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1. Introduction 

In 2015, as a part of a project sponsored by 

DANIDA (Danish Renewable Energy Program), 

Digsilent Buyisa undertook an extensive study to 

quantify the impacts of PV installation on two 

networks, Flora Park and Laboria, in the 

Polokwane municipality. In [1], the authors 

presented the results for Laboria network, and in 

[2], presented the techno-economic impacts of 

integrating PV installations in both networks. The 

customer base for these networks were known, 

thus allowing load profiles of the network to be 

accurately modelled and simulated. Adding varied 

levels of photovoltaic (PV) installations according 

to NRS 097-2-3 guideline [3], the impacts of the PV 

installations were quantified. 

 In [4], the authors considered battery storage as 

an additional dimension to the Flora Park network 

studied in [2], and undertook further studies to 

quantify the technical and financial impact of 

storage on MV network performance, when 

considering both storage and PV installations on 

the same network. 

In this paper, the scenarios considered in [2] and 

[4] are compared and analysed under the context 

of time of use and fixed rate tariff structures. The 

results will assist technical staff to better 

understand how to plan for both PV and batteries 

(storage) in the network. The financial analysis will 

assist in deciding the most suitable tariff to 

implement in the municipality for residential clients 

with these installations. 

1.1. Simulation model and assumptions 

considered 

The Flora Park network in Polokwane Municipality 

was identified to have approximately 87% 

residential customers and 13% light commercial 

customers. The network has a total installed MV/LV 

transformer capacity of 13 225 kVA. All customers 

are on a shared LV feeder supply, and all MV 

feeders are operated radially. There is no active 

metering of load consumption at each of the MV/LV 

transformers. For 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 as the loading is based on the customer 

load profile connected to that transformer. 

Figure 1 shows the PowerFactory model of the 

Flora Park network, with PV and battery storage 

installations at each MV connection point, and with 

feeder lines visibly defined. The connection to the 

MV/HV transformer and the utility grid is not shown 

in this figure. All studies were done using DigSilent 

PowerFactory Version 2018.  

 



  

 

 

 

 

 

Figure 1: PowerFactory model of the Flora Park 

residential network with PV and battery storage 

installed. 

1.2. Load Profiles 

Different customer classes have different load 

profiles and the customer load profile can vary 

during a typical day. Once the customer classes 

were identified, typical load (consumption) profiles 

were derived for each customer class. All load 

profiles were normalised. Figure 2 shows the 

typical load profile of a residential client with an 

evening peak occurring between 18:00 and 19:00, 

and Figure 3 shows the load profile used for 

commercial customers with a typical midday 

peak [5]. 

 

 Figure 2: Residential load profile [5] 

 

Figure 3: Commercial load profile [5] 

In order to simulate all possible load and 

generation variability, the load and generation 

profiles must be modelled over a fixed period. In 

these studies the period considered is 24 hours. 

It is assumed that maximum network loading 

occurs in winter, and minimum network loading 

occurs in summer. The minimum summer peak 

(from mid-December to mid-January when most 

people are on holiday and companies shutdown) is 

assumed to be 40% of winter peak load. 

1.3. Assumptions on installed battery 

capacity 

Battery storage for domestic use is becoming more 

readily available and with so many different 

manufacturers on the market, studying the impact 

on electrical networks with different manufacturer 

types is practically impossible. As such, the battery 

installation assumed to be installed at all clients, for 

all studies, was a 52 V-460 Ah-24 kWh, Li-ion type. 

Based on commercially available inverter 

datasheets for inverters compatible with 52 V 

batteries, the maximum rated input from the grid is 

3.64 kW and maximum rated output is 7.28 kW for 

each battery. 

It is further assumed that all customers will have a 

battery system installed and when, for example a 

40% study is done, then it is assumed that all the 

batteries discharge only 40% of their capacity. No 

stochastic charging/discharging of batteries was 

considered in these studies. 


