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ABSTRACT 
In this paper technical evaluation is performed on a part 
of the Tshwane Electricity Network (South Africa) 
incorporating distributed renewable energy sources. The 
whole network is first analysed to identify the areas under 
threat of instability due to overloading. Distributed 
generation employing different renewable energy supplies 
is then injected at some strategic points. Simulation 
studies are conducted using PSCAD/EMTDC. The 
models used are wind turbines driving induction 
generators to represent wind energy, steam/gas turbines 
driving synchronous generators to represent the energy 
from waste and photovoltaic (PV) modules to represent 
the solar energy. Various fault conditions are considered 
with varying penetration levels of the distributed 
generators to evaluate their impact on the network in 
terms of frequency, voltage and current. 
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1. Introduction 
 
South Africa is currently undergoing a major energy 
crisis. The electricity demand is more than the plant 
capacity most of the time, leading to the frequent load 
shedding operations. Many international companies are 
interested in investing in South Africa to help alleviate the 
problem. 
 This study is concerned with technical evaluation of 
renewable energy integration in Tshwane/Pretoria 
electricity network. Only about 20% of the energy 
consumed in Tshwane Municipality is produced locally, 
with the rest coming from the major electricity utility 
company ESKOM. South Africa uses coal, its major 
indigenous energy resource, to generate most of its 
electricity and a significant proportion of its liquid fuels. 
Because of this, South Africa is the 14th highest emitter 
of greenhouse gases.  
 Most parts the Tshwane Electricity Network is 
already overloaded. This coupled with the present power 
shortages calls for an investigation into the possibly of 

supplementing the available supply with distributed 
renewable energies and a study of the impacts of such 
supplies on the network.  
 Many studies have been done about the impact of the 
renewable energies on an electrical network [3]-[5],[9]. 
This study will incorporate different models of renewable 
energies for possible use in Pretoria. Based on a 
topographical study of Pretoria [12],[16], three systems 
are of particular interest. 
 The first one is a synchronous generator to simulate 
the behaviour of a waste turbine [17]. A waste-to-energy 
plant which is designed and operated to burn municipal 
waste combines a high pressure steam turbine/generator 
cycle and a combustion turbine/generator cycle; wherein 
the exhaust gas from the combustion turbine is utilized to 
superheat high pressure steam prior to entering the steam 
turbine. The combination of the combustion 
turbine/generator cycle with the steam turbine/generator 
cycle enables operation of the waste-to-energy plant at 
high pressure and high temperature resulting in greatly 
increased thermal cycle efficiency. In the simulations, the 
waste turbines deliver an output power of 8MW. 
 The second type involves an induction generator 
model combined with a wind turbine to model the 
behaviour of wind farm connected to the network 
[10],[13],[14]. The different examples given in PSCAD 
software library have been used to find a wind turbine of 
1.5 MW  
 The last case concerns the modelling of photovoltaic 
modules liked to the network [10],[11],[14]. 
 To evaluate the impact of the different renewable 
energy supplies, different faults are applied at the main 
generator (Pretoria West Station), and the behaviour of 
the network is then studied, incorporating the Distributed 
Generators (DGs). Three phase fault and a single phase 
fault have been applied into the tests.  
 The results of this study can be applied in other cities 
in South Africa and using different examples as 
synchronous generators for the wind turbines. 
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2. System Modelling 
2.1 Pretoria Network 
 
First of all, a section where a power station can be 
installed and areas where there is an overload are chosen, 
in this case Pretoria West power station and surrounding 
areas have been simulated. DGs will be tested at Kentron, 
Eldoraigne and Claudius [12].  
 

 
 
 The Pretoria West station is linked to the 
transmission system. The voltage is subjected to two 
transformations before reaching at the transmission level. 
Then, the power is distributed all over the network. All 
the loads here are real areas around Pretoria and have 
been configured during the simulation. 
 
2.2 Induction Generator for a Wind Turbine 
 
We will insert in the simulation 3 wind turbines of 1.5 
MW. Wind is not very strong in Pretoria but related to the 
topographic analysis there are some places in Pretoria that 
can accept wind turbines like in Pretoria South where the 
altitude is a bit higher. 
 The generator is based on a three phase induction 
motor excited by the stator. The generators have three 
pairs of poles and the wind speed has been fixed at 10m/s. 
 Concerning the voltage and the current in three 
phases the following set of equations will be used: 
 According to the stator at t = 0: 
 

( ) 2 cosi t Ia s sα=  (1) 
 
α corresponds to the angle between rotor and stator, ia is 
the current on the first phase. Is is the nominal current.  
 We can deduce the current on the two other phases: 
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 Concerning the voltage we have: 
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a s a

d
V t R I dt

ϕ
= +  (3) 

 
 Va is the voltage on the first phase, Rs is the 
resistance of the stator and φ is the magnetic flux of the 
stator. 
 

 
Figure 1. Model of wind turbine under PSCAD modified 

for the simulation 
 
 The parameters applied to obtain an output power of 
1.5MW are given in fig2. 
 

 
Figure 2. Parameters of the induction motor of the wind 

turbine 
 

 The power delivered by the turbine is given by the 
equation: P = √3.U.I cos φ and is equal to 4MW 
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 We will apply a power factor PF (cos φ) equal to 0.85 
in all the simulation, so as to be as close as possible to the 
reality. 
 
2.3 Synchronous Generator for Waste Turbines  
 
To model the system for a waste turbine, we will use a 
three phase synchronous generator.  
 The equations related to the generator and which are 
already incorporated into the software are quite the same 
as the induction motor. The only difference is that the 
magnetic field of the rotor has to be scaled on the 
magnetic field of the stator to be in synchronism speed. 
 The equivalent circuit of the generator is given in the 
figure below: 
 

Rs
Xs

Eav

Va

Ia

 
Figure 3. The equivalent circuit of synchronous generator 

 
 When Ia = 0 we have the tension created by the rotor 
field 
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ωs represents the angular frequency related to the 
frequency of 50Hz. 
Ls is the length of the magnet. 
Eav is the vacuum power when the ia is equal to zero. 
 
 The parameters applied to the synchronous 
generators are given below.  
 

 
Figure 4. Synchronous generator parameters 

 
 The output power of the generator is about 4MW. 
This is a perfect machine with the effect of saturation 
neglected. 
 

2.4 Photovoltaic (PV) Panel 
 
The equation for a single-diode model including series 
and shunt resistances is: [11] 
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where Isc is the light-generated current (short-circuit value 
assuming no series and shunt resistance), I1 is the dark 
saturation current, Q is the charge of an electron 
(Coulomb), K is the Boltzmann constant (j/K), T is the 
cell temperature (K), I and V are the cell current (A) and 
voltage (V), Rs and Rsh are the series and shunt resistance. 
 
2.5 Simulation and the analysis 
 
In the simulation of the network, two different kinds of 
faults will be applied at the Pretoria West station to see 
how the system recovers after a fault and how the 
different DGs can help the system. It is already known 
that the power produced by the power station is only 20% 
of the power consumed by the loads in Pretoria. The main 
power station gives 120 MVA to the network. The total of 
the load for the first simulation with the waste turbine is 
about 109 MVA and the power produced by the three 
waste turbines is about 16 MW. 
 The voltage is required to remain between 0.9 and 1.1 
per unit under all conditions. 
 For the wind turbine, we have reduced the loads in 
order to capture the impact of the power generated. The 
power produced by the two wind turbines is equal to 3 
MW. 
 
 
3. Simulation and Results 
3.1 System with wind turbines 
 

Figure 5. System with the wind turbines 
 

170



 The fault is applied just after the main generator. The 
wind turbines are to be installed at Kentron and Zebra in 
the network. 
 
3.2 Results of a single phase fault with wind turbines 
 

 
Figure 6. Power of the main station, active power 

delivered by the wind turbine in MW, reactive power 
delivered by the wind turbine in MW 

 
 For the wind energy conversion system the active 
power delivered by the generator is between 1.4 and 2 
MW. The reactive power is about 1.66 MVAR. It can be 
seen that the power is completely recovered after the fault 
after 0.5 seconds of perturbation. 
 The voltage profile is depicted in the figure below. In 
the first curve, a single phase fault is observed in the blue 
phase. The other curves represent the action of the fault 
under different loading conditions in Eldoraigne, (the first 
one without the wind turbines, and the second with the 
wind turbines). We can see that the power is just up to 
0.90. In the case where wind turbines are included we can 
see that the power is a bit smaller. This means that the 
wind turbine does not have a positive impact on the load 
when it is directly attached and linked to the load but has 
an improving impact on the loads of the other areas. 
 
3.3 System with waste turbines and a three phase 

fault 
 
The system with three synchronous generators driven by 
waste turbines is shown next. The system is the same as in 
the previous case, but with a bigger load to adequately 
capture the impacts when power is injected from the 
synchronous generators. 

 The system is subjected to a three phase fault, with a 
fault time of 0.5s, which is considered a very bad case for 
the network. 
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Figure 7. Transformed three phase voltage of the wind 

turbine in Kentron in kV, voltage profile on the 
Eldoraigne load in p.u, voltage profile on the load in 

Kentron with the wind turbine in p.u 
   

 
Figure 8. System with the synchronous generators 

modelling the behaviour of waste turbines 
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3.4 Results of a three-phase fault with wind turbines 
 

 
Figure 9. Active power delivered by the synchronous 

generator (MW), reactive power, three phase voltage at 
the load with the three phase fault (kV) 

 
 Here, it can be observed that the synchronous 
generator with the parameters mentioned before, delivers 
a lot much power compared to the wind turbine, about 
8MW and 25 MVAR. We have not considered the control 
system here, but just a perfect synchronous machine. The 
reactive power delivered by the generator is not taken into 
account because the value is very high and a 
compensating controller will be required, for example, to 
cancel as much as possible reactive power but delivering 
less harmonic pollution into the network. 
 The results show how energy from waste impacts on 
the system under different loading and fault conditions. 
Applying such a system has several advantages because 
the emissions of steam or gas emissions can be reinserted 
into compressors and passed into turbines to produce 
combined heat and power. 
 In the south of the city, between Pretoria and 
Johannesburg there is quite a big industrial activity. Three 
sites are proposed for the synchronous generators based 
on topographical analysis and system load situation. The 
sites are: Zwartkops, Kentron and DieHoewes. 
 

 
Figure 10. Power delivered by the main generator, voltage 

profile of the load receiving the waste turbine, voltage 
profile of the load with the turbines 

 
 Here the results are interesting and show perfectly the 
difference between the loads receiving the power from the 
synchronous generators and when there is no additional 
power. On one hand, the Kentron load receives the energy 
and the voltage rises up to 1.1 p.u, while in the Eldoraigne 
case the voltage rises up to 0.9 p.u.  
 Now, in relation to the three phase fault, as can be 
seen on the Kentron load, the fault is highly compensated 
by the power generated. The voltage goes down to 0.75 
p.u., which can be easily compensated by the power 
provided by ESKOM and the waste turbine.  
 Looking at the Eldoraigne load, it is seen that the 
fault has a big impact on the voltage. The power goes 
down to 0.40 p.u. This means that the difference between 
the voltage with the synchronous generator and without is 
about 0.35 p.u, which is a considerable amount taking into 
account the size of the loads.  
 
 
4. Conclusion 
 
This study was based on the Tshwane electrical network 
but can be applied in many other places in South Africa or 
even all over the world. The aim of the study was to 
evaluate the impacts of various energy supplies on the 
network using PSCAD 4.2. The energy sources 
considered here were wind energy and energy from the 
industrial waste (steam or gas emissions). The impact of 
wind turbine generators is not as big as that from 
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synchronous generators but it remains interesting for the 
Tshwane Municipality.  
 Future studies will concentrate on photovoltaic 
panels as the area receives about 300 days of sun a year. 
Another area will be the application of a good control and 
command system for the network under distributed 
generation.  
 
 
Acknowledgement 
 
The authors are grateful to the Tshwane Municipality for 
their co-operation in giving some files about the Tshwane 
electricity network and. 
 
 
References 
 
[1] W. El-Khattam, “Distributed generation 
technologies, definitions and benefits”, Electrical Power 
Systems Research 71,(2004) 119-128, University of 
Waterloo, Canada 
[2] Carmen L.T Borges, “Optimal distributed 
generation allocation for reliability, losses, and voltage 
improvement», Electrical Power and Energy Systems 28, 
Federal University of Rio de Janeiro, Brazil 2006 413-
420. 
[3] Dalal Asber, Serge Lefebvre “Transient behaviour 
of a distribution network incorporating decentralized 
generation». Electrical Power and Energy Systems 27 
,Institut de recherche d’Hydro-Québec, Québec, Canada 
2005 195-203. 
[4] Ahmed M. Azmy, “Impact of Distributed 
Generation on the stability of Electrical Power Systems”, 
IEEE paper, University of Duisburg-Essen, Germany 
2005. 
[5] Sami Repo, “A method to increase the integration 
capacity of distributed generation on weak distribution 
networks”, 17th International Conference on electricity 
distribution, 12-15 May 2003. Barcelona, Spain 
[6] Soren Varming, Christian Gaardestrup, John Eli 
Nielsen, “Review of Technical Options and Constraints 
for Integration of Distributed Generation in Electrical 
Networks”, Sustelnet Project by ELTRA and Tech-Wise 
Companies. 
[7] Göran Andersson, “Modeling and Analysis of 
Electric Power Systems”, EEH – Power Systems 
Laboratory ETH Zurich Switzerland, March 2003, 35- 
526. 
[8] Emanuel Florin Mogos, “Production décentralisée 
dans les réseaux de distribution”.  ENSAM Lille, Thesis 
Lille 2005. 
[9] M. Begovic, A. Pregelj, A. Rohatgi, D. Novosel, 
“Impact of Renewable Distributed Generation on Power 
Systems” Proceedings of the 34th Hawaii International 
Conference on Systems Sciences,2001. 
[10] HVDC Manitoba Research Centre: PSCAD Library 
and Examples. 

[11] D.L King, W.E Boyson, J.A Kratochvil, 
“Photovoltaic Array Performance Model”, Sandia 
National laboratories , Albuquerque, New Mexico 
[12]    Dr. Ndivho Lukhwareni,, Single line Diagram of 
the Tshwane Bulk Electrical Network, Development & 
Energy Business section Development, July 2006. 
[13] Junji Tamura, Tetsuya Yamazaki, “Transient 
stability simulation of power system including Wind 
generator by PSCAD-EMTDC”, Kitami Institute of 
Technology, Japan, Paper accepted for Presentation PPT 
2001 IEEE Porto Power Tech Conference, 10th-13th 
September Porto, Portugal. 
[14] M.G Simoes, B. Palle, S. Chakraborty, C. Urlarte, 
“Electrical Model Development and Validation for 
Distributed Resources”, Subcontract Report Colorado 
School of Mines by National Renewable Energy 
Laboratory, April 2007. 
[15] D.Perry, L. Grossman, Renewable Energy 
Generation: The Benefits and Barriers, Paper for Mayor’s 
Green Building Task Force, December 2003 
[16]  R. Van der Meulen, Topographical Study of 
Pretoria and its area, University of Pretoria, 2005. 
[17] International Process Plant, Global suppliers of 
Complete Quality Used Process Plants & Equipments 
Available on: http://www.ippe.com 
 
 
 
 

173


	ABSTRACT
	KEY WORDS




