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Abstract— Distributed Generation (DG) will become a future generation system known as a
renewable energy source. Renewable energy is a topic being developed due to being
environmentally friendly. It fulfills the need for electrical energy to replace fossil energy
sources to reduce climate change due to carbon emissions towards net-zero emissions by 2050,
reducing climate change by 1.5° C to 2° C. Solar photovoltaic (PV) is an energy source that has
been widely developed and has enormous potential; where PV can be integrated off the grid and
on the grid. Integrating PV into the network is challenging, so the network remains stable and
reliable due to intermittent energy generation. This paper reviews the integration of PV-DG
distribution networks. Topology, optimization, and impacts on the distribution network are also
discussed in this paper. The literature review results show that PV-DG integrated into the grid
has an impact caused by intermittent PV generation.
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1. Introduction

Electrical energy is one of the most important factors in driving economic and social growth,
which can directly affect the quality of life. Almost all sectors require electrical energy to support
modern infrastructure such as households, agriculture, health, transportation and so on [1], [2]. The
growth of the population and the global economy of the world, along with the ongoing
industrial revolution in the Asian region, particularly in countries that are not part of the
organization for economic co-operation and development (non-OECD), including China,
India, and ASEAN countries, have resulted in an increase in energy demand. This increase in
energy demand is primarily met by fossil energy sources, namely coal, oil, and gas. However,
it is important to note that the utilization of conventional energy sources can lead to
environmental issues [1], [3]-[5]. the conventional energy sources can cause environmental
problems. The large environmental impact due to the use of conventional energy sources, which has
resulted in a global crisis in the form of climate change due to carbon emissions. The carbon emissions
have become an important international issue for many leaders of countries in the world who are
members of the international community of the united nations framework convention on climate
change (UNFCCC) at the conference of parties (COP) in France [6], [7]. Therefore, after receiving
support from 195 countries, they agreed to address and take action to prevent and reduce
environmental impacts, known as net-zero emissions by 2050 [7].

Incorporating and making a contribution towards environmental sustainability through the

examination and involvement in academic research has demonstrated that innovation and
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technological advancements have resulted in the emergence of renewable energy as a viable
alternative to address energy challenges. This is particularly significant as fossil energy sources, which
have been continuously exploited, are anticipated to have limited availability in the foreseeable future.
[8], [9]. The energy that is environmentally friendly, characterized by low carbon dioxide (CO2)
emissions or negligible air pollution, has the potential to mitigate climate change resulting from
greenhouse emissions caused by global warming. This energy source facilitates the stabilization of the
world's climate change by reducing temperatures between 1.5°C to 2° C [10]-[16]. Renewable energy
is the best choice where its availability does not decrease, such as: sun, water, wind, geothermal,
marine energy and biomass [8], [14], [17]. The renewable energy has reached 3,064 GW at the end of
the 21st century [2], [18] The hydroelectric power plants, with 1,230 GW installed capacity consisting,
which are the largest energy source in the world, PV of 849 GW, wind power of 825 GW, geothermal
energy of 16 GW, marine energy of 524 MW and biofuel of 143 GW [18].

The use of solar energy as a renewable energy source functions as an energy source that is
always available during the day almost throughout the world, which effectively meets the increasing
energy needs. Apart from that, solar energy is the largest energy obtained by the earth. [19], [20]. The
utilization of solar power has witnessed a surge in tandem with the amplified potential of PV-based
power facilities. This remarkable growth, as cited by references [21], [22], has experienced an
exponential rise in recent times, surpassing alternative sources of sustainable energy. Solar power
plants are the second largest source of renewable energy [18], with the total number of PV installations
installed throughout the world at the beginning of 2022 amounting to 167.8 GW. It has increased of
21% with PV statistical data in the 2015-2022 period [18]. The utilization of solar energy is
anticipated to assume a paramount role in the 21st century, emerging as the preeminent renewable
energy source, as societies undergo a transition towards sustainable development [23]. Several
countries in the world show ambitious goals to build PV systems such as European countries including
Germany, Italy, Spain, the United States, and Asia such as Japan and China. Japan has set a total
installed capacity of 53 GW in 2030 [24], the United States is targeting 246 GW and 36 GW of
installed PV capacity in 2020 [25] where California is the largest state in the construction of PV
installations [26].

Utilization of PV based energy is widely used from micro to large scale connected to the
electricity grid through DG, with the categories micro DG 1W<5 kW, small DG 5kW<5MW, medium
DG 5MW<50 MW and large DG 50 MW<300 MW [27]. Integration between the DG and grid can
increase the capability to provide power, enhancing reliability, security, flexibility and power quality
[28]-[36]. Furthermore, because of its ability to control internal loads and generators, it has lower
network investment and contributes to sufficient generation [29]. The PV-based energy is widely used
from micro scale [30], [31] small scale [32], [33] connected to the electricity grid through DG.
However, it has a little number of the researchers conducted to study and implemented the integration
of PV-based DG in medium and large scale of grid power system [34]. The integration of DG between
large-scale PV and grids power system transmission network presents several technical challenges that
arise such as voltage control, power quality and protection issues [35].

The PV system sources connected to the DG system have benefits in the electricity system,
namely reducing losses through energy transmission and distribution, reducing investment in
transmission and distribution lines and increasing the availability of energy sources during peak loads
[37]. The integration of DG in the electric power system results in increasing electrical voltage in the
distribution system [38][39]. However, the DG integration can cause several problems such as adding
reactive power to the network, protection problems, power conditioning, power quality, and electricity
tariffs. The voltage increase must be controlled, so that excessive voltage increases do not occur. The
conventional method used to control this voltage is by utilizing distribution network operators. The
transfer of electrical energy from the grid source to the PV electricity source must not have a transfer
time lag because it causes electronic devices not to work, so a support system in the form of automatic
distribution is added [40], [41].

The automatic distribution makes it possible to divert power from the main source to a backup
source, but this technology is still considered conventional, because the automatic system can only
move power and cannot be controlled remotely [42], [43]. Therefore, the growth and complexity of
systems, distribution procedures require smart systems to plan, create and operate electric power
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distribution systems [44]-[46]. The primary objective of the smart grid is to facilitate monitoring,
analysis, control, and communication. This is done with the ultimate aim of enhancing energy services
through the active engagement of customers/loads, the efficient management of generation and
distribution, and the optimization of energy reserves. The main benefit of using small girds is to
facilitate network reconfiguration operations to minimize power losses in the distribution system [47],
[48]. According to [49]-[52] the development of smart grid aims for the safe operation of large power
networks under disturbances, minimizing the risk of power outages, and increasing resilience,
providing electric power with reliability high, high quality, and high efficiency.

The integration of DG into grid networks has potentially to promote a more resilient, sustainable
and efficient energy supply system, increased efficiency, reliability and resilience [38]-[52] Hence,
this integration of DG into grid networks approach to energy systems holds great promise for a
sustainable and reliable future electricity infrastructure [53]-[56]. This paper aims to review the
integration of DG from the PV into the power system of a grid distribution network. Topology,
optimization, and impacts on the distribution network are also discussed in this paper. The writing
structure in this paper contains an introduction. Next, this paper discusses the method and stages of
conducting a literature review presented in Section 2. Section 3 presents the results and comprehensive
discussion of integrated DG applications and types of technologies for PV systems, including
distribution network topology and PV-DG impacts. Finally, Section 4 contains conclusions.

2. Method

This literature review paper used the literature analysis method by collecting and identifying
published papers from databases that discuss PV and detailed discussions regarding DG technology
integrated into the grid system. Before the first review, determine the research question: What is solar
photovoltaic's topology, optimization and impact integrated with the distribution network system? The
paper collection technique was searching for papers in the SCOPUS database using Publish or Perish
software using the keywords "Photovoltaic" AND "distributed generation”, where the maximum
search is 200 articles with the search year from 2013-2023. One hundred ninety-seven papers were
obtained for the second search using the keywords " Renewable Energy"”, AND "Photovoltaic" AND
"Distributed Generation" " AND "on Grid" obtained as many as 26 articles, so the total articles
obtained were 223 search results as the selected research objects.

The articles obtained will be studied by looking at the title and abstract to determine whether the
paper is appropriate for writing a literature review paper; anything unneeded will be removed. From
the screening of titles and abstracts, around 97 papers were obtained. The second step was to collect
the full text of the paper and then read the entire paper to see whether the paper was included in the
papers expected for the objective. The final step focused on analysis. For writing a literature review
paper, anything unsuitable will be removed. From the screening of titles and abstracts, around 97
papers were obtained. The second step was to collect the full text of the paper and then read the entire
paper to see whether the paper was included in the papers expected for the objective. The final step
focused on analysis.

3. Result and Discussion

The energy produced by PV is unstable, so the available energy supply is also not constant, which
can cause an imbalance between generation and demand, especially when demand is too high.
However, PV cannot produce the appropriate energy, making network management difficult [25]. The
main challenge of PV systems is matching intermittent energy generation with timely fulfilment of
electricity demand and flexibility in load management [25], [57]-[61] In using PV energy and the
network effectively, the main problem is system reliability [62]. To control a PV system connected to
a network to increase the efficiency of the system output [18]. Hence, it is optimal and produces high-
quality energy regarding power quality, stable voltage, and interference-[63]-[65] The disturbances
are due to overvoltage on the lines due to reverse power flow, voltage fluctuations due to intermittent
generation in PV systems, varying frequencies, and harmonic voltage and current distortion produced
by inverters [63], [65]-[67]. It is a problem that must be resolved [68]
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PV generators in several published papers are categorized in several sizes, from micro to large
scale, connected to the electricity grid via DG. Various literature defines DG inconsistently, including
decentralized, district, distributed, and local renewable energy sources or regions and countries
connected to a distribution system. Distribution generation that is integrated into the distribution
system can be categorized as micro DG 1W<5 kW, small DG 5kW<5MW, medium DG 5MW<50
MW and large DG 50 MW<300 MW [27]. There are two categories of PV systems: stand-alone
systems that can operate independently and those connected to a distribution network [25]. The PV
system connected to the network is optimized for power management, which takes into account PV
components' performance index constraints so that several mathematical strategies are used, including
linear programming [69], quadratic programming, non-linear [70] and dynamic programming [71][72],
techniques artificial intelligence (Al), artificial neural network (ANN), genetic algorithm and fuzzy
logic (FL)[73][74]. The electricity distribution network is the infrastructure that distributes electrical
energy from generators to loads at medium voltage and low voltage [75]. Based on the topology of the
distribution network configuration, it can be grouped into three types: system radial, loop and spindle
distribution networks.

Radial network system because this channel is drawn radially from a point which is the source of
the network and branches to the load points being served. Specifications of the radial network: a.
simple form, b. cheap investment costs, c. the quality of power service is relatively poor, because the
voltage losses and power losses that occur on the lines are relatively large, and d. continuity of power
service is less guaranteed because between the source point and load point there is only one alternative
channel [76], [77]. The loop distribution network system is a closed form, also called a ring network.
The arrangement of the channel circuit forms a ring which allows load points to be served from two
channel directions, so that service continuity is more guaranteed and the power quality is better,
because the voltage drop and line power losses are smaller. The loop distribution network has quality
and continuity better power service, but investment costs are more expensive and suitable for use in
dense areas and require high reliability [78]-[80] The spindle distribution network system has
advantages, including: a. increased reliability or continuity of system service, b. minimize losses due
to interference, c. very good for supplying load areas that have fairly high load density, and d. network
expansion is easy [81], [82]. The distribution network topology on the grid and solar photovoltaic-
distributed generation (PV-DG) in term of model, nodes, topology, voltage and total load is discussed
in Section 3.1, the optimization for PV system is reviewed in Section 3.2, and the PV-DG impacts is
reviewed in Section 3.3.

3.1. Distribution Network Topology

The integration of PV in the grid electric power system will bring about new changes in electricity
planning and operations, especially in the voltage profile and system power losses [82]-[84] PV has
intermittent output power depending on temperature conditions, season, humidity, cloud movement so
that the output power always changes all the time [85]-[87]. The intermittent and integrated output
power means that the distribution system must make adjustments both in terms of topology model,
voltage regulation and stability, and total load [88]-[90]. Therefore, the review literature for
distribution network topology on PV-DG shows in Table 1.

Table 1. Distribution network topology on PV-DG

Reference Nodes Topology WVoltage Load General Description
Description

[71] 30 Ring - - Non-linear optimal power flow (OPF)
with particle swarm optimization (PSO)
technique with multiple DGs

[72] 85 Radial 11 kV 315.926 Optimal solar photovoltaic (SPV) to

kW solve non-linear and multivariable
198.438 problems  using the  archimedes
KVAr  optimization algorthm (ASA).
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[89] 13 Radial 24.9kV 3466 kW
and 2120
kVAr
[91] 13 Radial 24.9kVv 1769 kW
and 416 KV  and 1044
34 kVAr
[92] 123 - 69kV or 3490 kW
and 11.4 kV 50-
137 1000kW
[93] 33 Radial 12.66 kV 3715 kW and
and 2300 kVAr ;
69 3790 kW and
2690 KVAr
[94] 13 Radial - 3466 KW and
2120 kVAr
[95] 37 Radial - -
[96] 33 Radial - -
and
69
[97] 14 Radial 110kV 10 MW
[98] 13 Radial 69kV 26.28 MW
and 7.58
MVAr
[99] 33 Radial 12.6 kV 3720 kW,
dan 2300 kVAr
69

PV-DG is represented as a constant P-Q
or P-V, thereby exerting diverse
influences on power flow investigations
in unbalanced distribution networks..

The planning of the active distribution
system (ADSP) for the PV-DG unit
involves the utilization of two specific
benchmarks, namely the energy that
surpasses the standard level (EEN) and
the energy that remains unfulfilled (UE).

Load variation with a peak load of 3490
kW with 2 stages using the coyote
optimization algorithm (COA).

Discusses the optimal location and size
of DG-based PV connected to the

distribution  network  using  PSO
algorithm

Open-source distribution system
simulator (OpenDSS) to reduce the

impact of load and voltage unbalance.

The results of the imperialist competitive
algorithm (ICA) show better accuracy
and efficiency compared to the PSO
algorithm using openDSS in MATLAB.

Comparing the genetic algorithm (GA)
and particle swarm optimization (PSO)
presents an opportunity to enhance the
performance of the system by effectively
mitigating  power  losses,  while
simultaneously ensuring voltage profiles
are maintained and harmonic distortion is
minimized. This can be achieved through
the identification and optimization of the
placement and magnitude of PV systems.
OpenDSS uses Matlab to determine the
optimal location of PV-DG

From the research results using the
improved gravitational search algorithm
(IGSA), we obtained better results than
PSO in the PV optimization and size
technique.

Using the ant lion optimization algorithm
(ALOA) to determine DG's optimal
location and size.

DG is very necessary to integrate PV as a distributed resource into the grid. The integration of
PV-DG into the electricity grid has a significant impact on reducing real power losses, operating costs
and increasing system stability due to intermittent solar PV generation. The placement of solar PV-DG
locations and the selection of PV size need to be designed optimally to improve the performance of the
electricity network [76]. There are several standards used in integrating renewable energy sources with
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the grid, namely IEEE 929-2000 IEEE 929-2000 [100], IEEE 519 [101], IEEE 157.47, IEEE
1547.5[102], ANSI C84 [103], IEC 555, IEC and IEC 61000 [18][104], UL 1741 [105], The
specifications used include control systems, protection and power quality for PV systems. The size and
configuration of a grid-connected PV system should consider the type of load and power flow to
improve system stability.

3.2. Optimization for Photovoltaic System

Plans for optimizing distribution networks based on PV consider various operational constraints
and minimizing losses and load balancing such as reducing power losses, increasing and decreasing
voltage, system stability and annual economic [61], [106], [107]. Optimization of PV-DG needs to be
done to increase network efficiency. In research studies, many algorithms are used to optimize
distribution networks that originate from PV to evaluate the capacity and positioning of PV-DG units,
namely the dingo optimization algorithm (DOAJ[108], [109] PSO - a heuristic algorithm [110][111],
slime mould algorithm (SMA)[112]. The PV-DG placement scenario was simulated using MATLAB
and OpenDSS which was validated using IEEE with various nodes and buses.

The Hyper-spherical search algorithm (HSSA) is employed to ascertain the optimal position and
dimensions of the PV generation system. This algorithm is then tested on the IEEE 69 and IEEE 118
radial distribution systems utilizing the Power Loss Index (PLI) technique. The aim is to identify the
bus with the highest potential for installation and to determine the most efficient location and
economically viable size for the system. [113]. Meanwhile [97], in order to ascertain the most optimal
location for the implementation of PV-DG within a medium voltage network system model that
utilizes the IEEE 14 bus system and employs the OpenDSS in MATLAB, the utilization of PSO
algorithms is also employed for the purpose of determining both the location and size of the PV
generation that would ultimately result in the most optimal outcome in terms of minimizing total
active power loss, voltage deviation, and the operating time of overcurrent relays that were subjected
to testing in accordance with the IEEE 33-bus and 69-bus standards [93]. In a similar vein, the IGSA is
employed and has exhibited the highest level of performance and has ultimately provided a superior
solution as compared to the IGSA which was tested on the IEEE-13 bus network for the express
purpose of enhancing the overall voltage profile of the network [98]. The Biogeography-Based
optimization (BBO) algorithm with the IEEE standard was used in testing the 10, 69, 85, and 118
buses on MATLAB software [114].

To substantially improve the performance of the distribution network under various loading
conditions, especially the efficiency of the PV-DG network. The DOA plays an essential role in
optimizing all branches of the distribution network and determining the central location of the PV-DG
with the optimal size of each machine [109]. Exploration and exploitation are components of the
DOA algorithm. The circle phase of exploration examines the problem space as broadly as feasible.
The exploitation is referred to as the attack phase, and it is used to arrive at the current best answer in
the algorithm's final iteration.

3.3. Photovoltaic DG Impacts

Photovoltaic DG system integration has advantages and disadvantages that impact voltage and
frequency, hosting capacity (HC), and power quality (PQ). PV distributed generators affect the RMS
working voltage and frequency in sub-voltage [108], overvoltage [110], frequency and control. The
impact on HC is in the form of active power, apparent power, non-active power [111], [112] and two-
way current behaviour and electrical protection [113]. The impact on power quality can be seen from
the total harmonic distortion (THD) indicator on current and voltage [115] and total rated-current
Distortion (TRD). Distribution system impact studies must be carried out based on the results of
connection feasibility studies. This study focuses on the potential adverse system impacts identified
for (i) connection points and (ii) alternative connection points that result in the least potential adverse
impacts on the system. The distribution system impact study consists of (i) power flow analysis in the
distribution system, (ii) short circuit analysis, (iii) equipment termination rating analysis, (iv) set point
protection and coordination study, (v) voltage drop study, and/or earthing review, (vi) analysis of the
impact of distribution system operations
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Impact on Voltage and Frequency

PV-DG can positively and negatively impact voltage and frequency. So, it is necessary to carry out
prevention with a control strategy on the power converter that connects the PV to the distribution
network. Sudden changes in solar PV power injection and rapid changes in voltage will occur within
the permitted voltage [116]. DG integration in the electric power distribution network can improve
network performance in general [27]. On DG-injected locations, the voltage profile gets better and
electrical power losses decrease [67]. It is caused by the injection of DG into the tissue. DG as a
power plant must have voltage and the same frequency as the nominal voltage and distribution
network frequency as if providing refreshment of the tissue at the DG injection site [117] . However,
the distribution pattern of power losses in the distribution network in this configuration has changed
compared to before DG integration. Power losses in the distribution network will be further optimized
by reconfiguring the network.

Impact on Power Quality

The impact of distributed PV generation is also influenced by location factors and the size of
distributed PV generation. The adverse effects that arise are increasing imbalance in the distributed
network which results in power losses due to reduced load current. To reduce the impact on distributed
PV generation, the location and size of the DG were designed. In analyzing, many researchers use
software such as DigSILENT Power Factory [118][119], MATLAB [88].

Radial network configuration sourced from PV creates a two-way current flow by increasing
efficiency but can also reduce system stability. A modified plant growth simulation algorithm
minimises actual power loss due to continuous generation in line with varying power generation so
that it can be applied in actual lifetime [106]. Power quality parameters in a network are integrated
with the PV grid. The potential impact of integrating PV in a low-voltage secondary network has the
potential for disruption due to voltage drops caused by low levels of PV penetration due to generation.
The existence of protection on the network, which prevents the flow of power to the upstream feeder
by breaking the circuit with a relay to protect the transformer, will cause negative impacts [120] other
adverse impacts of PV-DG include voltage profiles, overload and flicker.

4. Conclusion

This paper discusses the integration of PV-DG distribution network, namely, topology,
optimization, and impacts on the distribution network. The literature review results found that DG was
necessary to integrate PV as a distributed resource into the grid. Integrating solar PV-DG into the
electricity grid significantly reduces actual power losses and operating costs and increases system
stability due to intermittent solar PV generation. The potential adverse system impacts are identified
for (i) connection points and (ii) alternative connection points that result in the least potential adverse
impacts on the system. The placement of solar PV-DG locations and the selection of PV size need to
be designed optimally to improve the performance of the electricity network using IEEE standards. In
optimizing and increasing the efficiency of distribution network systems integrated with PV, many
methods and algorithms are used, such as DOA, PSO - a heuristic algorithm, SMA, GA, HSSA,
ALOA. The BBO for determining location and size in distribution networks. Optimizing and
improving the voltage profile on the distribution network uses methods such as the IGSA, ASA, ICA,
which employed the OpenDSS and MATLAB. The PV-DG distribution system integration has
advantages and disadvantages that impact voltage and frequency, HC, and PQ. Therefore, optimizing
PV-DG distribution system integration into the grid system has been challenging.
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