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SUMMARY 

The purpose of this paper is to conduct initial feasibility studies of a microgrid 
implementation at UCT Upper Campus. The five systems simulated were a single diesel 
generator system, multiple diesel generator system, solar PV system, solar PV system with 
battery storage and a hybrid diesel/solar/battery system. The project costs and emissions 
were calculated using HOMER software, whereas the stability and losses were determined 
using DIgSILENT PowerFactory software. Based on the results obtained, the hybrid system 
proved to be the most feasible system. The cost of electricity produced by the microgrid is 
expected to cost between R3.0375/kWh and R3.7665/kWh. It is evident that this cost is 
relatively expensive, since the current tariff charged by electricity distributors is R2.13/kWh. 
However, the customers connected to the microgrid would be guaranteed continuity of 
supply under all conditions.  
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INTRODUCTION  

The recent shortage of electricity generation in South Africa has led to an abundance of 
power outages nationwide. These power outages disrupt the learning of students and are 
extremely detrimental to the economic growth of the country. It has been estimated that the 
frequent power outages may cost up to R80 billion per month. With an increase in electricity 
tariffs looming, it seems as though South Africans will soon be paying more for a less 
reliable power supply. For these reasons, it is clearly desirable to investigate a new 
technique of producing affordable energy of a more reliable nature. A relatively new 
technique which could provide the solution to the current electricity crisis is the 
implementation of microgrids.  



A microgrid is a small-scale power grid that consists of a localized grouping of distributed 
energy resources (DERs), energy storage devices and loads that can be operated in a 
controlled way [1]. Microgrids may utilise renewable energy, non-renewable energy or a 
combination of the two. A microgrid operates in either grid-connected or standalone mode. 
The system predominantly operates in grid-connected mode, assisting the national grid in 
satisfying the load demand. However, the microgrid switches to standalone mode when a 
fault or power outage occurs on the national grid [2]. While in standalone mode, the 
microgrid still has the ability to satisfy the load demand. This is achieved with the aid of an 
energy management system, protection scheme and control software. Therefore, the 
microgrid is capable of ensuring continuity of supply at all times. The implementation of 
microgrids offers many distinct advantages, such as improved energy efficiency, reduced 
environmental impact and security of supply.  

The number of students presently enrolled at the University of Cape Town exceeds 26 000. 
The majority of these students attend classes and perform work-related activities at UCT 
Upper Campus. Therefore, the occurrence of a power outage causes a major disruption in 
the productivity of students. Staff members are also affected by these power outages. Since 
it is crucial for the university to have a reliable source of supply, the implementation of a 
microgrid at UCT Upper Campus should be considered. However, initial feasibility studies 
should be conducted beforehand to determine whether the implementation would be 
advantageous or not.  

In this paper, five standalone systems are simulated using HOMER and DIgSILENT 
software. The process followed to conduct these simulations is presented. Subsequently, the 
simulation results obtained are provided. A table containing a summary of the results is then 
presented. This summary is used to select the optimal system. Thereafter, the optimal 
system’s performance for the grid-connected case will be shown. Finally, conclusions 
relating to the benefits of the microgrid implementation and its financial implications are 
made. 

METHODOLOGY  

The feasibility of a system depends on its cost, reliability, emissions, efficiency and stability. 
HOMER simulation software was used to determine each system’s costs, emissions, 
component sizes and ability to satisfy the load demand. Since HOMER was only able to 
determine these feasibility parameters, DIgSILENT was used to determine the stability, 
efficiency and loading of components.  

Load profile  

Since the microgrid will be implemented at UCT Upper Campus, the load profile for this area 
of study has to be obtained. The load profile is a crucial part of the design process, since the 
systems have to be designed to meet the load demand at all times. The load profile was 
obtained from the Power-star website [3]. The annual load profile for UCT Upper Campus is 
shown in Fig.1 below.  



Fig. 1: Annual Load Profile of UCT Upper Campus  

The load profile has been generated for the past year, ranging from 1st September 2014 
until 27th August 2015. As noted from the load profile, the consumption during the summer 
months is generally lower than those during the winter months. This could be due to the 
increased use of heaters and lights during these winter months. The readings on the y-axis 
are in kilowatts for power and kVA for apparent power (demand). Close inspection of the 
load data indicates a peak demand of 5.5 MW and a daily average consumption of 76 
MWh/day. It should be noted that the apparent power and active power consumed are not 
identical, indicating a power factor other than unity. The power factor varies slightly 
throughout the year, but is generally restricted to a value of 0.9. 

HOMER simulation procedure  

HOMER is an optimization tool used to determine the most cost-effective system based on 
inputs from the user. The input information includes the load profile, weather resources and 
component costs and sizes. HOMER performs simulations over the entire lifespan of the 
project and determines the optimal system according to the system’s ability to match supply 
and demand [4]. Various systems will be simulated in HOMER to determine the most 
feasible system in terms of net present cost and greenhouse gas emissions. The first case 
that will be simulated is the base case, whereby all systems simulated afterwards will be 
compared to. The procedure for running all HOMER simulations is provided in this section.  

The base case, which will be used as a reference for making comparisons, will only consist 
of a single diesel generator. Thereafter, four other systems will be simulated, namely a 
multiple diesel generator system, a PV only system, a PV system with battery storage and a 
hybrid diesel/solar/battery system.  

Before any simulations can be run, HOMER requires the user to input the load data. The 
load data was obtained from the Power-star website and imported as a text file into HOMER. 
Since the text file contained 17 520 lines of data, HOMER assumes that the data was taken 
every 30 minutes for an entire year, as it was. Once the load data has been imported, 
HOMER requires the capital cost, operation and maintenance (O&M) cost and sizes to 
consider for each component. Table 1 contains the various component input parameters that 
were entered into HOMER to obtain the results in this paper. 

 
 
 
 
 



Table 1: HOMER Component Input Parameters 

 

It should be noted that the cost of replacement is assumed to be the same as the capital 
cost for the diesel generator and battery. However, the replacement costs are $720 per kW 
for the PV array and $460 per kW for the convertor. In addition to these input parameters, 
the solar resource data and temperature input data needs to be entered. This data was 
obtained from NASA Surface Meteorology and Solar Energy: RETScreen Data [5] and is 
provided in Table 2 and Table 3 below.  

Table 2: Monthly Solar Resource Data for UCT Upper Campus 

 

As noted by the table above, the amount of daily horizontal solar radiation during the 
summer periods is higher than the solar radiation during the winter months. This is as 
expected, since the intensity of the sun’s rays during summer is much greater than in winter. 
Moreover, the sun shines for a longer period during summer. It can also be seen that the 
clearness index increases as the daily horizontal solar radiation increases. 

Table 3: Average Monthly Temperature Values 

 



Finally, the price of diesel needs to be entered. The price is assumed to be $0.85 per litre. 
The annual interest rate is set to 6%, whilst the project lifetime is set to 25 years. Since all 
required inputs have now been inserted, the HOMER simulations can be run. Fig. 2 shows 
the proposed hybrid system configuration. It should be noted that every other system 
produced a different configuration, but will not be shown in this paper. 

 
Fig. 2: HOMER Hybrid Solar/Diesel/Battery Configura tion 

DIgSILENT simulation procedure  

In the previous section, simulations were set up in HOMER to determine the project costs 
and emissions of various systems, as well as the ability of each system to meet the load 
demand. In this section, the systems will be modelled in DIgSILENT to determine their 
stability and losses. It should be noted that the systems will only be designed for the worst 
case, namely the period during which the peak demand occurs. In doing so, the microgrid 
will be capable of satisfying the load demand under all conditions. 

As mentioned previously, a base case is required as a reference to allow comparisons to be 
made between various systems. The base case consists of a single diesel generator only. 
Since the peak demand of UCT Upper Campus is 5.5 MW, a diesel generator with a 
capacity of 6 MW will be used. This capacity is chosen to allow for a slight increase in load 
demand.  
Since the loads are distributed throughout the university, it would be very difficult to model 
each load individually. Therefore, the loads will be grouped together to form lumped loads. 
The loads will be grouped into three lumped loads at the following locations: 

• At the generator’s location (Jameson Hall). 
• At the R.W James building (270m north of the generator). 
• At the Humanities building (300m south of the generator). 

It should be noted that the R.W James and Humanities buildings are at the two extreme 
ends of the university, whilst Jameson Hall is located at the centre. This arrangement is 
chosen in an attempt to reduce line losses and therefore improve efficiency. Since the total 
load amounts to 5.5 MW, the three loads will each consist of a portion of the total demand. 
The load at the generator’s location is assumed to be 2 MW. The load at the R.W James 
building is assumed to be 2 MW, whereas the load at the Humanities building is assumed to 
be 1.5 MW. 

The nominal voltage of the 6 MW synchronous diesel generator is set to 480V line-to-
ground. This corresponds to a nominal voltage of 831.38V line-to-line. The diesel generator 
will be sized at 7.5 MVA, with a power factor of 0.8. This ensures the active power generated 
amounts to 6 MW. A transformer is required to step down the voltage from 480V to 230V. A 
three phase transformer with a rated power of 10 MVA and a nominal frequency of 50 Hz is 



used. The terminal between the diesel generator and the transformer has a nominal line-to-
ground voltage of 480V. 

Since the transformer steps down the voltage to 230V, the rest of the microgrid’s areas will 
have its nominal voltage set to this value. The loads are assumed to consume the power 
mentioned previously, at a power factor of 0.9. All loads are assumed to be inductive. The 
cables used for the connections between the generator and the two buildings have a rated 
voltage of 1 kV and a rated current of 4 kA underground. The resistance of the cable is 0.015 
Ohm/km and the reactance is 0.05 Ohm/km. The length of Line 1 is 0.3 km and the length of 
Line 2 is 0.27 km. The maximum operational temperature of the lines is 80°C. The resulting 
DIgSILENT base case is shown in Fig. 3 below. 

 
Fig. 3: DIgSILENT Single Generator System Configura tion  

Once the single diesel generator system has been simulated, the system may be modified to 
include a second generator to allow the simulation of the multiple diesel generator system. 
The first generator will be located at Jameson Hall and will have an output power of 4 MW. 
The second generator, located at R.W James Building, will have an output power of 2 MW. 
As before, the diesel generators will be operating at a power factor of 0.8. All nominal 
voltages will remain unchanged. The second generator is added to a terminal below the 
Load 3 terminal. The generator cannot be connected directly to the Load 3 terminal since the 
nominal voltage of the generator differs from the terminal nominal voltage. Therefore, a step 
down transformer is required to overcome this problem. The second transformer will not be 
identical to the one located at Jameson Hall, since the second generator produces only half 
the power that the first generator does. The first transformer has a rated power of 10 MVA, 
whilst the second transformer has a rated power of 5 MVA. Both transformers have a 
nominal operating frequency of 50 Hz. All other data for the network will remain unchanged.  

After the first two systems have been simulated, the solar PV system needs to be simulated. 
Since the PV generator produces DC power, a converter will be required between the 
terminal and the PV generator. However, the model of a PV generator in DIgSILENT already 
contains a converter. Therefore, the PV generator can be connected directly to the main 
terminal. This system does not include a transformer to step down the voltage, since all 
terminals are at the nominal voltage of 230V line-to-ground.  



A PV generator is modelled as a static generator in DIgSILENT, since it does not contain 
any moving parts to produce electricity. Since the power produced by a PV generator is 
clearly dependent on the solar radiation of the area in which it is located, it is important to 
obtain this data before running simulations for this system. Since the hourly data for Cape 
Town could not be obtained, the solar radiation data for Stellenbosch was utilised [6]. This is 
justified by the fact that Stellenbosch is located just outside Cape Town, and it is therefore 
assumed that the solar radiation data would be similar for these two areas. The data 
obtained is for a typical summer’s day. The PV array will only produce power between 06:00 
and 20:00, since these are the only periods during which sunlight is available. The power 
produced during each hour of the day will be calculated by representing the output at each 
hour as a percentage of the peak power. The output of the PV array for each hour of the day 
is given in Table 4.  

Since the PV generator is connected directly to the terminal without the use of a transformer, 
the same power output of 6 MW will be considered to determine if the load flow results are 
improved for this case. This corresponds to the peak demand occurring between 12:00 and 
13:00. Since the load data cannot be inserted in DIgSILENT, it is assumed that the load will 
be kept constant at the values considered for the previous cases. It is clear that this system 
will not be capable of supplying the load demand at all times, since the total load amounts to 
5.5 MW. Therefore, the system will only be able to satisfy the demand between 11:00 and 
14:00. Once again, this system is only simulated to prove the need for an energy storage 
device. The line and load parameters will remain unchanged. 

Table 4: PV Generator Output for Each Hour of the D ay 

 

The next configuration that will be simulated is one consisting of solar PV panels and a 
battery energy storage system. Since it is obvious that the system consisting only of PV 
panels will produce excess electricity during off-peak periods, the inclusion of the battery 
system is crucial. The battery is modelled as a static generator in DIgSILENT, and therefore 
cannot be used to represent periods of charging. Since the battery is modelled as a 



generator, only the discharging of the battery is considered. Therefore, the battery will be 
represented as a load during periods of charging.  

Once again, the nominal rating of the PV generator is 7.5 MVA at a power factor of 0.8. The 
excess electricity produced in this case will be stored in the battery bank, which will be 
modelled as a load. This would indicate the effect that charging the batteries has on the 
performance of the system. The charging of the battery bank will be considered between 
11:00 and 14:00. Since it is necessary to determine the effect that discharging the batteries 
has on the system’s performance, another case needs to be considered. Therefore, the 
period between 14:00 and 15:00 will be considered, since the PV generator cannot 
independently satisfy the load demand during this period. The excess energy stored 
between 11:00 and 14:00 will thus be discharged. In this way, the effect that charging and 
discharging the battery has on the system’s performance will be determined.  

The final configuration that needs to be simulated is the hybrid system consisting of two 
diesel generators, solar PV panels and a battery energy storage system. Once again, the 
first diesel generator will produce 4 MW of power, whilst the second generator will have an 
output power of 2 MW. Both diesel generators will operate at a power factor of 0.8. As in the 
second case, transformers will be used to step down the voltage to the microgrid’s nominal 
voltage. The nominal apparent power and frequency of these transformers will remain 
unchanged.  

The combination of the diesel generators has the capacity to satisfy the load demand 
independently. The solar panels will also be sized to satisfy the peak load demand 
independently during periods of abundant solar radiation. Therefore, the size of the solar PV 
panels is chosen to produce a power output of 6 MW during the period of highest solar 
radiation.  

It is clear that the hybrid system is capable of satisfying the load demand, even during 
periods of no sunshine. This is due to the assistance of the diesel generators and battery 
bank. During periods of sunshine, the excess electricity generated will be stored in the 
battery bank. Once again, the battery will be modelled as a load whilst it is charging, and as 
a static generator while discharging. The charging and discharging times of the battery will 
be assumed to be the same as in the previous case.  

RESULTS  

In the previous section, the steps required to perform the various simulations in HOMER and 
DIgSILENT were provided. The assumptions used to perform these simulations were stated. 
The aim of this section is to provide the results obtained from the conducted simulations.  

After an extensive process of analysing the results obtained from the various simulations, a 
summary was drawn up to allow for easy comparison of the systems. Table 5 contains the 
summarized results of the five standalone systems. It should be noted that the active and 
reactive power losses consist of two values for the PV/Battery and PV/Battery/Diesel Hybrid 
System. The first value refers to the power losses occurring whilst charging, whereas the 
second value refers to the power losses experienced whilst discharging.  

As seen from the table, the PV Only and PV/Battery systems produce zero emissions during 
electricity production. Moreover, these systems are cheaper to implement than the other 
three systems. However, they are unable to meet the electricity demand. Therefore, it would 
not make sense to implement these systems. The remaining three systems will therefore be 
analysed to determine which system should be implemented.  

A comparison of the project costs of the remaining three systems indicate that the hybrid 
system would be the most logical system to implement. Moreover, the CO2 emissions 



produced by this system are lower than those produced by either diesel generator system. It 
is also noted that the percentage of active and reactive power losses for the hybrid system is 
the lowest. However, this system takes 50% longer than either diesel generator system to 
stabilise after the occurrence of a 3-phase fault, due to the presence of the PV generator. 
However, the stabilizing time can be decreased by adding control to the system. Therefore, 
the hybrid system will be selected for implementation.  

A cost summary would give an indication of the way in which costs are distributed for a 
project. The costs for the hybrid system consists of capital, replacement, operation and 
maintenance, fuel and salvage costs. These costs are summed up to provide the Net 
Present Cost of the system. It should be noted that the salvage cost is a negative value, 
since it is the component value remaining in the system after 25 years [4]. The cost 
summary for the hybrid system is given in Table 6.  

Table 5: Summarized Results of Standalone Systems C omparing Various Aspects of 
Feasibility 

 

Table 6: Cost Summary for Hybrid System 

 

As seen from the table above, the majority of the costs are attributed to fuel. However, since 
the diesel generators are required to ensure continuity of supply at all times, these costs are 
justified. Since the size of Generator 1 is 4 MW, it is used more often than Generator 2, 
which has an output of 2 MW. Therefore, the fuel costs for Generator 1 are much higher than 
those of Generator 2. The use of solar PV panels and batteries are very cost-effective, since 
they do not require fuel to operate.  

It is clear that the hybrid system would be the most optimal system to implement based on 
project cost, CO2 emissions and active and reactive power losses.  

However, the time taken for the standalone system to stabilise after the occurrence of a fault 
needs to be reduced. Therefore, primary and secondary control will be added to the system 
in an attempt to improve the settling time.  

Firstly, primary control in the form of an automatic voltage regulator (AVR) was added to the 
system. DIgSILENT contains a vast selection of built-in automatic voltage regulators. The 
AVR selected is the IEEE Type 1 voltage regulator. Thereafter, secondary control in the form 
of governor and turbine control was added. The secondary control selected is an IEEE 
model called DEGOV1. The DIgSILENT simulation results for the controlled hybrid system 
are shown in Fig.4 to Fig.7.  

After the implementation of control, the settling time after the occurrence of a fault has been 
reduced tremendously. The generators now return to their pre-fault values within 12.5 



seconds, 6 times faster than the uncontrolled system. The oscillations could not be removed, 
even with the inclusion of a Power System Stabiliser.  

Now that the most feasible standalone system has been selected and optimised, it is 
necessary to establish the performance of the same system whilst operating in grid-
connected mode. Table 7 provides a summary of the grid-connected hybrid system’s 
feasibility. 

Table 7: Summary of Grid-Connected Hybrid System Fe asibility 

 

As indicated by the table above, the costs and emissions of the system whilst it is operating 
in grid-connected mode are even lower than those incurred in standalone mode. Moreover, 
the post-fault settling time is satisfactory, indicating that control does not have to be 
implemented during this mode. 

 
Fig. 4: Generator 2 Active Power Plot for Controlle d Hybrid System While Charging 

(MW) 

 
Fig. 5: PV Generator Active Power Plot for Controll ed Hybrid System While Charging 

(MW) 



 
Fig. 6: Frequency Response Plot for Controlled Hybr id System While Charging (Hz) 

 
Fig. 7: Voltage Magnitude Plot for Controlled Hybri d System While Charging (p.u) 

In an attempt to further optimise the hybrid microgrid, the diesel generator locations were 
varied to determine if the results could be improved by an alternate arrangement. However, 
these alternate arrangements produced results which were not as satisfactory as the results 
obtained for the original configuration. Therefore, the placement of the components and the 
modelling of the microgrid have been proved to be optimal.  

Since the loading of both transformers are less than 10% for periods of charging and 
discharging of the battery, the sizes of the transformers should be optimised. This is justified 
by the fact that transformers are very expensive. Therefore, the sizing of both transformers 
will be changed to 3 MVA. Since the loading on line 2 is less than 20%, the cable used for 
this line should be changed. Line 1 has a loading of around 70%, and can thus be replaced 
by a different cable as well. These cables should be chosen to have a loading between 80% 
and 90%, allowing for a slight increase in load demand.  

The results presented in this section prove that hybridizing the microgrid offers many 
advantages over diesel generator systems. These include lower emissions during electricity 
production, reduced project costs and a lower percentage of power losses. Moreover, the 
inclusion of PV panels ensures that the sun’s “free energy” is utilised. Finally, the battery 
energy storage system ensures that any excess electricity produced is stored for later use.  

CONCLUSIONS  

This paper describes and determines the feasibility of five standalone systems. Thereafter, 
the most optimal standalone system is selected and the performance of this system in grid-
connected mode is determined. Based on the research conducted, as well as the results 
obtained from the simulations performed, the following main conclusions can be drawn.  



• The microgrid switches to standalone mode when a fault occurs on the national grid. 
Since the microgrid has the ability to satisfy the load demand in both standalone and 
grid-connected modes, continuity of supply is ensured under all conditions.  

• The hybridization of microgrids offers many advantages, especially when at least one 
renewable energy source is utilised. As indicated by the results, the hybrid system 
combines the advantages of the diesel generator system and solar PV system, 
offering reduced project costs and a lower production of emissions.  

• The inclusion of a battery energy storage system improved the performance of the 
hybrid system, since any excess energy generated could be stored for later use.  

• Without any form of control, large frequency and voltage deviations were 
experienced after the occurrence of a fault. However, with the addition of control, the 
frequency and voltage deviations were almost completely diminished. Therefore, it is 
imperative to include various forms of control in a microgrid.  

• The installation of the microgrid would ensure that the university is supplied with 
electricity during blackouts, thus ensuring maximum productivity from students and 
staff.  

• The cost of electricity is expected to be between R3.0375/kWh and R3.7665/kWh, 
much higher than the current tariff of R2.13/kWh. Therefore, various techniques 
have to be explored to attempt to reduce the cost of electricity if microgrids were 
implemented.  
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