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CHAPTER THREE 

Distributed Generation in South Africa 

The South African power industry has been dominated by large central power 

stations owned by Eskom since 1949. A conventional large electric power system 

has been utilised, where large central generators feed electrical power through 

generator transformers to a high voltage interconnected transmission network. The 

transmission system is used to transport the power, sometimes over considerable 

distances, which is then extracted from the transmission network and passed down 

through a series of distribution transformers to final circuits for delivery to customers. 

However, recently there have been cases where small generators are connected to 

the power system at distribution level. A couple of industries are also involved in 

cogeneration systems. These connected cases are known as distributed generation. 

This chapter reviews all the cases of distributed generation in South Africa. Issues 

that are closely looked into are the interconnection voltage level, mode of operation, 

location, capacity, technology, ownership and planning, and power delivery area. 

Central Generation 

Iiiii \ 

~ ~ 
Customers 

Central Generation 

Genset 

Fuel Cell 

Customer I 
Efficiency 

Wind 

Remote 
Loads 

Figure 3.1: Central Generation and Distributed Generation [15] 

30 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter Three Distributed Generation in South Africa 

3.1 Centralised and Distributed Generation 

The Electricity Supply Commission known as Escom was established in 1923, but in 

1987 the name was changed to Eskom. This is the main utility in South Africa and 

owns most of the network in the country. The formation of this utility in 1923 saw the 

development of central generating stations in the country. Witbank and Colen so 

power stations are examples of some of the stations that were commissioned in the 

1920s. These stations were owned by Escom but operated by VFP as part of its 

network. The discovery of new gold fields to the west of the Witwatersrand and a rise 

in gold prices increased the development of the electricity supply industry. This led to 

rapid growth in electricity demand from the gold mines. To meet this demand, Eskom 

erected another big central power station (Klip power station). More central stations 

were commissioned immediately after the Second World War. The diagram below 

shows power stations that were commissioned between 1960 and 1989. 

Increasing Power Stations with Time in South Africa 
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Figure 3.2: Increasing Power Stations with Time in South Africa [16] 

A number of the Eskom central stations were constructed to meet the high -energy 

demand in the country. The economies of scale also favoured the development of 

central power stations in the country. Some of the central stations were built for peak 

lopping and for use during emergences as well as reliability purposes on the entire 

Eskom network. For example Hendrik Verwoerd (re-named Gariep) hydro power 

station, built as part of an irrigation project, started feeding into Eskom's transmission 

system in 1971 [16]. Not only did it prove of value in peak load periods and 

emergencies, but also it strengthened the 400 kV line linking the Transvaal and the 
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Chapter Three Distributed Generation in South Africa 

There are 7 gas turbine power stations in South Africa, 2 owned by Eskom and 5 by 

municipalities. Some of these are not classified as DG for example those owned by 

Eskom such as Acacia and Port Rex (bigger than 1 OOMW in capacity). Most of these 

stations are small and are not used for base load electricity generation but for 

meeting load peaks or for standby generation for start-ups or in the event of loss of 

power from the main plant. They consist of simple gas turbines where the exhaust 

gases from the turbines go to waste. In South Africa they run on liquid fuels such as 

paraffin or jet fuel. 

Figure 3.3: Photovoltaic Module [22] 

The total installed capacity of these plants was just over 606 MWe in 1996 [21]. Their 

production of electricity was negligible in 1995. Table 3.1 shows a total of 120 MW 

and the balance is mainly from Eskom stations such as Port Rex and Acacia. Simple 

gas turbine generators such as these are quick and easy to start, have low capital 

costs per kW, high efficiencies (typically 55% and above) and have high running 

costs. They have no prospect of providing base load electricity in the future. If gas is 

used for base load electricity in future it will be in Combined Cycle Gas Turbine 

(CCGT) plants. 

It is clear that distributed generation plays a significant role in the current electricity 

supply industry of South Africa. The reasons behind the construction and emergence 

of the existing generators in the country vary widely. Some DGs started off as the 
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Chapter Three Distributed Generation in South Africa 

Figure 3.4: A Demonstration of Alternative Energy Sources, the Solar Dish 

Stirling Project Launched at the Time of the Summit on Sustainable 

Development in Midrand [39]. 

Eskom is into DG because it is trying to identify engineering applications for 

distributed resources and to develop the broad capabilities to incorporate these into 

technically and economically feasible processes in the electricity distribution 

business. Eskom is specifically concerned with: 

• The assessment of the opportunities and associated business aspects of 

distributed resources in the distribution network. 

• The identification of distributed generation resources capable of being 

connected to distribution network. 

• The technical (where applicable) and economic integration of distributed 

resources into the distribution network. 

• The characterisation of these resources from the perspective of their impact 

on a distribution network and degree to which they meet customer 

requirements. 

The knowledge gained from the pilot projects mentioned above will provide essential 

supporting information for the distribution planner and Quality of supply practitioner. 

These projects will be of great value in Eskom in terms of understanding DG and 
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Chapter Four Principles of Transmission Pricing in South Africa 

Figure 4.1. An in depth description of the methodology used in calculating the 

network charge is covered in the section on Eskom's proposed transmission tariffs. 

Figure 4.1: Concentric Regions and Percentage Surcharges [29] 

Distribution also pays a reliability services charge, which is intended to recover the 

cost of acquiring ancillary services used to operate the Transmission network 

according to the quality of supply standards. The Transmission Group purchases 

ancillary services from the Eskom Generation Group. Table 4.1 in the next page 

shows the agreed ancillary services, the associated cost of the ancillary services, the 

annual payment from Distribution for the ancillary services as part of the reliability 

service charge and the charge payable for the reliability services. These are 

approximate figures for the year 2001. Transmission network losses are also viewed 

as a reliability service. 
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Chapter Four Principles of Transmission Pricing in South Africa 

Installed capacities from all generators are made available to Transmission Group 

before the year of calculation. Similarly, for loads, all points of connection between 

the Transmission system and the Distribution system submit the reserved capacities 

Figure 4.2: Transmission Pricing Zones [27] 

to Transmission before the year of calculation. The system model consists of eight 

geographic pricing zones where the generators and loads are located. These zones 

are shown in figure 4.2 above. 

A load flow simulation using a DC approximation of an AC system is done. Starting 

with a case where all loads and generators are on the system does this. Available 

generation is dispatched in proportion to the installed capacity to match generation 

and load. The direction of power flow is then determined on every branch in the 

simulation model. Following this, a load flow simulation is done for each and every 

generator on its own, connected to all loads, which are reduced in size to the total 

ratio of its reserved capacity that is equal to the generator's size to total generation. 

The next step is to do load flow simulations for each and every load pOint on its own, 

supplied by all generators simultaneously, but reduced in output to a value equal to 

its installed capacity times the ratio of the specific load relative to total load. 

The output of the above simulation is used to determine the proportion of each 

transmission asset that is used for the benefit of each load and of each generator. 
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Chapter Six Impact of DG on Transmission Pricing 

Losses Without DG Losses With DG 
Line Real Power Reactive Real Power Reactive 

(MW) Power (Mvar) (MW) Power (Mvar) 
Butterworth/Lamploug h 0.02 0.04 0.02 0.04 
ButterworthfTyalara 2 4.43 0.16 0.37 
Tyalara/Qunu 0.56 1.27 0.16 0.35 
Tyalara/Mbashe 0 0 1.3 2.9 
Qunu/Zimbane 0.71 1.56 0.17 0.38 
Zimbane/Paynes Farm 0.07 0.09 0.04 0.06 
Zimbane/Mafini 0.92 0.89 0.58 0.57 
Paynes Farm/Sappi 0.12 0.17 0.09 0.12 
Mafini/Kohlo 0.4 0.38 0.25 0.24 
Kohlo/MaQwa 0.2 0.2 0.12 0.13 

Total 5 9.03 2.89 5.16 

Table 6.2: Real and Reactive Power Losses in the Transkei Network with and 

without DG. 

Real Power Losses In the Transkel Network with and without DG 
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Figure 6.6: Real Power Losses in the Transkei Network 
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Chapter Six Impact of DG on Transmission Pricing 

Reactive Power Losses In the Transkel Network with and without DG 
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Figure 6.7: Reactive Power Losses in the Transkei Network 

A comparison of figures 6.6 and 6.7 show that the connections of DGs in the 

Transkei network reduces losses along the distribution lines. This is due to the fact 

that line current is reduced in some parts of the network as can be seen in figures 

6.4 and 6.5. 

Both figures 6.6 and 6.7 illustrate that the connection of DG results in losses on the 

Tyalara/Mbashe line. This is due to the fact that without DG connected to the 

network, there is no line from the Tyalara substation to the location of the generators. 

Therefore, no power losses for the case of no DG. 

The load flow also revealed that there were small power losses along the 

Butterworth/Lamplough line for both cases as can be seen in the load flow diagrams 

and the power losses bar graphs in the above figures. This is due to the fact that the 

distance of the line is very short (2.3 km) such that the losses are very small. 

The load flow results show power loss reduction in all the lines. The total real and 

reactive power losses are reduced by 42% and 43% respectively, when DG is 

connected in the Transkei network. Therefore this analysis shows that the inclusion 

of DG at distribution level near load centres, results in power loss reduction along the 

lines. These losses can easily be converted to an equivalent value in Rands. It can 

also be treated as savings to both the Transmission Group and the customers 
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