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SUMMARY 

With the increasing levels of small-scale embedded generation (SSEG) being implemented into 

municipal networks in South Africa at LV level, there is much concern about the impacts these 

embedded generators will have on the technical performance of the municipal networks at MV level. 

While there are several studies that have been done, much of the focus has been on the financial 

impacts for the distributors with very little technical impact studies available. 

This paper presents results of studies that were done considering MV networks in the Polokwane 

Municipality and the impact varied levels of SSEG penetration could have on these networks. The 

networks had predominantly residential customers on shared feeders in one and industrial customers 

on dedicated feeders in the other. Utilising NRS 097-2-3 [2] as a connection guideline, different 

penetration levels of SSEG installations were modelled and the impacts on the voltage regulation, 

power flows, harmonics and also the revenue from energy sales was studied.  
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1. INTRODUCTION 

In 2014, the authors released a paper on the impacts of SSEG on LV networks [1]. The paper utilised 

‘academic’ networks to perform technical impact studies. Subsequent to the release of the paper, 

there has been much focus on the impacts of SSEG on MV networks. Based on this need, the authors 

investigated the impacts of SSEG (implemented at LV levels) on the MV networks. For these studies 

actual municipal network information was utilised to give the study results more credibility and help 

the technical staff operating distribution networks gain a better understanding of the impacts of SSEG 

on the electrical networks. The studies also consider the impacts on the energy sold and hence 

financial impacts to the municipality. 

 



 

 

2. SIMULATION MODEL ASSUMPTIONS 

In order to perform such studies it is important to choose a network model whereby the customer 

classification can be easily identified. During the DANIDA project, the Polokwane municipality was 

identified to have 2 areas (networks) whereby the customer classification could be easily identified 

i.e. 

- Flora Park where there is approximately 87% residential customers and 13% light commercial 

customers. The network has a total installed MV/LV transformer capacity of 13 225kVA. All 

customers are on a shared LV feeder supply. All MV feeders are operated radially. 

- Laboria with 32% residential customers, 58% industrial customers and 10% light commercial 

customers. Laboria network has a total installed capacity of 33200kVA of MV/LV transformers. 

All industrial clients are on dedicated MV/LV transformers, with residential and commercial 

customers on shared LV feeders. Feeders are operated as ring feeders. 

All studies were done using Digsilent’s PowerFactory software, Version 2017. 

2.1 Load Profiles 

Different customer classes have different load profiles. Once the customer classes were identified, 

typical load (consumption) profiles were derived for each customer class. All load profiles were 

normalised. Figure 1 shows the typical load profile of a residential client with an evening peak 

occurring between 18h00 and 19h00. Figure 2 and Figure 3 show the load profiles used for commercial 

and industrial customers in the studies 

   

There is no active metering of load consumption at each of the MV/LV transformers. For the study 

purposes it is assumed that the MV/LV transformers can load up to 100% of its installed capacity. No 

diversity is applied to the loading and loading is based on the customer load profile connected to that 

transformer. 

The following further assumptions were made w.r.t. loading in the chosen networks; 

- Peak load occurs in winter for both networks 

- Summer peak load is 80% of winter peak load and applies to both networks 

- Minimum load occurs in summer  

o For Laboria (residential/industrial/commercial) is equal to 25% of peak winter load (December 

and January due to industry shutdown) 

o For Flora Park (residential/commercial) is equal to 40% of peak winter load (December to 

January due to people on holiday). 

 

 

Figure 3 -Industrial load profile [4] Figure 2 –Commercial load profile Figure 1 - Residential load profile 



 

 

2.2 SSEG Generation profiles 

For these studies only PV installation are 

considered. Utilising publicly available generation 

records from SMA [3], typical daily profiles from 

SMA inverters installed with the Polokwane 

network was downloaded and analysed. The 

generation profiles of the inverters were based on 

a 4kWp, Sunny Tripower 6000TL-20 model. The 

daily generation profiles were then statistically 

analysed and typical daily generation profiles were 

created considering summer and winter as well as 

cloudy and sunny days. The PV generation is shown 

in Figure 4. 

In winter the peak PV generation was found to be less than in summer i.e. it was approximately 80% 

of the summer peak. 

2.3 Sizing of SSEG installations to customer classes 

Utilising NRS 097-2-3 [2] as a guide, the following assumptions were made w.r.t to the size of SSEG 

installation at each customer’s site. 

- NRS connection criteria is applied based on shared or dedicated LV feeder connection. All 

industrial clients have dedicated MV/LV transformers hence dedicated LV supplies. As such the 

criteria was applied whereby all industrial customers can install up to 75% of MV/LV transformer 

capacity in SSEG. 

- Residential customers are connected using a 60A connection breaker (notified maximum demand 

= 13.8kVA). These customers are on shared LV feeders as such a residential customer will be 

limited to 25% of the total NMD, i.e. the  SSEG installation is limited to 3.45kVA (3.45kW).  

- All commercial customers are also on shared LV feeders hence will also be limited to maximum 

SSEG installation size of 3.45kVA (3.45kW). 

- NRS also stipulates in the simplified criteria that the embedded generation should be limited to 

less than or equal to 15% of the MV feeder peak. Since there is no active monitoring of the MV 

feeder peak, to apply this criteria is not possible. As such it could not be considered in the studies. 

- SSEG penetration levels are considered as follows; 

o All clients are assumed to have SSEG installed on site and the installed size is the maximum 

allowable size 

o 0% penetration means no SSEG is generating power regardless of the time of day. 

o 100% penetration means that every customer’s SSEG installation is generating power up to a 

maximum allowed by the PV generation profile.  

o For SSEG penetration levels between 0 and 100%, the generation at each of the customer’s 

SSEG installation is limited to the specified percentage and also limited to the maximum 

allowed by the PV generation profile. 

2.4 Study Criteria 

Since the load and PV generation varies, studies had to consider combinations of the following criteria; 

Figure 4 - Normalised PV generation profiles for PV inverters 
in the Polokwane region 



 

 

- Peak and minimum network loading 

- Sunny and cloudy days 

- Winter and summer loading 

- Varied levels of SSEG penetration 

3. IMPACTS ON VOLTAGE REGULATION 

The first set of studies focused on the impact the varied levels of SSEG will have on the voltage 

regulation of the MV feeders. Speculation is that, “the voltage will vary tremendously causing the taps 

to burn out” on the HV/MV transformers. As such the studies focused on monitoring the voltage 

variation at the end of the MV feeder for radially operated feeders. For ring operated feeders the 

voltage was monitored as close to the centre of the feeder as possible.  

3.1 Peak Network Loading 

The first study considered the impact of the SSEG on the voltage, for a sunny versus cloudy day, when 

considering 100% SSEG penetration. Since the peak loading varies between summer and winter, the 

study was done considering both seasons. Figure 5 shows the voltage variation at the end of the 

longest feeder in Flora Park for summer and winter loading. For Laboria network the voltage variation 

for sunny versus cloudy days is shown in Figure 6. The results show that the voltage variation is <1 % 

for both summer and winter in both networks, thus little cause for concern.  

 
Figure 5 – Voltage variation for a sunny vs cloudy day in 
summer and winter for Flora Park 
 

 
Figure 6 - Voltage variation for a sunny vs cloudy day in 
summer and winter for Laboria 
 

The next studies focused on the effect the varied levels of SSEG penetration will have on the voltage 

regulation of the feeders. Figure 7 and Figure 8 shows the variance in voltage at the end of Flora Park’s 

longest feeder, for both summer and winter loading, with the SSEG penetration levels varied from 0% 

to 100%.  

The results again indicate that voltage variation on the feeders is less than 1%. As expected the impact 

on the voltage during the day with the SSEG installations is noticeable however still within acceptable 

variance range. During the evening peak there is no effect with the network experiencing maximum 

voltage variation (from low loading). In the Laboria network the SSEG installations assist the voltage 

regulation during the day when the network experiences high loading and reduces the voltage 

variation between midday and night 
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Figure 7 – Voltage variation with peak summer loading 
with varied levels of SSEG penetration: Flora Park 
 

 
Figure 8 - Voltage variation with peak winter loading with 
varied levels of SSEG penetration: Flora Park 
 

Figure 9 and Figure 10 shows the voltage variance at the centre of Laboria’s longest feeder. 

 
Figure 9 - Voltage variation with peak summer loading 
with varied levels of SSEG penetration: Laboria 

 
Figure 10 - Voltage variation with peak winter loading with 
varied levels of SSEG penetration: Laboria 

3.2 Minimum Network Loading 

The voltage regulation was also studied when the network is experiencing low loading. This is typically 

in the December/January months (holidays, company shut downs etc), hence only the summer loading 

was considered for these studies. Figure 11 show the voltage variation at the end of the longest feeder 

in Flora Park with varied levels of SSEG penetration. Figure 12 shows the voltage at the centre of the 

longest feeder in Laboria. The results indicate that at certain penetration level the voltage during the 

day is higher than the voltage at night. This is clearly shown in Figure 11 where the midday voltage is 

higher than the voltage at midnight. 

 
Figure 11 - Voltage variation with minimum summer 
loading with varied levels of SSEG penetration: Flora Park 

 
Figure 12 - Voltage variation with minimum summer loading 
with varied levels of SSEG penetration: Laboria 
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4. IMPACTS ON POWER FLOWS 

Also of concern is the impact the varied levels of SSEG generation will have on the power flows into 

the MV network (and associated energy sales). As such the power at the infeeds into the HV/MV 

transformer were monitored, when considering varied levels of SSEG penetration. 

4.1 Peak network loading 

Figure 13 and Figure 14 show the variation in the power flows into the Flora Park networks when 

considering the summer and winter peak loading. The results show a significant decrease in power 

during the midday when the SSEG installations are producing maximum output. As expected in 

summer the SSEG outputs are at maximum hence having a greater impact on the power drawn from 

the HV network. 

 
Figure 13 – Power flow with peak summer loading and 
varied levels of SSEG penetration: Flora Park 

 
Figure 14 - Power flow with peak winter loading and varied 
levels of SSEG penetration: Flora Park 

In the Laboria network the impact on the power flow is much greater since industrial customers have 

larger SSEG installations. Figure 15 shows the impact on the summer peak load with the impact on the 

winter peak load shown in Figure 16. 

 
Figure 15 - Power flow with peak summer loading and 
varied levels of SSEG penetration: Laboria 

 
Figure 16 - Power flow with peak winter loading and varied 
levels of SSEG penetration: Laboria 

4.2 Minimum network loading 

The impact of the varied levels of SSEG penetration was also considered for minimum network loading. 

Since this occurs in December/January only the summer load was considered. The studies show very 

interesting results in that for certain levels of SSEG penetration there is now power flow from the MV 

to the HV network.  Figure 17 shows the power flow for Flora Park with the power flow for Laboria 

shown in Figure 18. 
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In Flora Park (all clients limited to 25% of NMD) there is still reverse power flow for penetration levels 

of approximately 80% and above. In Laboria (with large portion of industrial clients) the reverse power 

flow is significant in that approximately 11MW can flow back into the HV network for 100% 

penetration. Reverse power flow is noted from approximately 40% penetration levels in the Laboria 

network 

 
Figure 17 - Power flow with minimum summer load and 
varied levels of SSEG penetration: Flora Park 

 
Figure 18 - Power flow with minimum summer load and 
varied levels of SSEG penetration: Laboria 

5. HARMONIC IMPACTS 

Small scale embedded generation often makes use of inverter technologies in order to produce power. 

Whilst most modern manufacturers have made tremendous strides in reducing the harmonic output 

from the inverters, there is still some harmonics that are generated. Utilities are often concerned that 

when there are large penetration levels of SSEG in the network, the cumulative impact of the harmonic 

injections from SSEG inverters can become significant thus adversely affecting the power quality to all 

clients supplied from the utility’s network.  

The objective of this study was to quantify the impacts the harmonics would have in the network being 

studied when considering worst case harmonic injection currents permitted by the IEC [5]. As such the 

maximum allowable harmonic current injections permitted by the IEC [5] was used as the harmonic 

current injection source for each of the inverters in the simulation model. Harmonic loadflows were 

then executed, considering varied levels of SSEG penetration in the network. The voltage harmonic 

distortions, at the main MV busbar of the networks, was then then compared to the maximum 

allowable planning voltage harmonic limits according to NRS for MV networks [6]. 

The following assumptions are made with the network model 

- Linear network impedance assumed for the HV network 

- No skin effect on cables considered hence this will lead to worst case calculated distortion 

levels 

- No background harmonics are considered from the network side 

- All loads modelled as impedance loads with only the cable capacitance of the networks 

considered [7] 

The results for harmonic studies are shown in Figure 19 and Figure 20. The results indicate the 

following; 

- The voltage harmonics increase with increased levels of SSEG penetration and the results are 

as expected 
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- For lower order harmonic < 20th order, the harmonics are well below the NRS limits, even with 

100% penetration 

 
Figure 19 – Voltage harmonics with varied levels of SSEG 
penetration in the Flora Park network. NRS limits shown as 
hatched bars in background 

 
Figure 20 - Voltage harmonics with varied levels of SSEG 
penetration in the Laboria network. NRS limits shown as 
hatched bars in background 

For higher order harmonics (>20th) the voltage harmonics exceed the allowable NRS limits. Further 

investigations of this showed that there is a network resonances around the 38th order, as shown in 

Figure 21. This is consistent with the frequency response of LV & MV cables used in the networks, thus 

resulting in the high voltage harmonics.  

The results of the studies for these networks, 

show that even with extremely high SSEG 

penetration levels, the impact of the PV 

inverters on the network harmonics is within 

acceptable limits. It must be noted that these 

harmonics study results are heavily dependent 

on the network that is being studied since clients 

may also have power factor correction and 

filtering equipment that will affect the 

harmonics in the network. Furthermore some 

networks may contain equipment that may 

cause network resonances. These resonances 

could cause harmonic distortions that exceed NRS planning guides. It is highly recommended that each 

network be studied independently in order to assess the impacts SSEG will have on the harmonic 

distortions. 

6. IMPACTS ON ENERGY SOLD (REVENUE) 

With increased levels of SSEG penetration there is a significant impact on the power that is drawn 

from the HV network into the MV network. This will have a direct impact on the energy sales by the 

municipality in the two networks being studied. Since the studies are conducted using load and 

generation profiles over a typical day, the effect on the energy sales can also be quantified. For these 

studies it is assumed that all clients are on a fixed tariff i.e. no time of use tariff is considered. The 

tariffs considered are shown in Table 1. 
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Figure 21 – Network resonance due to cabling and 
transformers. 
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Table 1 –Fixed tariffs assumed for the 
sale of energy 

 

        Table 2 - Approximated daily income for each network studied, depending on 
the season and loading 

 

Considering the network with no SSEG present (0% penetration) then the total revenue that can be 

expected per day, for each network is given in Table 2. As the level of SSEG increases the expected 

revenue from energy sales is reduced. Figure 22 shows the expected reduction in energy revenue for 

Flora Park in summer and winter. For 100% penetration, the expected reduction in energy sales for 

Flora Park is R42 656 and R32 819 per day, in summer and winter respectively. This equates to 19% 

per summer day and 10% per winter day. The reality is that 100% SSEG penetration is highly unlikely 

in residential type networks and is more likely to be closer 40% penetration in very favourable 

conditions. As such expected losses in energy sales will more likely to be approximately 8% in summer 

and 4% in winter. 

For Laboria network the expected daily reduction in energy revenue is shown in Figure 23. With the 

Laboria network having more industrial clients with larger SSEG installations, the reduction in daily 

energy sales is expected to be greater. For 100% SSEG penetration the daily reduction in energy sales 

is as high as 37% in summer and 25% in winter. Again the reality is that whilst industrial clients may 

have more financial resources to purchase SSEG, not all customers will install SSEG. Assuming a very 

favourable penetration rate of 60%, then the daily reduction in energy sales can be as high as 22% in 

summer and 15% in winter. 

 
Figure 22 - Flora Park revenue reduction with varied levels 
of SSEG penetration, for peak loading on summer and 
winter days 

 
Figure 23 - Laboria revenue reduction with varied levels of 
SSEG penetration, for peak loading on summer and winter 
days 

In both networks, for peak loading cases there is no reverse power flow from the MV to the HV 

network. For the minimum loading cases however it has been shown that there is reverse power flow 

from specific levels of SSEG penetration and above. Figure 24 shows the impacts on the daily revenue 

for summer minimum loading in the Flora Park network with the Laboria network impacts shown in 

Figure 25. As can be seen, all excess power that is generated from SSEG is actually income thus 

reducing the loss of energy sold. 

It must be noted that since the municipality has no official feed-in tariff, excess power that is 

generated from SSEG installations, comes at zero cost. However this power can still be sold to nearby 

Customer Tariff (c/kWh) 

Domestic 177 

Commercial 151 

Industrial 65 

 

 

Network Season (loading) Daily income from energy sales 

Flora Park Summer (Peak) R 223 578 

 Winter (Peak) R 320 819 

 Summer(minimum) R112 089 

Laboria Summer (Peak) R408 197 

 Winter (Peak) R445 999 

 Summer(minimum) R139 296 



 

 

customers, thus this SSEG power becomes a source of income for the municipality (with no cost). It 

must be further noted that the loss of revenue from energy sales is not entirely incurred by the 

municipality since they do not have to pay Eskom for this unsupplied energy. Also the losses for 

transporting the power from Eskom intake points to the customer is saved. As such the municipality 

will only lose their ‘mark-up’ portion on the energy sold. For the excess SSEG energy, there is no cost 

of sale (no feed in tariff) hence this is a net income to the municipality (zero cost of sales) 

 
Figure 24 - Flora Park revenue reduction with varied levels 
of SSEG penetration, for minimum loading. Impact due to 
SSEG infeed also shown. 
 

 
Figure 25 – Laboria revenue reduction with varied levels of 
SSEG penetration, for minimum loading. Impact due to 
SSEG infeed also shown. 

7. CONCLUSIONS 

The results of the studies have shown; 

- Even with the varied levels SSEG outputs (cloudy and sunny days and also winter vs summer) 

the impact on the voltage regulation of MV feeders is minimal and within acceptable variation 

levels. 

- The level of SSEG penetration does have an impact on the power flow in a network and it is 

important to accurately model the load profiles of customers in the network to accurately 

determine the expected changes in power flows. 

- Even when following the NRS 097-2-3 guidelines, there are certain conditions were by reverse 

power flow from MV to HV can occur (low loading, high SSEG penetration levels) 

- Harmonic distortions increase with increased levels of SSEG penetration however these 

harmonic distortions are below NRS limits. NOTE: Harmonic distortions are dependent on the 

network design and equipment installed within that network hence each network must be 

studied independently to determine the impacts the SSEG will have on that network. 

- With no-feed in tariffs, any excess energy from SSEG installation can be sold and used to offset 

expected reduction in energy sales revenue 

- Utilising the modelling techniques of these studies, the municipalities can quantify the 

expected reduction in energy sales. This can then be used to determine accurate fixed 

network charges in order to minimise the effect of reduced energy sales.  
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