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ABSTRACT The excessive integration of renewable distributed generation (RDG) and electric vehicles 
(EVs) could be considered the two most problematic elements representing the greatest threat to the 
distribution network (DN) technical operation. In order to avoid going beyond technical limitations, the term 
hosting capacity (HC) was proposed to define the highest permitted amount of distributed generation (DG) 
or EVs that can be integrated safely into the DN. The connection of RDGs was first brought to the attention 
of researchers and DN operators since it accounts for the most notable portion of these technical issues. 
Hence, the phrase ‘DG-HC’ was initially proposed and evolved significantly over the last few years. 
Currently, EV integration in most DNs worldwide is still low, but given the worldwide support for clean 
transportation options, expectations are raised for a significant increase. As a result, it is anticipated that over 
the next years, the effect of EV integration on the DN will be highly noticeable, requiring greater attention 
from researchers and DN operators to define the accepted limits of EV penetration levels, ‘EV-HC,’ which 
is expected to pass along the same line of DG-HC. This article provides an in-depth review of both DG-HC 
and EV-HC. It first analyses how the DG-HC research has grown over the years and then studies the published 
EV-HC papers, illustrating to what extent there is a similarity between them and, finally, employs these 
analyses to expect future development in the EV-HC research area. This article includes the different uses of 
the term HC, the most common performance indices of DG-HC, the various methods for assessing DG-HC, 
the different techniques for DG-HC enhancement, the effects of integrating EVs on the DG-HC, and finally, 
calculating and enhancing methods for EV-HC. 

INDEX TERMS Distributed generation, hosting capacity, electric vehicles, distribution networks, 
optimization techniques, hosting capacity enhancement. 

I. INTRODUCTION 
The basic feature of distribution systems was the one-way 
power flow from central generating plants to transmission and 
DNs. The typical power flow directions have changed 
recently due to integrating renewable-based technologies, 
like photovoltaic (PV) and wind turbines, in DNs. Political, 
social, economic, technological, and environmental 
objectives have influenced the development of these 
renewable energy sources (RES). Excessive distributed 
generation (DG) penetration, however, can adversely affect 
the system’s performance and cause technical issues, such as 
overvoltage issues, an increased danger of equipment short 
circuits, and malfunctioning protection systems. 
Consequently, assessing the DN's ability to accommodate 
those DGs without violating any technical aspect becomes 
critical [1–6]. Therefore, the highest level of DG penetration 
at which the DN operates effectively is mentioned as hosting 

capacity (HC) or, precisely, DG-HC, as shown in Fig. 1. In 
addition, this safe limit of DG penetration can be raised 

FIGURE 1: DG-HC concept. 
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above the prior level if an enhancement technique is applied 
[6]. A few years ago, researchers and distribution system 
operators (DSOs) focused on the significant effects of DG 
excessive penetration on DN technical operation, assessing the 
DG-HC. As a result, the DG-HC research area has advanced 
in either assessment methods or enhancing techniques. Based 
on the Scopus database, there have been around 1400 articles 
in this area. Moreover, the DG-HC limit has been determined 
globally for numerous distribution networks (DNs). For 
instance, Egypt's net-metering policy permits the construction 
of PV systems with net-metering accounts for up to 1.5% of 
the maximum demand [7]. It was recommended by the DSO 
in South Africa that the overall DG capacities be below fifteen 
percent of the feeder maximum demand. In Portugal, the 
overall DG capacities for low-voltage (LV) networks must be 
below twenty-five percent of the MV/LV transformer capacity 
[8]. 

Moreover, a significant increase in HC research 
publications has recently been noticed over the years, as 
shown in Fig. 2. This search was conducted through the 
Scopus database in the first quarter of 2023, so the number of 
publications is anticipated to rise considerably during 2023. In 
addition, countries also differed in their researchers’ interests 
in analyzing HC, as shown in Fig. 3, which presents the 
number of published papers in the 15 countries most interested 
in HC research. According to several authorized publisher 
databases accessible online, including Scopus, Science Direct, 
Springer Link, and IEEE Explorer, Fig. 4 shows the literature 
discussing the DG-HC or EV-HC. These search results prove 
the accelerated development of research on HC. Additionally, 
that considerable difference between the number of 
publications in DG-HC and EV-HC indicates that DG-HC has 
attracted more attention from researchers in the previous few 
years. 

After around 14% share of the global market of passenger 
cars recorded in the fourth quarter of 2022 [9], authors in [10] 
expect EVs to gain around 28% by 2040. This will result in an 
additional rise of 11–20% in the electricity consumed 
worldwide. There are several factors contributing to this 
enormous, expected increase in the use of EVs, including 
reducing hazardous emissions from the transportation 
industry, which was the second highest producer to those 
emissions globally in 2020 [11], lower maintenance 
requirements, and superior performance compared to 
conventional vehicles [12]. Due to the steadily accelerating 
expansion in the EVs sector throughout time, as shown in Fig. 
4, authors in [13] estimated the number of EVs until 2030. 

All prior statistics showing the anticipated sharp rise in EVs 
highlight the necessity for researchers and DSOs to investigate 
their effects on the DN and define a secure limit on their 
penetration, referred to as EV-HC. However, EVs HC 
publications are still few compared to DG-HC, as seen in Fig. 
3, although as shown in Fig. 5, this number is increasing with 
time. In contrast, the distribution of the keywords from 

publications that focus on HC is illustrated in Fig. 6, making it 
easier to see the areas of strength.  

The size of the circles corresponds to the frequency of the 
keywords. In other words, larger clouds and patterns indicate 
a greater frequency of occurrence. Finally, Fig. 7 also shows 
the distribution of publications regarding the country. It has 
been noted that the United States and China had the most 
publications in this field of study. Therefore, this article gives 
an in-depth and well-organized overview of both DG-HC and 
EV-HC. It first studies developments of DG-HC through time, 
then analyzes published EV-HC articles to see how similar 
they are, and lastly uses these studies to predict how EV-HC 
research will develop in the future. This article includes the 
various terminologies of the term ‘HC,’ the most popular 
performance indices for DG-HC, several techniques for 
enhancing DG-HC, the effects of integrating EVs on DG-HC, 
and methods for calculating and enhancing EV-HC. 

Additionally, between 2018 and the beginning of 2023, the 
literature review papers published on HC were also 
investigated. The existing literature reviews on HC are shown 
in Table 1, and their primary conclusions. The novelty of this 
article in terms of HC definitions, performance indices, 
enhancement techniques, EV-HC, and effects of EVs on DG-
HC is highlighted by a comparison between the current article 
and existing literature reviews on HC in Table 2. 

In real-life applications, the distribution networks for DG 
units and EVs are the same; they are not separated and 
interconnected. However, in this article, the DG-HC is 
reviewed first, followed by the EV-HC review to serve 
individually as a focus for each portion. The remaining portion 
of this paper is structured in the following manner: Section 2 
illustrates HC concept and different terminologies. Section 3 
presents the HC limiting factors. Section 4 illustrates the 
different HC assessment methods. Section 5 presents the HC 
enhancement techniques. Moreover, the impacts of EVs on 
DG-HC and the EV-HC are analyzed in Section 6. Finally, 
discussions, conclusions, and upcoming developments in the 
HC research area are presented in Sections 7 and 8, 

respectively. 
FIGURE 2: Number of literatures using the term HC based on the Scopus 
database. 
 

TABLE 1: Existing review papers of HC.
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Ref. Author Year of 
publication 

Location of the 
main author Main conclusions 

[2] Ismael et 
al. 2018 Egypt 

This review presents an organized, thorough exposition of the HC concept, 
historical progression, limiting factors, methods of assessment, and 

enhancement techniques. 

[4] Abideen et 
al. 2020 Qatar This article reviews the main performance indices, compares different assessment 

methods, and presents the existing software tools used to calculate HC. 

[1] Fatima et 
al. 2020 Finland This article provides a thorough overview of PV HC definitions, limiting factors, 

enhancement methods, and estimation of PV HC for existing networks worldwide. 

[14] Mulengaa 
et al. 2019 Sweden This review focuses on the assessment methods for PV HC determination with a 

comparative study, highlighting the merits and shortages of each method. 

[15] Islam et al. 2023 Australia 
This reviews the limiting factors first, then presents a comparative study of conventional 

assessment methods and artificial intelligence methods that can be applied to HC 
calculation. 

[16] Umoh et al. 2023 South Africa 
This paper reviews the HC definitions, assessment methods showing limitations in each 
method, the existing software tools used for HC determination, and finally presents EVs 

HC assessment methods. 

[17] Qamar et 
al. 2022 Pakistan This review illustrates a thorough review of the HC definitions, performance 

indices, calculating approaches, and improvement techniques. 

[18] Moro et al. 2021 Brazil This review paper focuses only on HC enhancement techniques and compares them. 

[19] Singh et al. 2023 Switzerland This article reviews the HC definition, the impacts of DG units, especially PV and wind, 
on DNs, and HC assessment methods. 

 
TABLE 2: Comparison between existing review papers on HC and the current paper 

Ref. Author 
Ideas discussed 

Definition Performance indices Assessment 
methods 

Enhancement 
techniques EV- HC EVs’ impact on 

DG-HC 
[2] Ismael et al. 🗸🗸 🗸🗸 X 🗸🗸 X X 
[4] Abideen et al. 🗸🗸 🗸🗸 🗸🗸 X X X 
[1] Fatima et al. 🗸🗸 🗸🗸 X 🗸🗸 X X 

[14] Mulengaa et al. 🗸🗸 X 🗸🗸 X X X 
[15] Islam et al. 🗸🗸 🗸🗸 🗸🗸 X X X 
[16] Umoh et al. 🗸🗸 🗸🗸 🗸🗸 X 🗸🗸 X 
[17] Qamar et al. 🗸🗸 🗸🗸 🗸🗸 🗸🗸 X X 
[18] Moro et al. 🗸🗸 X X 🗸🗸 X X 
[19] Singh et al. 🗸🗸 🗸🗸 🗸🗸 X X X 

Current paper 🗸🗸 🗸🗸 🗸🗸 🗸🗸 🗸🗸 🗸🗸 

 

FIGURE 3: Number of literatures discussed either the DG-HC or EV-HC 
among different publishers. 

 
 

FIGURE 4: Number of EV fleets forecast until 2030. 
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FIGURE 5: Number of EV-HC publications over the past years-based 
Scopus. 

 
 

FIGURE 6: Co-occurrence analysis map of the papers focusing on the HC. 

 
FIGURE 7: Distribution of HC papers regarding countries in the period 
between 2018 and early 2023. 
II. HOSTING CAPACITY TERMINOLOGIES 
Historically, computer engineers first developed the term 
‘HC’ to describe the web server’s capacity for handling many 

access demands. Then, André Even developed the term “HC” 
to describe the implications of an excessive DG penetration 
into the DN. In 2004, Math Bollen extended the idea and 
described the HC clearly as the highest DG amount above it 
the technical aspects of the DN are unacceptable. Therefore, 
the first use of the term HC in power systems referred to DG-
HC. Lately, authors started to use that term for EV 
publications. In 2017, authors in [20] first defined the EVs HC 
as the maximum amount of EV charging load that may be 
hosted in DN while still meeting the DN’s technical 
requirements. 

Besides DG-HC and EV-HC, the word HC has recently 
been applied in power systems applications in other terms such 
as Loading HC (LHC) and Feeder HC (FHC). However, the 
most used terms are DG-HC and EV-HC. In some works, the 
term FHC is presented [21–26]. The capacity of DG that can 
be hosted without having a negative effect under the current 
configuration and without upgrading or altering the main 
feeder is called the feeder hosting capacity. The FHC relies on 
a number of things, for example the size of DG units, location 
of DG units, feeder characteristics, feeder configuration, and 
protection coordination. In [25], the Monte Carlo simulation-
based probabilistic analysis is employed to assess the PV HC 
as a percentage of the peak load of 17 distribution feeders 
involved in five distinct utilities. Results show that by 
selecting appropriate PV installation sites and modifying the 
PV inverter's power factor, the FHC for PV can be 
significantly raised. Authors in [22] studied how the PV site 
and kind of phase connection can affect the FHC. 
Additionally, the sensitivity of FHC to feeder characteristics, 
PV sites, and power factors of PV inverter is examined in [21]. 

Finally, some papers introduced the term loading capacity 
(LC) instead of HC [27,28]. LC refers to the maximum extra 
loading in the DN that can be hosted without violating the 
performance indices. The optimal LC is calculated in [28], 
while a comparison between the LC and HC is presented in 
[27].   

III. HC LIMITING FACTORS 
The characteristics of the DN which are impacted by DG’s 
connection and limit DG’s integration according to a specific 
criterion are referred to as limiting criteria, impact factors, and 
performance index/indices. Although employed in different 
situations, these terms refer to the same aspects. Several 
studies combine those limiting criteria to determine the HC of 
a specific DN [4]. The most important limiting factors covered 
by the published papers are presented in this section. 

A. VOLTAGE LEVEL 
As long as the output power of a DG unit is more than the load 
demand, the extra power is fed back into the network. 
Consequently, the load bus’s voltage rises above the allowed 
level, and the surrounding feeder may overload [1,4,8]. The 
voltage rise is considered the most common performance 
index that limits DG hosting capacity [3,11]. The five widely 
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used voltage standards are summarized in Table 3 [1]. With 
a maximum value of 1.05 p.u depending on the ANSI C84.1 
standard, the authors in [10–13] only viewed overvoltage as 
the primary performance index, while the allowable voltage 
variation is defined at 2% of the nominal value in [7], and a 
10% variation from the nominal voltage is permitted in [30]. 
Finally, the Canadian Standard Association (CSA), e.g.  
(±6%) of nominal voltage (Vr), is applied in [31]. 
 

TABLE 3: The five widely used voltage standards. 

Voltage Standard Allowable voltage deviation 

European Standard EN-50160 ± 10% of Vr 

German Standard VDE-AR-N 4105 ± 3% of Vr 
American Standard ANSI C84.1 ± 5% of Vr 

Australian Standard (−6/+10% ) of Vr 
Canadian Standard Association (CSA) ± 6% of Vr 

 
The term FHC is proposed in [10,11]. A swarm-based 
intelligent approach (inspired by particle swarm optimization 
algorithm) is proposed in [26]. The best locations at different 
penetration levels of PV, keeping the maximum feeder voltage 
under the allowable limit, are selected. In [25], the FHC of PV 
is maximized by a mixed-integer non-linear optimization 
problem and GA. The findings demonstrate that coordinated 
operation of switching capacitor banks, voltage regulation, 
and modifying power factors may greatly boost the maximum 
PV-HC. A non-linear programming optimization technique is 
developed to determine a distribution circuit’s maximum PV 
hosting capacity [29]. The outcomes are contrasted with those 
of two traditional stochastic approaches. The findings 
demonstrate the limits of the traditional approaches in 
estimating the maximum HC of PV in the DN. The suggested 
method tackles the nonlinearity in power flow issue while 
taking into account all grid restrictions to find the highest PV 
HC. In [32], authors applied a Monte Carlo approach to 
calculate the HC of three real DNs in Canada. The main 
limiting factor was determined to be overvoltage. In addition, 
a framework for assessing the impact of a pair of solar PV 
system kinds —those installed by customers and those 
installed by utilities—on a particular realistic distribution 
network has been put forth [33]. It was observed that 
overvoltage arises for customer-based scheme above 30% 
penetration and that the utility-based scheme may increase the 
penetration level to a greater amount. 
In some literature, such as [34], over/under voltage and 
voltage unbalance through various phases were considered 
limiting factors. For the purpose of assessing the FHC, a 
Monte Carlo approach is conducted. Between 10% and 100% 
with a 10% step, the PV penetration level is chosen, and for 
each penetration level, 25 different scenarios are selected by 
varying the location of PV installation on the feeder. It was 
revealed that PV penetration could only reach 10% on days 
with high solar irradiance. However, it might reach 50% in the 
lowest annual load day without suffering from overvoltage. 

Most studies introduce iterative methods to determine the DG-
HC. Due to some shortages in these standard methods, the 
non-linear model of HC formulation is linearized in some 
literature, such as [35,36]. In [36], a two-step approach is 
proposed to estimate the maximum HC of DGs 
considering over-voltage and voltage variation as limiting 
factors. A linear approximation of terms includes nonlinearity 
in power flow approach is considered in the first step. Then, a 
probabilistic technique is proposed to tackle the issues related 
to uncertainties of DGs and loads. The suggested technique is 
tested via the IEEE 123 bus system. While in [35], the DN 
power flow equations are linearized via a few approximations 
derived from realistic assumptions. It was demonstrated that 
the suggested approach provided roughly equivalent HC 
results while significantly reducing computing time. 
Additionally, HC studies in [21,22,37,38] took voltage 
deviation and voltage unbalance into account in addition to 
overvoltage as performance indices. The impacts of residential 
PVs on DN voltage via several scenarios of different PV sizes 
and locations are presented in [38]. While in [22], the 
locational sensitivity of FHC is examined by Monte Carlo 
simulation. Results show that an increase in PV HC may be 
attained if PV interconnection points are located nearer to the 
substation and have lower impedance. Using a stochastic 
technique, 500 potential PV integration scenarios (from 50% 
of the peak demand to 400%) were modeled in a benchmark 
distribution feeder, and by checking the voltage limiting 
factors, the PV HC is determined in [37]. 

B. OVERLOADING OF FEEDERS AND TRANSFORMERS 
(THERMAL LOADING) 
The second significant performance index for the HC, as 
mentioned in the literature, is the limit on the amount of 
current (ampacity) that feeders can transport and overload 
constraints of transformers [1]. The integration of DG units 
can subsequently lower the hazards of overloading, eliminate 
system losses, extend the equipment’s lifespan, and enhance 
thermal characteristics of cables and transformers. With 
maximal generation and lowest loading, the catastrophic 
situation that raises the chance of overloading occurs [2]. 
The worst case, which leads to thermal loading issues, occurs 
during high production and low demand. There is a maximum 
rated current that both lines and transformers can 
accommodate. Breaking this limit results in these components 
overheating and malfunctioning in various ways [4]. 
Overloading limits of transformers and cables are stated in 
different values in the literature; however, Transformer 
overloading limits are less rigorous than the cable overloading 
restrictions, as shown in Table 4. The conductor ampacity is 
mentioned in [43-45] without considering the transformer 
ampacity. In [44], it is shown that smart PV inverter functions 
may make it possible to enhance the PV HC of the distribution 
feeders without spending money on expensive distribution 
improvement methods. The HC was calculated by 
incrementally increasing output power (Pout) of PV by 1 kW 
till the voltage level violates the allowable limit (±5%) or the 
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TABLE 4: Cables and transformer overloading limits in the literature 
Transformer overloading 

limits 
Feeders overloading limits 

100% of nominal rating [39] 105% of nominal line current [40] 
100% of the design rating [31] 150% of rated power [41] 

150% of rated power [41] 100 % of the design rating [31] 
187.5 % of rated capacity [42] 85% of line rating [39] 

 
current exceeds the conductor's ampacity. The FHC with 
massive amount of scattered PV systems is assessed in [43]. 
The voltage magnitude, line ampacity, and voltage stability 
are mentioned to restrict the penetration of PV. The DG-HC is 
estimated hourly, considering uncertainties in solar radiation 
and load variations [45]. Overvoltage and line ampacity are 
stated as the limiting criteria. The bus’s voltage magnitude, 
each line’s loading, and the transformer’s loading are 
considered the limiting factors in several works such as 
[30,31,39,40,46-48]. The effect of upcoming PV integration 
on a realistic city low-voltage region in Zurich was discussed 
in [39]. Three solutions were presented to mitigate the 
transformer overloading: installing a system of batteries 
beside the transformer station, active power curtailment, and 
demand side management. In [30], the HC of PV systems was 
quantified using a Monte Carlo method-based analysis. Then, 
it was examined whether using an on-load tap changer in a DN 
would increase the penetration of PV. 
Moreover, a probabilistic planning method that boosts the DG-
HC depending on accepting active power curtailment is 
presented in [46]. According to the results, it was feasible to 
double the quantity of installed PV power if an active power 
curtailment is applied for short periods. In [47], in contrast to 
most of the literature, the proposed model considers the 
distribution line’s shunt capacitance, frequently overlooked 
when calculating power flow in DG applications. The results 
demonstrated that incorporating this capacitance enhances the 
available DG power. Moreover, for HC of roof PVs 
maximization, authors in [48] present a quadratic power 
control optimization technique for determining optimal 
capacity and location of a central battery storage system in 
DNs. Thermal limits according to component ampere rating 
and bus voltages are considered limiting factors. 

C. POWER QUALITY ISSUES (HARMONICS-FLICKERS) 
Providing the power source voltage to the consumer inside 
tolerable bounds is what is meant by "voltage quality". 
Numerous power quality issues, including power system 
harmonics, steady state voltage variations, voltage dips, and 
flickers, may be caused by excessive DG penetration [2,4]. 
Numerous studies investigated the issue of power quality, such 
as harmonics and flickers, for DG-HC limitation. HC can be 
affected by harmonics, particularly those from PV inverters. 
Despite having outputs that are very close to sinusoidal, new 
inverters with a higher switching frequency are injecting 
supra-harmonics (the harmonic content in the frequency range 
(2-150 kHz)) [49]. Therefore, utilities must keep total 

harmonic distortion (THD) at the point of common coupling 
within limitations set by IEEE 519 to maintain network 
performance [1,50]. Harmonic restrictions, total and 
individual harmonic distortion limits specified in IEEE 519 
Standard, conventional HC restrictions such as bus voltage 
constraint, and the ampacity of supply cables are considered 
the limiting constraints [51,52]. The DG-HC for a traditional 
distorted DN is studied in [52]. First, the maximum HC at 
different nonlinearity degrees of loads is determined in the 
uncompensated system. Second, the C-type filter is integrated 
to enhance the HC, maintaining acceptable constraints. 
Optimizing the filter size and the DG rating capacity to 
achieve the maximum HC by genetic algorithm (GA) is 
presented in [51]. 
Similarly, authors in [53] presented a filter of type "C" to 
enhance the probabilistic hosting capacity (PHC) in a distorted 
DN. Several limiting factors were taken into account, 
including voltage constraint, feeder’s ampacity, power factor, 
and limits on both individual and total harmonic distortion. 
The size of the proposed filter is optimized via a hybrid 
PSOGSA optimization algorithm. The results are compared to 
other optimization techniques. 
In [50], a rural Mauritius domestic DN is presented for PV HC 
study with harmonics as the performance indices. 
Additionally, HC of the IEEE 13 bus benchmark is evaluated 
via the harmonic voltage distortion as a limiting factor [54]. In 
comparison, the HC assessment of a DN in UK is performed 
in [55]. Several limiting factors are considered, for example 
overvoltage, power losses, feeders and transformer ampacity, 
and voltage imbalance. A maximum of 5% THD is imposed 
on the harmonics with respect to the limiting criteria. 
The term “flicker” refers to how electrical voltage fluctuations 
affect incandescent lights and other electrical lighting lamps 
[56]. Authors in [57] revealed that voltage flickers are 
regarded as the most important issue when wind power 
penetration is high at the distribution level. Unlike most 
mitigating techniques for lowering flicker emissions 
mentioned in other literature used at the generating end, this 
research introduces a demand side management (DSM) 
approach based on the electric spring technique (ES). The ES 
offers compensating reactive power for reducing voltage 
flickers and is coupled in series with non-critical loads, 
forming smart loads [57-58]. In addition, most works that 
determine the HC of DNs are based only on the static 
characteristic of bus voltage (the variation that lasts at least 10 
minutes), while the PV-HC in a German DN was limited by 
the dynamic voltage characteristics (e.g., voltage flickers as 
limiting factor) for the first time in [59]. Moving clouds and 
partial shading over DNs with a high penetration of PV have 
the potential to quickly alter PV production and result in rapid 
voltage fluctuations. Therefore, the effect of voltage flickers 
caused by moving clouds and partial shading is illustrated by 
comparing HC from perspective of the static and dynamic 
characteristics. To manage the dynamic voltage profile and 
enhance the HC, a static synchronous compensator 
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(STATCOM) is suggested. Additionally, authors in [60] 
consider voltage rise and flicker as limiting factors for the first 
time. Three main flicker indices of an existing DN that already 
has a 16% penetration of PV are calculated in [61] (HC is not 
investigated; there are no limiting factors).   

D. PROTECTION ISSUES 
Whenever DG power generated rises above demand needs, 
power flow reversed, and protection difficulties might arise. 
Too Much DG penetration affects the magnitude and direction 
of the fault currents. As a result, it might raise the chance that 
protection systems will fail, either through unneeded operation 
under normal circumstances or through failing to operate 
when there is a fault [2]. Many studies highlight that protection 
issues could restrict the HC limit [4]. 
In Yogyakarta, HC of PV in a DN is determined with the use 
of an iterative approach. [62]. Different loading situations 
were examined along with the selected limiting factors of 
overvoltage, current ampacity, and reverse power flow. 
Findings illustrated that power flow is reversed in most cases, 
nevertheless, voltage violations happen whenever the 
demand is below 48% of its typical value. Authors in [63] 
conducted a comprehensive study to evaluate the dangers that 
the protection system would meet in the event of higher 
amount of DG integration. Additionally, findings revealed that 
some changes to the current protection schemes might be 
necessary to address the DG existence. 
Additionally, some protection issues were covered by authors 
in [64], including coordination of protection devices, the 
impact of DG on fault identification techniques, islanding 
issues, and device interrupting ratings.  Authors emphasized 
that at low DG amount, negative consequences are not 
expected; nevertheless, these implications are discernible with 
significant DG penetration and should be considered. 
Moreover, the DG technology affects the DG contribution in 
the fault current [65]. Besides, authors in [66] showed that the 
traditional protection coordination parameters should be 
updated to guarantee that the protection mechanism operates 
well after severe DG penetration. 
Finally, as stated in [35], the DG-HC published papers can be 
divided into two main categories: DG-HC assessment (or 
calculation) and DG-HC enhancement. Some studies apply 
one of them, but some literature assesses the HC level and then 
introduces an enhancement technique to raise this level. 
Therefore, the following two sections are presenting these two 
topics. 

IV. DISTRIBUTED GENERATION HOSTING CAPACITY 
ASSESSMENT (CALCULATION) METHODS 

In DG-HC literature, there are three main techniques for 
assessing (calculating) the DN HC:  optimization-based, 
stochastic, and deterministic approaches. Although the 
approaches vary significantly in how they are carried out, they 
all apply the main procedures for the HC calculation. As 
mentioned in the previous section, some works in the literature 
concentrate on HC calculation and HC enhancement. Fig. 8 

shows a flowchart for the main procedure of HC calculation 
and enhancement [4]. This section presents the primary 
approaches applied in the published papers for calculating the 
DN HC. 

Start

- Choose a proper performance 
index to limit the HC. 

- State a limit of this index 
according to international 

standards.

Apply power flow calculations to 
determine the values of voltages 
and currents in the studied DN 

one of the
 performance 

indices
 is violated?

Apply HC 
enhancement

 method? 

YES 

YES
Apply the proposed enhancement 

technique

Apply load flow calculations considering 
the enhancement technique

one of the 
performance

 indices is violated?

The enhanced HC is achieved

End

NO
Increase DG

NO
HC = the 

amount of DG 
at previous step

Increase DG
NO

YES

 
 
FIGURE 8: The main procedure of HC calculation and enhancement. 

A. DETERMINISTIC METHOD 
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As stated in [14], deterministic methods are the most common 
approaches in HC assessment in DNs. In deterministic 
methods, the computation of the HC relies on known and 
deterministic input values of renewable generating sources 
and load profiles to give a single output value of HC. In other 
words, the uncertainty of solar radiation, wind speed, or load 
consumption is not considered. The deterministic technique is 
separated into two approaches according to the stated 
assumption of DG output power, whether constant with time 
or varying with time (following a generation profile), as 
shown in Fig. 9. These approaches are time series approaches 
and constant generation approaches [4]. 

 

 

 
 

FIGURE 9: Output power from DG units: (a) constant generation methods, 
and (b) time series method. 
 
1) CONSTANT GENERATION METHODS 
The DG unit output power is assumed to be constant, 
irrespective of their technology, during the calculation period 
when using the constant generation approach. This 
methodology disregards the changing nature of DG units. 
Authors in [47,54,62,67,68] applied constant generation 
approaches to solve the HC problem. When computing the HC 
using this approach, Pout of DG units is commonly considered 
to be at its highest value, while in some literature, the HC 
assessment of distribution networks is calculated considering 
the worst-case scenario, such as [47,68]. To determine the HC 
in these methods, these scenarios gradually increase the DG 
units’ capacity/number until there is a violation of any of the 
performance criteria [4]. There are three ways to increase the 
DG output power at grid nodes incrementally: forward, 

backward, and forward-backward [14]. It is important to note 
that only a small number of literatures computes the HC using 
the constant generation method. This is because it is a 
simplified method and can only be applied for HC value 
estimation. Additionally, it is probable to underestimate the 
HC, especially when considering the worst-case scenario [4]. 
A constant generation approach was applied in [69] to 
calculate the HC of three real DNs in the US. Firstly, a proper 
site of the DG unit is selected, then the size is gradually 
increased by 1 kW. In [54], a sensitivity analysis was carried 
out to investigate the voltage harmonics limiting the PV 
systems’ HC. The impact of two types of PV inverters and 
capacitor banks was investigated. The study’s primary 
conclusions are as follows: capacitor banks increase the 
voltage THD, reducing the network’s HC. 
Additionally, integrating PV systems close to heavy loads 
might reduce distribution losses. In addition, the effects of the 
site of DG units on the HC of DNs were examined in [67,68]. 
In [67], performance indices, including voltage levels and 
transmission capacity, are considered, and the effects of 
various penetration levels are evaluated. Values of HC at 
different sites were computed. The impacts of various DG 
technologies on the distribution network’s HC were taken into 
account in [68]. 
2) TIME SERIES METHODS 
The time series approach outperforms the constant generation 
approach. It considers the changing nature of the DGs. This 
means that the time series technique depends heavily on data, 
and additional data can show more details regarding how DG 
dynamics affect the HC. However, much data might make the 
computation time longer [4]. PV technology has been the 
subject of most time series literature to calculate the HC, such 
as [70-73]. Only a few studies [74,75] have examined the HC 
of wind turbines using the time series method. 
Time series-based techniques were provided in [70] and [75] 
to determine the DN HC of PV and wind turbines. For various 
types of DNs, the PV HC was determined in [70]. It was 
revealed that the residential network’s HC ranged between 
82% and 150%. The industrial network’s HC was 31%, and 
the available roof area constrained the commercial network’s 
HC. The wind HC of a practical distribution feeder in a 
Brazilian city is introduced in [75]. The limiting factors are 
voltage level, cable overloading, and reverse power flow. 
Additionally, the authors in [71] and [73] performed the time 
series approach to examine the effects of integrating PV 
systems in DNs. In [71], the authors modeled a real DN in 
Sri Lanka, which already has a 40% penetration of PV. The 
objective of the study is to check the technical consequences 
that will occur at higher penetration levels. The authors in 
[73] examined the impact of PV system integration on the 
current and voltage profile and the network losses using 
actual consumption and generation profiles from PV systems 
in the IEEE 69 benchmark. In Virginia, a DN was used to 
gather data, and this data were used to create load curves for 
three different types of loads: domestic, commercial, and 
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industrial. The concept of quasi-static time-series (QSTS) 
analysis is proposed in various literature to accurately 
estimate HC by handling the time-varying aspects such as 
load profile, solar, and Wind generated power. In contrast, 
historically, analysis has been carried out at specific periods, 
such as peak load, worst-case periods of the greatest or 
lowest demand, or the highest Photovoltaic to demand ratio, 
is called "static, snapshot HC.". Nevertheless, a main barrier 
to QSTS employment is the enormous computational burden 
of running their simulations. According to the IEEE 
definition, the QSTS must be conducted for at least 1 second 
of resolution, over the course of a year to 1 hour maximum 
[76]. Each literature proposes a different way to overcome 
the computational burden in the QSTS approach. In [77], the 
seasonal properties of the DN are analyzed to reduce the 
number of simulations, so the daily load profile is grouped 
into only three groups: winter, summer, and transition season 
load profiles. A vector quantization approach is introduced 
in [78] as an approximate rapid time-series QSTS analysis. 
Results show that the computational time was reduced by 
98.9% for a one-year simulation of 1-second resolution. A 
quick and innovative QSTS simulation technique, adapted 
from machine learning’s predictive modeling with linear 
regression, is presented in [79]. The results showed a 99.45% 
reduction in computational time. In [80], a QSTS analysis of 
one-year duration with a one-minute resolution is presented. 
To perform the QSTS analysis, a typical day in August was 
selected, and linear interpolation was employed to the hourly 
load data to raise the resolution to one minute. 

B. STOCHASTIC METHODS 
Production of RDG power, such as PV and wind turbines, is 
unpredictable and is based on different factors affected by 
variable weather patterns, such as both solar irradiance as well 
as wind speed. The production becomes stochastic as a result. 
Additionally, consumption profiles are also unknown. All 
these unknown parameters are called uncertainties [4,14]. 
Stochastic approaches relied on probabilistic power flow 
(PPF) are employed to tackle these uncertainties [81]. 
Stochastic methods can be considered a development over the 
deterministic power flow (DPF), which disregards uncertainty 
[82]. 
Regarding DG-HC literature, stochastic methods are the most 
widely used approaches for calculating HC. There are several 
mathematical techniques to generate random possible 
scenarios, but Monte Carlo (MC) approach is most frequently 
employed calculating method in the stochastic method [4]. 
Authors in [25,32,33,42,45,81,83-90] proposed the MC 
technique to assess the HC. Other methods, such as Quasi-
Monte Carlo and Sparse DG grid, are proposed in [91] and 
[92]. Authors in [83] introduce a novel study that assesses, for 
the first time, how the considered resolution of the historical 
data and the modeling of uncertainties affect the HC level. For 
HC assessment, the MC approach is employed and tested on 
an Australian agricultural DN. It is demonstrated that as 
historical data resolution is reduced, the HC's probability 
distribution function (PDF) shifts to the right, which implies a 

rise in the calculated HC. Besides this, it is demonstrated that 
setting DG capacity as constant values rather than accurately 
modeling the uncertainty associated with their capacity 
underestimates the determined HC in the network. The value 
of data gathered through Smart Metering (SM) in estimating 
the PV HC in a real DN is introduced in [85]. The paper 
presents a probabilistic technique based on the MC algorithm 
that calculates PV HC relying on consumer energy data 
obtained from SM equipment. According to the findings, the 
predicted PV HC is significantly greater than the result 
obtained using a deterministic worst-case technique. 
In addition, the harmonic constrained HC of a 6-consumer 
rural DN in Northern Sweden is calculated in [86] relying on 
an MC-based stochastic study. While the HC in two of 
Sweden’s DNs is assessed in [90], taking voltage unbalance 
into account. The negative-sequence voltage unbalance is 
calculated using a stochastic method based on the MC 
approach for each potential location of the DG. 
Unlike the traditional stochastic techniques, such as the MC 
approach, a more effective technique known as Latin 
Hypercube Sampling with Cholesky Decomposition (LHS-
CD) was first created in [93] for performing the PLF 
calculations in an Australian DN. Results show that this 
method is more accurate than the MC technique and requires 
less calculation time. In contrast, considering the probability 
distributions of the PV generation and consumer power 
consumption uncertainties was introduced in [94] using a 
cumulant-based approach, a more advanced version of the MC 
approach. Regarding risk assessment, authors in [95] proposed 
a numerical description of risk as the sum of the product of the 
probability of these contingencies and the consequence that 
will result from it (also known as the severity). In order to 
estimate the DN HC, authors in [92] introduce a novel risk 
assessment tool that considers PV, wind turbine, and load-
related uncertainties. Additionally, the Sparse Grid Technique 
(SGT) is proposed as an efficient method for computing 
uncertainty, meanwhile the MC technique is used for 
comparison.  

C. OPTIMIZATION-BASED METHOD 
The last category of methods illustrated in literature for 
calculating the DN HC are those optimization-based methods. 
In such methods, the problem of computing the HC is modeled 
as an optimization problem where its objective is addressed 
mainly as maximizing the DG-HC while keeping the technical 
performance indices in the allowable range. In some works, in 
the literature, maximizing the HC is combined with other 
objectives, such as minimizing losses or cost, creating a multi-
objective function such as [33,96,97]. While authors in 
[28,35,98–100] introduced the optimization problem as a 
single-objective function.  
Additionally, different optimization techniques are presented 
in HC literature. The most popular technique is Particle 
Swarm Optimization (PSO), as presented in [96,101], because 
it is simple to use. Moreover, the Artificial Bee Colony (ABC) 
was introduced in [102] because it converges quickly. Robust  
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FIGURE 10: Flow charts of different HC determination methodologies: (a) 
constant-generation, (b) time-series (for one day), (c) stochastic, and (d) 
optimization-based. 

optimization techniques are employed in [20,103,104] 
because the output of the DG, size, and location are considered 
uncertain.  
The primary drawback of these optimization methods comes 
from the fact that they require several iterations to produce the 
optimal result. They also involve power flow analysis, which 
is iterative-based, which in turn means longer computational 
times. Therefore, it is recommended to choose an optimization 
technique that gives fast convergence [4]. To deal with 
nonlinearity of power flow equations, they are linearized, like 
in [28,100], using linear programming. 
As a way to handle uncertainties in HC assessment, stochastic 
optimization (SO) and robust optimization (RO) have been the 
two most common methods presented in the literature. Some 
literature introduces a stochastic optimization approach for 
determining the maximum HC considering uncertainties such 
as [97,105]. Load consumption uncertainty is considered in 
[105], while the uncertainties in generation, i.e., wind power, 
are presented in [97]. In [105], a probabilistic multi-objective 
optimization approach considering load uncertainties of two  

FIGURE 11: Summary of DG-HC assessment methods. 
 
real DNs in Egypt and Taiwan is employed using two 
enhancement techniques, e.g., DN reconfiguration and soft 
open point (SOP). In DNs, SOPs have been placed instead of 
Normally Open Points (NOP) to combine the advantages of 
radial and mesh-operated networks while avoiding the 
disadvantages of both [106]. 
Regarding RO, to represent the stochastic character of the DG 
output and load profile, Pout of DGs and load demand are 
created probabilistically in [103]. The HC is determined using 
an RO technique based on a distributionally robust capacity 
assessment model (DR-CAM). Using the IEEE 33-bus system 
and the IEEE 123-bus system, the DR-CAM approach is 
validated and compared with the deterministic DG capacity 
assessment model (D-CAM). In contrast, the RO algorithm 
presented in [104] is validated via an unbalanced DN. 

10%

24%

40%

26%

DG-HC assessment methods

Constant-
generation methods

Time-series
methods

Stochastic methods

Optimization-based
methods

Start

Is any 
constraint 
violated? 

Load demand and 
generation data

Apply load flow 
calculations

End

HC = the amount of 
DG in the previous 

step

DGs output power are 
randomly set as 

optimization variables 

Run the optimization 
allgorithm

Determine the 
objective function and 

constraints

No

No

Yes

Modify optimization 
variables

Is the total number of iterations 
reached or optimal value achieved? 

Yes

No

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2023.3349235

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



 Z. M. Zenhom et al.: Renewables and Electric Vehicles Hosting Capacity 

VOLUME XX, 2023  

Regarding single-objective optimization, authors in [98] 
formulated the HC problem of a hybrid system for renewable 
energy, i.e., wind and PV resources, as a single-objective 
optimization problem. This article aimed to evaluate the merits 
of the hybrid system for renewable energy and compare it to 
one that used only one RDG technology. It was discovered that 
the hybrid system had a larger hosting capacity. Unlike HC, 
authors in [28] determined the maximum LC of IEEE 33 bus 
DN. Linearizing the power flow equations presented as an 
alternative for tackling the nonlinearity issue. The primary 
focus of multi-objective optimization issues is on conflicting 
objective functions, where improving one objective function 
deteriorates the other. As a result, numerous approaches have 
been employed to tackle such a problem, such as the weighted 
sum, Pareto-dominance-based, and ε-constraint [97]. Pareto-
dominance-based approach is employed in [96], while the ε-
constraint method is presented in [97] and [107]. Pareto-based 
bat algorithm is presented in [108]. 
Moreover, an approach for preferences ranking by closeness 
to the perfect result (TOPSIS) is employed to determine the 
optimal result between the Pareto solutions [105]. A Pareto-
based multi-objective firefly algorithm (MOFA) is proposed 
in [109]. Finally, a comparison between the flow chart of each 
DG-HC assessment technique and a statistical summary 
gathered from publications are presented in Fig. 10, 11 
respectively. 

V. DISTRIBUTED GENERATION HOSTING CAPACITY 
ENHANCEMENT TECHNIQUES 

Several technical solutions have recently been applied to raise 
the allowable HC level of DNs significantly. Based on 
technical issues caused by high penetration of DG in DNs, e.g., 
voltage level violation and higher harmonic content, the 
enhancement techniques have been contemplated to solve or 
mitigate these issues, which in turn enables DSOs to accept 
additional DG to be integrated into the DN and the HC level 
is enhanced. As stated in [2], DSOs, consumers, or both might 
apply these improvement methods as an interactive solution. 
The most common enhancement techniques mentioned in the 
literature are illustrated in Fig. 12. 

A. NETWORK RECONFIGURATION AND 
REINFORCEMENT 
Distribution Network Reconfiguration (DNR) involves 
modifying the state of switches, tie switches, and 
sectionalizing switches to change the topology of the DN. The 
DN has many candidate-switching possibilities, so the DNR 
problem is presented as an optimization problem [110]. The 
HC is enhanced during DNR in several works in the literature 
[111-113,116-119]. Additionally, based on time frame, DNR 
may be categorized to static and dynamic reconfiguration. The 
crucial difference between static and dynamic reconfiguration 
approaches is considering the load variance during the 
 
 

 
FIGURE 12: Summary of the most common DG-HC enhancement 
techniques 
 
research period [120]. DN reinforcement is employed in 
[111,112] to enhance the DG-HC and deal with increasing 
loads. Network reinforcement (or cable reinforcement) means 
replacing smaller conductors with larger ones to provide the 
load while staying within the thermal limits. 
On the other hand, cable oversizing is not cost-free and will 
undoubtedly result in additional expenses. Therefore, 
optimizing the conductor size is crucial in DN planning. 
Authors in [112] introduced two different enhancement 
techniques, i.e., on-load tap changer (OLTC) and conductors’ 
reinforcement, to enhance the PV HC level. After comparing 
results, the reinforcement approach is noticed to be more 
economical in case of lower penetration amount (up to 60%) 
in the studied network. In [111], the optimal size of the main 
feeder of a real DN in Egypt is selected among a library of 20 
different cables to decrease yearly costs of power loss besides 
the capital cost of feeders using a slap swarm optimization 
algorithm. Regarding comparing static and dynamic 
reconfiguration, authors in [115] investigate how both static 
and dynamic DNR might boost the HC level of DNs. 
According to results, dynamic reconfiguration can result in a 
higher DG-HC than static reconfiguration due to its flexibility 
to adjust to shifting operational conditions. However, there are 
several negatives, including the cost of switching actions’ 
wear and tear and the possibility of failure. The authors in 
[116] introduced a novel technique to deal with the numerous 
switches involved in the DN.  
On the other hand, the shortest route methods are employed to 
determine the minimum cost of modifications needed to 
achieve a target penetration amount of PV is introduced in 
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[114]. The HC of renewable energy is maximized via a novel 
two-stage approach in [119]. 

B. Power Quality Compensation 
Various power quality issues, e.g., harmonics, flickers, and 
unbalance, might appear in case of excessive penetration of 
DG into DNs. Therefore, studies have suggested different 
technical solutions to mitigate these power quality issues, 
enhancing the DN HC. The impacts of DG's 
excessive penetration on aspects related to power quality are 
proposed in [51,57,59,109,121-127].  
Regarding harmonics mitigation, the HC enhancement via 
optimal passive filter design in a distorted DN with PV-based 
DG units is addressed in [51] and [109]. A single objective 
function is used to construct the optimization problem in [51]. 
In contrast, [109] formulated a multi-objective function for 
HC maximization and PF at the Point of Common Coupling 
(PCC), taking the filter design parameters and DG capacity as 
optimization variables. In [51], for the sake of maximizing the 
DG-HC of the test system while adhering to the limitations, a 
passive filter of type "C" is developed. The suggested filter 
could achieve higher HC levels after comparing it to three 
other traditional filter designs. The authors in [109] concluded 
that the HC enhancement obtained by the novel strategy, i.e., 
MOFA, is markedly more prominent than that achieved based 
on the methods that were most recently mentioned in 
literature. With the suggested method, the overall filter cost for 
improving the HC of the system is also considerably reduced. 
Additionally, two power quality problems, voltage fluctuation 
and unbalance, might arise due to excessive penetration of 
domestic PV systems into DN. Therefore, different objectives, 
i.e., DG cost minimization, DN total active power loss 
minimization, and voltage unbalances factor minimization, 
were combined with proper weighting factors in [125], 
forming a multi-objective to tackle these two problems. In 
contrast, the Imbalance distribution of one-phase PV systems 
causes the neutral voltage rise issue. Therefore, an innovative 
dynamic mitigating strategy relying on community energy 
storage is presented in [124] to tackle this issue. Moreover, for 
power quality improvement in a single phase DN integrated 
into PV and wind energy generation system, an amplitude 
adaptive notch filter (AANF)-based control method is 
presented in [126]. The system’s performance is evaluated on 
a designed prototype in the laboratory. While the study of a 
33-bus DN includes an effective inverter’s voltage control 
technique, it is presented in [127]. This mechanism reacts 
quickly to reduce voltage fluctuations and flicker. 

C. Energy Storage Systems 
Energy storage devices assist in reducing the overvoltage 
caused by higher DG amount, increasing the system’s HC. 
Battery Energy Storage Systems (BESS) are the most widely 
used technique of energy storage in HC enhancement. 
However, energy storage still has a high cost and has certain 
advantages that cannot be obtained through other methods. 

The DSO’s plans for DN reinforcements might be delayed by 
the BESS’s proper sizing and allocation [2]. In [27,36,118–
128], the influence of energy storage systems on the allowable 
limit of DG penetration was introduced. 
Using BESS and forecasting together, an almost doubling HC 
improvement from 19.64% to 39.29% has been observed in 
[131]. The proposed methodology analyzes the merits of 
short-term PV forecasts and BESS to raise the PV HC. In 
addition, coordinating the operation of three voltage regulators 
and BESS enables a DN in Canada to boost its HC by 60% 
[130]. However, the authors claimed that in the feeders with 
poor connections to the main grid, the BESS would be a cost-
competitive alternative to raise the HC as opposed to grid 
reinforcement options. 
Although using BESS in high DG penetration cases is a 
beneficial strategy for avoiding overvoltage and, in turn, 
enhancing HC, energy storage control (or management) is 
required to achieve higher HC with a lower required capacity 
of energy storage [132,139]. In order to prevent overvoltage 
and boost the FHC of PV in a real feeder in Denmark, an 
innovative control strategy depending on the voltage 
sensitivity analysis was suggested in [132]. According to 
results, installing just 5 kWh of battery per consumer can 
enhance HC by as much as 50%. In comparison, a 
decentralized energy storage approach is proposed in [139] to 
avoid overvoltage in a real feeder in Belgium with high 
amount of PV. Unlike the conventional strategy of operating 
BESS, each BESS in this study is activated at a specific 
threshold PV output power (PTH) determined by the proposed 
technique based on avoiding overvoltage. In addition, the 
BESS capacity and location can be optimized to achieve 
maximum HC, as presented in [48,128,133]. By determining 
the optimal BESS allocation, authors in [128] suggest a 
BESS planning approach to maximize the PV HC of an 
unbalanced DN in Australia, considering uncertainties. A 
SO-based technique is employed to solve the problem. 
According to the findings, the HC was significantly 
increased, and the phase imbalance was reduced by installing 
the BESS in the optimal sites. A proposed technique for 
capacity and site optimization of a central BESS to raise the 
HC in a German DN is presented in [48].  
On the other hand, studying the economic feasibility of 
installing BESS to enhance HC is presented in [135,136]. It 
was suggested in [135] to employ a systematic approach 
regarding choosing when to use storage systems. The authors 
compared BESSs with other alternative HC improvement 
strategies due to the high cost of BESSs. It is concluded that 
network upgrades may be delayed by the battery storage 
systems’ proper sizing and placement. In addition, a cost-
based multi-objective optimization technique was employed 
in [136] to find the optimal BESS size. Finally, with the goal 
of higher wind energy penetration in a remote DN, authors in 
[140] examine the control mechanisms for DGs, BESS, and 
demand response. The study controls frequency variations, 
and wind energy is maximized by energy storage and demand 
response. Results indicated that energy storage and demand 
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response could provide the desired frequency response while 
also successfully compensating for wind variability. 

D. ACTIVE POWER CURTAILMENT 
To maintain the grid's operational limitations, Active Power 
Curtailment (APC) takes place when DG units are 
requested to reduce their output power to fit the load demand 
needs [2]. APC is one of the most economical alternatives to 
expensive grid upgrades, which might be necessary only for a 
few hours [141]. Several works introduced APC methods to 
enhance the DG-HC, such as [34,130-136]. The deployment 
of advanced communication technology between power 
system operators and DG units plays a significant role in 
achieving the most effective APC [7,145]. The APC of the 
generated power by consumer PV systems based on the 
Internet of Things (IoT) is proposed for increasing HC in [7]. 
In addition, the authors described the APC approaches and 
their participation in HC increase [145]. It is concluded that 
the DG curtailment ought to be evaluated while taking into 
account both technical and economic factors as it would not 
be profitable to purchase new DG unit additions and then 
limit the extra power for extended periods. In addition, APC 
can be classified into two types: hard curtailment and soft 
curtailment [141,146]. Authors in [146] discuss using APC 
to overcome overcurrent and overvoltage limitations and 
connect more wind or PV to four case studies. It has been 
demonstrated that soft curtailment usually increases the 
overall quantity of energy produced from DGs. In [144], 
different PV penetration scenarios are examined for DNs in 
rural, urban, and remote areas with varying levels of PV 
penetration. Findings demonstrate that curtailment is the 
strategy that is most economical to enhance the PV HC 
compared to BESS and reactive power control. By choosing 
a probabilistic strategy in [46], a slight APC applied to PV 
power allowed for raising PV penetration twice. Finally, one 
of the common issues in literature is the unfairness in APC 
distribution between the installed PV inverters in the system 
[137,138,142]. A novel approach is utilized in [149] to 
evaluate the fairness of various PV-curtailment schemes 
from several viewpoints. The authors in [142] showed that 
the curtailment needed in DNs when adopting optimal 
inverter dispatch is around half that necessary when 
employing the Volt/VAr scheme. The main novelty of this 
study is proposing the fair optimum inverter dispatch 
formulation, that makes certain that the power curtailment is 
distributed equitably among all the consumers. 

E. VOLTAGE CONTROL USING ON-LOAD TAP 
CHANGER 
Incorporating OLTC is among the most efficient strategies of 
voltage control that can automatically compensate for the DN 
voltage profiles. As a way to keep the transformer output 
voltage throughout the required bounds, the tap position is 
changed, which in turn alters the turns number in one winding 
of the transformer, often on the high voltage side [150]. The 
effect of OLTC on HC is presented in several literature works 
such as [102,140–150]. The techno-economic merits of 

equipping OLTC with transformers to handle high PV 
penetration rates are introduced in [112], and the findings are 
compared to conventional network reinforcements. It is 
demonstrated that the reinforcing alternative is more 
economical in lower penetration levels (up to 60%). In 
addition, the effect of the number of taps is illustrated in [161]. 
A 5-tap and 9-tap OLTC are employed to raise the PV HC in 
631 French DNs. Findings show that DNs vary significantly 
concerning the effect of OLTC on their HC. Additionally, the 
OLTC with nine taps does not significantly boost HC 
compared to the one with five taps for the tested networks. 
It is noticed that some literature works introduced more than 
one technical solution to tackle the overvoltage issue and, in 
turn, enhance HC [158,160]. Two improvement methods, i.e., 
OLTC and voltage control via PV inverters, are presented in 
[160] to raise the HC. The authors introduce a novel concept 
of the cable’s critical length. It is defined as the length at which 
the performance limitations begin to go over their limits. 
OLTC and capacitor banks were introduced in [158] to tackle 
the overvoltage problem associated with high PV penetration 
in a real DN in the UK. In [152], OLTC, inverters reactive 
power control, network reinforcement, and hybrid of these 
methods are employed to enhance DG-HC and then compared. 
The findings show that a network upgrade is the best strategy 
to maximize the HC from a technical perspective, but 
economic perspective does not support its viability. 
Additionally, OLTC employment will double HC in case of 
tighter voltage limits. Moreover, when OLTC is shown to be 
the more costly (low PV penetration circumstances), reactive 
power control is the sole method that might be used.  
Regarding experimental studies, authors in [162] introduced 
the advantages of two enhancement methods, i.e., OLTC and 
network balancing, on HC. A novel experimental planning 
tool in Belgium to compute HC is used. Findings show that 
the proposed methods can achieve a 67% rise in HC. 
Moreover, authors in [159] estimate the maximum PV HC of 
a rural DN in Brazil using a time-series-based assessment 
approach. The HC is limited by voltage level and overload in 
distribution transformers. Thus, the technological effect of 
using OLTC and VAr absorption was studied to boost this 
capacity. 

F. REACTIVE POWER CONTROL 
The biggest obstacle to substantial DG penetration is thought 
to be overvoltage issues. The most successful techniques for 
resolving these issues are reactive power control techniques. 
Shunt and series capacitor banks, STATCOM, and reactive 
power control via PV inverter are just a few examples of the 
various reactive power control methods that can be employed 
[1,2,138]. The influence of reactive power control (RPC) on 
the HC of DNs is illustrated in [9,152–162]. A novel 
probabilistic mathematical formulation is illustrated in [164-
165] to optimize the HC of renewable energy while preserving 
the allowable limits at the lowest possible cost via energy 
storage units and capacitor banks. To be novel, the proposed 
method optimized the size and location of DGs, i.e., solar and 
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wind, energy storage units, and capacitor banks 
simultaneously.  
Authors in [103] evaluated the influence of OLTC and 
controlling the output reactive power of the integrated DG 
unit, following the Q(V) approach, on HC improvements. It is 
mentioned that during periods of high DG penetration, RPC in 
rural regions may result in an unbalanced flow of reactive 
power. To balance reactive power flows, it was suggested to 
install DG sources adjacent to substations. The authors in 
[163] examine how RPC via the PV smart inverter affects the 
feeder PV HC. It employs a Q(V) droop control technique and 
simulations in OpenDNS and MATLAB. It was discovered 
that smart inverter characteristics improved the feeder HC. For 
HC enhancement, [169,171] have used combined APC and 
RPC techniques. As stated in [169], the findings of applying 
the APC technique show the effectiveness of this strategy in 
keeping the voltage within the accepted standards, but it might 
cause unfairness in APC distribution between the installed PV 
inverters. 
Regarding RPC, findings illustrate that the inverter should be 
oversized by almost 18% to extend its operation region. A 
comparison between APC, RPC, and combined active-
reactive power control is conducted in [171]. It is discovered 
that implementing APC is a vital step to significantly enhance 
voltage quality and boost the PV HC in DNs. 

G. DEMAND RESPONSE PROGRAMS 
Demand response (DR) programs, e.g., price-based or direct 
load control, significantly improve the DN voltage profile, 
enhancing HC. However, effective execution of DR 
necessitates sophisticated optimization challenges. Instead of 
costly solutions such as DN upgrades, DR programs represent 
an economical alternative to overcome voltage quality issues 
during high penetration periods of RDGs, relieve stress on the 
grid during peak demand, and, in turn, create an opportunity 
to increase the HC [167,173].  
Authors in [173] formulated a multi-objective optimization to 
achieve several objectives simultaneously, i.e., minimizing the 
cost of DR, the total losses cost, voltage unbalance, and 
enhancing the voltage profile. The coordinated operation of 
domestic DR and OLTC using a Particle Swarm Optimization 
(PSO) technique is a powerful solution for voltage 
management and, in turn, voltage-constrained PV HC 
enhancement. At the same time, DR and switchable capacitor 
bank scheduling are two efficient methods [167] to enhance 
wind-based HC. According to findings, applying DR and 
capacitor switching raises the HC by about 26.3%.  
A load-shifting DR approach was also suggested in [174] to 
raise the PV HC. A 33.6% average increase in PV HC was 
achieved after applying the proposed scheme. On the other 
hand, a DR program based on load shifting is applied in [175] 
to maximize wind-based HC and minimize the system losses 
simultaneously. However, a DR scheme based on switching 
flexible loads, e.g., water heaters, is suggested in [176] to 
enhance PV HC. A DR program is applied in [177] to tackle 

the overvoltage issue brought on by higher penetration of PV 
panels. This study presents an approach to control the use of 
the home's air conditioner and electrical water heater to 
prevent voltage raise, which would boost PV hosting capacity.  
 

H. Upgrading Network infrastructure  
When the integration of DG causes operational issues on the 
DN to diverge from allowable limits, DN upgrades become 
necessary, and mitigating measures must be put in place to 
guarantee power quality, safety, and dependability. As the 
DG-HC term refers to the higher penetration level at which the 
DN still operates within accepted limits without infrastructure 
upgrading, some modifications, such as conductors 
oversizing, raising transformers ratings, and integrating 
voltage regulators, may enhance this DG-HC [178,179]. 
DN infrastructure upgrading was introduced as an effective 
solution for HC improvement in various recent publications 
[111, 178–182].  Depending on two upgrading alternatives, i.e. 
replacing feeders, and installing voltage regulators, authors in 
[182] introduced a multi-objective optimization scheme to 
enhance DG-HC and minimize the upgrading cost 
simultaneously. To guarantee the proposed scheme 
robustness, load consumption and DGs output are considered 
time-varying and uncertain. Findings show that the proposed 
DN infrastructure scheme can dramatically raise DG-HC to 
almost 65%. On the other hand, upgrading cost function is 
formulated as a function in PV penetration amount for three 
real feeders in US as presented in [179]. 
Cables oversizing is one of the most effective upgrading 
actions to enhance HC as illustrated in [111,180]. 10 mm2 
cables of a Swedish DN are oversized to higher cross-sectional 
areas, without any cost calculations, and then the voltage-
restricted HC is calculated in [180]. Findings reveal higher HC 
is achieved with higher cross sectional area cables. While a 
slap swarm optimization algorithm is employed in [111] to 
determine the optimal size of the main feeder of a real DN in 
Egypt from a library of twenty different cables in order to 
reduce annual costs of power loss in addition to the capital cost 
of feeders. 
 
On the other hand, some recent publications focused on the 
track of comparing DN upgrading with other enhancement 
techniques as presented in [178,181]. Authors in [181] 
compare PV curtailment and DN infrastructure upgrading, 
from economical point of view, to determine which is the least 
expensive way to eliminate network violations and integrate 
higher PVs. It is revealed that DN upgrading becomes 
reasonable at the breakeven point, which is the intersection of 
curtailment and upgrade costs, since the marginal cost of 
curtailment is greater than the upgrade cost. While DN 
upgrading is compared in [178] with Volt/Var control and 
energy management system with four points of comparison, 
i.e. effectiveness, total cost, amount of curtailed output power 
and total losses.  
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I. Generation and Transmission Expansion Planning 
An alternate and practical solution to the issues raised by the 
extensive usage of RDGs is to raise the HC during the 
planning stage. A lot of effort is still being made to develop 
planning strategies that can raise the HC and prevent the 
previously listed issues [183]. Although there have been a 
number of planning models put forth to boost the integration 
of DGs, there is currently a lack of research in the literature to 
quantify the capacity of the networks to host RDGs, during the 
planning stage, that adhere reliability and security 
requirements [183,184]. Recent publications, for example 
[183–186], conducted research to enhance DG-HC, during the 
planning phase, depending on generation and transmission 
expansion planning models. 
A proposed DG-HC planning approach is suggested in [183] 
to supply future load demands. To forecast yearly load growth, 
a load forecasting approach based on adaptive neural fuzzy 
technique is integrated with the planning model. in addition, a 
hybrid optimization method is developed which incorporates 
the features of two meta-heuristic techniques. The primary 
goal is to determine the best locations and sizes of fault current 
limiters, and BESSs in order to raise the HC level and ensure 
the reliability and security requirements. While smart inverters 
are implemented into a proposed expansion strategy to 
enhance the voltage-restricted PV-HC through planning years 
in [186]. Findings illustrate that a 50%-increase in PV-HC can 
be achieved through the proposed technique. 
When it comes to [184], DG-HC is maximized through 
planning period considering batteries and fault current limiters 
using a combined artificial rabbits and sine-cosine techniques. 
The proposed approach is applied to Garver DN and shows 
almost a 100% increase in DG-HC. While a bi-level proposed 
approach is applied in [185] to minimize the total cost of 
generation and transmission expansions first and then the DG-
HC calculations are executed. Findings demonstrate that 
limitations considered in HC assessment level greatly affect 
the best plans for transmission expansion and dramatically 

raise system costs overall.  Finally, the published papers that 
studied DG-HC are summarized in Table 5. 

VI. HOSTING CAPACITY OF ELECTRIC VEHICLES 
More than a quarter of all greenhouse gases are emitted by the 
transportation sector, which is the main source of CO2. This 
prompted governments and people worldwide to encourage 
using electric vehicles (EVs) to decrease these harmful 
emissions. In 2020, sales in the EV sector climbed by 137% in 
the European Union and 43% globally. Nearly 50% of 
Sweden's newly registered passenger cars during December 
2020 were plug-in hybrids or electric-based. In the United 
States, EV electricity usage climbed from 0.1 terawatt-hours 
to 1.9 terawatt-hours between 2012 and 2017. The excessive 
increase in EVs integrated into the DN has some technical 
issues that should be considered [3,187,188].   

A. IMPACTS OF GRID-CONNECTED ELECTRIC 
VEHICLES ON DISTRIBUTION NETWORKS 
While using EVs more frequently has introduced several 
positive effects, the excessive penetration of grid-connected 
electric vehicles (GCEV) into DNs has some negative 
impacts, as shown in Fig. 13. The merits of integrating GCEVs 
into DNs are summarized in Table 6. In contrast, the demerits 
are introduced in Table 7. 

B. THE EFFECT OF INTEGRATING EVS ON DG-HC 
Whereas many studies proposed various approaches to 
assessing the DG-HC, only [203-207] considered the effect of 
GCEV integration on the DG-HC problem. The work 
presented [204] is considered the first article that took the 
effect of the EV charging process into account during DG-HC 
calculation. As mentioned before, DSM programs can be 
applied to enhance the DG-HC. Due to their growing use, 
GCEVs offer a significant promise for DSM. This section 
presents the consequences of integrating EVs into the DG-HC 
problem; however, the EV-HC is discussed in the 

 
TABLE 5: DG-HC publications summary.

Ref. Year Limiting factors Assessment methods Enhancement methods Comments 

[165] 2016 
Voltage limits 

Feeders ampacity 

Mixed-integer linear 
programming 
optimization 

BESS, Capacitor banks 
The size and site of DGs, capacitor sizes, and 
battery capacity are optimized simultaneously. 

[115] 2015 
Voltage Limits 

Thermal loading 

Mixed-integer linear 
programming 
optimization 

Static and dynamic 
network 

reconfiguration 

Dynamic reconfiguration enhances the HC more 
than static reconfiguration. 

[145] 2011 
Overvoltage 

Thermal loading 
Deterministic 

approach 
APC 

APC should be assessed considering both 
technical and economic conditions. 

[128] 2021 
Voltage rises 

Voltage imbalance 

Mixed-integer Linear 
programming 

optimization with 
Monte Carlo method 

BESS Optimal sizing and site of BESS enhance the HC. 

[111] 2018 
Voltage limits 

Feeders ampacity 
Salp swarm 
optimization 

Conductors’ 
reinforcement 

Optimizing the conductors’ sizes is crucial. 
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[109] 2021 
Voltage limits 

Thermal loading 
THD 

Pareto-based MOFA 
optimization 

algorithm 

Harmonics mitigation 
(passive filter) 

The proposed technique achieves lower filter costs 
with accepted performance. 

[112] 2015 
Voltage limits 

feeders ampacity 
A proposed stochastic 

approach 

OLTC 
conductors 

reinforcement 

Reinforcement is more economical (for lower 
penetration levels). 

[51] 2017 
Voltage limits 

Thermal loading 
THD 

GA 
Harmonics mitigation 

(C-type filter) 
The proposed filter type achieves higher HC 

compared to the conventional one. 

[131] 2019 Voltage limits 
Sky-imagery 

technique for PV 
forecast 

Short-term PV forecast 
BESS 

HC is almost doubled by applying the proposed 
technique. 

[7] 2021 Overvoltage limits MATLAB Simulink 
APC using IoT 

technique 
IoT technology has a strong effect on HC increase 

[157] 2017 Voltage limits Monte Carlo OLTC, Capacitor banks 
The technique proposed can replace remote 

monitoring. 

[173] 2018 Voltage limits PSO OLTC, DR program 
Total losses in case of OLTC with DR is less than 

considering DR only 

[182] 2022 
Voltage magnitude 

Thermal limits 
Pareto optimal 

method 
Upgrading network 

infrastructure 

To guarantee the proposed scheme robustness, 
load consumption and DGs output are considered 

time-varying and uncertain 

[183] 2022 
N-1 security 

Short circuit current 
Thermal limits 

Hybrid optimization 
algorithm 

Generation and 
transmission expansion 

planning 

To forecast yearly load growth, a load forecasting 
approach based on adaptive neural fuzzy 

technique is integrated with the planning model 

[174] 2022 Voltage limits 

A proposed iterative 
optimization method 
based on linearizing 

power flow equations 

Load-shifting DR 
program 

A 33.6% average increase in PV HC was achieved 
after applying the proposed scheme 

[181] 2023 Voltage limits Monte Carlo 
PV curtailment  

DN infrastructure 
upgrading 

PV curtailment and DN infrastructure upgrading is 
compared from economical point of view  

TABLE 6: EVs integration into DNs merits.

TABLE 7: EVs integration into DNs demerits 
Impact Brief description 

Stability problems Since EV demands are non-linear and require a huge amount of power in a small period, they make the power grid unstable 
[187]. GCEVs can improve the stability of the DN if it is correctly controlled [188]. 

Power loss increase 
 A significant quantity of real power is consumed as EVs become increasingly integrated into the grid, resulting in distribution 

system power loss [189]. Since 60% of the EVs are connected to the grid, the power loss increase can climb to 40% in the 
off-peak hours [189]. 

Harmonics 
 Because EV chargers are power electronic equipment, they produce harmonics during power conversion, and if their 

penetration is larger, they raise the harmonic content in the DN [190]. Some studies find that the voltage THD percent 
produced by a few numbers of fast charging stations reached 11.4% [190]. 

Voltage unbalance and 
voltage profile problems 

 Because EV chargers are single-phased, charging many EVs simultaneously might result in phase unbalance [190]. The 
voltage of some buses decreases significantly (below the allowable limits) when more than 50% penetration of GCEVs is 
considered [191]. 

Transformer and cables 
overloading 

  Huge numbers of GCEVs provide an incremental load demand which needs to be produced and delivered. The new demands 
are too much for the components of the existing power systems, that may result in overloading and decrease transformer 
lifetime [190] [192]. 

Load demand rise  Almost 1000 TWh increase in load demand can be added by GCEVs [184]. Unscheduled charging increases load consumption 
through peak periods., which can be a huge utility problem [193]. 

Impact Brief description 

Renewable energy enhancement RDG can be enhanced by achieving minimum cost and greenhouse gas emissions using GCEVs [180]. 
The most economical solution is to install RDG with storage using fast-charging EV stations [181]. 

Voltage and frequency regulation (via 
V2G capability) 

The effect of GCEVs on regulating the frequency of a Danish DN via V2G facility [182]. 
With the facility of V2G, GCEVs offer several positive effects, such as voltage regulation, frequency 
management, active power management, and load balancing [183]. 

Power management Using planned charging and discharging can improve power management [184]. 

Power quality support 
Using smart parks might introduce power quality improvement, as illustrated in [185]. 
The ability of V2G facility to improve the voltage stability of the DN (considering uncertainties of EVs) is 
presented in [186]. 
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FIGURE 13: Impacts of integrating EVs into DNs (a) merits; (b) demerits.
following section. The HC of wind-based DGs is presented in 
[206] as a two-stage optimization problem; maximizing the 
penetration of the DG units via OLTC was the first stage and 
minimizing the energy loss by optimizing the 
charging/discharging process of EVs was the second. The 
mixed-integer linear programming approach was applied to 
formulate the optimization problem. The findings indicate 
that, compared to the uncontrolled strategy, managing the 
charging/discharging process of GCEVs can boost the DG-HC 
by up to 15%. Similarly, authors in [205] applied a bi-level 
optimization problem to maximize the wind-base DG-HC via 
controlling the charging/discharging process of GCEVs, 
OLTC, and RPC. The gravitational search algorithm solved 
the optimization problem. The findings show that the best 
enhancement of HC occurs when using all these methods 
simultaneously. By considering a different DG type, i.e., PV 
HC, in [203], the authors also proposed a bi-level optimization 
approach for optimizing the DG-HC via controlling GCEVs, 
OLTC, and RPC charging. One of the challenges faced in 
considering EV charging/discharging operations in DG-HC 
assessment is modeling the uncertainties related to this 
process. In addition, publications that simultaneously assess 
the DG-HC and EV-HC in AC DNs are rare. Only [208] and 
[209] were published in this area. A multi-objective 
optimization problem was proposed in [209] to maximize the 
penetration level of PV and wind DGs to minimize the total 
losses besides maximizing the EV demand in the DN 
simultaneously without violating the allowable limits of bus 
voltages and cable thermal loading. The findings show that, 
contrasted to the scenario of uncontrolled EV charging, it is 

possible to boost the DG penetration by 9% by controlling the 
consumed power by EV aggregators. Authors in [208] 
calculated the DN HC of both PV-based DG and EV demand 
simultaneously in four energy management cases: (i) 
uncontrolled scenario, (ii) controlling EVs charging only, (iii) 
with APC of PV units only, and (iv) with both EVs charging 
control and APC of PV units. Considering the uncertainty of 
EVs, authors in [210] assessed the maximum DG-HC and EV-
HC simultaneously in an islanded DC grid. 

C. ELECTRIC VEHICLES HOSTING CAPACITY 
The term EV-HC has recently been introduced in different 
works to find the maximum EV charging demand, or EV 
number, that can be accommodated in the DN without 
experiencing technical issues or requiring infrastructure 
adjustments [20]. Various articles discussed EV-HC 
assessment and enhancement, such as [3, 20, 87, 187, 188, 
211–217]. Like DG-HC publications, research articles in EV-
HC also cover two main groups: EV-HC assessment and HC 
enhancement. Authors in [3,87,187,212,215,216] applied 
stochastic methods to tackle the uncertainty in EV charging 
demand, while [20,216,217] formulated the EV-HC problem 
as an optimization problem. To our knowledge, publications 
that solved the EV-HC problem by deterministic methods are 
rare, as the charging load of the EV could not be assumed as a 
fixed profile. Authors in [213] only proposed a simple iterative 
method based on assuming a deterministic load. 
In contrast to the DG-HC publication area, papers that 
recommend techniques for EV-HC enhancement are still few. 
Authors in [211,217] studied different methods to increase the 
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EV-HC. Regarding EV-HC evaluation, authors in [20] 
formulated the HC problem as a two-stage optimization 
problem, considering the uncertainty of EV charging load to 
minimize the operating cost. They proposed a chargeable 
region optimization concept to define the EV charging profile 
without the complex communication between the DN 
aggregator and EV owners. When it comes to [216], the 
number of GCEVs that can be connected to the recommended 
DN was maximized using a linear programming solver. After 
calculating, EV-HC was determined for the chosen buses 
daily. On the other hand, the authors in [3] tackled the EV-HC 
problem as a stochastic method, with no optimization applied, 
which was solved by the MC approach. Depending on survey 
data, the charging load of EVs was defined as PDFs. The 
findings indicated that the EV-HC, considering the 
uncontrolled charging scenario, was 438 cars, while it reached 
1510 cars in case of applying the controlled scenario. To 
decrease the execution time, authors in [212] applied a novel 
technique called the parallel computation concept. The HC 
problem was formulated as a time-series quasi-static problem 
and solved by the MC approach. The computation time 
decreased by almost 73% after applying the proposed 
approach. 
Additionally, authors in [87,187] applied stochastic methods 
adapted from DG-HC publications to assess the EV-HC. The 
maximum number of GCEVs that can be connected to each 
bus of the DN was calculated in [87], relying on the Combined 
Cumulants and Gram-Charlier approach. Findings illustrated 
that the EV-HC strongly depends on the site of connecting the 
charging station. Regarding [187], the authors implemented an 
MC-based approach, executed previously to calculate PV HC, 
to assess the EV-HC. Taking both aleatory and epistemic 
uncertainties into account, the maximum charging load of EVs 
was determined based on under voltage constraints. Moreover, 
a novel technique based on the Interval Undervoltage 
Probability method (IUP) was applied to assess the EV-HC 
[214]. The proposed method achieved better performance 
compared to other conventional methods. However, it has 
some limitations, e.g., it could not consider Vehicle-to-Grid 
(V2G). 
Regarding EV-HC enhancement, authors in [211] proposed a 
demand response program based on optimal 
charging/discharging operations of EVs to enhance the DN 
reliability, which raises the EV-HC. Given that the excessive 
integration of EVs to DN affects its reliability negatively, 
authors proposed different reliability indices as the limiting 
factors of EV-HC. The MC approach was presented to 
calculate the system's reliability. Findings indicate that the 
proposed method could raise the EV-HC. The EV-HC 
problem was presented as an optimization problem in [217]. 
Applying the GA method, the number of EVs and tie-switch 
statuses were considered the optimization variables to 
maximize the EV-HC. Findings indicated that the optimal 
network reconfiguration can raise the EV-HC in DNs. Finally, 
Table 8 summarizes the articles that studied EV-HC. 

VII. DISCUSSION 
Excessive penetration of DGs, especially renewable-based, 
into DNs causes some technical issues; therefore, choosing 
proper limiting factors to restrict this DG-HC is crucial. The 
node overvoltage is considered the most common 
performance index in literature, while components thermal 
loading, which occurs during high generation and low 
demand, comes second. Transformer overloading limitations 
are less rigorous than the cable overloading restriction. 
Additionally, a few authors decided to limit DG-HC via 
unusual but effective indices such as reliability indices. 
In addition, the most common DG technology in HC studies 
is PV. Given that HC is a location-dependent concept, it is 
shown that if PV interconnection points are closer to the 
substation and have lower impedance, a higher PV hosting 
capacity may be attained. In addition, as concluded from 
some literature, combining different renewable energy 
technologies has a larger hosting capacity than integrating 
just one. Moreover, a few DG-HC studies applied constant 
generation approaches to assess the DN HC. Stochastic 
methods are the most widely used approach for calculating 
DG-HC. Several mathematical techniques exist to generate 
random possible scenarios, but MC simulation is the most 
widely used. Moreover, to reduce computation times, 
linearizing power flow equations, a vector quantization 
approach, and considering only seasonal variation in load 
profiles were presented in the literature. 
Network reconfiguration is an effective technique to enhance 
DG-HC. Dynamic reconfiguration can result in a higher DG-
HC than static reconfiguration, while it involves some 
negatives. In addition, the optimal design of a passive filter 
to mitigate harmonic effects might enhance DG-HC, 
especially in distorted DNs. Energy storage devices assist in 
reducing the overvoltage caused by high DG penetration, 
increasing the system’s HC. BESS is the most common 
energy storage technique in HC enhancement. BESS is still 
expensive, so performing a feasibility study and optimizing 
its size and site is recommended. In some situations, the 
BESS would be cost-competitive compared to grid 
reinforcement options. Finally, APC is one of the most 
economical alternatives to other expensive enhancement 
techniques, e.g., network upgrades and OLTC; however, 
effective APC requires advanced communication technology 
between DSO and DG units. While using EVs more 
frequently has introduced several positive effects, the 
excessive penetration of GCEV into DNs has some negative 
impacts. Publications considering the effect of GCEV 
integration on the DG-HC problems are rare. It is noticed that 
managing the charging/discharging operation of GCEVs has 
a strong effect on DG-HC raise. 
Similar to DG-HC publications, research articles in EV-HC 
can also be divided into two main groups: HC assessment 
and HC enhancement. Most EV-HC papers discussed EV-
HC assessment, and only a few papers proposed techniques 
for enhancement. It is shown that EV-HC strongly depends 
on the site of connecting the charging station. Given the 
similarity and convergence between DG-HC and EV-HC 
concepts, the assessment approaches applied in the literature 
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to calculate DG-HC could be adapted and used to assess the 
EV-HC, such as MC and Gram-Charlier Expansion. Finally, 
a novel idea has recently been proposed in a few 
publications. They assessed the DG-HC and EV-HC 
simultaneously. The most common research points 
mentioned in both DG-HC and EV-HC publications are 
summarized in Fig. 14. 
 
VIII. CONCLUSION 
The term HC has recently been proposed in power system 
publications to determine the maximum capacity of these 
newcomers, e.g., DGs or EVs, that could be integrated into 
the DN without breaking the accepted operation. However, 
it is commonly used in literature for DG-HC, and EVs HC 
comes second. Unlike HC, some papers calculated the 
loading capacity of the DN. 
This paper presents a comprehensive and organized review 
of the DG-HC and EV-HC research for the first time. 
Similarities and differences between these two publication 

areas are illustrated. This article includes the different uses 
of the term HC, the most common performance indices, the 
various methods for assessing HC, the different techniques 
for HC enhancement, the contribution of DSM programs to 
raise the HC, the effects of integrating EVs on the DG-HC, 
and finally calculating and enhancing methods for EV-HC. 
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