 97 percent household having a grid connection and
3 percent of households served by PV systems. The accomplishment is even more remarkable because of
the very conservative definition of rural areas, which involves households outside of incorporated areas.

|II

Many populations that in other countries would be defined as “rural” villages and towns are defined as
“urban” in Tunisia. Thus, Tunisia’s rural population is highly dispersed and isolated, with long distances

between small groups of sometimes scattered houses.

13



SUB-SAHARAN AFRICA: INTRODUCING LOW-COST METHODS IN ELECTRICITY DISTRIBUTION NETWORKS

In the early 1970s, the entire electricity system in Tunisia was based on the European model of extension of
three-phase lines throughout the service zone. The maijority of African countries that launched rural
electrification programs in the 1970s did so with the assistance of European utilities, and used the European
model. This model is suitable for the dense population and heavy loads of Europe, but unnecessary for
scattered seftlements and low levels of demand in developing countries.

Tunisia chose to discard the European model, despite having inherited it. Instead, Tunisia chose, at an early
stage of development of its rural electrification system, to make use of the experience with lower-cost three-
phase/single-phase distribution systems used in North America and Australia, and to adapt this technology
uniquely fo its own needs and environment.

When the need to accelerate rural electrification became evident in Tunisia, STEG undertook a Technical
Audit of Distribution in 1973 to assess both of these distribution methods. The study indicated that the
existing European system was not best adapted to an ambitious program of low-cost rural electrification,
under Tunisian conditions. Given low rural incomes, dispersed households and the limited consumption of
the targeted population — generally lighting and less frequently refrigeration or television — it was clear that
the cost of rural electrification had to be kept as low as possible.

The Audit recommended the study of a new means of distribution that combined three-phase and single-
phase lines. Based on the North American model, this system was known in Tunisia as MALT. Although
controversial at the time, the recommendation was confirmed by technical and economic studies conducted
for the Master Plan for Distribution in 1974-1975. The studies estimated 18-24 percent savings using the
MALT system.

After several complementary studies, STEG engineers felt confident both of the technical feasibility of the
transformation and of the superiority in quality of service of the MALT system. At that point, the decision to
change the system became an economic question, and economic studies were conducted in several stages
in 1974-1975.

According to one of the Tunisian engineers who participated in the program, “Never had a technical
recommendation raised as many debates and exchanges of points of view in STEG.” The environment at
the time was hostile to the changeover, given the predominant European three-phase system, with opposition
both from the system operators and from European partners.

Some technical advice on the three-phase/single-phase system was provided by Hydro-Quebec engineers,
and short-term technical visits to Canada were organized, beginning in 1976, for system operators and
engineers. But the planning of the new system and solving of problems encountered in the course of
changing the system were entirely the work of the STEG staff.
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According to many in Tunisia and elsewhere, this decision was perhaps the single most important factor in
enabling the later success of the Tunisian rural electrification program. Not only did the broader use of
single-phase distribution reduce costs dramatically, it also enabled far more households to be electrified
within the same budget. But the effect of taking a courageous, much-criticized, and later-proven-correct
technical decision, which was supported by the political establishment — together with the experience of
solving the numerous technical and other problems involved with setting up the new system — went further
than this. It appears to have fostered in STEG the confidence and motivation to continually develop and
implement, over the years, a number of vigorous cost-cutting efforts and innovative technical approaches

for rural electrification.

As the three-phase/single-phase system has advanced and proven its reliability and safety, criticisms of the
MALT have diminished! but some negative points are still raised. The main disadvantage of MALT is the
need to make adaptations and conversions in order to serve large motor (> 7.5 horsepower (hp) in Tunisia,
greater than 100 hp in USA) agro-industrial and deep borehole irrigation loads requiring generally three-
phase electrical motors. This problem does not arise with any household uses such as refrigerators or color
TV, or with small motors e.g., electric pumps, manual tools, which present no difficulties with single-phase
lines. But it does potentially present an exira obstacle to large-scale industrial development in remote rural
areas, since the additional costs are borne by the consumer.

The successful adoption of the MALT system fostered an aggressive approach in STEG as regards cost-
cutting technical innovation. Throughout the 1980s and 1990s, technical and economic studies and pilot
projects were undertaken with a view to further reducing costs in the distribution system. These resulted in
a number of changes and cost-savings, of which examples are given below, roughly in order of importance
of cost-savings. Though the savings of any one innovation may be relatively modest, the cumulative effect is
considerable and testifies to the importance of a culture of “continuous improvement” within STEG.

*  Aluminum dalloy cheaper than copper wiring. From 1991, MV lines were constructed using
aluminum alloy (ASTER) wires rather than copper, after a study pointed out that international copper
prices continued to rise, and estimated the potential savings at DT500,000 per year.

*  Pin insulators cheaper than suspension chains. The introduction of pin insulators on MV lines
beginning in the 1990s reduced costs because with this design, the conductor is held higher on the
pole, so shorter supports can be used to achieve the same ground clearance. In the district of Kasserine,
for instance, savings of 20 percent for both single- and three-phase lines were achieved compared to
lines with suspension chains.

*  Cheaper, lighter poles. Prestressed Armored Concrete (PAC) poles have been gradually replaced
with a new type of “round iron poles”. The round iron pole is cheaper, much lighter and much less
fragile than the equivalent in PAC. Transportation of iron poles is much easier especially for rural
electrification. The range of PAC poles has been reduced to three classes of 9 m poles, while 18 class
and length combinations of round iron poles are in the inventory.

! Nevertheless, many utilities in sub-Saharan Africa do not adequately consider the possibility of using MALT or its parent system NAS.
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*  Cheaper protections. Expensive LV circuit breakers at MV/LV substations were replaced by very
cheap yet adequate fuses.

*  Less expensive meters. Limiting three-phase meters to large consumers and increasing the power
range of less expensive single-phase meters.

e Pole fastenings. Backfilling around the pole with stone was adopted, rather than using cement
foundations for weak poles (8/150, 9/150 and 9/180 m/daN), to reduce line construction cost.

*  Mixed medium- and low-voltage network. Use of MV network poles to carry part of the LV
network as under built lines was done wherever possible, so that fewer LV poles are needed.

Single Wire Earth Return

SWER is basically a single wire system using the ground as a return conductor. Figure 2.1 shows a typical
SWER configuration.

Figure 2.1:Typical SWER Configuration
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The significant features are the isolator transformer at the tap-off from the backbone three-phase supply
and the earthing systems providing a return path from the single-phase distribution transformers to the
isolator transformer. It should also be noted that the LV earth at the distribution transformer is kept separate
from the High Voltage (HV) SWER earth at the distribution transformer. The reclosers, surge arresters and
drop out fuses are standard simple protection as used in the traditional systems.

The dominant criterion for adopting SWER for a particular area is the load to be met in that area. Unless
inferference with open wire communication systems is likely, @ maximum SWER capacity of 480 kVA limited
by 25 Amp at 19.1 kV is suggested. If loads or prospective loads within the next 10 years are likely to
exceed the SWER capacity of the line, then a two-wire or a three-wire option should be investigated or, at
the very least, flexibility to upgrade the system should be built into the design.
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The advantages of SWER are its low initial capital cost, design simplicity, ease of construction, excellent level
of reliability and low maintenance costs. Long spans can be achieved reducing the quantities of poles,
insulators and other materials required. As a consequence, both labor and material costs are considerably
lower than for traditional systems. It is an economical solution for extending power supply into more sparsely
populated, low load density areas.

¢ Reduced capital cost. The reduced capital cost stems from the fact that there is only one conductor.
As a consequence, there is less pole-top equipment (no cross arm and only one insulator). Very long
spans can be achieved thus requiring fewer poles, insulators and other materials resulting in lower
labor and material costs. In New Zealand, it is not uncommon to have spans well in excess of 1 kmin
length spanning from hilltop to hilltop.

*  Design simplicity. It is a simple single-wire system supported on basic poles and with basic electrical
protection. The only issue of any major concern in the design is ensuring that low-resistance earths are
achieved both at the isolating transformer and the distribution transformers.

*  Ease of construction. With only one wire and simple basic pole supports, construction could not be
easier. Sagging and separation of conductors is not an issue. Many of the SWER lines in New Zealand
and Australia have been erected by farmers with no previous experience in erecting power lines.

¢  Reduced maintenance costs. SWER has fewer components than traditional systems and, hence, less
things to go wrong. In addition, because there is only one wire, there are no problems with line
clashing, and tree and vegetation management problems are minimal. The only significant maintenance
issue is the testing of earths. Isolation transformer earths should be checked annually and distribution
transformer earths on a three-year cycle basis. Experience, especially in benign earthing conditions
as found in New Zealand and in the non-desert areas of Australia, shows that earth test results are
seldom a concern.

*  Reduced bush fire hazard. Most bush fires are caused by sparking as a result of conductor clashing.
With only one conductor, this does not occur. As described below, however, poor earthing conditions
in semi-desert areas of Australia have caused some pole fires at isolator transformers but this is much
less likely to be a cause for bush fires than conductor clashing and, in fact, in bush fire-prone places
in Australia, SWER is a safer option than two- or three-wire options.

New Zealand and Australia experience

The SWER power distribution system was first invented in New Zealand in 1925, and by the 1940s it was
finally seen as the preferred solution for the economic extension of power distribution networks in the
remote rural areas of both New Zealand and Australia.

Today, there are more than 200,000 km of SWER power lines spread throughout the rural areas of both
countries. Electrification of remote, sparsely populated regions was virtually completed throughout Australia
and New Zealand in the 1980s and there has been very little new SWER construction since then other than

additional spurs to new consumer premises.
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In New Zealand, most of the SWER-supplied electricity is used for shearing machines, pumping water, saw
milling, welding, heating, lighting and household and farming appliances. It also serves other small supporting
industries and workshops in settlements surrounded by the farms.

The terrain is generally hilly and rugged, and so the SWER lines tend to traverse from hilltop to hilltop with
very long spans, many of them in excess of 1 km in length. Although some SWER systems are strictly radial,
most are radially inter-connectable, i.e., they are able to be fed from both ends, and have strategically
located break points enabling sections to be kept live while other sections are made dead for repairs.

Australia’s SWER systems generally supply dry farming areas where grazing and crop-growing predominate
but also includes other energy-intensive agricultural activities such as dairying, fruit-growing, poultry and
pig production. The maximum demand on SWER systems supplying predominantly dry farming areas has
grown at an average of 4.3 percent per annum. This rate of growth has not necessitated an upgrade from
SWER to two- or three-wire systems.

However, in areas where the land use has altered significantly from traditional grazing and crop-growing to
vineyards, fruit-growing or the intensive farming of poultry and pigs, load growth has necessitated such
conversion; some of this has occurred as early as 10 years after the SWER was commissioned. When
voltage control or overloading difficulties arise on SWER systems, the usual practice is to erect a new three-
phase distribution backbone through the affected area and divide the SWER system up into a number of
smaller SWER systems.

Ensuring good earthing conditions is a major consideration in Australia. In most places where SWER has
been installed, typically the rainfall occurs over a relatively short part of the year with mostly dry conditions
prevailing for the remainder. These conditions are not ideal for good, consistent earthing and have created
some problem particularly with regard to pole fires at isolator transformers. The solution, required only at
isolator transformer locations where other methods of earthing could not obtain the low resistance of 1 ohm
required, was to:

e Drill a vertical hole with a diameter of approximately 100 mm into the ground until a substantial band
of moist soil is encountered;

. Drill into this moist band for 6 m;

e Lower a copper electrode (32 mm x 3 mm flat copper strap) into the hole; and

e Fill with a mixture of betonite and gypsum.

The dry ground conditions can result in high impedance earth faults which are difficult to detect on SWER
systems as they are often seen by protective devices as an increase in load current. For this reason,
extensive use is made of fuses on the SWER distribution systems. Each distribution transformer and each
SWER tee off or SWER spur line is fused using a sparkless fuse link in an Expulsion Drop Out style fuse
mount fitted with an anti-fire device.

18



SUGGESTED LOW-COST METHODS

High incidence of lightning can also be a problem in Australia so silicon carbide-type surge diverters with
pressure relief and earth lead disconnect device are mounted as near as possible fo the distribution transformer
HV bushing.

Interference with the communication systems has not proven to be a significant problem in New Zealand or
Australia, probably because regulations require SWER currents to be restricted to 8 Amps or less in the
vicinity of open wire communication circuits. Today, many power utility engineers believe that this regulation
can be relaxed because the advent of fiber optics cabling and radio communication means that interference
with communication is no longer a major consideration.

Technical issues

The key technical issues related to SWER are earthing and protection.

The reliability and design of earthing systems is critical to the safety and success of SWER distribution
systems. Not only must the SWER earthing system conduct the occasional fault currents but it must conduct
the continuous load current as well. Particular care must be taken to maintain the continuity of the earth
system and to ensure that the resistance of the earthing remains within specification.

Although it is desirable to use standard earth banks as far as practicable, it is nevertheless essential to check
soil resistivity and ground conditions in the area throughout the year before finally determining the earth
bank design.

The mechanical reliability of the earthing system is also important. Open circuits or poor earth connections
significantly affect the operation of a SWER system. They can also produce dangerous touch voltages
resulting in risk to safety of people and animals. Adequate protection of the earthing system is required
where: (i) people pass by or have access to the general areq; (ii) cultivation may disturb buried conductors;
(ii) passing vehicles may hit the structure; or (iv) vandalism or theft of copper earth conductors connecting
the transformer to the earth system might occur.

Prospective fault currents and the issues regarding fuse element/energizing current constraints are key to
successful use of SWER. With good earthing, adequate protection is viable even with low fault currents. A
major issue is ground contact in the case of fallen lines. To enhance or increase fault level discrimination,
techniques such as operating at higher voltages (19.1 or 20 kV) and using low impedance or larger source/
isolator transformers are options. Increased fault levels enable reliable and safe operation of protection if
ground contact is a problem.
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The protection solutions for most site situations include:

e Standard drop out fuse protection;

. Standard HRC fuse protection;

. Circuit breaker with over current protection relay; and

e Circuit breaker with special ground current sensing relay.

The first three options meet most protection requirements. A typical circuit breaker equipped with auto-close
functions provides excellent circuit protection for longer circuits and would be used on 200 kVA and 400
kVA isolator transformers. The last option is more expensive, as the relay cost is approximately US$2,500.
The relay monitors for arcing patterns rather than fault current and thus can detect very low current faults
of a few Amps against the primary current. It is usually only considered in desert or very dry areas where
ground contact resistances are very high.

With a SWER voltage of 19.1 kV, protection will not be a major technical constraint. Usually a drop out fuse
or a circuit breaker equipped with auto-reclose, over current and fault protection at the isolator transformers
and standard drop out fuse protection elsewhere will meet the requirements.

Standard surge arrestors should be installed at isolator and distribution transformer locations in lightning-
prone areas.

Upgradability

Smart selection of pole heights and strengths, conductor-types and configuration arrangements enable
SWER lines to be built in a manner that will facilitate simple upgrade to a two-wire single-phase or three-
wire three-phase system. Given that the initial capital cost of a well-designed SWER line, including isolator
transformer, is usually 30 percent of the initial capital of a three-phase line, substantial project cost reductions
are achieved. The upgrade would be at a capital cost which would only be marginally higher (<15 percent)
overall than building a three-phase system initially. In practice, the need to upgrade to three phase is not
likely to occur for a long time (10 to 30 years) after the initial installation. Discounted cash flow calculations
would, therefore, support the case for the lower initial installation cost.

The distribution transformers would also require changing to the standard supply voltage. For a three-phase
upgrade, some additional three-phase LV distribution could be required and rebalancing of phases for all
single-phase loads. Any 400 V single-phase motors would need reconfiguring to 230 V or replacement
with three-phase units.

Technologies are available that enable the production of a three-phase supply from a single-phase system
if motor loads exceed 22 kW. The cost and serviceability of such systems requires balancing against the cost
of the upgrade.
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In practice, only a small percentage of rural supplies will require future upgrade within the life expectancy
of the line. Even if the unexpected happened and some lines require to be upgraded within a short duration
(less than five years), then the overall savings are still significant. These events will happen due to the
enterprise of those communities who will fully grasp the opportunities of electrification. In such cases,
growth will justify and fund the additional capital.

Shield Wire System

The deployment of SWS is best suited for sparsely populated territories which are traversed by HV transmission
lines and is best implemented with the construction of new transmission lines.

Origin and experience

In the early 1980s, Ghana'’s Volta River Authority (VRA) invited Professor Francesco lliceto of Rome University
to join it in considering and proposing a low-cost scheme for the supply of power to communities living near
VRA's high-voltage transmission lines. The Professor and his team proposed a SWS which was to use the
sky/shield wire, which is at the top of every HV transmission line, in an additional role. The sky/shield wire
is normally grounded for the sole purpose of providing lightning protection to the main power line below it.
The additional role foreseen under the SWS was the transportation of power. The shield wire with power
imposed would still perform its purpose of protecting the power line against lightning strikes thus making it

a dual use resource.

By 1985, SWS proposals had been proved to be technically viable and the scheme was proposed for
incorporation and commercial deployment as part of VRA's major transmission project for the extension of
power to northern Ghana. The rationale was to be able to provide electricity services to small communities
scattered along the 500+ km transmission line route, which, because of technical and cost considerations,
could not have been served using the normal transmission system design.

Presently, in Ghana, SWS has been implemented on about 526 km of 161 kV lines. A total of about 30
communities and 10,000 premises/households are being served by the scheme. The scheme has been in
commercial operation for almost 15 years now. The largest town served is Kintampo with a population of
about 30,000 and located 58 km north of its sending substation, Techiman. The largest single loads include
sawmills and the Tanoso water works, drawing up to 250 kVA.

The SWS has been able to deliver good quality MV supply to communities up to 100 km away from the
sending substation. It has been used to serve communities up to 20 km from the center line of the fransmission
line. The town of Buipe, which is located 104 km south of the sending substation at Tamale, is served by
SWS. Currently, the maximum distance of any community from the take-off point at the transmission line is
21.5 km.
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The operational records from Ghana’s SWS experience show clearly that the outage rates for shield wire
supply are substantially lower than for conventional supply. The data also show that the performance of the
SWS is either better or at least the same as that of the conventional MV supply. The total outage time being
shorter implies that lost sales are minimized for the distribution utility.

It is known that similar SWS have been deployed in Brazil, Ethiopia and Laos. In Brazil, the SWS has been
implemented on about 370 km of 230 kV lines. In Ethiopia, the SWS has been installed on 200 km of 132
kV lines. In Laos, 190 km of 115 kV lines have been equipped with SWS to provide supply. It is, therefore,
evident that the scheme can be deployed over a wide range of transmission lines voltages.

Technical details

In SWS, the sky wire which normally would have been firmly connected to the grounded steel tower body,
would now be insulated from the tower body for MV operation. The insulated shield wire would then be
energized at between 20 kV or 34 kV from the sending high voltage substation. Take-off towers would then
be erected at points close to human settlements for the power to be taken off at 20 to 34 kV and fed into
regular distribution networks within the seftlements.

The SWS thus replaces the MV sub-transmission line. Otherwise, the arrangements at the sending substation
as well as the distribution network within the beneficiary community do no change. See Figure 2.2 for a
diagrammatic representation of SWS. The SWS uses earth return so that when one shield wire is installed on
the HV transmission system, a single-phase supply is possible. Where there are two shield wires on the
transmission tower, a three-phase supply can be provided.

Figure 2.2: Diagrammatic Representation of SWS
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The SWSin operation in Ghana uses the regular 76 sqg mm to 125 sq mm shield wire, but the same scheme
can be employed where an optical ground wire is installed since the SWS does not interfere with the optical
fiber transmission. The design criteria and constraints for the SWS are similar to conventional MV supply
except that there are limitations on negative sequence voltage of < 1 percent.

The most significant deviation of SWS from the conventional MV system is the installation of an interposing
transformer which can be produced by many transformer manufacturers. Most of the interposing transformers
used for SWS in Ghana have been procured from Turkey.

Other minor equipment with special specification/requirements includes lightning arrestors, capacitors and
the insulators with arcing horns. None of these present any significant challenge to manufacturers and are
widely available.

SWS has a higher phase to ground voltage than the normal MV system. This requires a nominal increase in
equipment insulation of about 20 percent. Accordingly, the BIL of shield wire equipment typically increases
from 170 kV to 200 kV. This is a relatively minor increase that has not been difficult for suppliers to meet.

Costs and benefits

The implementation of SWS uses essentially the same LV distribution network within the communities. There
is, therefore, no cost difference in the construction of the LV network.

By the dual use of the shield wire, the cost of sub-transmission towers, conductors, grounding mats and
other materials can be completely avoided. The only exception to the elimination or reduction of material
needs is for insulators.

The only element of incremental cost in the bill of materials above that of a conventional HY transmission
line is from the replacement of insulators with those having appropriate arcing horns. On construction costs,

Figure 2.3: Insulator+Arcing Horn

23



SUB-SAHARAN AFRICA: INTRODUCING LOW-COST METHODS IN ELECTRICITY DISTRIBUTION NETWORKS

one can expect that there is a small nominal increase in erection cost for a transmission line with insulated
shield wires over the erection of a line without SWS.

Atthe sending substation, the equipment for energizing the shield wire are not very dissimilar from that required
for energizing the conventional MV line. The primary difference is the requirement of an interposing transformer
the cost of which does not exceed US$20,000 and does not make a significant change to the cost of the
substation arrangements. The cost at the sending substation, therefore, remains essentially the same. There
are, however, substantial savings from using SWS instead of a conventional MV line to supply towns.

The SWS has cost advantages in the operational phase as well. The first amongst these is the saving in
maintenance cost. The maintenance responsibility for the shield wire does not increase perceptibly as the
transmission company would have had to undertake virtually the same maintenance activities in the absence
of the SWS service. In the Ghana set-up the feeder arrangement for energizing the MV line or shield wire
is, in any case, the responsibility of the fransmission utility not the distribution entity. So, there is no impact on
either of them.

Secondly, there is no requirement for the maintenance of a second right-of-way since SWS is implemented
using the same transmission towers. As regards maintenance, therefore, the SWS essentially eliminates all
sub-transmission maintenance costs for the distribution utility. In addition to all the above, the larger than
normal size of conductor used for the SWS tends to lower sub-transmission losses. This is another source of
savings.

Table 2.1: Typical Construction Cost of 34.5 kV line in US$ per km

MV Line SWS Comment
Acquisition of Right-of-way Variable - Depends on local conditions
Survey and Civil Works 4,500 -
Steel Lattice Towers 7,500 750 Increase in erection only
Conductors 10,000 -
Insulators 2,500 3,000
Accessories 500 -
Total cost per km 25,000 3,750 Saving = 85 percent
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The net result of all these changes is a saving that amounts to approximately 85 percent of the conventional
sub-transmission line.

Limitations and challenges

The design of each SWS application is, however, complicated by the earth-return of current, the voltage
balancing needs and the interaction with the HV power circuit below. While the operation of SWS is simple
and can be performed by regular distribution utility personnel, it is recommended that the design of each
SWS application is undertaken or at least supervised by professionals with the required experience and
expertise.

The load-carrying capacity of the SWS using the smaller 76 sqg mm ACSR shield wire is in excess of 9 MW.
The load-carrying capacity at a distance of 100 km is about 4 MW. It has been computed that af the extreme
distance of about 150 km from the sending substation, the capacity of the SWS is limited to about 3 MW.
These capacities have turned out to be more than adequate for its implementation in Ghana.

The main concern of potential consumers in the initial period was about the single-phase supply. As noted
earlier, single-phase supply is possible where there is one solitary shield wire on the transmission tower. The
complaint against single-phase supply has been found to be only valid in the exceptional cases where
consumers desire or require using motors of capacity greater than 50 kW. For the majority of users in the
rural setting, the single-phase supply presents no limitation.

The dual use of the shield wire for power transfer at the same time as it performs the lightning protection
role requires the insulators that are used for SWS to have arcing horns. The accurate setting of the arcing
horn gap has been found to be critical for the satisfactory performance of the lightning protection function.
During the installation phase, therefore, particular attention has to be paid by the contractor to ensure that
the arcing horn gap is set accurately.
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3. Conclusion

This study has confirmed that power utilities and technical experts in Uganda, Tanzania, Mozambique and
Zambia are interested in low-cost methods that would reduce the costs of networks. It has also confirmed
that proven low-cost methods are available which would significantly reduce both capital and variable costs.
In particular, the use of such methods has, inter alia, enabled Ghana and Tunisia to successfully increase
electricity access in rural areas.

However, it is also clear that in the four countries covered in this study, so far there have been no systematic
efforts to introduce and mainstream low-cost methods in electricity networks. This situation prevails in these
countries even though there are well-proven techniques and approaches readily available for this purpose,
and these countries have received substantial donor assistance in their electrification efforts. Further, it is
likely that a similar situation prevails in many other sub-Saharan African countries.

One of the barriers to these low-cost innovations is the lack of knowledge. This can be readily rectified by
studies such as this, and other forums for disseminating the relevant information. However, this would still
leave in place two key barriers: lack of capacity to undertake the required engineering analysis and work,
and lack of a systematic framework for planning and designing cost-effective networks. The mitigation of
these barriers requires capacity-building as well as a significant change in the managerial and operational
culture of the utilities.
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1. Executive Summary

Many African countries have inherited European standards for their distribution networks; standards that
were adapted for high-density, high-demand centers in continental Europe. When applied in the rural areas
of Africa, this has often resulted in poorly adapted oversized networks carrying unnecessary high costs for
connecting rural loads. This report compiles some of the proven methods and technologies employed in
successful schemes, such as the Tunisian and South African rural electrification programs. Comparing these
outcomes with existing body of research on the topic, we have found three maijor pillars that seem to be the
key to the success in drastically reducing electrification program costs. These are:

*  Network forecasting and optimization;
*  "Appropriate Engineering”; and
*  Low-cost network technologies.

Network Forecasting and Optimization

Many examples show that load forecasts are often too optimistic about load growth in rural areas, leading
to oversized and expensive systems that stand largely unused. When sizing the network there is, therefore,
a need to arrive at a credible maximum load for the community for the short-, mid- and long-term views.
Indicators should be carefully developed based on statistics regarding simultaneous peak usage and the
purchasing power of the clients i.e., what percentage are likely to use appliances such as cooking plates,
fans and refrigerators.

One suitable indicator to establish is the ADMD a measure of forecasted peak network load per consumer.
With a well-calculated ADMD and a flexible network design, the utility can minimize the initial capital
expenditure and still have possibilities for easy upgrade if and when load increases beyond the designed
network capacity. ADMD for rural load clusters in Africa are often below 0.4 kVA per consumer compared
to current practices at many utilities with double up to five times the amount steering design dimensions and
the subsequent investment costs. Designing networks according to these more realistic targets lets utilities
drastically reduce size of conductors, transformers, etc, leading to instant savings.
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“Appropriate Engineering”

When choosing individual components for a low-cost network, the most important thing to embrace is a
holistic approach to savings. The cost savings does not come from a single quantum leap but from looking
at the entire network investments from the MV lines taking power info the region through the transformer
tap-offs and LV house connections continuing all the way through the house perimeter including metering,
fuses, switches, house wiring and even, in some cases, the choice of appliances. The attitude must be to
present in each detail an “appropriate” choice stemming from the earlier mentioned load forecast and
move away from “business-as-usual” type decisions leading fo overspecified components for the use intended.

A summary of the chapter conclusions from the report with key technical choices to be considered in the
network design stage is given below:

¢ Conductor and Line Voltage: Use of thinner high strength conductors-type Aluminum Conductors
Steel Reinforced (ACSR) can increase span lengths and cut cost for conductors considerably. Higher
voltage MV lines, e.g., 22 kV should be considered in order to reduce technical losses.

*  Poles: Use of wood as pole material is preferable, especially if national and/or regional sustainable
wood resources are available.

¢ Transformers: Transformers should be carefully selected taking into account the density of load and
the cyclic load pattern. Smaller single-phase transformers, preferably locally manufactured, should
be used where loads are scattered or smalll. This increases the number of viable consumer connections
at the same time as it allows for the LV connection to be minimized resulting in lower losses and less
chance for illegal tapping of the line.

*  Meters: Unmetered load limited supplies are the lowest cost option for rural clients with low power
usage (below 100 kWh per month) but have drawbacks when it comes to some objectives of
electrification like development of productive uses for increased rural income. In cases where meter
reading and bill collection are costly and difficult as well as when the clients are not used to electricity
consumption and operate on a tight budget, prepaid metering is an attractive alternative.

*  Ready Board: Costs and safety issues associated with house wiring can be drastically reduced by the
use of “ready boards”, a low-cost distribution board encapsulating in one boxed unit all functions that
are normally included in a wired house as light sockets, outlets and possibly a prepayment meter.

Low-cost Network Technologies

Besides optimizing the choice of components in the network, there are fundamental technological choices to
be made which, in themselves, can reduce electrification costs by considerable amounts. Single and bi-
phase techniques are now well-tested and applied in many different countries and environments. These
techniques reduce the number of conductors used for the line, resulting in savings in virtually all components

associated with power transfer. The major single-phase alternatives are Single Phase with Conductor Neutral,
SWER and SWS.
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SWER is deemed the lowest cost option to service smaller rural loads in areas with suitable earthing
characteristics and should be the technological starting point for most rural extensions where loads are likely
to be small. It distributes single-phase MV power on one single line with current returning through earth,
enabling long single line spans with minimal pole-top hardware.

Single Phase with Conductor Neutral is the costliest of the three single-phase designs but can still offer
savings of 30-50 percent compared to many three-phase standards. It can carry higher loads than the
SWER-based systems and can easily be upgraded to a bi-phase system and further into a three-phase
system with an added conductor. This makes it ideal for many African communities where initial demand
are considerably lower than the long-term forecasts.

SWS is suitable for distribution of power to villages close to a planned transmission line. The design uses
single-phase technique for power delivery over the one or two shield wires found on top of each transmission
tower originally put there as protection against lightning strikes.

Indicators and Benchmarks for Low-cost Networks

Finally, what can be expected as a target for a low-cost reticulation program?

An often-used measure of low-cost design implementation is the percentage of realized savings compared
to the old three-phase standards earlier implemented in the country. The following forecasts based on a
technology portfolio of largely similar content to many sub-Saharan African countries:

e MV Grid Extensions: The recommendation of a cost reduction of 25 percent to 40 percent includes
utilization of SWER where possible, two-wire single-phase metallic return and low-cost three-wire
three-phase systems.

e Shield Wire Systems: Further reduction of 30 percent to 50 percent in locations along transmission
routes where suitable shield wire schemes are available.

*  Low-voltage Network Construction: Cost reduction of 15 percent to 25 percent

*  Consumer Connections: Cost reduction of 15 percent to 25 percent by utilizing suitable meter
systems and ready boards

*  Operations and Maintenance: Cost reduction of 10 percent to 20 percent

Both the Tunisian and South African rural electrification programs have documented overall cost savings
of 20-30 percent compared to similar network investments and consumer connection costs under old
standards, well in line with the above estimations. There is no reason why these figures should not be valid
for replication in other African countries if the programs are correctly adapted to local needs and demands.
It will, however, take a strong commitment from all parties involved and a continuous cost-cutting effort
during several years in order to achieve lasting success.
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2. Background and Objective

One of the contributing factors to the slow growth rates in Africa is the lacking infrastructure in the rural
areas. Surveys show that less than 10 percent of all households have access to electricity services and that
many electrification programs struggle to keep pace even with the growth in households demanding connection
to the grid in already electrified areas.

One key obstacle to increasing rural access to electrified services are the high investment costs associated
with rural electrification. A combination of high costs and non-cost-reflective electricity tariffs leads to the
inability of utilities and other service providers to increase access to consumers who often have both the
need and the ability to pay for services. This report looks at the cost side of this equation and existing

research available to solve some of the investment-related constraints on rural electrification.

Many African countries have inherited European standards for their distribution networks, standards which
were adapted for high-density, high-demand centers in continental Europe. This has, often, resulted in
oversized networks with unnecessary high costs for connecting rural loads. In spite of these problems, some
countries in Africa, especially Tunisia and South Africa, have been addressing these issues through an active
pursuit of measures to decrease costs per rural connection and, in the process, developing their own locally
adapted low-cost standards.

ESMAP has granted funds to the Africa Energy Unit (AFTEG) to help mainstream these and other innovative,
low-cost methods developed around the world in five African countries — Uganda, Tanzania, Swaziland,
Mozambique and Zambia. These countries are already on the verge of implementing large-scale electrification
programs supported by the World Bank, in which cost reductions are a key feature. This program will
support this effort by disseminating knowledge about the technical breakthroughs around the world regarding
cost reduction as well as the measures needed in network management, maintenance and legislation to
make it happen. Initially, the effort will focus on just a few innovative concepts, with concrete steps taken to
facilitate their implementation in actual projects.

This initial report will explore the existing techniques and best practice examples from studies and projects
around the world. Later, the project team, in cooperation with stakeholders in the five countries, will discuss,
adapt and implement these techniques and practices fitting them to local needs.
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3. Approach

This study of existing knowledge in low-cost reticulation and design has been made using the sources listed
in the literature section. The aim of the study has been to determine the type of low-cost design technologies
and experiences available and directly applicable to the five countries included in the main study. This task
will be followed by field-based research determining actual status of the national electrification programs
and the relevance of the techniques and methods described in the report.

Projects and Best Practices are examined in two main chapters of the report:
Low-cost Design — Part 1

Summiaries of Bank and non-Bank reports on (i) general cost savings possible on material and management
of the existing network, (i) cost savings through new designs for power distribution including single-phase,
SWER and SWS techniques.

Case Studies — Part 2
Best practice examples from the Africa region referring to the topics discussed in Part 1.

e Tunisia: Single-phase, SWER and network management examples

*  South Africa: The National Electrification Program (NEP) encompassing innovations in consumer
connections, load forecasting and network management.

e Ghana: A study of the successful use of SWS techniques in rural distribution systems.
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4. Literature and Studies

During the course of the assignment more than 30 reports and papers on low-cost designs and experiences
have been studied. The emphasis has been to find suitable designs applicable both for rural and peri-urban
electrification. Some of the solutions presented are, however, more suitable for rural low-cost design when
carrying smaller loads over longer distances.

Afull list of the literature applied can be found in the last chapter: below are the key documents recommended
for further reading.

Key Literature

Grid electrification

Inversin, Allen R.: Reducing the Cost of Grid Extension for Rural Electrification. ESMAP Report 227/00,
2000.

Report concerning factors that affect cost of distribution networks prepared by NRECA Int’l., experiences
and advice based on low-cost initiatives from mainly North and South America and Bangladesh.

Tulloch, J.: Low-cost Systems for Distribution, Paper prepared for EDM Mozambique, 2000.

Includes general least-cost examples and information as well as a thorough analysis of implementation
possibilities of shield wire techniques and SWER in Mozambique.

Consumer connections

Smith, Nigel: Low-cost Electrification — Affordable Electricity Installation for Low-income Households in
Developing Countries. Working Paper, Intermediate Technology Publications, 1998.

An in-depth look at how costs of consumer connections could be minimized through community involvement,
new technology and reduced installation costs.
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Management of low-cost initiatives

Barnes, Douglas and Foley, Gerald: Meeting the Challenge of Rural Electrification in Developing Nations —
The Experience of Successful Programs, ESMAP, 2003.

Management of rural electrification efforts. A thorough description of nine countries with an impressive

rural electrification record. Details, background and the institutional models that provided the basis for
successful implementation.
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S. Low-cost Design

Successful, viable and sustainable electrification is urgently required throughout all of Africa. Most countries
in the continent provide access to electricity for less than 10 percent of their population. It truly is the “dark”
continent. The techniques indicated below have been tried and implemented by many different utilities and

|II

it is clear that there is no “one-size-fits all” plan that can be applied in every situation. Rather, the optimall
route lies in understanding the options that are available and applying them in the best possible way to
achieve a sustainable and viable result. The techniques are not prescriptive. Innovation, adaptation and

willingness to try new ideas are the key to success.
Management of Low-cost Initiatives

Looking at the documented experiences of rural electrification schemes in many developing countries, it is
clear that there is not one single institutional set-up that can be said to be especially conducive to low-cost
initiatives. Common factors in all successful cases seem to be: (i) a strong political commitment; (ii) economic
resources available; (iii) a dedicated executing agency; and (iv) defined targets to be met by the executing
agency and involved ministries and authorities. Douglas Barnes and Gerald Foley distill the common factors
of successful programs into the following points (Barnes, 2003)

e Setting up Effective Dedicated Institutional Structures
There is a need for a high degree of operating autonomy for the implementing agency paired with
some clear targets and responsibilities. The importance of the agency’s management team and
commitment of its staff also seem to be a deciding factor in creating a sense of positive spirit and
commitment to taking part in the development effort.

. Dealing with the Political Dimension
Experience shows that political interference in electrification programs can be highly damaging if this
leads the implementation agency away from transparent rules for the electrification decisions. It also
has an adverse effect on staff morale since logical and professional decisions have to take a back-seat
to politically motivated ones.

*  Selecting Suitable Areas
To reap the benefits of the electrification effort, there needs to be basic, fransparent criteria for areas
which are deemed to be suitable for electrification. Areas that have neither the household income nor
the commercial activities to pay for the operational costs of the service will end up hampering the utility
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and reduce sustainability. Experience shows that successful programs have clear criteria for ranking
and order of villages and communities to be electrified that are simple to understand for consumers,
municipalities and regional authorities. This creates a pipeline of future connections where the more
viable regions are connected first, creating a consumer and capital base for further extensions to less
viable segments of the market.

*  Importance of Cost Recovery
The importance of cost recovery of operational costs cannot be overstated. In cases where subsidies
enable regions to be electrified which cannot carry the operational costs long-term, the rate of future
electrification suffers since, for each additional connection, the losses will increase for the service
provider. This is the situation in many African countries where the national tariffs are so low that rural
electrification becomes a losing business even when all the investment costs are covered, resulting in
low motivation within the utility management to drive an ambitious electrification scheme.

*  Charging the Right Price for Electricity
There is a perception that electricity is unaffordable for rural consumers and, consequently, tariffs
have to be kept extremely low. However, in many cases, the costs for alternative energy sources are
on par or above the real costs of an electricity supply.

*  Low Barriers to Connections
The main barrier to connection in rural communities is, thus, not the recurring costs but the high
connection costs charged by the service provider. There are examples where utilities that offered
repayment schemes for the connection costs over five years managed to double their client base
immediately while maintaining cost-reflective tariffs.

e Community Involvement
Rural electrification planning and selection needs to be an integral part of the community planning and
prioritization process. Communities in successful programs are instrumental in helping fo access demands,
educating and encouraging new users and improving payment recovery levels.

*  Reducing Construction and Operating Costs
In order to enable more rural clients to connect and pay for full operating costs of their service, the
costs for connections and operation need to be kept at an absolute minimum. In many cases, potential
savings in construction costs compared to outdated national standards amount to over 30 percent (in
some cases over 50 percent).

Network Forecasting and Optimization

“Appropriate Engineering” refers to an overall view of the distribution network plan and the best and most
efficient ways of bringing the clients a service that they can use without oversizing the network and suffering
higher costs than needed.

When deciding on network design and technological options for supply to a specific village, there are
several factors to consider. Eskom, the South African electricity supply company, outlines a number of these
in a recent report (Crowdy, 2001):
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Choosing Suitable Communities

*  The position of each dwelling or cluster of clients;

*  The position of schools and clinics;

o Estimated income, mean range and source;

*  Lifestyle;

*  Availability of water;

*  Proximity of towns, industries and commercial centers; and

* Initial estimated percentage of connections and future estimated number of connections.

Choosing Suitable Technology

e Potential of development of load and usage;

*  Voltage level, initial, final and upgrade path;

*  Operation and Maintenance (O&M) requirements;
e Spares requirements;

*  Earthing and protection requirements; and

*  Loss profile.

In choosing suitable technologies, a more commercial aspect needs to be taken into consideration. Does the
utility plan to connect all consumers on a blanket electrification approach or connect only the ones paying
connection fees/or requesting the service in other ways — what we might call a market-driven approach.

Two key factors to be developed based on data from the above categories are estimates of affordability of
the proposed households and the forecasted load that these new consumers can be expected to draw from
the network. Some recent findings in reports and studies regarding these important considerations are
discussed below.

Affordability

Regarding affordability, there are two pervasive misconceptions. The first is that urban and rural poor
cannot afford an electricity supply; they will not pay for it. The second is that it is obviously wasteful and a
poor investment for any utility to indulge in such social engineering.

Facts contradict these perceptions. Poor people still spend money on energy. In fact, their energy budget is
a significant portion of their disposable income. Most common forms of energy purchases are candles and
kerosene for lighting, wood, charcoal or coal for cooking (and space heating in cold climes) with kerosene
as a starter fuel, dry cell batteries for radios and sometimes car batteries for TV. A survey of salaried
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consumers in many parts of Africa shows that the average monthly budget for these commodities is US$20-
US$30. The portion of the energy that will be most effectively replaced by electricity is lighting and dry cell
batteries. The monthly cost is about US$15-US$20. Even at a tariff of 10 ¢/kWh, electricity can replace this
energy with a convenient, user-friendly supply for less than US $15 per month. Hence, electricity is not only
affordable, it can actually save money for the consumer. The key here is the replacement of energy by a
better and cheaper option (Davies, 2004).

Load forecasting

When planning a rural electrification initiative, it is important to have a realistic view of the load, the
consumption pattern and possible development. Studies of households in Mozambique show that an average
rural electricity consumer could be characterized by the following (Tulloch, 2000).

Use Average Consumption (kWh)
3- 4, 60 watt lamps 200
Radio, Fans and Other Low Consumption ltems 100
Refrigerator (in less than 50 percent of the cases) 500
Total 800

The average consumption should, in this case, be 800 kWh per year for a rural household with a refrigerator
and which does not use electricity for cooking purposes. When considering that less than 50 percent of rurall
households use a refrigerator, average consumption would decrease to 500 kWh. In deep rural areas,
usage of appliances such as refrigerators, fans, etc., are unaffordable for large parts of the population due
to lack of monetary income. In these areas, the consumption would average less than 300 kWh and be used
primarily for lighting and a radio (Tulloch, 2000).

Other experiences from large electrification programs, such as the South African National Electrification
Program, show that the low levels of electricity usage are likely to continue several years after electrification
and will only gradually increase as more productive uses and monetary income opportunities become
available. The national average for Eskom connection to urban and rural low-income households is 90
kWh/month (1,080 kWh/year) but the losses are greater than 40 percent. In areas where electricity has
been marketed (rather than blanket electrification) the average consumption was greater than 210 kWh/
month with losses of 18 percent (Davies, 2004).
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Rural power demand varies significantly over the day and between income groups. In a detailed study of
few rural Ugandan villages a distinction was made among four categories: the “low” case having an
average of 200 W, the “middle” 280 W, the “middle-high” 400 W, and the “high” about 620 W. Their
energy consumption shows large similarities in load pattern over the day, with the peak demand around
8:00 pm being normally 3.5 times higher than the estimated daily average. The distinction between the
different clusters is more evident during off-peak hours when the “low” consumption cluster almost reaches
zero consumption compared to the “high” cluster that uses refrigerators and other appliances that spread
the load evenly over the day (Sprei, 2002).

Country Electric Power Consumption (kWh/capita/month)
Kenya 106
Mozambique 57
Nigeria 81
Tanzania 57
Low-income Country World Average 307

Source: World Bank Development Indicators, 2000.

So how can these findings be implemented in the utility planning of the electrification effort? One governing
factor for system design is the ADMD, defined as the highest demand experienced when measured over a
large number of consumers (Crowdy et al, 2001). For an average rural village of 100 consumers, there
are both diversity factors affecting the likely output in each house (number of lights on at the same time,
refrigerator compressor running 25 percent of the time) as well as diversity between the timing of these
incidents of load between households. A calculation made for Mozambique shows that an average
700 W individual peak load could be estimated to as low as an ADMD of 200 W. Using a carefully
calculated ADMD, the network can therefore be designed for a lower load than a simple aggregation of
peak loads (Tulloch, 2000).

To ensure that the ADMD will not be significantly exceeded and the network damaged by unplanned events,
there is a need for load limited supplies or similar measures to a segment of the population. In South Africa,
the lower-end consumers are offered a limited 2.5 Amp supply which ensures the ADMD forecasted there
can be kept at 400 VA. Loads that do not add in a significant way to the ADMD are institutions operating
mostly during off-peak hours like schools and clinics, which use energy for classrooms and check-ups in the
daytime, and for emergencies during off-peak night-time.

When a suitable ADMD has been calculated there is a need to look at the forecast for the lifetime of the
network. ADMD figures should be estimated both for the short-term, say five years into operation, as well as
for the long-term, with sustainable short-to-medium term ADMD valid for at least 20 years. In many cases,
a detailed load forecast for remote rural areas can be difficult to make. In a recent Uganda study by Eskom,
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a steady load increase of either two percentage points or a constant kVA value (suggested 2 kVA per 100
kVA) is recommended.

In the absence of even elementary data to base the forecast on, default ADMD figures for rural communities
with limited productive activities that need electricity supply could be estimated to (Crowdy, 2001):

e |Initial (five-year design); and 0.4 kVA
*  Final (15-year design). 1.0 kVA

Summary and conclusions

. Affordability of electricity supplies is often underestimated and must be compared with what
households use for alternative energy sources.

. When sizing the network, there is a need to look at a credible maximum load, based on the
likeliness of simultaneous peak usage and the purchasing power of the clients in using appliances,
such as cooking plates, fans and refrigerators.

. ADMD should be used as a measure of design criteria and load forecasts. An estimated initial
ADMD for rural load clusters is often below 0.4 kVA.

The difference between the long-term ADMD and the initial figure enables the utility to design for full
development but scale down initial investments to fit the lower initial demand, thus optimizing the value of its
resources.

“Appropriate Engineering”

Poles

Looking at the total cost of the distribution line, poles can often account for 25 percent to 40 percent of the
total cost (Inversin, 1999). Reducing this item is therefore key to the overall success of the low-cost design.
Since poles are a part of the long-term investments in the network, it's important not to reduce investment
costs on poles at the expense of quality and expected service time. Over-ambitious savings in pole design
can have the following effects (NRECA, 1999):

e Agreater safety hazard for the population, as weaker poles are more likely to fall under stress or in
severe weather conditions.

*  Ashorter life, which implies a higher life cycle cost when poles need to be replaced earlier than they
would need with correct dimensioning.

Poles are mainly constructed out of three different materials — wood, concrete and steel. There is no
material that is a clear winner in all circumstances but generally wood poles have a cost advantage in rural
applications when suitable wood resources are ready available (Inversin, 2000).
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Considering the location of the five countries included in the study, steel or concrete poles will not be further
explored in this report. These and other materials can be a viable solution for rural distribution when treated
wood poles are not available.

Wood poles

Where an indigenous supply of low-cost environmentally sustainable timber is available, the use of wood
poles in rural construction is favored. When domestically produced poles are not available, the choice can
become interesting; especially in an African context, where low-cost poles can be supplied from regional
manufacturers. If a suitable and sustainable wood resource is not available in the region, other locally
available materials like concrete poles should be carefully weighed against the high costs of long distance
fransport.

Wood poles have several key advantages (Tulloch, 2000):

*  The foremost of these is that fransport and construction are much easier where access to mechanical
pole handling equipment is limited;

e The poles are also more tolerant to mishandling and easier to work with;

e Structurally, the poles are more tolerant to extreme conditions and have advantages in increasing
lighting impulse levels in lightning-prone areas;

e Supports local employment. Local plantations permit self-sufficiency in the production of one of the
costliest components of an RE program, thus creating employment, reducing the need for foreign
exchange and lowering the cost of RE;

*  Not adversely affected by corrosive environments such as coastal zones; and

e Possibility for local communities to grow and supply poles to the electrification scheme and, thereby,
reduce the cost of connection (Inversin, 1999).

Increasing forest cover for pole production in marginal areas can produce numerous environmental benefits,
including reduced erosion of land and sedimentation that leads to the destruction of riverine habitats,
improved groundwater quality and quantity, more abundant and diverse wildlife, and, opportunities for
increased employment from processing a range of forest products (Inversin, 1999).

The major disadvantages are:

e Deterioration due to rot or termite attack requiring higher level of ongoing maintenance. (Possible to
reduce in termite-infested areas through better impregnation and application of a polyethylene sleeve
to the base.)

e Consistency in preservation techniques.

*  Quality control to ensure the poles are capable of design loads.
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Pole height

In many countries, pole heights are considerably longer than necessary. For example, Bangladesh uses
12 m poles for applications where India under the same circumstances and voltage levels makes do with 8
meter poles (Inversin, 1999). Reducing the height of the poles also enables a smaller girth which reduces
the overall volume and cost of the pole even further. Often, the national norms of pole height are outdated
legacies to allow provision for telephone or telegraph lines etc. With the rapid development of mobile
phone networks in African countries the need for fixed telephone lines and sharing of distribution networks
is now, in many places, a thing of the past. Instead, the following criteria should be considered for an
optimal pole length (Inversin, 1999).

Clearance requirements to protect line, vehicles and people

Standards in the US suggest that a suitable clearance for areas affected by vehicular traffic should be in the
range of 5 m for bare conductor and 4.7 m for neutral conductor. In areas, where only pedestrians have
access, a mere 3.8 m and 2.9 m is needed for bare and neutral conductors respectively. In Africa, where
most networks are running on 230 V instead of the US 230 V and many roadside lines can be crossed by
trucks and lorries almost anywhere, the clearances need to be more generous. Minimum heights in Southern
Africa are shown in the Table A 1.1 (Davies, 2004):

Table A 1.1: Minimum Clearance Heights in Southern Africa

Poles Proposed
Permitted Clearances (mm) Pole
11 kv From Top of Pole 150
Between Phases 450
Over a Road 6,300
In a Town 5,500
In Country 5,100
415 volts From 11 kV 800
Between Phases 250
Over a Road 6,100
In a Town 5,500
In Country 4,900
Sag (Allow) 300
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Poles Proposed

Permitted Clearances (mm) Pole
Pole Planting Depth (max) 1,200
Examples
Country 3 Phase 11 kV 7,650 8
Town 3 Phase 11 kV 8,050
Over Road 3 Phase 11 kV 8,850 9
Country 3 Phase 11 kV +3p LV 9,000 9.5
Town 3 Phase 11 kV +3p LV 9,600
Over Road 3 Phase 11 kV +3p LV 10,200 10.5
Country 1 Phase LV 6,800 7
Country 3 Phase LV 7,300 7.5

*  Foundation Depth Required to Ensure a Stable Structure
For US rural electrification systems, a rule of thumb is 0.6 m plus 10 percent of the total length of the pole
*  Sag Required to keep Conductor Tension Within Limits
In many western standards, the maximum tension allowed is kept as low as 35 percent of the maximum
tension of the line. In the African context, where snow and ice are not likely to occur, the design factor
could be increased to about 60 percent of the calculated ultimate strength. This allows for shorter
poles or longer spans than the equivalent developed world standards.
*  Top-to-bottom Insulator/Conductor Spacing
Standards for spacing can often be outdated when new, stronger lines are introduced that allow higher

tensions.

Span lengths

In addition to using the right pole height and material, the line span has an immediate effect on the number
of poles used per km. Factors in this equation are the height of each pole, the desired line-to-ground and
line-line clearance as well as the voltage transmitted (Inversin 1999).
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Often these optimal characteristics have, in reality, given way to other considerations, such as ease of
implementation in terrain, or the need to follow winding roads, etc. Comparisons show that in many countries
these considerations have affected the overall standard which means that in cases where a much longer
span length of 130-150 m is possible, the utility is still adhering to the shorter, more convenient 60-90 m
span lengths that are more generally applicable, thus increasing the price per km by up to 30 percent.

Changes in network philosophy to further increase span lengths by the use of single-phase and SWER will be
described in later chapters.

Summary and conclusions

. Use of wood as pole material is preferable, especially if national and/or regional wood resources
are available.

. There needs to be a careful optimization of the pole length/span ratio for rural electrification
taking into account the different clearance needed for roads and areas with only pedestrian
access.

. Remaining old or outdated standards need to be revised to fully reflect new technology and
materials as well as changed use of distribution lines for other purposes.

Line material

Conductor

Besides the poles, the conductor normally represents the second costliest component in the distribution
system (Inversin, 1999). The main material for overhead conductors is copper or aluminum alloy, but in
some cases steel has been used. Often utilities are experiencing higher costs than necessary because of
oversizing of the conductors compared to the demand of the particular distribution line. There are a number
of points to be taken into consideration when determining the correct type and size of conductors. These

are:

*  Load Forecast for Region Served
How much power can realistically be supplied to the community in the lifetime of the line? Indicators
like ADMD, used to forecast loads in communities, should be used to select a conductor suitable to the
load. Can load management even out peaks in the demand cycle?

*  Distribution Voltage
By increasing the distribution voltage to higher levels, thinner lines as well as longer distances can be
served with maintained losses. For MV, an increase of up to 22 kV is often possible without larger
increases in the price of equipment. For higher voltages, a careful weighing of the pros and cons of
savings against the drastically increased equipment costs has to be made.

*  Mechanical Constraints
For lightly loaded lines, such as those found in many rural distribution networks, the choice of conductor-
type is governed by the need for adequate mechanical strength, i.e., strength in tension. This, paired
with point one, may also shift the decision regarding design philosophy since an electrically less-than-
optimal solution could end up the least-cost, based on mechanical characteristics (Inversin 1999).
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*  Conductor Material — Aluminum
Conductors like the ACSR are cheaper, with less risk of theft and have a 30 percent strength-to-weight
advantage over traditional copper conductors. Aluminum should, therefore, be the material of choice
for main rural load centers. Galvanized steel conductors are an interesting choice for servicing small
loads. They have a considerable strength-to-weight ratio, which will allow longer spans with fewer
poles. The higher resistance in steel conductors can be somewhat compensated using higher voltage.
*  Conductor Type
In many of the successful countries in rural electrification, a standard using high-strength relatively thin
conductors has been established resulting in increased span lengths of up to 100 percent on flat
ground. Examples of conductor types used in these applications are as example 3/4/2.12 Magpie in
South Africa, 3/4/2.5 Raisin and 4/3/3.75 Walnut in Australia and New Zealand (See Table A 1.2,
Tulloch, 2000).

Table A 1.2: Suitable Conductors for Rural Distribution Networks including Expected Savings Relative
to Current Standards in Mozambique (Tulloch, 2000)

Construction Type $/km Capacity! Capacity! Spans Relative
kVA-50km kVA-25km Cost

Three-phase

3 W 33 kV Leopard — EdM 18,800 4,000 8,000 120m 100%
3 W 33 kV Leopard — LC3 15,300 4,000 8,000 180m 81%
3 W 33 kV Walnut/Mink 13,950 2,600 5,200 150m 74%
3 W 33 kV Walnut - LC® 11,000 2,600 5,200 225m 59%
3 W 33 kV Raisin - LC3 9,050 1,080 2,160 225m 48%

SINGLE-PHASE Flat 3.5m Cross Arm Assembly

2 W 33 kV Walnut — LC? 7,995 1,500 3,000 300m 43%
2 W 33 kV Raisin — LC? 6,680 625 1,250 300m 36%
SWER

1 W 19.1 kV Leopard 6,110 440 48072 240m 32%
1 W 19.1 kV Walnut 4,470 365 4802 300m 24%
1 W 19.1 kV Raisin 3,840 190 380 300m 20%
1 W 19.1 kV Raisin® 4,260 190 380 225m 23%

15 percent MV drop: double if 10 percent.

2 Maximum SWER 480 kVA.

3 LC = Low-cost span reduction factor 875 Pa wind @ 150 m span, 750 Pa wind @ 200 m span.
4 This design permits future three-phase construction without additional poles.
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An important consideration when choosing conductors is the likelihood of corrosion. In industrial areas or
regions close to the sea, the ACSR-type conductor quickly deteriorates due to the chemical reaction between
the galvanized steel reinforcement and the aluminum. An alloy-reinforced conductor AAAC is a better
choice in these areas (the all-aluminum conductor AAC does not have the strength necessary in smaller
dimensions to be used in most rural applications).

Cables

In the base case, cables are a more expensive solution than overhead lines; however, according to some
studies, in special situations, they can end up being the least-cost solution. The cable alternative is especially

interesting under the following circumstances:

e Difficult Environment
In cases with a difficult environment, such as coastal or sandy areas or regions susceptible to severe
stforms.

*  Free Labor Available
Significant savings in labor costs are possible when local villagers are able to dig the cable trenching
themselves (Larsson et al., 2002).

*  Right-of-Way
Overhead lines involve the removal of trees along the right-of-way for the line and the continued
maintenance of the way leave. Underground cables eliminate this (Inversin, 1999).

*  Decreased Tampering, Theft
Cable systems are more difficult to use for illegal connections and electricity theft. In addition, if
aluminum-based cables are used, there is no real value in the materials, which eliminates cases
where copper cables are stolen because of the material content.

*  Intermediate Voltage
LV cables constructed using PVC insulation are generally used and rated up to 600 V. In fact, PVC is
quite safe for use up to 1100V and ring feeds operating at this voltage have been used for low power,
rural supplies in some instances.

There are also some disadvantages with cable distribution systems. These are the following:

*  Fault-finding and Repair
When faults do occur, they are often difficult to locate and require specialized equipment and training
to repair.

e Upgradability
If the demand in the village served by the cable network increases beyond the capacity of the existing
cable, its costly to increase the capacity, often demanding a new cable in parallel with the old one.

*  New Tap-offs
It is very complicated and costly o connect new consumers living along the cable line, if a new joint is
required.
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Pole-top assemblies

Pole-top assemblies like brackets, cross arms and insulators can sometimes be an important part of the cost
of the line (Inversin 1999). A significant reduction in cost can be made by eliminating cross arms altogether
through a vertical mounting with post insulators directly attached to the pole. The savings are, however,
often offset by the need for more expensive insulators and a higher pole to maintain ground clearance. But
where the poles already have the needed length, this is a highly suitable solution.

Line voltage

When the utility is trying to minimize costs for the conductors, and keep designs to thin, high-strength lines
as described in earlier chapters, there is a risk of increased losses and voltage drops. This can be compensated
by considering a higher line voltage. As an example of the cost savings possible, the upgrading of a 30 km,
11 kV three-phase line to 22 kV in El Salvador yielded a total savings of about 20 percent while maintaining
the level of technical losses. Another 15 percent cost reduction is possible if single-phase designs are used
(Inversin, 2000). The savings originate from thinner lines, thus fewer demands on poles, insulators and
machinery (see Table A 1.3).

Table A 1.3: Comparison between Costs for Lines in El Salvador using Different Voltage Levels and

Designs
Component Three-phase 11 kV Three-phase 22 kV Single-phase
uss$ uss$ us$
Poles 10.6 & 12m 70,900 10.6 & 12m 69,800 10.6 & 12m 62,100
Conductor 53 mm? ACSR 76,900 13 mm? ACSR 32,900 21 mm? ACSR 24,100
Pole-top Pin Insulators, 50,000 Pin Insulators, 49,000 Pin Insulators, 40,500
Assembly Cross Arms, efc. Cross Arms, efc. Cross Arms, efc.
Guys Cable 8,300 Cable 7,800 Cable 6,000
Attachments Attachments Attachments
Labor Manpower 65,500 Manpower 53,400 Manpower 46,300
Needed Needed Needed
Total 271,600 212,900 179,000
Total per km 9,100 7,100 6,000
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Summary and conclusions

. Use of thinner, high-strength conductors such as the “Raisin” or “Walnut” type ACSR can increase
span lengths and cut costs for conductors considerably.

. Line material suitability for corrosive environments must be taken into account to achieve the
lowest lifetime cost of the line.

. Cables can be an alternative under special circumstances where soil and environmental conditions

are favorable, and the villages electrified are willing to provide labor as equity.
. MV lines of at least 22 kV should be considered if not already implemented.

For MV line material and transformers, there are small differences in price between lower MV levels of 6
or 11 kV and the higher 22 kV equipment. On levels above the 24 kV design limit, the equipment tends to
be more advanced and expensive as suppliers generally have to shift to a new product family and the
competition and number of products offered is reduced. A decision to move into MV voltages of 33 kV and
above to save on line material and losses, therefore, has to be carefully weighed against the increased

investments in hardware.

Transformers

From a network point of view, the cost of the distribution transformers is often small in comparison with the
cost of the distribution line. But in cases where the loads are scattered, as in many rural areas of Africa,
each tap-off is shared by few consumers and can, if not designed properly, become a significant barrier to

connection.

There are two key issues in selection of transformer capacity. These are densities of load and the cyclic load
pattern. Density determines the voltage drop limits for the LV distributors, the size of the conductor and the
location of the transformer. The cyclic load pattern looks at the duration of high demand versus the duration
of low demand periods and determines the capacity of the transformer for overload conditions.

In many RE programs, the clusters of consumers and loads are small and rarely suit the characteristics of the
smallest conventional three-phase 25 kVA transformers available in the market. Therefore, it is interesting
to start looking at solutions using single-phase transformers of considerably smaller size. Some RE initiatives
like the Nepal Rural Electrification Program have promoted local manufacturing of small 1 or 2 kVA
distribution transformers that offer the utility and users lower cost both in terms of initial investment as well
as cost of losses. If the load increases, changing to a more conventional transformer is simple to do and
does not incur any significant costs compared to installing the larger transformer initially. Using smaller,
more adapted transformers, also has the following additional advantages (Inversin, 1999).

54



ANNEX 1: LOW-COST DESIGN

*  Transport in Rural Environments:
Enables the relatively small fransformers (around 20-40 kg) to be transported into areas without road
access.

*  Load Increase:
Using small transformers enables the utility to connect more users along the MV lines that were
deemed non-viable when considering the costs of the larger transformers. Thus, the load and number
of clients served can increase significantly.

*  System Optimization:
The transformer position has significant importance since it determines the amount of LV line employed
in the system. Since LV lines generally incur larger losses than the MV equivalent, choosing smaller
size transformers, more adapted to nearby loads, and placing them close to the load centers can save
considerable losses compared to the usual one transformer case where the distribution to village
clients is made solely with LV lines (see Figure A 1.1).

*  Flexibility:
In the Nepal example, the smaller tfransformer serves in some cases in conjunction with a conventional
large-type transformer to accommodate both the high loads experienced during the dry season when
irrigation pumps are used (need of a 100 kVA) and the other times of the year when only household
energy is needed. The additional cost of the small fransformer has a pay-back time of only two years
in the described case and will drastically reduce the losses when in service (Inversin, 2000).

Figure A 1.1:(i) Central Distribution Transformer,
(ii) System Using Smaller Transformer Located near the Consumers Clusters
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Summary and conclusions
. Transformers should be carefully selected, taking into account the density of load and the cyclic
load pattern.
. Smaller size transformers, preferably locally manufactured, should be used where loads are scattered
or small. This enables more consumers to be connected and the LV high-loss connection to be
minimized.

. Single-phase transformers are often less expensive and suffer lower losses for equal power delivered.
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Consumer Connections

The last stage of the electricity network is often overlooked by many utilities. It is no longer enough to bring
power fo a tap-off point in the community. Also, the connections need to be provided in a low-cost design to
enable more than the wealthy few to take advantage of the new resource. Given below are some general
points to keep in mind, covering the most important components in consumer low-cost connections including

chapters on consumer metering and house wiring.

Techniques to reduce the cost per connection (Davies, 2003)

*  Include All Structures
Outdated engineering standards often prohibit connections to buildings not constructed with approved
materials such as brick or stone and fitted with a sheet steel, tiled or concrete roof. This reduces the
market for the utility company and increases costs. For example, a linear village with 50 houses may
have only been half constructed from approved materials. The cost of the network is virtually the same
whether all or half of the houses are connected. If there is no restriction as to which houses may be
connected, then the network contribution to the cost per connection is halved. One easy way to make
all structures acceptable is to allow the use of “ready boards”. Another is to provide pre-fabricated
wiring in the form of wiring harnesses (see below).

*  Affordable Connection Fee
The utility requires the highest possible density of connections in order to keep line lengths to the
minimum. A high connection fee will discourage new consumers and the marginal increase in revenue
from the high fee will not compensate for the increased costs. Charge a reasonable and affordable
fee, bearing in mind that the consumer incurs other (appliance) costs in changing his energy source
and recover most of the capital expenditure out of the tariff.

*  Apply “Appropriate Engineering” Standards
Design and construct the house connections using suitable standards for the environment. Design for
the desert or for the coast or for the rainforest but do not have one design that fits all. Examine each
and every component and ask if it contributes fo conveying power safely and efficiently to the consumer;
if it does not contribute, discard it. Consider every remaining component fo see if a cheaper alternative
such as fuse wire in place of circuit breakers might work. Be adventurous and think laterally. Make
every asset “sweat”.

House wiring

The costs of wiring and inspections in remote rural areas and the high percentage of consumers living in
thatched roof houses or other types of non-permanent roof buildings have resulted in a large number of
consumers in rural African villages who are unable to connect, even in cases where they can afford the

service charges. In studies in Tanzania, the cost of changing from thatched to permanent roof, and paying
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for the minimum connection fee and approved house wiring was estimated to be US$250, while in Bangladesh,
which allows informal housing connections, the cost of a simple connection is only US$4 (Smith, 1998).

In some cases, the standards for housing and wiring connections are very similar to the IEC standards
governing electrical connections in the western world. Experience shows that through reforms in regulations
and technical solutions such as pre-fabricated wiring, the majority of consumers not conforming to the more
rigid regulations can be connected. For a household that is only able to afford a couple of lights, classic

wiring can prove inflexible as they often want to move the lights or appliances to serve different purposes
(Smith, 1998).

Given below are some of the steps taken in different countries to address these issues.

Ready boards

A “ready board” is a low-cost distribution board encapsulating in one unit all functions that are normally
included in a wired house, complete with built-in light sockets and outlets for appliances. In some cases it
includes an integral earth leakage unit and possibly a pre-payment meter.

The principal components of a ready board or distribution board are (NRECA, 1999):

e Light Switches: Provides control over lights in the house.

e Power Outlets: Depending on the connection capacity, a number of outlets are often provided for
radio, cooking plate, etc.

e MCB/Fuse/Current Limiter: There are several ways of limiting supply to the client and to the various
power outlets with the Miniature Circuit Breaker (MCB) as the most versatile but costliest option.

Picture A 1.1: Example of a South African-manufactured Ready Board
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In many units supplied in South Africa, a light is mounted on top of the ready board and can, for the poorest
households, be their first electrical appliance. Ready boards are nowadays used extensively in South Africa,
and are reported to be working well for low-income households. They have been used in various types of
houses, from mud-plastered to concrete block houses. Savings in consumer installation costs on the order of
50-75 percent can be realized if a ready board is used instead of conventional house wiring methods
(Davidson et al., 2000). The device has the advantage of reducing both the utility’s and the consumer’s
house wiring costs, as well as removing some of the cost associated with house wiring inspections. The
household usually makes any extensions beyond the board using surface-mounted flexible connections.
Nowadays, there are several industrial manufacturers of ready boards, especially in South Africa. Costs are
estimated to be around US$40 but are dependent on the level of function, usage of MCB, earth leakage
unit, number of sockets, etc. (Smith, 1998).

The drawbacks experienced with ready boards are mostly related to safety issues. In the cases where ready
boards have been offered without earth leakage protection, there is a risk that the sometimes due to the
poor wiring done by rural consumers, branching out of wires from one or two sockets can cause fires or
accidents. A solution to some of these concerns is an integrated protection device and the supply of wiring
harnesses for lighting as described in the section below (Smith, 1998).

Wiring harnesses

In Nepal, low-tech ready boards are combined with wiring harnesses to offer consumers locally manufactured
packages consisting of a basic wooden connection box with fuse, power outlets and lights with included
wires. The wires radiate out of the connection box in an octopus fashion. Installation is accomplished easily
by fixing the wires to beams or building supports using plastic cable ties or other temporary solutions. The
basic wire harness package includes two lights and one socket and comes at a cost of around US$5 (Smith,
1998).

The advantages of making a wire harness package available to consumers versus the consumer buying his
own lights and wires are mainly two-fold: economies of scale in purchases and assurance of a correct
power circuit and protection function to inexperienced users in temporary thatched roof houses. The basic
harness is used in conjunction with a load limiter. If the consumer pays for a higher current or metered
supply, the wiring harness is upgraded to carry additional load (Smith, 1998).

The wire harness solution has proven popular because of its ease of use, flexibility when it comes to
reallocation of the lights inside the house, the local technical support available and the low price. Studies
have shown that a conventionally wired house is about six times more expensive than the wire harness
option (NRECA, 1999).
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Meters

There are three different solutions to metering and receiving payment from the electricity consumer — credit
metering, pre-paid metering and load limited metering. Whatever option is selected, the utility needs to take
account of the full monthly cost of the meters. If the meter life is less than the depreciation period of the line
then the replacement cost must also be factored in. This chapter will aim to explain the advantages and
disadvantages experienced in developing countries using these technologies.

Credit Metering

The most common technique used in developed economies, credit metering is to meter the electricity
consumed and later bill the consumer for the used resource. Usual problems in developing countries with
this method are metering accuracy, illegal tampering, bill delivery and cash collection.

As credit meters are robust, show a true reflection of usage (compared to a fixed rate), and are about half
the cost of a prepayment meter, it is worth looking at ways in which the apparent disadvantages of these
meters can be addressed. Normally, there will be meter readers, a posted or delivered bill and a collection
point at which payments can be made. Savings can be achieved if the meter readers are local residents
paid on a commission basis. The same person can issue bills either through a central billing system or using
point-of-sale equipment. The utility involvement and cost is then limited to an audit function. The same
person should be the eyes and ears of the utility and should be able to provide specific information about
first-line maintenance and consumer complaints. All this reduces monthly costs and improves viability (Davies,
2004).

Prepaid Meters

In order to come to terms with problems such as electricity theft and poor metering ability, many utilities
have called for alternative solutions to eliminate costly payment collection and metering reading functions.
One of the more established solutions to these issues is prepaid metering. Prepaid meters work on advance
payment basis using swipe cards, tokens or a printed code from a receipt received at the vendor outlet to
record the amount of units purchased for future use. The prepaid meters were first introduced in the African
context on a large scale during the National Electrification Program in South Africa. Since then, prepaid
meters have proven to be successful in many developing countries, especially for consumer consuming
electricity above an average of 100 kWh per month.

Prepayment meters provide the following general advantages to clients (Inversin, 2000):

*  No meter reading required;
*  No billing required;
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*  No overdue accounts and bad debts;

*  Easy budgeting energy conservation;

*  No consumer complaints regarding bills;

*  No problem with bill delivery due to the lack of a postal system;
*  Automatically disconnects in a transparent and equal way; and
e Job creation in electricity vending outlets.

The introduction of prepaid meters in many RE programs has also resulted in various problems. During the
first year of the South African program, the prepayment meters had a 20 percent failure rate (Smith,
1998). The problem was mainly due to two causes, the first was that the new technology was poorly
adapted to the environment in which the meters were installed. The second was that inexperienced users
were unable to operate the meters correctly (one of the main problems was that Eskom specified an impulse
withstand of 6 kV, whereas the conventional meters have a withstand of more than 15 kV. In networks with
overhead lines, 6 kV is not a reasonable withstand level). Since then, the design of the devices has improved
both in quality and user-friendliness, resulting in the disappearance of many of the initial problems. One of
the changes which was introduced is easier displays for the meters that enable illiterate users to assess their
energy consumption and the number of units left of their current prepaid electricity amount. Symbols
include a “smiling face” when there is plenty of electricity left from the purchased amount and a “sad face”
when the prepaid amount is about to run out. Other functions are a scale of LED lamp symbols that indicate
current usage. This enables users who might not realize the importance of twining off unused equipment to
actively search for power saving measures (Stevens, 2000).

However, some drawbacks of prepaid meters still remain. They are (Davies, 2000):

e Shorter lifespan (10 years) compared to lifespan of credit meters (20 years);

*  Easy by-passing by the consumers — no reduction in meter tampering;

*  High initial cost of meter and installation;

*  Costs of vending machines and placing enough of them (especially in rural areas) to be within a
reasonable distance for each consumer (5 km is the NER-recommended maximum); and

*  Unrecorded token sales by other nearby utilities that work on your system.

These drawbacks do not mean that prepaid meters should not be used but it is essential that the true, total
cost of the metering system is fully understood by the purchaser. If the intention is to address the social
problem of non-payment using prepayment meters, then expect to be disappointed. Social problems are
rarely resolved by technical solutions (Davies, 2004).

Some of the experiences of using prepayment meters relating to the South African National Electrification
Program can be found in the Case Study chapter.
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Unmetered Supply

The third option is to provide a load limited supply with a fixed monthly charge based on the maximum
capacity provided to the consumer. From a technical perspective, the load limiters work by limiting the
current supplied to a maximum value. If the current exceeds this value, a device cuts the power and has to
be either reset manually or automatically reconnected after a few seconds if the load has decreased. There
are three basic types of load limiters (Smith, 1998):

*  Miniature Circuit Breaker (MCB):
MCBs are well known to electrical engineers and are manufactured in large series. They are reasonably
accurate and offer good service quality. A 250 W MCB-based load limiter costs US$8 when applied
in an electrification project in Nepal.

*  Positive Temperature Co-efficient Thermistor (PTC):
PTCs were originally produced for overload protection in felecommunication and consumer electronics.
The PTC offers very low costs and high accuracy for low current applications less than 500 mA. The
cost for a 25 W or 50 W load limiter in Nepal is on an average US$4.

e Electronic Current Cut-out (ECC):
The ECC is a new development especially for load limitation purposes. The ECC offers higher accuracy
than the MCB and higher current capacity than the PCT. It was developed in conjunction with the Nepal
“Andhi Khola” rural electrification program and offers load limiters from 0.5 to 3 A. An ECC-based
load limiter for 250 W costs US$12.5.

The prices above should be compared with the cheapest Chinese or Indian credit meter which was at the
time of the study sold at US$ 15, a prepayment meter of similar quality was sold at US$90.

One of the most important drawbacks of unmetered supply is that the unchecked supply encourages illegal
tampering. This can pose larger problems than the mere loss of revenue since a network adapted for an
optimal ADMD and strained generating facilities such as mini hydro grids can be overloaded and damaged.
Later versions of load limitation products address this concern. The “Power Provider” shown in Picture A
1.2: can be installed in connection to the HY line tap-off, making bypassing impossible when current is live.
It also replaces the need for additional line fuse, making additional savings possible (Larsson et al, 2002).
These new types of devices provide a technological solution for load limitation purposes in the range
between 0.5-5 A (Sustainable Systems Limited, 2000).
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Picture A 1.2: The “Power Provider”

A new type of load limiter that can be placed outside at the pole, making illegal tampering more
difficult.
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The advantages of unmetered supply are the ease of budgeting for utility and consumer as well as the
comparatively low costs per connection. Drawbacks are repressed demand with, in many cases, feelings of
inequality because more wealthy consumers are able to use electricity for productive activities without being
hampered by inflexible load limits. Another drawback is that energy economization by consumers is not
encouraged as long as the load limit has not been reached (Inversin, 2000). Since many African enterprises
start in the backyard of the owner’s house, load limited supplies can also have a development implication
when it comes to productive uses of electricity, increased disposable income and private enterprise.

Summary and conclusions

. Costs associated with house wiring can be drastically reduced by the use of “ready boards” and
“wiring harnesses”.

. A “ready board” is a low-cost distribution board encapsulating in one boxed unit all functions that
are normally included in a wired house, complete with built-in light sockets, outlets and possibly
a prepayment meter, making house connections fast and cost-effective.

. Ready-made wiring solutions like “wiring harnesses” enable utilities to increase the number of
users since clients in thatched roof or other types of unregulated housing can also be connected.

. There are three metering options, credit metering, prepaid metering and unmetered or load-

limited supply.

. Unmetered supplies are the cheapest option for rural clients with low power usage (below 100
kWh per month).

. For higher power users, the selection between prepaid or the credit metered supply have to be

carefully considered. If an economical way of reading meters and collecting payments is available,
the credit metering scheme is the least-cost option for users with a consumption of 100 kWh per
months or above.

. In cases where clients are unused to electricity consumption and operate on a tight budget,
prepaid metering paired with simple instructions and easy-to-read displays can facilitate electricity
usage.
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Single-phase Techniques

The single-phase configuration is by now a well-established and proven technique used in many countries
ranging from highly industrialized countries like the USA and Australia to developing countries like Tunisia,
Ghana and Bolivia. In spite of the clear advantages and wide range of references, there seems to be a
reluctance in many countries to use the technique to its full potential. This section will try to clarify, based on
available reports and studies, when these techniques should be used and what limitations they carry with
them.

Single-phase

Background

The single-phase technique was first used on a large scale in the 1930s by the Rural Electrification
Administration (REA). Due to its flexible design and low cost for connecting rural loads from American
farms, it was soon adopted by the state utilities and developed into a National Standard. The North American
standard builds on the four-wire Wye configured design, the fourth wire being Earth Return. The single-
phase is then branched out using one of the phase lines and the neutral earthing wire (see Figure A 1.2).

Figure A 1.2:Single-phase Tap-off from Distribution Line (Larsson, 2002)

4-wire, 3-ph, Distribution Line

2-wire, 1-ph, Grid Connection

Advantages

The system has some obvious cost savings when reducing the number of lines from three or four to one
conducting and one earthing wire. The primary factors for savings are:
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*  Reduction of conductor costs
(See earlier section “line voltage” for example from El Salvador)

e Shorter poles and/or longer spans
Since there is only one primary conductor, the distance to ground can be kept lower for the neutral
wire, thus minimizing the needed ground clearance.

e Less costly single-phase distribution transformer

*  More adaptable to smaller rural loads

What is less evident is that the technical losses are often lower than the equivalent three-phase system
(Inversin, 1999). This is with the exception of SWER where losses due to the Earth Return system are

considerably higher (see below).

Drawbacks

Single-phase systems have distinctive drawbacks. From a security point of view, there is a risk of accidents
if the neutral line is cut or is not earthed regularly. Single-phase faults cause strong currents that should be
returned through the neutral wire in order to prevent the risk of electrocution due to high phase-ground
differences. The technique should therefore be used wisely and in areas with low population density (Bernard,
1999).

Picture A 1.3: A Roto-phase Converter used to Recreate Three-phase Loads
for a Dairy Production Unit in Tunisia (Cecelski,2004)

From a user point of view, single-phase systems limit the use of three-phase motors and machines. Single-
phase motors are, under normal market conditions, about 25-40 percent more expensive than the equivalent
three-phase product. In many developing countries, single-phase motors are not available, but this is due to
the low demand stemming from a largely three-phase national grid system. There are also ways of recreating
the three-phase current, using variable speed drives, for specialized machines or motors exceeding the
normal single-phase motor range (see Tunisia case study). These ways of compensating the drawbacks of
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the single-phase distribution system seem to have worked well. Experience shows that in the countries which
have implemented single-phase on a large scale there has been virtually no need of an upgrade to three-
phase service (Tulloch, 2000).

Single Wire Earth Return (SWER)

SWER was invented for largely the same applications as its predecessor the single phase technique, an
economic way of elecirifying outlying farms and rural houses, this time in New Zealand. The SWER technique
is now established as one of the cheapest rural reticulation techniques available for smaller loads. By letting
the return path go through earth, the design enables one single wire to supply distant rural loads with no
neutral wire (see Picture A 1.4).

Picture A 1.4: Pole-top Insulator Configuration for SWER Application used in Australia

The single-wire design enables radically reduced material costs as well as increased span length since no
phase-phase or phase-neutral distance is needed. It simplifies the line design to the extreme, enabling one
single pole top insulator (see Picture A 1.4) and long spans from hilltop to hilltop. Since there are no phase-
to-phase distances, there are also no risk of line clashes and sparks to cause bush fires and other accidents
associated with multiphase supply. The principal drawbacks with the SWER technique are limitations in load
supply capacity (less than 500 kVA), higher losses and a potentially higher risk for earthing faults and
accidents. Limitations to industrial uses remain the same as with regular single-phase supply.

Figure A 1.3:The Use of Earth as Return Conductor, Using the SWER Design (Bergman, 2003)
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The key issues to address in the SWER systems are (Tulloch, 2000):

*  Earthing Requirements (see below)

*  Protection:
Considering the systems design, protection against fault currents is very important. Protection-types
can be fuse cut-out, overcurrent protection or special earth sensing relays.

*  Load Densities:
Choosing SWER should be an option only if the projected load for the next 10 years is likely to stay
within the capacity of the technology. A strategic design with an upgradable system, i.e., place on pole
for a metallic return wire can be a suitable compromise.

*  Voltage Selection:
To achieve reasonable capacity and range of the SWER technique, many countries have chosen 19.1
kV voltage level stemming from a 33 kV, three-phase backbone system.

* Isolating Transformers:
Use of isolating transformers enables users of 11 or 22 kV MV systems to operate their SWER at
higher levels as the widely used 19.1 kV voltage rate and, at the same time, increase protection
levels.

The earthing requirements are especially important to ensure reliability and safety for the SWER system. A
SWER earthing system has to not only transmit occasional fault currents, but also continuous load when the
system is in service. This poses higher demands on quality and reliability of the system that have to be taken
info account during the design phase. Another important factor is the conductivity of the earth itself. If the
earth resistivity is too high (SWER can only be implemented where earth resistivity is below 1000 ohms per
meter [Da Silva, 2000]), safety issues and cost of proper earthing will make the SWER design unviable.
Factors to consider in order to determine earth resistivity and the suitability of using the SWER design are
(Tulloch, 2000):

Picture A 1.5: Low-voltage Tap-off from SWER Network
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*  Typeofsoil;

*  Chemical composition of salts dissolved in the contained water;
o Concentration of the salts dissolved in the contained water;

. Moisture content;

. Temperature;

*  Grain size of the material and distribution of grain size; and

e Closeness of packing and pressure.

These factors should be taken seriously and thorough testing of soil conditions during different times of the
year needs to be done in order to fully determine the suitability of the technique. There are, however,
several cases where SWER is used in extremely dry areas (see Tunisia case study), making a case that
earthing requirements and techniques can be adapted even for conditions where one would expect the
techniques to face difficulties.

Upgradability

Through a well-planned design of the line, making provisions in pole heights and strengths, a SWER line is
easily upgradeable to a two-wire single-phase, V-phase or a full three-wire three-phase system. The upgrade
would be at a capital cost that would overall only be marginally higher than building a three-phase system
initially (Tulloch, 2000). In practice, only a percentage of rural supplies will require future upgrade within
the life expectancy of the line. Even if the unexpected happened and some lines required upgrade within a
short duration (< five years), then the overall savings and, hence, economics are still favorable, provided
there is space available in the poles. These events will happen only if the initiative is taken by those communities
who will fully grasp the opportunities of electrification. In such cases, growth will justify and fund the additional
capital needed.

Shield Wire

Shield Wire Systems (SWS) use the single-phase or SWER technique (described above) and the already
existing fransmission shield wires that are mounted on top of most transmission lines to protect against
lightning strikes etc. It is an elegant way of providing electricity distribution to villages adjacent to large HV
lines without having to build additional distribution networks except for the tap-offs. The technique uses
distribution equipment which most utilities are very familiar with. Savings of up to 50 percent are possible
compared to the traditional distribution systems, 30 percent if the shield wire needs to be upgraded to ACSR
(Tulloch, 2000).

The system taps current at the closest distribution substation and transmits the power over the transmission
shield wire to a suitable tap-off on one of the transmission towers. To transmit power, the shield wire lines
need to be insulated from the rest of the tower. In some cases, this is already done due to other usages of
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the shield wire, such as power line carrier communication, etfc. Retrofitting an uninsulated shield wire will be
costly if live-wire techniques are not available since there will be a need to cut off power also on the

principal transmission lines.

The first trials of this application were commissioned in Ghana in 1985 (See chapter Ghana Case Study)
and have since then spread to a number of countries in Africa, South America and Asia.

Designs of SWS systems are dependent on the transmission shield wire available. In the ideal case, where
two ACSR shield wires are available, quite substantial loads can be transmitted over distances up to 30 km
from the transmission line (Tulloch, 2000). If only one wire is available, the capacity decreases but is often
well-suited for scattered villages close to the transmission line. According to Professor lliceto (1989), there
are four basic configurations available. The suitability of the different schemes is dependent on the configuration
of shield wire and loads distributed. These are:

Single shield wire techniques

*  Single Wire Earth Return (SWER)
Using the earlier mentioned SWER technique, smaller rural loads can be supplied with only one shield
wire available. This scheme is especially suitable on the lower-end transmission lines that use only one
shield wire line and for unelectrified communities suitable for a low-capacity single-phase supply.

Double shield wire techniques

e Single Phase Metallic Return:
This technique builds on the “classic” single-phase technique (see above). It can distribute more load
over larger distances than the SWER technique. It uses the second shield wire as a return path. It is
suitable for larger loads or in cases where earthing characteristics are not suitable for SWER designs.

*  V-Scheme:
The V-Scheme is mainly an one-phase design with artificially created “three-phase” option, using the
two shield wires and a SWER-type earth return path. It can only be used for systems with grounded
neutral and provides single-phase loads as well as small amounts of three-phase load through the
transformers open-delta or V-connection. This could be used for areas where there is need for three-
phase load for smaller productive applications, but the main loads could be provided through single-
phase.

*  “Three-phase” System:
By creating a symmetrical supply, using the two shield wires and the earth return path, there is a
possibility to supply a full three-phase distribution service. There is, however, a need to use series
resistors/reactors for the earth path and capacitors between the two shield wires to enable the design,
resulting in a higher cost relative to the load delivered. A three-phase transformer with one terminal
grounded can be used for the consumer LV tap-offs.
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In cases where mostly rural areas and domestic loads are to be served, the single-phase options are the
most suitable. In areas where there are industrial uses, unsuitable to single-phase supply or the shield wire
scheme is replacing a genset operation or another three-phase source running an already existing network,
the two three-phase options could be considered at a higher cost (lliceto, 1989).

An important factor to consider with all SWT is to preserve the lightning protection function that the shield
wire performs for the transmission lines in the first place. The easiest way of dealing with these issues is to
use simple arcing horns with small gaps, which will directly transfer any lightning impact on the shield wire
or tower down to earth at the same time as it allows for the much smaller distribution currents to pass under
normal operation.

Summary and conclusions

. Single-phase: There are three main types of single-phase systems, single-phase with conductor
neutral, SWER and shield wire systems.
. Capacity: The technologies are suitable for different client needs depending on the power that

needs to be distributed.

. SWER: Generally deemed the lowest cost option to service smaller rural loads in areas with
suitable earthing characteristics, it distributes single-phase MV power on one single line with
current returning through earth.

. SWT: An excellent way of distributing power to villages close to an existing or planned transmission
line, the distribution is done through the insulated shield wires mounted on top of the transmission
towers.
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6. Case Studies and Initiatives

South Africa

“The program had to be tackled on a number of fronts — the process had to be formulated and the technology
had to be perfected. The project management aspect was the key component in the construction process.
In order to meet the target, it meant that a connection had to be made every 30 seconds for five years. A
pole had to be placed in the correct position every 10 seconds. Two hundred meters of cable had to be
strung and attached every minute. In addition, invoices and payments had to be made to the value of
R6,000 per minute or approximately R300,000 per day. In the course of one year, over 200 individual
electrification projects had to be planned, designed and executed with the precision of an expensive Swiss
watch” (R. Stephen and I. Sokopo, 2000).

In 1988, Eskom South Africa had only 120,000 connected consumers consisting of mostly industry and
high-use private clients on billed accounts (Shah, 2002). After the democratic reform in 1994, the new
Government in South Africa, under the slogan “Electricity for All” targeted electricity access as part of the
ambitious “Reconstruction and Development Program”, one of the key actions of the new regime. Today,
Eskom, together with district municipalities, serve more than seven million households, a remarkable
achievement by any standard (NER, 2003). It is one of the most ambitious electrification initiatives undertaken
anywhere in the world in the last decade and has, during the program’s first five years (1995-1999),
contributed to increasing the national electrification in South Africa from 36 percent to 66 percent (Borchers
et al, 2001).

The base for this successful program has been the commitment and willingness of the South African
Government and Eskom to spend large amounts of state and company funds and resources to achieve
ambitious targets, paired with a large unused generation capacity built during the 1970s and 1980s which
enabled large amounts of new users to get connected to the national grid with virtually no new generation

investments needed.

During the course of the NEP, there have been a number of interesting technical innovations implemented
in the program. The most obvious ones are the widespread use of prepayment meters, 2.5 Amp load
limited supplies and ready boards. Less evident, but important to success, is Eskom’s work on load forecasting.
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These and other incremental innovations in line design have resulted in a continuous reduction in the price
per connection in spite of the fact that the overall budget available for the program has been decreasing
during the last eight years (see Table A 1.4, NER 2002).

Table A 1.4: Cost per Connection and Total Budget for the NEP during the Years 1994-2002

1994 1995 1996 1997 1998 1999 2000 2001 2002

Average Cost 3,400 2,949 3,245 2,356 2,889 2,676 2,586 2,699 2,655
per connection (Rand)

Capital Expenditure 1,487 1,411 1,473 1,176 1,234 1,186 1,011 9209 899
(m Rand)

Technical measures

Eskom had to use its own funds to complete the targets laid down in the NEP. It was of utmost importance to
the survival of the company that connection costs be kept to a minimum both in urban townships as well as
in remote rural areas. Faced with this challenge and the difference in needs of different communities to be
electrified, Eskom decided to use a four-step approach to decide on a suitable strategy in each case while

trying to reduce the cost per connection in as many ways as possible. The approach is as follows (Stephen,
2000):

*  Step 1: Determine the load requirements of the rural user.

e Step 2: Decide on suitable supply option choosing between three-phase, single-phase and SWER.

e Step 3: Ensure that equipment selected is utilized to its optimal capacity.

e Step 4: Choose the appropriate revenue and metering system taking into account losses, revenue
collection costs, etc.

Distribution system design

Step 1: Working according to the four-step approach, Eskom realized that the rural users electrified in the
NEP did not consume nearly as much energy as initially forecasted. The designing ADMD was gradually
lowered from the urban residential levels at 3,000 VA that Eskom had been used to, to ADMD factors of
400 VA initial and 800 VA final design factor (Stevens, 2000).

Step 2: As in the majority of developing countries, South Africa had inherited a three-phase European
system poorly adapted for rural reticulation. During the course of the NEP, the strategy evolved to keep this
standard to a minimum. Instead bi-phase, single-phase and SWER technologies were used depending on
the ADMD of the respective community and the total power delivered. The difference between the two
extremes, full three-phase and SWER, proved to be a factor of six-to-one.
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Step 3: There was also a need to overhaul old design “rules of thumb” for equipment usage. When
focusing on span lengths, Eskom found that they could, on an average, be increased 100 percent for LV
bundle conductor and 60 percent for MV lines thanks to modern materials and the thinner lines resulting
from the lower ADMD figures applied. The distribution transformers were adapted for the near-term load
and not for final design figures that networks rarely lived up to.

Eskom used monitoring indicators and a target-based approach to determine and supervise the
implementation and percentages of respective distribution-type and the equipment used. In refrospect, this
saved an average of 25 percent of the cost per connection (Stevens, 2000).

Revenue management

During the apartheid years, non-payment of electricity bills was often seen by poor township communities as
a legitimate protest against discriminating authorities. When South Africa was democratized in 1994, the
culture of non-payment had become so established that even if the initial reasons no longer existed, the
tampering expertise and attitude to paying for electricity remained. Eskom’s initial calculations showed
yearly revenues of R96 in the poorest areas and an operating and maintenance cost of R104, with a loss of
nearly 10 percent in long-term operating costs for each new connection. Something had to be done.
Another problem in rural townships was the often temporary housing that people lived in, non-conforming
to the South African Bureau of Standards (SABS) used for electricity connections. By using ready boards,
Eskom could also achieve technically safe connections in temporary houses, enabling most households in
areas covered by the program to get a connection (Cunningham, 1996).

Picture A 1.6: Housing in a South African Township
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Prepaid meters

South Africa has been one of the pioneering countries when it comes to prepayment meters (See prepayment
chapter above). Eskom came to the conclusion early on in the NEP that revenue management would be
very difficult in rural areas which sometimes lacked road access and served consumers who did not have
postal addresses for billing. Another reason for implementing an alternative to credit metering is to be able
to monitor non-technical losses by having a bulk meter for the village or user-cluster and then compare this
to the amount of electricity sold through the electricity vending outlets established in the communities (Stevens,

2000).

The evaluation of the NEP Phase 1 does, however, come to the conclusion that there has been no significant
reduction in technical losses and that the savings in administrations and meter reading are offset by increased
costs for vendor outlets for the prepayment cards and increased meter tampering controls. The lessons of

the prepayment metering scheme are summarized in Table A 1.5 (Shah, 2002):

Table A 1.5: Lessons from the Prepayment Meter Scheme

Consumer

Eskom

Advantages

Better understanding of how much

energy is being consumed;
Easy budget management;
Payment at a time and place
suitable to the consumer;

No cost for disconnection/
reconnection;

No need for advanced deposits;
Possible to serve and reduce
consumers’ old debts; and

No need for billing address and
bank account.

Improved customer service;
Improved cash flow

(payments upfront);

Reduced costs of meter reading;
Recovering old debt;

No disconnection/
reconnection costs;

Easy to install;

Easy to control fraud;

Increased security for staff when
no need o access consumers
house/property;

No consumer complaints of
inaccurate meter readings; and
Improvement of revenue
management system.

Disadvantages

Seen as an instrument fo control
poor communities; and

Time consuming to frequently
buy electricity.

High costs for meter maintenance;
Unreliable quality of first generation
meters;

No capacity for large-size currents
Meter tampering still occurs; and
Prevalent vendor fraud.

It seems that the most positive result of the introduction of prepayment meters has been the ease of budgeting
the electricity expenses for poorer households, many stating that they would prefer prepaid metering to
avoid the risks of running up unsustainable bills. The advantage of the prepayment meter for rural consumers
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has even led households to opt for a more expensive 20 Amp connection with prepayment metering than
the more suitable base connection with load-limited supply because of the ease of budgeting expenses
(Bronwyn, 1997).

The quality and lifespan of the PPMs has not measured up to the initial expectations. While other electrical
equipment has at least a 20 year expected lifetime, it seems like PPMs in South Africa have to be replaced,
on an average, every 10 years (Borchers et al, 2001). The introduction of new digital technologies and
refinement of the existing meters can hopefully improve these records, but for now, credit meters seem to
have at least double the lifespan of the prepayment alternatives.

Load limitations

In order to keep the operating costs to a minimum and reach the high target of connections in the NEP,
ESKOM introduced a range of current limited supplies from 2.5 Amp to 60 Amp (See Table A 1.6, INEP
Planning and Implementation Manual, 2001).

Table A 1.6: Load Limitations

Supply Option Connection Fee Level of Service

2.5 Amp (some cases directly 0 Four lights, monochrome TV, small radio
upgradable to 20 Amp) Unmetered supply

20 Amp R150 Lights, color TV, radio and additional

small appliances, the most common option
for rural homes in South Africa
Prepaid meter

40 Amp R500 All normal electricity requirements in
average middle income household
Credit or prepaid meter

60 Amp R1,000 All normal electricity requirements in
high income households or small
businesses
Credit or prepaid meter

The 2.5 Amp connection, while being affordable, poses high constraints to uses other than lighting. Eskom
has, in an effort to offer flexibility to this consumer group, in later models of the installed prepayment meters
made provisions for a direct upgrade of the connection to 20 Amp through a simple installation fee token
that can be purchased at the vendor outlets. Only 4 percent of the 2.5 Amp users have, thus far, taken
advantage of this option, an indication that many users find the 2.5 Amp limit adequate fo their use and
purchasing power.
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The relatively low power usage and the high level of clients limited to a peak 2.5 Amp have made it possible
to design the network using an ADMD level of 0.4 kVA. This enables ESKOM and the municipalities to
reduce dimensions and network characteristics to the minimum without risking voltage drops (INEP Planning
and Implementation Manual, 2001).

Ready boards

The use of ready boards in South Africa has been a success. It has enabled the poorest households to get
electricity in often temporary homes without demands for wiring and rigorous building standards. The ready
boards are today locally manufactured and contribute in that respect to job creation.

Picture A 1.7: Ready Board Paired with Prepayment Meter in a South African Household

Tunisia

Background

Tunisia has over the last 30 years shown an impressive commitment to RE and access. When the RE
program was launched in the mid-1970s only 6 percent of Tunisian rural households had access to modern
energy services. By 2000, an estimated 88 percent of rural households had electricity connections, with the
goal of providing complete coverage by 2007 through 97 percent grid connections and 3 percent solar PV
(Cecelski et al, 2004). The key to success lies primarily in two areas, a full commitment from all levels of
the State, led by the State utility, STEG, and, secondly, a technological leap through a courageous move
towards low-cost solutions based on their own development of the single-phase North American distribution
design.
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Technical change

In 1973, STEG, with the assistance of Hydro Quebec, undertook a technical audit of the standards used in
Tunisia for distribution systems, and how these could be adapted to facilitate the Government’s goals of
universal electricity coverage. The main recommendation was to start using low-cost reticulation techniques
based on the North American model, combining a core three-phase network with single-phase tap-offs.
STEG called the system MALT (referring to the grounding of the fourth wire).

The decision to leave the inherited French/European three-phase system was heavily criticized within the
STEG and the Ministry, but the initiative prevailed due to the clear recommendations from the audit report,
stating that this was a highly suitable standard for Tunisia’s conditions with sparsely populated rural clusters
with long distances between load centers.

In 1976, the program to convert the distribution system to the American standard was launched. The
program soon won acclaim for its fast results even from some of its strongest critics. During the first five-
year plan, the savings generated through the new designs resulted in an additional 10,000 households (or
28 percent more than initially calculated) receiving electricity access (see Table, Barnes 2003).

During the following years, STEG continued the hunt for cost savings in designs, infroducing savings in line
design, local adaptations to the North American standard, and creating two different voltage levels for the
single-phase MALT distribution, 17.32 and 4.15 kV. The higher voltage level used in Tunisia, compared to
the original US design enabled STEG to distribute energy over larger distances through the single-phase
tap-offs as well as provide room for load growth during the 30-year lifetime of the distribution lines. This
innovation and constant development also had the advantage that local companies, working in cooperation
with STEG, had the opportunity to develop their own designs based on the new technology, creating jobs
and further reducing the cost, as well as reducing the need for imported parts.

In the following years, the connection target was surpassed in all ADB electrification loans peaking in 1982,
with the number of connections being 78 percent greater than budgeted. The success in lowering costs,
over-delivering in the programs and bringing electricity to the rural population has also created a sense of
pride and “esprit de corps” in STEG that enabled them to continue the innovative approach, becoming one
of Tunisia’s most attractive employers for upcoming engineers.

In 1990, another innovative step was taken with the introduction of the SWER design. The Single Line
Technology (SLT) enabled STEG to further reduce the cost of distribution with up to 30 percent in very
remote areas. Due to the potential drawbacks of using SWER systems, especially in terms of capacity and
future upgradeability, district chiefs have the option of choosing whether to use the simpler SWER or the
traditional MALT system in rural electrification projects thus making the trade-off between capacity and

number of connections.
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Table A 1.7: Development of the Tunisian Electrification Program in Five-year Plans from 1972 to 2001

Five-year Planning Periods

v v Vi Vil Vil X
Factor (1972-76)  (1977-81) (1982-86) (1987-91) (1992-9¢6) (1997-01)
Total Investment (MTD) 29 52 105 130 134
No. of New Connections® 30,000 70,000 80,000 114,000 180,000 135,000
Cumulative Connections 100,000 180,000 294,000 474,000 609,000
% Rural HH with Electric 6 16 28 48 75.7 88.1
% Total HH with Electric 37 56 69 81 90.0 94.9
No. of New HH with
PV Systems® 3,919¢ 3,838

o Implemented through the year 2000.
b PV program adds about 1 percent to rural electrification coverage.
¢ Cumulative through the end of the Eighth Plan.

State and community commitment

Rural electricity, together with education and health, are the three pillars on which Tunisia chose to launch
the State Rural Development Program (RDP). This shows clearly the level of commitment and priority that
are put on increasing rural access to energy. Because of the high priority put on electricity access by the
Tunisian Government, the rural electrification program was able to start purely on Tunisian state funds.
Donors like ADB, the Kuwait fund and the French development agency first arrived on a larger scale several
years after the program was launched, but have since contributed greatly to the growth in number of

connections.

The regions or “Gouvernorates”, together with the rural councils known as Oumdas, exercise a major
influence on the priorities made in the RDP. The overall funding from the RDP to each region is negotiated
between the Ministry of Economic Development and the Gouvernorate on an annual basis. STEG's five-
year plan of electrification costs works as a base for these discussions, determining suitable villages and
rural clusters to electrify based on eligibility under the current cost limit. When the budget has been decided,
the choice of specific households and projects from the “menu” available is made directly by the local
governments with the assistance of regional STEG entities, thus making it possible for local priorities to be
implemented in the program. These requests are then channeled to the Ministry and STEG for overall
stratification and planning.

Electrification is highly prioritized by the local Gouvernorates. In the 1997-2000 period, rural electrification
amounted to 21 percent of the total funds in the RDP only to be surpassed by one sector, drinking water, with
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46 percent (Cecelski, 2001). These two priority needs of electricity and water are highly related since there
are many dry areas in Tunisia where electric pumps are needed to extract water from boreholes.

Project planning and selection process

The planning and selection of areas suitable for electrification under each five-year plan is made highly
transparent fo each district and community through an official prioritization process. For each project, STEG
is willing to contribute 200 TD which is the equivalent of the beneficiary’s connection fee (made repayable
over 36 months). For connections costing more than 400 TD, the state RDP grants come in. During each
five-year plan, a maximum level of cost per connection is determined with the intention of increasing the
amount gradually, thus the bar goes higher for each plan making more and more households eligible. For
the Ninth plan, the maximum amount was set at a total cost of 2,200 TD, i.e. 1,800 TD of state subsidy.
Through this design of the subsidies, the utility is encouraged to maximize the number of connections in the
early years by electrifying the households with low connection costs, creating a larger future base when
reaching further out in the more costly and remote areas.

On top of the allocated maximum state contribution, there are additional funds available to especially
impoverished areas or areas targeted by the President as high priority zones. This approach enables the
decision-making to be largely perceived by the consumers as transparent and fair, while it leaves some
wiggle room for political considerations in the “topping up” funds available (see Figure A 1.4).

Figure A 1.4: The Design of Consumer Contributions, Grants and Subsidies in the Tunisian Electrification Program

Special presidential funds for impoverished areas

State and regional budget contribution (the
increasing level is set every Five-year Plan)

STEG Contribution

Maximum Connection Cost Considered

Beneficiary Contribution (Connection Fee)
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Focus on productivity

The Tunisian electrification program is an integral part of the overall rural development program and,
therefore, it also shares the main goals of the program — to increase income, reduce unemployment,
improve living conditions taking into account the environment, gender status and expected rate of return.
This has led STEG to include efforts to support productive and job-creating activities in the electrified
villages. Tunisia performs regular national housing and employment surveys that form a statistical base for
the decisions on actions in the regions selected for electrification. Examples of activities supported within the
electrification program are commercial dairy farming through provision of reliable power for milking machines
and milk conservation as well as animal husbandry (Cecelski et al, 2004).

Picture A 1.8:Two Parallel Single-phase Motors Providing Additional Power for this
Tunisian Industrial Client (Olive Oil Plant) (Cecelski, 2004)

If larger productive loads or specialized three-phase machinery are to be expected in the villages, STEG
compares the costs for a three-phase connection with the costs of using a phase converter with the standard
MALT or SWER configurations for consumers with special needs. STEG has found that on an average, the
price of one converter station from one- to three-phase equals 0.5 km of upgraded line. Therefore, in most
cases where three-phase specialized machinery is needed, the converter option is used.

Abigger problem for Tunisian single-phase users is the lack of knowledge about limitations of motor operation
on single-phase networks. Small entrepreneurs and farmers can often buy small three-phase motors without
realizing that their supply is single-phase and the limitations this implies.

Ovutcome

Although the decision was hard fought 30 years back, Tunisia’s key technical choices, paired with the strong
commitment of the state and its utility, have created one of Africa’s leading examples of how the gap in
electricity access between the urban and rural populations can be bridged. If the 97 percent electrification
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rate is achieved as planned by 2007, Tunisia will stand out as one of the most highly electrified countries in
the developing world.

The strategy of MALT and SWER distribution methods has been consistent and today 51 percent of Tunisia’s
electricity network consists of single-phase lines and 78 percent of the substations are single-phase substations
(Cecelski, 2004). There have been significant savings compared to the designs discarded 30 years ago.
For STEG's summary of its achievements and savings compared to its old design, see Table A 1.8:

Table A 1.8: STEG’s Achievements Compared to Old Design

Network Level Reduction

MV Network 30-40 %

MV/LV Substations 15-20 %

LV Network 5-10 %

Overall 18-24%
Ghana

The Ghana shield wire experience started with a need to solve a practical problem in the Northern Province
of the country. When extending the 161 kV transmission line in the region, the routing of the line passed
through areas along the main highway which were densely populated. Seeing the new project taking form,
the villages along the line came to expect that they would get connected automatically. The VRA in Ghana
was faced with a dilemma; even if the power was close at hand, how do you tap off small amounts of power
at very high voltage to supply rural villages? A number of alternatives were considered. Given below is the

general reasoning (lliceto, 1989):

*  Parallel MV Line: The cost could not be justified considering the length of the line (the 161 kV stations
being 100-250 km apart) and the limited load to be expected.

* MV Line Using the Same Towers as the HV Transmission Line: Did not work technically since the
thin MV lines could not support the long spans that the transmission towers and HV conductors demanded.

*  Capacitor-induced Voltage: This design would supply villages with capacitively-induced voltage
through an insulated conductor or capacitor bank. Problems associated with the limited capacity (for
isolated conductor 500 W/km) and the expensive thyristor-controlled reactors to compensate for
variable load on the HV line led to the proposal’s rejection.

*  Use of Inductive-type Potential Transformers: Although operating at their thermal capacity, the
power output is too low compared to the relatively high price.
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*  Insulating the Existing Shield Wire for Electricity Distribution: Through a tap-off on the MV side
at the closest substation, the villages along the line can be served through either three-phase or single-
phase supply depending on configuration of the shield wires and tower design. The technology also
offers well-known equipment that the utility is used to installing and maintaining, such as conductor
insulators and tap-off distribution transformers.

VRA decided to try the SWT on a pilot case in the Northern district, supplying 250 users, including a TV
station, with a maximum of 150 kW of power. The results were positive. During the first 33 months there
was only one outage of the shield wire line and no interruption of the 161 kV transmission function. In fact,
most consumers never realized that their energy supply was brought to them using new technology. The
lightning protection capability of the shield wire did not seem to be affected when compared with similar
designs elsewhere. There were reported flashovers between the 161 kV and shield wire lines during severe
lightning strikes but it did not lead to any tripping of either lines with the one exception mentioned earlier
(lliceto et al., 1989).

Building on this successful pilot project, VRA decided to go ahead with fully commercial service to consumers
along the new northern 161 kV transmission line. The commercial operation would serve a population of
150,000 in 20 towns and villages in Northern Ghana, with a forecasted demand growth up to 7,000 kW
during the lifetime of the project. Many of these communities were either unelectrified or running diesel
generators, and would, through this initiative, get a much cheaper and more reliable supply (D’Ajuz,
1993).

Since different sections of the shield wires are able to operate under different schemes, VRA has chosen to
offer a “three-phase” operation to the towns where there is significant productive activity while offering
lower cost V-phase schemes to areas with limited three-phase needs. The three-phase operation will be at
30 kV while the V-phase is operated on single-phase voltage of 20 kV (30 kV wire-to-wire).

This commercial service didn’t experience more problems than the pilot scheme and only suffered three
minor faults during the first year of operation. In fact, during the same time, the outage factor on the
conventional 34.5 kV MV lines in the same area has been 1.5 times greater than the shield wire service.
Much of the difference is due to the fact that the shield wires profit from the greater clearance given to the
high-tension transmission lines compared to the regular 30 kV MV lines, thus there is a much smaller
chance of substantial damage due to falling trees or branches. These faults take a longer time to repair than
a mere current fripping due to lightning strikes, a fault where the shield wire is more exposed to disruptions
in service (D'Ajuz, 1993).
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Following our review of technical and methodological best practices, the question remains, how can it all be
assembled into a successful program to reach the masses of unconnected rural consumers? First of all,
there need to be some base conditions in place. Looking at the case studies from Tunisia and South Africa
and comparing with known examples from the rural scale-up in the 1930s in the United States and Ireland,
there are some clear general factors on which the success of a national low-cost reticulation program
depends. These factors are:

o Political determination;

*  Commitment to the national utility or electrification authority;

*  Target-based cost per connection approach; and

e Continuous effort during the program to lower cost even further.

Although this report focuses on the more tangible actions needed for a successful program, there is clear
evidence that the motivation and commitment of the national utility and concerned ministries are probably
the most important factor for a successful scale-up of energy access. As long as the entities responsible for
the electrification programs see new connections as a certain loss-maker, there will be little incentive other
than political short-term pressure to increase access by adding financial burden to companies with often
already strained balance sheets. Low-cost thinking and design is a way of balancing the scales to make loss-
producing consumers economically viable for the utility, and thus, connectable based on sound business
judgment.

When the base conditions are in place, the goals have been set up and the parties are committed, it is time
to move to the main focus of this report. Comparing the successful programs with the research done in the
area, we have found three maijor pillars that seem to be the key to succeeding in drastically reducing costs
in electrification programs. These are:

*  Network forecasting and optimization;
*  “Appropriate engineering”; and
e  Low-cost network technologies.
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Network Optimization

Many examples show that the load forecasts are often too optimistic about load growth in rural areas,
leading to oversized and expensive systems which stand largely unused. When sizing the network, there is
a need to look at a credible maximum load for the community.

To better forecast initial load and future growth, indicators should be developed and applied, helping the
utility to estimate the likely load for communities based on statistics regarding simultaneous peak usage and
the purchasing power of the clients, i.e., what percentage is likely to use appliances like cooking plates, fans
and refrigerators.

One suitable indicator to establish is the ADMD, a measure of forecasted peak network load per consumer.
With a well-calculated ADMD and a flexible network design, the utility can minimize the initial capital
expenditure and still have possibilities for easy upgrade if and when load increases beyond the designed
network capacity. ADMD for rural load clusters in Africa is often below 0.4 kVA per consumer. This should
be compared with current practices at many utilities of using double or up to five times this amount, to
determine design dimensions and, consequently, the subsequent investment costs. Designing networks
according fo these more realistic targets allows utilities to drastically reduce size of conductors, transformers,
etc., leading to instant savings.

“Appropriate Engineering”

We have in earlier chapters of this report tried to summarize the key technical choices and considerations
needed for a low-cost grid. The most important lesson that the distribution network planner needs to embrace
is a holistic approach to savings. The cost savings entails looking at the complete picture from the MV lines
taking power into the regions, through the tap-offs and LV house connections continuing all the way through
the house perimeter including metering , fuses, switches, house wiring and even, in some cases, taking the
appliances into the calculation. It's important to challenge all traditional thinking and standards while carefully
scrutinizing all additional costs incurred per connection. This line of thinking needs to continue during the
whole implementation of the program, as described in the case studies, making continuous reduction in
costs as the program progresses.

Below follows a summary of the chapter conclusions with key technical choices to be considered in the
network design stage (see Figure A 1.5).

Figure A 1.5:Key Technical Choices to be Considered in Network Design

~
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Poles and span length

e Use of wood as pole material is preferable, especially if national and/or regional sustainable wood
resources are available.

e Thereis a need to make a careful optimization of the pole length/span ratio for rural electrification
taking into account the difference in clearance needs for roads and areas with only pedestrian access.

Conductor and line voltage

e Use of thinner high strength conductors such as the “Raisin” or “Walnut”-type ACSR can increase span
lengths and cut cost for conductors considerably. Lightning withstand levels must, however, be carefully
studied for each region.

*  Line material suitability for corrosive environments must be taken into account to achieve the lowest
lifetime cost of the line.

e Cables can be an alternative under special circumstances where soil and environmental conditions
are favorable and the villages electrified are willing to provide labor as equity.

*  MVlines of at least 22 kV should be considered if not already implemented.

Transformer

e Transformers should be carefully selected taking into account the density of load and the cyclic load
pattern.

e Single-phase transformers are often less expensive and suffer lower losses for equal power delivered.

e Smaller size transformers, preferably locally manufactured, should be used where loads are scattered
or small. This enables more consumers to be connected and the LV high loss connection to be minimized.

Meter

e There are three metering options, credit metering, prepaid metering and unmetered or load-limited
supply.

e Unmetered supplies are the lowest-cost option for rural clients with low power usage (below 100 kWh
per month).

*  For higher power users, the selection between prepaid or the credit metered supply has to be carefully
considered. If an economical way of reading meters and collecting payments is available, the credit
metering scheme is the least-cost option for users with a consumption of 100 kWh per month or
above.

* In cases where the clients are not used to electricity consumption and operate on a tight budget,
prepaid metering paired with simple instructions and easy-to-read displays can facilitate electricity
usage.
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Connection/ready board and wire harness

e Costs associated with house wiring can be drastically reduced by the use of ready boards and wiring
harnesses.

e Aready board is a low-cost distribution board encapsulating in one boxed unit all functions that are
normally included in a wired house, complete with built-in light sockets, outlets and possibly a prepayment
meter, making house connections fast and cost-effective.

*  Ready-made wiring solutions like wiring harnesses enable utilities to increase the number of users,
since clients in thatched roof or other types of unregulated housing can also be connected.

Low-cost Network Technologies

Besides optimizing the choice of components in the network, there are fundamental technological choices to
be made which in themselves can reduce electrification costs by a considerable amount. Single- and bi-
phase techniques are now well-tested and applied in different countries and environments. These techniques
reduce the number of conductors used for the line, resulting in savings in virtually all components associated
with power transfer. The major single-phase alternatives are single-phase with conductor neutral, SWER
and SWS.

SWER is deemed the lowest-cost option to service smaller rural loads in areas with suitable grounding
characteristics and should be the technological starting point for most rural extensions where loads are likely
to be small. It distributes single-phase MV power on one single line with current returning through earth,
enabling long single line spans with minimal poletop hardware.

Single-phase with Conductor Neutral is the costliest of the three single-phase designs but can still offer
savings of 30 percent-50 percent compared to many three-phase standards. It can carry higher loads than
the SWER-based systems and can easily be upgraded to a bi-phase system and further into a three-phase
system with an added conductor. This makes it ideal for many African communities where initial demand is
considerably lower than the long-term forecasts.

SWT is suitable for distribution of power to villages close to an existing or planned transmission line. The
design uses SWER or conventional single-phase technique in order to maximize power delivery over the
one or two shield wires available. The distribution is done through the insulated ACSR or steel shield wires
mounted on top of the transmission towers. The limited added costs of installing insulated ACSR shield wires
in new lines need to be incorporated into the national transmission line standards and designs so that they

can be directly applied when planning for new transmission projects.
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Indicators and Benchmarks for Low-cost Networks

What can be expected as a target for a low-cost reticulation program?

In the case studies from Tunisia and South Africa described earlier, the difference in cost per connection is
considerable. South Africa is currently electrifying villages and townships at a costs of R2,655 or the equivalent
of US$390 per connection at the same time as Tunisia gradually has moved up to a current cost ceiling of
2,200 Tunisian Dinar or the equivalent of US$1,610 per connection. Considering the scope and savings
realized in both programs, these costs are probably both suitable targets for the environments under which
they operate. The conclusion is that the cost per connection can never be a valid universal target for other
countries to adopt, since it is heavily dependent on local conditions in the areas to be electrified. Instead,
indicators and connection targets need be developed for each region of the country independently, separating

seaside regions from the inland, rural or peri-urban communities.

A more adequate measure of low-cost design implementation is the percentage of realized savings compared
to old three-phase standards implemented earlier in the country. John Tulloch (2000) gave the following
forecasts for EDM Mozambique based on a technology portfolio of largely similar content:

*  Grid extensions: Cost reductions of 25 percent to 40 percent
Recommendation includes utilization of SWER where possible, two-wire single-phase metallic return
and lower cost three-wire three-phase systems.

Reticulation Technology Cost Compared to Current Practice
Current national three-phase practice 100%

Three-phase low-cost with high strength conductors and poles 59%

Two-wire single-phase 36-40%

SWER 20-24%

e SWS: Further reduction of 30 percent to 50 percent in locations along transmission routes where
suitable shield wire schemes are available.

*  Low Voltage Network Construction: Cost reduction of 15 percent to 25 percent.

*  Consumer Connections: Cost reduction of 15 percent to 25 percent utilizing suitable meter
systems and ready-made connections and wiring products.

*  Operations and Maintenance: Cost reduction of 10 percent to 20 percent
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Both the Tunisian and South African programs have documented cost savings of 20 percent — 30 percent
compared to similar network investments and consumer connection costs under old standards. There is no
reason why these figures should not be valid for replication in other African countries if the programs are
correctly adapted to local needs and demands. It will, however, take a strong commitment from all parties
involved and a continuous cost-cutting effort through several years to achieve lasting success.
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1. Introduction

The term “Appropriate Engineering” describes an approach o “low-cost” technologies rather than a specific
technique or system. The technologies previously described, namely: MALT, SWS and SWER are very
specific designs that may be applied to any network but there are limitations to each of these technologies.
MALT or four-wire metallic earth can be applied to an entire network but as noted by Tunisia, all the existing
networks have to be changed to the four-wire system and this may be impractical or too expensive to apply
where there is a substantial, existing network.

SWS is limited to transmission lines and, obviously, all new transmission lines should be constructed to
accommodate SWS. However, it may be impractical to construct SWS on existing lines unless there are two
or more parallel lines and one line can be switched off during the construction of SWS. A single transmission
line, and this is most often the case in developing countries, cannot easily be isolated long enough to convert
to SWS.

SWER is an excellent method where there are long lines in rural areas serving loads of limited growth.
Indeed, vast areas of both New Zealand and Australia have been successfully served for over 40 years by
this method. The method is not applicable to mass electrification in peri-urban and urban areas due to the
limited line capacity.

“Appropriate Engineering” looks at existing networks, the design, the materials used, the methods of
construction, benefits of marketing and a whole range of issues and these enable lower cost networks to be
constructed without changing the basic concept.

Much of Africa (especially former colonies) has three-wire MV networks and four-wire LV networks. Where
there was British influence, the standard MV are 11 kV, 22 kV and 33 kV and the most common are 11 kV
and 33 kV. Where continental Europe influenced the power network, the voltages tend to be 10 kV, 20 kV
and 30 kV of which 10 kV and 30 kV are most commonly used. Most LV networks operate in the range of
380-415 V. Almost all networks are 50 hertz. Clearly, it is impractical to change many of these networks
back to a four-wire metallic return, MV system in order to apply the Tunisian solution.
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“Appropriate Engineering”, as described in the subsequent chapters, therefore, refers specifically to three-
wire MV networks and four-wire LV networks as these are the ones most commonly in use. However, the
methods can be applied equally well to any electrical distribution system.
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2. Description of "Appropriate
Engineering” Methods

Design

Electrical utilities, especially vertically integrated national utilities, love standard designs. These standard
designs evolve over many years and tend to incorporate solutions to all the problems that have been

|II

experienced, no matter where the network was installed. This is a “one-size-fits-all” policy that can be rolled
out by junior staff members without reference to, or understanding of, the engineering and reasoning that
went into the design. As a result, almost all networks are substantially overdesigned and can carry several

times the actual power required.

Utilities like to simplify their problems and, consequently, any and every problem, wherever it occurred,
creates a change to the “standard” design so that the problem will not recur. This means the networks are
suitable for the desert, grassland, forests, coastal and polluted regions irrespective of the actual site conditions.
This “standard design” approach results in higher costs than is necessary. Costs are further exacerbated by
failure to understand and apply the loading factors applicable to developing country networks. In one
example of a mass electrification scheme, the load was assumed to be 350 kWh per month and the
construction cost estimated at US$450 per connection. When the cost rose and the real average consumption
came in at 90 kWh per month, the scheme was financially doomed. In this case, it is doubtful that the
operating and maintenance costs can be paid out of the profit on sales, let alone the interest on capital and
repayment of the investment. Such schemes may be good social works, but they come at a very high price
and may be unsustainable as they require ongoing subsidies.

Load Considerations

Network cost reduction starts with good design based on an accurate knowledge of the actual load flows and
consumption. There is enough experience and examples of developing country electrification for these
values to be known to all situations. Typically, a network with single-phase, 60 Amp connection to each
consumer can be expected to have an ADMD of 0.4 to 0.7 kVA. This can be compared with the “standard”
design level of 2.5 to 3.5 kVA and it is obvious that applying load levels four to five times above reality will
cause overdesign all the way back up to the network. This will affect line sizes, voltage drop calculations,
transformers and switchgear capacity.
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The next argument applied by the “standard design” brigade is that the network must allow for growth and
nobody wants to keep going back and adding to the network. This is the “design construct and forget” policy,
the direct result of which is that networks never ever pay for themselves. Then everyone (quite correctly)
perceives that electrification, as a bottomless pit, continuously calls for additional funding.

One solution is to design the network for the correct, actual load flows and design in such a way that it can
be upgraded easily, as and when the load increases. The method for doing this is to consider each transformer
zone and design the network to allow for additional transformers to be inserted as the need arises. Careful
design ensures that the LV line lengths are reduced when this technique is applied, leading to reduced losses
and better voltage regulation. Another method is to provide MV single-phase to low load areas but to design
the network so that it may easily be changed to three-phase MV by the addition of a single wire. This wire
can be added to correctly sized and pre-drilled poles. The same may be done with the LV network.

This means that the network is designed for minimal cost and when it needs to be upgraded there will be
good revenue flow and much of the upgrade cost can be financed out of cash flow. This is a business-
oriented approach, focusing on minimal investment cost for maximum return. It is not a typical national
industry approach. However, there is no reason why the electrical utility industry should not strive to contain
costs and optimize returns in the same way as every other business venture.

Taking each of the components that comprise a network in turn, the following ideas can be helpful in
reducing costs.

Transformers

Transformers are one of the big cost items in any network and in many developing networks they are
operating at a fraction of their design output and do so for their entire life. This is a total waste of money.
Transformers should be closely sized to the actual load flows and, in some instances, it may be beneficial to
consider single-phase transformers. These transformers can be replaced later with three-phase transformers
and the lines upgraded from single-phase to three-phase as suggested previously. Transformers may be
overloaded for quite considerable periods of time without any harmful effect provided the temperature rise
is controlled. Utilities tend to put LV circuit breakers on the output of transformers and this limits the ability of
the transformer to operate under overload conditions. An alternative method is to put oil temperature
probes in the transformer and trip the output of the transformer before the oil temperature exceeds the
design level. In this way, the short-term overload capacity of the transformer is utilized to provide the
network with the required power at minimal cost during peak consumption.

Poles

The traditional pole design has cross arms on the top of the poles. This creates unnecessary wind loading at
the top of the pole and a large number of components that increases cost. Modern designs use post-top
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insulators fixed directly to the side of the pole and there are no cross arms (see Picture A 2.1). This type of
construction, using porcelain or cyclo-aliphatic resin isolators, improves the impulse withstand voltage of the

line. Typically, an 11 kV line impulse voltage rises from 75 kV to 965 kV.

Pole-mounted transformers should be mounted on a single pole and the typical, traditional design using

three poles dispensed with (see Picture A 2.2).

Picture A 2.1:22 kV Rural Line. (Traditional Design on the left, New Design on the right)

T TrT—

e }
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Conductors

Utilities like to standardize on 50 mm? and 100 mm? conductors but, as pointed out previously, the conductors
should be sized for the actual load conditions and smaller conductors used wherever possible. The only
exception to this should be where there is a high incidence of lightning strikes and there is a danger of
smaller conductors being burned off during such strikes.

House Connections

Traditional methods provide a circuit breaker with a protective housing mounted on the pole and a cable
leading to the house. The expensive circuit breaker and its housing may be replaced by a fuse or even a
piece of fuse wire and the cable to the house should be an aerial conductor of flat twin and earth construction
(dumb-bell) cable. House connections should always be of sufficient capacity to allow productive use. Most
consumers will use a small portion of the capacity, but any consumer should be able to draw enough for
productive use. A 60 Amp single-phase supply is the recommended minimum. The low ADMD should be
applied to the network, not to the house connections.

Ready Boards

A ready board is a distribution board that acts as a termination for the incoming supply from the utility. The
ready board comes complete with circuit breakers, socket outlets and a light and this effectively forms a
starter pack for new household wiring system. Provision of a ready board means a huge cost saving for the
householder, as he does not have to install fixed wiring in his house or seek inspection from the utility for his

installation.

There are benefits for the utility company, as the responsibility of the utility company ends at the ready

board.

This means that structures, that would not normally be approved for electrical installations, can now become
part of the network, thereby increasing the consumer base and reducing the average cost per connection.

Example from Swaziland

In 2003, Swaziland Eleciricity Board was trying to find ways of reducing the cost of extending electricity to
rural communities. Swaziland was already applying many of the techniques described under “Appropriate
Engineering”, but the cost per connection was still very high due to long lines and a few consumers per
kilometer. A major problem was that Swaziland Electricity Board did not wish to provide electricity for any
houses that were not constructed out of approved materials such as brick or stone with tiled or corrugated
iron roofs. This meant that more than 50 percent of their potential consumers could not be provided with
electricity. By introducing ready boards, the Swaziland Electricity Board was able to reduce the average cost
per connection by more than 50 percent as they could now access twice the number of consumers.
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Meters

Prepayment meters are promoted as the solution to non-payment as well as providing cash upfront to utility.
This is the sales story and the buyer should inform himself/herself about the full picture before committing
to prepayment meters. Problems that have been experienced with prepayment meters are (a) short lifespan,
(b) easy bypassing by the consumers, (c) high initial costs, (d) cost of vending machines and placing enough
of them (especially in rural areas) to be within the five km norm for each consumer, (e) unrecorded token
sales by other nearby utilities that work on both networks. This does not mean that prepayment meters
should not be used, but it is essential that the true, total cost of the meter, is fully understood by the purchaser.
If the intention is to address the social problem of non-payment by using prepayment meters, then expect to
be disappointed. Socials problems are rarely resolved by technical solutions.

Credit meters have other problems such as bill delivery and cash collection. Another option is to provide an
unmetered supply with a fixed monthly charge and limited capacity.

Whichever option is selected, the utility needs to take account of the full monthly costs of the meters. If the
meter life is less than the depreciation period, then the replacement cost must also be factored into the
network viability. As credit meters are robust, show true reflection of usage, (compared to a fixed rate) and
are about half the cost of a prepayment meter, it is worth looking at ways in which the apparent disadvantages
of these meters can be addressed. Normally, there will be a process of meter reading, posted or delivered
invoices and a collection point at which payments can be made. Savings can be achieved if the meter
readers are local residents paid on a commission basis. The same person can issue bills either through a
central billing system or using point-of-sale equipment. The utility involvement is then limited to an audit
function. The same person could also be the eyes and ears of the utility and would be able to provide
specific information about first line maintenance and consumer complaints. All of this reduces monthly costs
and improves viability.

Fixed capacity supplies such as load limiters tend to stifle productive use. Some African networks have been
constructed with 2.5 Amp load limiters (insufficient to boil a kettle) and the result has been zero improvement
in economic activity and unviable networks.
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3. Reduce Costs Using
Modern Technology

Utilities are able to draw on a number of modern technologies that can make their life easier and help to
reduce costs.

Global Positioning Systems

Hand-held GPS units can provide every component including poles, transformers, consumer take-off points,
meters and switchgear with a unique GPS address. This information can be captured in the field on a hand-
held unit, brought back to the office and downloaded to a PC and the actual network may then be drawn
using software provided within the PC. Positions of all potential new consumers can be captured in a similar

way.
Network Design Software

Several packages are available which enable the data from GPS positioning to be incorporated directly into
the software program and it makes it very easy to calculate load flows, voltage drops and overall network
design and optimize the design to the actual layout on the ground.

Consumer Database

The consumer database is the most vital piece of information for the utility and must be accurately maintained
at all times. By providing a unique GPS address for each consumer, a great deal of confusion is avoided and
far more accurate records can be kept. This is especially true for rural networks where there may be no
street address, post office, banks and few or no maps.

Asset Register

In a similar way, the information from the GPS mapping can be incorporated into the asset register and
every asset will then have its own unique GPS address.
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Billing System

The information from the consumer database can then be incorporated directly into the revenue billing
system and coordinated with meter numbers. In conventional systems, the consumer database and the
billing system are frequently not generated from the same data source and this leads to errors and failure
to invoice electricity that has been distributed. This may cause a significant loss of revenue.

Mapping

Utilities have considerable difficulty expanding into remote regions due to lack of accurate maps and accurate
mapping information. Today, useful maps are available from satellite photography but they tend to be
expensive and show insufficient detail. If the country has been mapped using a Geographic Information
System (GIS) then this will provide excellent maps for the utility company. However, quite often this information
is not available and the utility company has to allow for mapping using aerial photography. This can be
transferred onto PCs and adequate maps for the utility thereby generated. If and when a GIS comes along,
the information can then be fitted into the GIS. Whatever method is used, utilities have to include in their
budgets mapping expenses as a direct cost of increasing access to electricity.

Construction

One of the major causes of high construction costs is the use of centralized labor, centralized depots and the
need to transport both personnel and material over long distances to new construction sites. A more cost-
effective strategy is to provide training to local personnel. Initially, they can be trained to carry out final
connections fo the consumers and installation of the meter. Next time around, the successful entrepreneurs
can be trained to do LV construction and, eventually, can graduate to MV construction. These trained
personnel can bid for contracts for construction on a competitive basis and will employ local labor in their

construction teams.

There are four distinct advantages of this approach. First, local people take ownership of the new network
and benefit directly from the construction of the network. Second, labor costs and transport costs for labor
are kept to the minimum. Third, cash is injected into the community and this kick-starts economic activity and
helps the community to afford the electrification network. And fourth, local people receive training in all
aspects of electricity distribution including safe use and handling of electrical equipment.

It has been noted that communities that take ownership of the electrification process are more likely to pay
for the service, especially if it is explained to them that their failure to pay will result in delays in connection
to the rest of their community. Vandalism and theft is also minimized. In a committed community, payment
levels of above 98 percent are normal.
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The utility should make it a key strategy to care for and respect the community, assist them with the safe use
of electricity and help them to develop and improve all aspects of their environment.

Conclusion

Practical experience from networks constructed in Africa has shown that application of the above strategies
can lead to a 50 percent reduction in construction costs using conventional networks without sacrificing
quality of supply, quantity of supply or safety.
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1. Introduction

In 2004, South Africa had a population of about 40 million with a density of 33 people per sq km. The mass
electrification program had been in progress since 1994 and, by 1999, access had increased from 36
percent to 68 percent. Approximately, 4.5 million connections were made during the 14-year period
between 1990 and 2004. Eskom, a US$200 million company, generates 95 percent of all electricity in
South Africa. Until 1994, local municipalities (with one or two exceptions) carried out all distribution. During
1994, Eskom launched its vision of “Electricity for All” and mass electrification commenced at a rate of
approximately 450,000 connections per year. About two-thirds of these connections were made by Eskom
and the remaining one-third was shared over 250 local municipalities. By the end of 2004, the total
construction cost exceeded US$1.8 billion. The period from 1994 to 1999 was known as the National
Electrification Program Phase 1. The Development Bank of Southern Africa (DBSA) evaluated this phase
in 2001.
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2. Targets for NEP Phase 1

Eskom estimated that the construction cost would not exceed US$450 per connection and that the monthly
consumption would be 350 kWh/m per household. There was a US$9 connection fee the tariff of which
was 3 US cents per kWh.

In reality, the cost per connection was between US$400 and US$700 per household but the real problem
was that the average consumption was only 90 kWh/m per household. To try and compensate for the loss
of revenue due to the low consumption, Eskom increased the connection fee to US$150 for a 60 Amp
single-phase supply. However, the basic problem is that the operating and maintenance costs exceed the
income generated from the sale of eleciricity. Eskom then argued that the electricity cost should be priced at
the marginal cost and not at the full distribution cost. However, even this very substantial reduction in the
supply cost did not leave enough gross profit to cover the operating and maintenance costs. The situation is
illustrated in Figures A 3.1, A 3.2 and A 3.3.

Figure A 3.1: What NEP 1 Aimed for (Indicative Only)
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Figure A 3.2: What NEP 1 Achieved (Indicative Only)
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ANNEX 3: TARGETS FOR NEP PHASE 1

In 2001, DBSA conducted an evaluation of eight networks that had been constructed during NEP Phase 1.
Atotal of 17 percent of all the connections made during this period were surveyed.

DBSA reported that there were five lessons emerging from its survey.

Lesson 1

The effectiveness of an institution’s performance with respect to electrification is independent of the institutional
structure, and the NEP achievements indicate strength in diversity.

Lesson 2

Most electrification is only financially viable with significant investment subsidies, and even then some of the
networks need subsidies for subsequent operations.

Lesson 3

A wide range of technical alternatives for the electrification program have an important role in reducing the
cost of electrification. These include the feeder technology materials, capacity of the supply available to
consumers, metering and design standards.

Lesson 4

Successful electrification requires as much focus on meeting community needs as on technical and financial

issues.

Lesson 5

Achieving the desired impacts of electrification requires a broader approach to setting targets in terms of
benefits.
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The report also found that:

Most networks were not financially viable or sustainable;

There was little economic activity generated by electrification (this was largely due to the practice in
some areas of using 2.5 Amp connections);

Prepaid metering did not solve the problem of non-payment as it has a short lifespan and is expensive;
and

Basic information was not available in many cases. There was no ring fencing of costs in the Eskom

areas.

DBSA recommended the following strategic guidelines for the implementation of NEP Phase 2:

a)

b)

<)

f)

Diversity of institutional approach is a strength, which should not be lost in NEP Phase 2;

Clear, upfront financial planning of NEP Phase 2 is critical, identifying funding sources and subsidy
levels;

The goals and outputs of NEP Phase 2 need to be defined at the outset and log frame or similar
planning framework;

Further optimization of costs and maximization of benefits is possible and necessary for NEP Phase 2;
Meeting community needs must be an integral focus within the NEP Phase 2 electrification process;
and

Improved data collection and reporting is required for NEP Phase 2.

The conclusion that can be drawn from this report is that this is not an affordable model for electrification in

Africa and if the “powerhouse” of Africa has these problems what hope is there for the rest of Africa? Based

on this example, mass electrification is unaffordable for consumers, utilities and governments throughout
Africa.
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3. Other Experiences of
African Networks

Fortunately, not all the electricity networks constructed in Southern Africa have shown such a poor rate of
return. Middleburg, a small town in Mpumalanga, has achieved 100 percent electrification and has a
payment level of 98 percent. A second town, Kimberly, in the Free State, also makes a profit from its
electrification process. In Northern Namibia, a private company, Northern Electricity turned around a loss-
making utility in a very short span of time. In Mpumalanga in South Africa, a joint venture company called
the Transitional Electricity Distributor (TED) started operation in 1990 with 5,000 connections in peri-urban
and rural areas. In a space of less than 10 years, it made 90,000 connections and was one of the companies

evaluated in the NEP Phase 1 Report (Report Number 8).

All the above examples can be considered to be viable and sustainable electrification networks.
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4. DBSA Evaluation of TED

This was a joint venture between the local community, represented by an independent trust (The Lowveld

Electricity Trust), and Eskom, each having a 50 percent shareholding. During the first four years of its

existence, TED expanded the network using Eskom standards at a high average cost per connection and

charging a higher tariff than the national domestic tariff.

When Eskom commenced their mass electrification program, it became apparent that new connections

would be made on the borders of TED and these new connections would receive electricity at a substantially

lower tariff than charged by TED. TED was faced with a choice, either cease expansion or find ways of

reducing costs and compete with Eskom on an equal footing at the same tariff.

The Board of Directors of TED decided on a three-pronged approach:

a)

Apply to the DBSA for a reduced interest rate for electrification:

In this they were unsuccessful. Despite the fact that DBSA was lending money at 7 percent for water
projects; they insisted that electrification projects should pay 12.5 percent.

Reduce the cost of management of the company:

Eskom was managing the company for TED. It was pointed out that their charges for management
were very high in comparison to the size of the company. Moreover, Eskom was receiving full payment
for electricity consumed by TED at the rate sold to local municipalities, whereas Eskom was applying
the marginal cost to its electrification ventures. Eskom agreed to reduce their management fee to
10 percent of the cost of electricity sold to TED.

Reduce the cost of construction:

After discussion with the engineering consultants responsible for the network design and construction,
it was agreed that every effort would be made to reduce costs. The concept of “Appropriate Engineering”
was brought into play and, within six months, the cost per connection had been cut by an average of
50 percent. “Appropriate Engineering” methods are described in the next section.

By the time the DBSA evaluated the performance of TED in 1999, they found a dynamic company that was

meeting its bills, expanding rapidly and had payment levels of 95 percent.
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5. Results of the Actions Taken
by TED (1999)

As a result of the actions taken to reduce costs and by adopting a market-driven approach (initially fargeting
those more able to pay in the community), TED was able to double its target for new connections from
60,000 in 10 years to 120,000. There was good commercial activity. This might have been better had
there been more help from local development agencies. There was US$1.7 million cash in the bank and
there were no overdrafts or outstanding debts. In fact, the company was in serious danger of making a
profit!

Local and international bank assessment of the state of TED at this time indicated that they viewed it as a

future “cash cow” with investment opportunities. Four of these banks indicated, in writing, their willingness
to invest equity in such a venture.
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6. Conclusions from
Southern Africa

“Low-cost” viable networks exist and are well known and understood.
They are viable and sustainable even for rural areas.

They need to be “nursed” financially for about eight years and, almost certainly, will require some degree
of subsidy for that period of time. Thereafter, they may well become self-supporting.

This is a strategy that can change lives, create wealth and improve economic activity in a relatively short

span of time.
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I.C. Davies






1. Energizing Rural Transformation
Concept

Energizing Rural Transformation (ERT) is a powerful concept which was developed by the World Bank. The
concept aimed at promoting economic activity using a package of electrical, telecommunications, health
and education. ERT consists of three key elements:

1. Asmart subsidy;
2. Affordability;
(a) for consumers
(b)  for utilities
(c) for governments
3. Low-cost construction.

Smart Subsidy

The smart subsidy is a one-off contribution to capital cost only. There is no subsidy for running costs. The
capital subsidy contribution should buy down the non-viable portion of the investment. The remaining balance
should be a viable investment in its own right.

Affordability
Consumer affordability survey

The affordability survey is a key ingredient for any rural electrification program. The survey establishes the
present energy expenditure per household and assesses if the conversion to electricity will add or reduce
the monthly energy cost.

The survey should be carried out by trained local people in the mother tongue of the people being surveyed.
There is always suspicion that such surveys may be a clandestine political or tax investigation and the
surveyors have to be trained to deal with this. The survey should cover at least 100 households in the area
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considered for electrification. In Africa, the main forms of household energy purchased prior to electrification

are:

*  Charcoal for cooking and sometimes space heating;

*  Kerosene for cooking and lighting;

*  Candles for lighting;

. Dry cell batteries for radio, music centers, lamps; and
e Car batteries for TV and lighting.

Dry cell batteries are often a high proportion of household energy expenditure and accurate information is
essential. In Africa, south of the Sahara, typical household energy expenditure is US$15 to US$30 per
month. Normally, about one-third is spent on cooking and the balance can be replaced easily by electricity.
In time, some of the households will convert to some form of electric cooking but the initial demand is likely
to be for lighting and small domestic appliances such as radio, TV, VCR/DVD and, eventually, fridge or kettle
or small cooking appliances. Space heating is usually the last item on the list and is rarely a significant load
due to the mild climatic conditions.

The survey should establish the quantum of each energy source used, on an average, per month, by each
household i.e., how many bags of charcoal, how many liters of kerosene, how many candles, how many
dry cell batteries and of what sizes, how often car batteries are charged, etc. The survey should then
establish the cost paid for these items from the sources used by the households.

The survey must cross-check the answers from the households with other sources such as the local shops.
For example, if the surveyor records 30 candles per month per house in a village of 40 houses and, then,
finds that the local shop does not stock candles because there is “no demand”, then the survey is probably
wrong. Surveys of income per capita tend to indicate that energy expenditure is a high proportion of
income. It has to be remembered that, typically, many members of a household may contribute to the
energy expenditure and income per capita figures may be misleading about the amount of cash available.
Rural communities in Africa tend to be cash-strapped and income per capita does not reflect poverty levels
accurately where the lifestyle includes bartering. The point is that low income levels and disproportionately
high expenditure on energy reflects the reality and choice of rural communities.

The expenditure on energy, for all items except cooking, should be compared with the cost of 150 kWh of
electricity. Ideally, it will cost less for electric power than fossil fuels and batteries. If it is more expensive,
then this will indicate that the tariff for electricity is uncompetitive. This is unlikely because of the “lifeline
tariff” applicable in most countries. It may be expected that the survey should show that:

1. 150 kWh/m electricity is about the same cost as the average fossil fuel expenditure.
2.  Electricity is easily affordable for 20 percent-30 percent of households and will save them cash.
3.  Electricity is welcomed as it is labor-saving and more user-friendly.
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The survey results will indicate to the utility company the target that they should aim at for electrification of
the area, what average consumption is likely, the capital cost constraints and whether the project will be
viable.

Utility and Government Affordability

It is imperative that utilities should be able to carry out electrification in peri-urban and rural areas. Too often
the cost of operating and maintaining the network is greater than the profit received from the sale of
electricity due to low consumption. If the cash flow does not exceed the running costs then increasing access
is simply unaffordable for the utility company. In this event, governments have to step in and subsidize the
utility and, eventually, this drain on the economy becomes unaffordable even for governments. It is, therefore,
essential that the network be designed, constructed and operated in such a way that it is viable and sustainable.

Domestic Sales and Tariffs in Zambia

The Zambian tariff for domestic users is probably the cheapest in the world as a result of which the average
domestic consumption in Zambia is 500 kWh/m at a cost of under US$10. The same consumption in
Europe or America would cost between US$35 and US$50. In Zambia, the “lifeline tariff” applies to the
first 300 kWh and this revenue does not cover the cost of production and O&M. Not surprisingly, the
Zambian Electricity Supply Company Limited (ZESCO) has been unwilling to increase access to eleciricity as
every consumer that they add to the network costs them money and requires an ongoing subsidy.
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2. Network Viability

A project financial model can help to determine, in advance, whether or not the project will be viable. The
model should show all the variables and should be able to illustrate the sensitivity of each variable. It should
also be graphic and easy to understand.

An example of such a project model is provided in Appendix A. This example is taken from an ERT project
in Tanzania and shows the initial conditions proposed by the utility. This clearly shows that the project is not
viable and requires a very high level of subsidy. After discussion with the utility and its acceptance of the
principles of “Appropriate Engineering”, the project became viable and profitable. This is shown in the final
example in Appendix B.

In order to create viable networks, much more is needed than low-cost construction techniques and changing
some standards. What is required is a total low-cost package that will address the initial construction costs
and the ongoing and operating maintenance costs, boost consumption and improve profitability. The package
needs to address each of the following items.

Construction Costs

Every effort has to be made to apply the low-cost techniques described in this report and any other techniques
that may be applicable under the circumstances. In addition, it is vital that local labor be trained and
employed in the construction process as this will boost the local economy, promote entrepreneurship and

improve economic conditions within the community.
Operating and Maintenance Costs

After construction, there will be a pool of trained people residing within the community and these people
can be used for first-line O&M of the network. If there is a problem in the network, a trained local person
can indicate to the maintenance team exactly what components need to be transported to the site in order
to fix the problem. This reduces maintenance costs and improves efficiency.
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Metering

A decision has to be made whether to go for conventional metering, prepaid metering or load-limiting
breakers.

Other kinds of metering such as point-of-sale billing in which conventional meters are read and a bill issued
on the spot from a hand-held computer, could be considered. Whatever system is used, it is most important
that the productive use of electricity is not stifled. Some networks have been constructed using 2.5 Amp
suppliers in the hope that this will limit construction costs. In reality, all that happens is that the community
cannot make productive use of electricity and consumption levels are so low that the network will never pay
for itself. A small percentage of consumers will use electricity for all different sorts of businesses. The utility
should encourage this aggressively as every kWh sold makes a profit for the utility.

An Example of Ready Boards and Load Limiters from Malawi

The Electricity Supply Company of Malawi (ESCOM) embarked on a low-cost experiment in urban areas in
which consumers were provided with ready boards and a load limiting supply. In a short span of time, a
number of consumers complained that their supply was not adequate and reapplied for a larger supply.
This caused additional costs for ESCOM and the experiment was not considered to be a success. ESCOM
Malawi will probably continue with ready boards but the supply will be metered, either through prepaid
meters or conventional meters.

Marketing

There are two basics ways of providing increased access to electricity.

One is the “blanket” approach in which electrical supplies are taken to every house in the village or every
house in a region. The advantage of this method is that the average cost per connection is spread over all
the available consumers but the disadvantage is that many of the consumers simply cannot afford the
service. The average revenue per consumer is then too low to pay for the network.

The second method is to market the network to consumers who are willing to pay for it. In this concept, the
utility asks consumers to fill out application forms for electricity and to pay connection fees. Each group of
applicants is then assessed in terms of network cost, number of consumers to be served and viability of the
project. Projects are then prioritized into those most viable for the utility and discussed with the community.

This method targets the most affluent consumers in the region and once the network is constructed, the
average revenue per consumer will be high and the network will pay for itself. Other less affluent consumers
can then be connected to the existing network as time goes by.
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The Story of Mangwene

Mangwene is a typical rural Southern African village consisting of about 100 houses in a linear development
along both sides of an arterial road. The electrical utility company asked residents if they wished to apply
for electricity and 30 applications were received. A combined MV and LV line was run down the center of
the village and 30 consumers were connected along with the local school, the clinic and two Government
offices. One year later, the utility received a further tranche of money from the bank and asked the
residents if any more would like to apply for electricity. To their astonishment, another 30 people applied
for electricity and this immediately raised the question why had these 30 people not applied the previous
year? The answer was that the first 30 people had been putting electricity to productive use. One person
had started a welding shop and was making doors and window frames, the local shop now had refrigeration
and improved sales. The women of the village had got together and started a sewing group selling clothes
for cash. In the local school, two classrooms had electric light and power and adult education classes were
being held in the evenings. The local clinic now had electricity and had employed an additional nurse. As
a result, the economic activity of the village had improved. This was the reason that another 30 people felt
that they were now able to afford eleciricity. This process continued over a period of three or four years until
the entire village was electrified. It became quite obvious that the economic activity of the village had
improved significantly with the provision of electricity.

The only way that electrical utilities can make a profit is by selling electricity. The gross profit that they make
is the margin between the selling tariff and the cost of production at the point of sale.

For this reason, electrical utility companies should promote sales actively and aggressively and should
encourage the purchase of appliances which will consume electricity. Utility companies should promote
appliance shops where new or second-hand appliances can be repaired and sold to the local community.

A further aspect of marketing is the marketing of the network. In every community, there are various
community services that can benefit from the provision of electricity. For example, water pumping and
water treatment plants, hospitals and clinics, schools and educational facilities, police stations and security
services, telephone, radio and television services, tourist hotels, agricultural processing and mining. The
utility can market its proposed network by going to each of the potential consumers in the region and asking
them for a contribution in proportion to the benefit that they will receive from the provision of electricity. This
process helps to extend the network much more rapidly than would otherwise be possible and the network
cost is fairly shared amongst all the consumers who will benefit.

Losses

There are technical losses and non-technical losses in every network. Technical losses are caused by flow of
current through conductors and are directly related to the load on the network. Non-technical losses consist
of theft of electricity, by-bypassing meters or illegal tapping from the network. In addition, there are revenue
collection losses that arise when people fail to pay their bills or alternatively, from being billed incorrectly by
the utility. All of these losses directly affect profitability of the project and have to be minimized if the network
is to be viable. Technical losses are purely a function of the network design and loading on the network. The
utility company should monitor technical losses continuously and upgrade the network whenever it is cost-
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effective to do so. Non-technical losses require the application of strict financial discipline to ensure that theft
is dealt with promptly and severely. Similarly, meter bypassing or illegal tapping should incur severe penalties.
It has been noted that in communities where the utility has encouraged local participation and has been
prepared to listen to the concerns of the community, theft and vandalism tends to be at very low levels.
There also has to be strict financial discipline.

Consumer Contribution and Connection Fees

Mass electrification will not happen if the consumer contribution or connection fees are unaffordable. One
of the great benefits of the affordability survey referred to previously is that it clearly establishes the capital

contribution and connection fee that can be afforded by the community.

Connection Fees in Tanzania

In Tanzania, the expenditure on existing energy sources for people without electricity was estimated to be
between US$10 and US$30 per month. The connection fee required by TANESCO for a domestic connection
is US$200. This fee is quite clearly unaffordable even though the Board of TANESCO allowed this fee to be
spread over 12 months. Such a high connection fee discourages so many new applicants that it is likely
that there will be very few connections on any new network that is constructed. This will make the cost per
connection unaffordably high for the utility company. It has been suggested to TANESCO that the connection
fee should be reduced to US$60 and that this amount should be spread over 12 months. TANESCO needs
to conduct an affordability survey to confirm that this reduced connection fee will attract enough new
consumers to keep the average cost per connection low enough to be viable.

Conversion Costs

It must be remembered that, in addition to paying the connection fee, the consumer also has to wire his
premises, pay an inspection fee and convert or purchase new appliances for electricity.

This is where the concept of the ready boar