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Abstract
Distribution networks in Southern Africa and elsewhere are witnessing an unprecedented growth of consumerside distributed generation (DG) courtesy of governmental interventions to maximise the utilisation of renewable energy resources through low-carbon grid-edge technologies. To deal with the increasing adoption of
consumer-side DG, distribution network operators need to conduct technical studies to foster an understanding
of the benefits and impacts of DG and the hosting capacity (HC) of existing distribution networks. This will aid
the implementation of measures to manage grid exports. Using a distribution network in Namibia as a case
study, this paper presents an algorithm for assessing the HC of consumer-side DG in existing distribution networks that are situated in areas anticipating high and uniform uptake of DG. The algorithm is a hybrid of
deterministic and probabilistic methods. The uniqueness of the algorithm is the concept of calculating monthly
HC. The algorithm was tested on a real existing residential distribution network and the results confirmed that
HC varies monthly. However, the practical implementation of monthly HC requires upgrades to existing inverter technology, which currently contains a single export limit functionality. This opens the possibility to
drive innovation in the inverter technology to develop a date-based multiple export limit functionality.
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1. Introduction
The lack of the development and implementation of
effective regulation for consumer-side distributed
generation (DG) in Southern Africa is one of the factors hampering full-fledged adoption of consumerside DG in the region. Amongst all countries in the
region, only Namibia and South Africa have operational regulation for consumer-side DG (International Finance Corporation, 2020). However, the
increasing demand to access the grid for DG deployment requires distribution network operators
(DNO) and regulators in the two countries to evolve
their existing frameworks, and incorporate latest
grid-edge developments, such as energy storage
and advanced inverter functionalities. On the other
hand, countries with no or non-operational regulations need to maximise efforts to develop operational frameworks. A prerequisite to developing
regulatory frameworks for consumer-side DG is to
define capacity requirements, which ideally requires the DNO to assess the adequacy of local distribution networks to host DG. Even though the
issue of regulation frameworks applies to all Southern African countries, this paper focuses on the Namibian context.
Namibia has seen an unprecedented growth of
DG – mainly solar PV – in the past ten years, courtesy of numerous contributing factors including incentives, and consumer’s preference for selfgeneration due to increasing electricity tariffs. Incentives were provided via feed-in-tariff in Erongo
Region between 2010 and 2015, through Erongo
Regional Electricity Distributor (Erongo RED). After
2015, the incentives were provided nationally via
the net metering policy, also known as the net metering rules, which was enacted in 2016. The net
metering policy was developed by the national electricity regulator, the Electricity Control Board, to
provide national regulation for consumer-side DG
in Namibia (Electricity Control Board, 2016). Figure
1 shows an estimate of the total installed capacities
of consumer-side DG in Namibia from 2015 to 2021.
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Figure 1: Total installed capacities of
consumer-side DG in Namibia
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To accommodate the growing demand for consumer-side DG with a reduced risk of technical challenges, DNO need to assess the adequacy of their
distribution networks to host DG through the concept of hosting capacity (HC).
This paper develops and tests an algorithm for
assessing the HC of existing distribution networks.
The algorithm is a hybrid of deterministic and probabilistic methods for HC and is based on the Newton-Raphson load flow method. Voltage profiles at
the points of connection of DG and the loading of cables and transformers are used as performance indices that indicate the HC of distribution networks.
The algorithm is data-driven and requires a real distribution network’s equipment parameters, historical time-series load data, and time-series solar
irradiance data. The algorithm was implemented in
DigSilent PowerFactory and scripted using DigSilent programming language. The objective of the
algorithm is to compute hosting capacities of existing distribution networks in areas anticipating a
high and uniform uptake of DG, such as business areas and middle-high-income residential areas. The
algorithm calculates the HC of a distribution network at both consumer and network levels. It also
introduces the concept of calculating HC results on
a monthly basis, subject to monthly time-series load
data. The algorithm is proposed as an adaptation to
the current consumer-side DG regulatory framework in Namibia to guide DNO in the assessment of
the hosting capacities of their local distribution networks, and in the implementation of appropriate
measures to manage grid exports and minimise
technical challenges associated with DG.
The rest of this paper proceeds thus: an extensive literature review is presented in section 2; section 3 discusses the motivations and considerations
of the developed HC methodology; section 4 discusses the network model and results; section 5 discusses the application of HC results from the
algorithm; section 6 summarises the limitations of
the algorithm; conclusions are drawn in section 7;
author’s contributions and acknowledgements are
presented in section 8 and 9, respectively.
2. Literature review
2.1 Active distribution networks
Distribution networks were initially designed to facilitate a unidirectional power flow from centralised generation plants to loads while operating
within limits defined by planning and design standards (Ng, Lie & Goel, 2007; Chowdhury, Crossley &
Chowdhury, 2009; Stewart et al., 2013). In the context of Namibia, these standards include the NRS
034 and NRS 048 (Eskom, 2003, 2007). With the
emergence of DG, generation now occurs closer to
the loads. Thus, distribution networks have evolved
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from passive to active networks, which are characterised by bidirectional power flow (Ng, Lie & Goel,
2007; Chowdhury, Crossley & Chowdhury, 2009;
Stewart et al., 2013). Although DG has been praised
for providing significant benefits to both consumers
and DNO (El-Khattam & Salama, 2004; Ng, Lie &
Goel, 2007; Chowdhury, Crossley & Chowdhury,
2009; Viral & Khatod, 2012; Solar Electric Power
Association, 2013; Stewart et al., 2013), it has also
been criticised for the challenges it poses to the operation of distribution networks and the revenues
of DNO (Viral & Khatod, 2012; Energy Networks
Association, 2014; Seguin et al., 2016).
2.2 Distributed generation
There is as yet no universal definition of DG. Factors
such as location, capacity, voltage level, and technology of generation system have played a vital role
in the formulation of DG definitions by various researchers (Kumar & Kumar, 2017). Ackermann et
al. (Ackermann, Andersson & Söder, 2001) define
DG as ‘an electric power source connected directly
to the distribution network or on the customer side
of the meter’. In this paper, we adapt this definition
and define DG as a source of electric power utilising
renewable energy resources as fuel and connected
directly to a distribution network or on the consumer side of the meter. The energy sources – solar,
wind, hydro, biomass, natural gas, and geothermal
– that are employed in the concept of DG are generally called distributed energy resources (Chowdhury, Crossley & Chowdhury, 2009). The technologies for harnessing them include reciprocating engines, gas turbines, microturbines, combined heat
and power systems, wind energy conversion systems, solar (PV) systems, concentrated solar power
systems, small-scale hydroelectric generation, fuel
cells and storage devices (Chowdhury, Crossley &
Chowdhury, 2009; Kumar & Kumar, 2017; Zhao,
Wang & Zhang, 2017).
Despite the overwhelming benefits of DG, its increasing adoption presents unique economic and
technical challenges to DNO (Ng, Lie & Goel, 2007;
Chowdhury, Crossley & Chowdhury, 2009; Viral &
Khatod, 2012). Economic challenges include the
loss of gross utility revenue due to reduced energy
sales, additional cost to conduct technical studies,
and capital costs to upgrade infrastructures overloaded by DG (Viral & Khatod, 2012; Solar Electric
Power Association, 2013). Technical challenges are
more prominent in the areas of voltage regulation,
current flow (losses, equipment overload etc.),
power quality (overvoltage, phase voltage imbalance etc.), and protection (Mahmud, Hossain &
Pota, 2011; Aziz & Ketjoy, 2017; Banfield, Ciufo &
Robinson, 2018; Short, 2018; Gabriels et al., 2020;
Gabriels, Oyedokun & Ruggeri, 2020).
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2.3 Review of distribution networks’ hosting
capacity
The increasing demand for access to distribution
networks for DG deployment requires DNO to explore innovative and cost-effective solutions to
maximise DG penetration without deteriorating the
normal operating conditions of distribution networks (Ahmadi et al., 2017; Athari, Wang & Eylas,
2017; Mulenga, Bollen & Etherden, 2020). To
achieve this, DNO need to study the impacts of DG
on their networks and subsequently determine possible measures for mitigating DG challenges to ensure a safe and reliable operation of distribution
networks (Estorque & Pedrasa, 2016). Some of the
mitigation measures include network reinforcements and upgrades, network reconfigurations, energy storage integration, and the installation of onload tap changers (OLTC) (Abad et al., 2017, 2018;
Ahmadi et al., 2017; Ricciardi et al., 2019; Azibek et
al., 2020; Gabriels et al., 2020). These measures require high capital investment, hence they are less
cost-effective (Abad et al., 2017, 2018; Ahmadi et
al., 2017; Ricciardi et al., 2019; Azibek et al., 2020;
Gabriels et al., 2020). An alternative and cost-effective solution is limiting DG penetrations to HCs of
distribution networks (Abad et al., 2017), (Athari,
Wang & Eylas, 2017). This is achieved through either active power curtailment or grid export limits
(Ricciardi et al., 2019; Azibek et al., 2020).
2.3.1 Hosting capacity definition
There is no universal definition for HC, but the literature generally suggest that it is the maximum
amount of DG that maintains a satisfactory operation of a distribution network (Estorque & Pedrasa,
2016; Athari, Wang & Eylas, 2017; Jain et al., 2019;
Azibek et al., 2020). Like the impacts of DG, a distribution network’s HC depends on numerous factors,
including load profiles, generation profiles, the concentration of DG, network configuration, voltage
levels, network characteristics, and climatic conditions, especially for weather-dependent DG such as
solar PV and wind (Chiradeja, 2005; Fasina, Hassan
& Cipcigan, 2015; Aziz & Ketjoy, 2017; Meddeb et
al., 2018; Celvakumaran, Ramachandaramurthy &
Ekanayake, 2019). If properly understood, the concept of HC has the potential to help DNO make informed decisions when processing DG interconnection requests, reduce the risk of disrupting
the normal operating conditions of distribution networks, enhance the utilisation of the current infrastructures, and avoid costly network upgrades (AlSaadi, Zivanovic & Al-Sarawi, 2017; Athari, Wang &
Eylas, 2017; Ismael et al., 2020).
2.3.2 Hosting capacity methodologies and metrics
Various methods have been employed in evaluating
distribution networks’ DG HC, which can be broadly
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categorised as deterministic or probabilistic (Ebe et
al., 2017; Chihota & Bekker, 2020; Fang et al., 2020).
These two methods have been widely compared to
assess their strengths and weaknesses, and to determine suitable applications. The choice of a methodology depends on the availability of network and
load data, the certainty of generation capacity, and
the location/placement of DG systems (Chihota &
Bekker, 2020; Mulenga, Bollen & Etherden, 2020).
2.3.2.1 Hosting capacity methodologies
Chihota and Bekker (Chihota & Bekker, 2020) compared the deterministic and probabilistic methods
in the context of DG modelling. Traditional deterministic methods employ simulations based on singular, fixed values, without the consideration of
uncertainties in consumer loads, variability of renewable energy DG, and the location of DG. Probabilistic methods, on the other hand, have the ability
to predict the stochasticity of loads, the variability
in generation, and the uncertainties in the sizes and
location of DG.
Mulenga et al. (Mulenga, Bollen & Etherden,
2020) compared the strengths and weaknesses of
three methods used for HC studies of solar PV in
low-voltage distribution networks, namely the deterministic method, stochastic method, and timeseries method. Their study indicated that deterministic methods do not consider uncertainties, while
stochastic methods apply unknown input data.
Time-series methods consider certainty in loading
and uncertainty in the generation, especially for PV
generation. Time-series methods utilise actual historical load measurements (known or certain data)
and PV generation calculated according to historical
solar irradiance data (uncertain data). These data
often cover at least one year, divided into equal intervals (15 minutes, 30 minutes, or an hour) to capture seasonal variations in both loading and
generation. Time-series methods include time correlations between loading and generation, hence
they are better suited for time-varying assessment
of hosting capacity (Mulenga, Bollen & Etherden,
2020).
Other methods that have been employed in the
evaluation of hosting capacities especially in multiobjective optimisation applications include genetic
algorithm, particle swarm optimisation, artificial
neural network, bee colony optimisation, differential evolution, etc. (Venter, 2010; Pratihar, 2012;
Khamees, Badra & Abdelaziz, 2016; Šipoš et al.,
2018; Bajaj & Singh, 2021; Bajaj et al., 2021).
2.3.2.2 Performance metrics
The performance metrics for HC are normally set
based on design limits informed by network planning and design standards. Generally, network parameters, including voltage magnitude, voltage
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unbalance, thermal loading, and protection, are
considered as performance metrics in HC assessments. Voltage magnitude and equipment loading
are the most commonly used metrics (Ballanti &
Ochoa, 2016; Estorque & Pedrasa, 2016; Athari,
Wang & Eylas, 2017; Navarro & Navarro, 2017; Jain
et al., 2019; Mulenga, Bollen & Etherden, 2020).
2.3.3 Hosting capacity practices in different
countries
DG capacity requirements at the consumer and network levels for selected countries are summarised
below.
DG capacity requirements at consumer level:
a) In South Africa, generation capacity requirements are defined according to the type of network a consumer is connected to. The generation capacity limit for a consumer connected
to a shared network is 25% of the notified maximum demand (NMD), while the generation capacity limit for a consumer connected to a
dedicated network is 75% of the NMD. The
NMD is often determined by the consumer’s
service circuit-breaker rating (Eskom, 2010).
b) The maximum generation capacity for a singlephase DG connected to a single-phase network
in Turkey is 5 kW (Altin et al., 2015).
c) In Australia, the maximum generation capacity
for a single-phase DG connected to a singlephase network is 5 kW, with an export limit of
5 kW (Energy Networks Australia, 2019), except for South Australia where a single-phase
DG can have a maximum capacity of 10 kW, provided that it has an export limit of 5 kW (SA
Power Networks, 2019).
d) In the United Kingdom, the maximum capacity
of a single-phase DG in a single-phase network
is 3.68 kW. The capacity can be increased to 17
kW provided that the DG has an export limit of
3.68 kW (Energy Networks Association, 2018,
2019).
e) In Namibia, consumers are allowed to size their
DG up to their service connections with DNO
(Electricity Control Board, 2016).
f) A study focused on assessing the impacts of PV
DG using a real distribution network located in
Virginia, USA, modelled with actual historical
time-series load profile and generation profiles
estimated using historical irradiance data, discovered that 25% and 55% of consumer maximum load is the optimum penetration level for
a residential and commercial consumer, respectively (Athari, Wang & Eylas, 2017).
DG capacity requirements at network level:
Across Europe, an aggregate DG capacity of 70% of
the installed transformer capacity in a typical urban
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low voltage network is generally endorsed (Aziz &
Ketjoy, 2017). This is similar to regulations in South
Africa, where an aggregate capacity of 75% of the
transformer capacity is considered an acceptable
DG penetration level (Eskom, 2010).
3. Development of a hosting capacity
algorithm for assessing the hosting
capacity of distribution networks
3.1 Motivation for the hosting capacity
algorithm
The HC algorithm is proposed as an adaption to the
current consumer-side DG regulatory policy in Namibia, known as the net-metering rules (NMR). The
NMR recommends that consumers can size their DG
according to their service connections with the DNO
(Electricity Control Board, 2016). A consumer’s service connection is generally defined in terms of a
circuit-breaker rating or notified maximum demand (NMD) (Eskom, 2010; Electricity Control
Board, 2016). The NMR further recommends DNO
to process consumer-side DG interconnection requests on a first-come-first-serve basis until limits
imposed by stability requirements, as determined
by practical experience and technical studies, are
reached (Electricity Control Board, 2016). The NMR
was adopted from the net metering model rules developed by the Interstate Renewable Energy Council (IREC) in 2003 (Interstate Renewable Energy
Council, 2005, 2009). Motivations against the NMR
that prompted the development of this HC algorithm include the following:
a) Unlike countries such as Australia and the UK,
Namibia does not have measures in place to
manage grid exports. Countries often impose
export limits and restrictive capacity limits to
prevent the technical challenges associated
with DG (Energy Networks Association, 2016;
Ismael et al., 2020).
b) Technically, the sizing of DG according to consumers’ service connections without grid export management, has the potential to limit DG
participation to a few consumers due to network capacity bottlenecks caused by the diversity-centred design philosophy of distribution
networks.
c) The NMR presents a high risk of causing technical constraints because the HCs of local distribution networks are not known.
d) The recommended ‘first-come-first-serve’ approach lacks inclusivity, especially for areas experiencing high and uniform uptake of DG. DNO
need an approach that has the potential to consider every consumer as a prospective prosumer.
e) With the increasing consumer preference for
self-generation and growing demand for access
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to distribution networks for DG deployment,
DNO need a cost-effective solution to maximise
local adoption of consumer-side DG, increase
equitable consumer participation in DG deployment, allow sufficient sizing of DG to meet consumer energy requirements, and minimise the
risk of technical challenges in local distribution
networks.
3.2 Considerations in the hosting capacity
algorithm
The algorithm adopts techniques from HC methods
discussed in (Ballanti & Ochoa, 2016; Estorque &
Pedrasa, 2016; Athari, Wang & Eylas, 2017; Navarro
& Navarro, 2017; Jain et al., 2019; Chihota & Bekker,
2020; Fang et al., 2020; Mulenga, Bollen & Etherden,
2020). It requires a distribution network modelled
according to the as-built network drawing. Consumer loads are defined using consumer’s historical
time-series load data (obtained from their smart
meters) and are assumed to operate at a power factor of 0.99. Consumers are assumed to be prosumers, so each one is allocated a PV system sized
according to the service connection with the DNO.
This provides certainty in matching demand to generation. Three-phase consumers are modelled as
three-phase balanced loads with three-phase PV
systems, while single-phase consumers are modelled as single-phase unbalanced loads with singlephase PV systems. PV systems are defined to operate at unity power factor and in the ‘solar calculation’ mode, which activates the calculation of
generation profiles according to the historical solar
irradiance data of the network site. This is achieved
by defining the geographical coordinates of the site
in DigSilent PowerFactory. 380 W monocrystalline
PV panels and inverters sized according to consumers’ NMD are considered in the modelling of the PV
systems.
The algorithm acknowledges the presence of existing prosumers. An existing prosumer with a PV
capacity equal to the service connection/ NMD is
not assigned a new PV system; however, the
prosumer will be modelled as a load that could be
positive or negative depending on whether it is importing or exporting power to the grid. An existing
prosumer with a PV capacity less than its NMD will
be assigned a new PV system with a capacity that is
equal to the difference between the prosumer’s
NMD and current PV capacity. The algorithm incorporates a generation scaling factor (GSF) ranging
from 0–100%, which increments with a step-size of
1%. The GSF modifies the nominal capacities of PV
systems uniformly. The algorithm also features iterative load flow simulations (a load flow at each GSF)
facilitated by an extensive search algorithm that
evaluates network parameters defined as performance metrics against predefined performance
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limits (voltage limit = 1.1 p.u., line loading limit =
100%, and transformers loading limit = 100%).
The output of a PV system model is governed by
its nominal capacity, efficiency of PV panel technology, solar irradiance data (generated using the
Haurwitz model for global horizontal irradiance
(Reno, Hansen & Stein, 2012; Yang, Jirutitijaroen &
Walsh, 2012; Palani et al., 2017)), and the GSF. A
load flow is performed at each GSF. After every successful load flow simulation, the GSF increments by
1%. Equation 1 illustrates how the GSF and other
factors govern the output of a PV system (as a function of time).
PVoutput (t) = γGSF *GH (t)* PVCapacity ∗ η

(1)

where:
•
PVoutput : Instantaneous PV system generation
output in kW.
• γGSF : Generation scaling factor from 0–100%,
incrementing by 1%.
-0.057
• GH (t)=1098* [cos(∅z (t)) *ecos(∅z(t)) ], GH (t) is the
Haurwitz model for global horizontal irradiance as a function of time. ∅z (t) is the zenith angle as a function of time.
• PVCapacity : The nominal capacity of the PV system in kW.
• 𝜂: Efficiency of PV panels and inverters.
Uniquely, the algorithm calculates HC on a
monthly basis. This concept eliminates the practice
used in similar methods that focus on calculating
HC based on a single extreme event encountered
over a long period, e.g., one year. This approach
acknowledges the influence of monthly weather
variations on load consumption and solar irradiation,
which have a direct impact on HC. If a period of 12

months is considered, the algorithm produces 12
consumer HC results and 12 network HCs. HC at a
consumer level and network level are expressed in
Equations 2 and 3.
HCConsumer (%) =

PVOptimum Size
PCB/NMD

*100% = γGSF (optimum)

where:
• HCConsumer (%): Consumer HC in percentage.
• PVOptimum Size : Optimum PV capacity.
• PCB/NMD : Consumer’s service connection with
DNO.
• γGSF (optimum) : The GSF where violation of performance metric first occurs.
HCNetwork (%) =

GSF (optimum)

TrLoad at γ

Rating

Tr

*100%

(3)

where:
• HCNetwork (%): Network HC in percentage.
GSF (optimum)
• TrLoad at γ
: Load (kVA) on the transformer when the γGSF (optimum) is reached.
• TrRating : Transformer capacity rating (kVA).
The algorithm was implemented using DigSilent
programming language and the quasi-dynamic simulation tool in DigSilent PowerFactory 2018. A balanced load flow simulation is considered for
balanced three-phase networks, while an unbalanced load flow simulation is considered for unbalanced single-phase networks. Figure 2 illustrates
the coupling of the various systems in the model.
The flowchart shown in Figure 3 defines the processes involved in the modelling of a network, and
the development of a DPL script to automate the load

Figure 2: General modelling approach.
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(2)
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Figure 3: Network modelling and hosting capacity assessment algorithm.

flow simulations. The script prints simulation results to the output window of DigSilent PowerFactory and exports plotted results, such as voltage and
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load profiles as WMF pictures to a predefined result
folder in a computer’s C Drive. The script is amenable to modifications, especially when dealing with
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data having a duration of less than or more than a
year.
This algorithm can be considered as an improved version of the traditional deterministic
methods because the time-series load and generation data have eliminated the worst-case single scenario modelling approach based on extreme load
and generation events, such as extreme annual minimum load versus extreme annual maximum generation. It can also be considered as a probabilistic
method because time-series load data obtained
from smart meters and time-series generation profiles forecasted using historical solar irradiance
data are stochastic and variable. The algorithm also
analyses time correlations between demand and
generation. DG location uncertainty is also addressed because consumer-side DG are generally
located at consumers’ premises. The issue of generation capacity uncertainty is addressed by allocating consumers DG with capacities equivalent to
their service connections with the DNO, which allows consumers to meet their energy requirements.

4. Testing and results of the hosting
capacity algorithm
The HC algorithm was tested in a low voltage residential distribution network, part of Erongo RED’s
distribution network in Walvis Bay, Namibia. This
!Nara distribution network supplies power to 95
single-phase residential consumers, and did not
have an existing prosumer at the time of load data
collection.
4.1 As-built drawing and DigSilent model
Figure 4 shows the as-built drawing of !Nara residential network that was modelled in DigSilent
PowerFactory 2018. The model consists of a transformer, LV feeder cables, distribution kiosks and
consumer loads. The standard service connection
with any DNO in Namibia for a residential consumer
is a single-phase circuit breaker rating of 60 A
(Electricity Control Board, 2009), equivalent to 13.8
kVA. Each consumer in the model was therefore allocated a PV system with a nominal capacity of 13.8
kW (i.e., thirty-six 380 W monocrystalline PV panels

Figure 4: !Nara distribution network configuration and properties.
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4.2 Testing and results
Two tests were carried out on the !Nara network
with different phase configurations. In Test 1, loads
and PV systems were modelled as single-phase (unbalanced) components. In Test 2, loads and PV systems were modelled as three-phase (balanced)
components. Test 2 was done to analyse and understand the influence of phase unbalance on HC results. Figure 5 and Figure 6 present the HC results
from Test 1 and 2, at the consumer level and the
network level.
Figure 5 indicates that the HC results in Test 1
varied monthly between 10% and 20% of the NMD
of 13.8 kVA. These percentages correspond to 1.38
kW and 2.76 kW respectively. The month of August
had the lowest consumer HC, 10%, while April had

Percentage of NMD
( %)

25%

the highest consumer HC, 20%. HC at a network
level ranged from 44% to 74% of the substation
transformer rating. The HC pattern was directly
proportional to Walvis Bay’s monthly solar irradiance pattern. Technical constraints, mainly overvoltage and line overload, were encountered
between 09:00 and 15:00. Overvoltage was observed frequently in the test as compared to line
overload; this demonstrates the dominance of overvoltage as a technical constraint in residential distribution networks. Overvoltage conditions did not
develop on all three phases concurrently but rather
on individual phases. This phenomenon is attributed to phase unbalance, and confirms this as a
limiting factor of HC in single-phase networks.
Figure 6 indicates that HC results in Test 2 also
varied monthly as observed in Test 1, and this variation was inversely proportional to monthly solar
irradiation levels. HC at a consumer level varied
monthly between 23% and 32% of the NMD, corresponding to 3.17 kW and 4.4 kW respectively.
January and October had the lowest HC, 23%, while
July had the highest HC, 32%. Monthly HC results
HC at a network level ranged from 67% to 71% of
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Monthly HC at Consumer Level
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and one 13.8 kW inverter). Consumer loads were
defined using the consumer’s historical time-series
metering data covering a period of 12 months (from
July 2018 to June 2019). The geographical coordinates of !Nara network were defined in DigSilent to
provide the software access to meteorological data
of this location.

Monthly HC at Network Level
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(%)
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Figure 5: Network and consumer-level monthly hosting capacity results from Test 1.

Monthly HC at Network Level

Figure 6: Network and consumer-level monthly hosting capacity results from Test 2.
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the substation transformer rating. Overvoltage condition was the main violated performance metric
throughout the test, and was recorded between
11:30 and 15:00.
4.3 Discussions and comparison of results for
Tests 1 and 2
HC results in both tests varied monthly. Nonetheless, consumer HC results from Test 2 were higher
than those from Test 1. This confirms that phase unbalance, which is an inherent characteristic of most
single-phase residential networks (Gabriels et al.,
2020; Gabriels, Oyedokun & Ruggeri, 2020), is a
limiting factor in the uptake of consumer-side DG in
residential networks. Consumer HC results from
Test 1 were lower than the capacity requirements
defined for similar types of networks in South Africa, Australia, the UK and Turkey (Eskom, 2010;
Altin et al., 2015; Energy Networks Association,
2018, 2019; Energy Networks Australia, 2019; SA
Power Networks, 2019), while network HC results
were comparable to requirements in these countries (Eskom, 2010; Aziz & Ketjoy, 2017). Unlike the
results from Test 1, the consumer and network HC
results from Test 2 are comparable to the capacity
requirements defined in the HC practices of the
aforementioned countries, which suggests that the
studies that guided the development of these practices had similar assumptions as Test 2, i.e., phase
unbalance was not considered. The differences in
the HC results for Test 1 and Test 2 show the importance of considering phase unbalance when conducting HC studies. Both tests indicate that
residential distributions networks are susceptible
to overvoltage conditions between 11:30 and 15:00
caused by DG deployments.
5. Application of the results from the
proposed algorithm
While consumer-side DG sized according to consumers’ service connections (NMD) provide consumers certainty in matching their generation to
their energy needs, there is a need to protect distribution networks against technical constraints
caused by excessive grid exports. DNO should
therefore use consumer HC results from the technical studies of their local networks to define grid
export management requirements for DG sized according to consumers’ NMD. This allows DNO to
abolish restrictive sizing of consumers-side DG.
Available inverter technologies offer ‘export limit
functions’ that only allow a single fixed export limit
to be defined. DNO should therefore consider the
minimum monthly consumer HC result as the safest
export limit requirement. Consumers intending to
use an inverter without an export limit function
should size their DG according to the lowest consumer HC result for the network.
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To date, there is no inverter with the date-based
multiple export limit functionality. Inverter manufacturers should assess the feasibility and practicality of developing inverters with a date-based export
limit functionality. This function will allow DNO to
impose monthly export limits according to monthly
HC limits obtained from technical studies to maximise grid infeed and benefits from grid export incentives such as net metering.
DNO may use the maximum monthly transformer HC from technical studies to define aggregate generation capacity limit for DG approved for
grid export and net metering. Once this capacity is
reached, new DG should be approved as non-exporting DG. This however requires DNO to design or
acquire computerised DG databases to ease the
tracking of DG’ aggregate capacities at various
points of connections, for reporting purposes and
decision-making.
6. Limitation of this algorithm
The application of this algorithm is limited to existing distribution networks with available historical
time-series load data, and DG located on consumers’ premises. DNO should therefore consider probabilistic methods or optimisation algorithms such
as genetic algorithms, particle swarm optimisation,
etc. for applications with high degree of uncertainty
in consumer loading, generation capacities, and location of DG.
7. Conclusion
DNO in Southern Africa should take guidance from
practices in Australia and the UK, which have abolished the restrictive sizing of consumer-side DG and
adopted grid export limits as a means of minimising
the technical impacts caused by DG. This enables
DNO to implement DG capacity requirements that
provide consumers certainty in matching their generations to their energy requirements, i.e., permitting consumers to size their DG according to their
service connections. Even though Namibia is on the
right path with regard to DG sizing, DNO need to
conduct technical studies to determine the hosting
capacities of their local networks to guide the development of local grid-export limit requirements to
safeguard networks from power quality and reliability issues associated with excessive grid exports.
When conducting technical studies, it is important
that DNO consider the phase technology of consumers to account for phase unbalance, which is one of
the limiting factors of hosting capacity of DG. An algorithm for assessing LV distribution networks’ DG
HC was developed and tested in this paper. The algorithm can help DNO facing high uptake of DG in
existing distribution networks to evaluate the adequacy of their distribution networks to host new DG
while acknowledging the presence of existing DG.
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