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Abstract

Renewable energy resources are frequently integrated into the power systems to support load growth, reduce transmission and
distribution losses, allow cost effective grid expansion, improve voltage profile and power quality. Hence, it is also necessary
to determine the maximum capacity of distributed energy resources (DERs) that can be integrated into the distribution
systems. In this study, the maximum capacity of distributed generations that can be integrated into the distribution systems
has been assessed by a new DERs’ hosting capacity (DERHC) assessment method known as analytical optimal power flow
method. The process is divided into two stages. In the first stage, the optimal location for the placement of single and multiple
multitype renewable resources is found, and in the next stage, the maximum size of distributed generations is calculated,
which satisfies operational constraints. This method for finding the maximum hosting capacity requires less computational
time and is reliable for complex distribution networks. Moreover, battery storage devices have also been used to enhance the
hosting capacity of the distribution systems. The simulations are performed using MATLAB coding and MATPOWER tool
for the IEEE-33 bus radial distribution system and practical feeders of Nepal.
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1. Introduction
The integration of distributed generations has been

increasing rapidly to reduce transmission and distribution
losses, support change in local demand, improve reliability
and utilize the local renewable resources efficiently. This
problem is being considered when the power is transmitted
over a longer distance. However, the excess integration
of the renewable sources into the power system can cause
several problems such as overvoltage, undervoltage, thermal
overload, power quality deterioration, excessive line losses
and protection failure. Hence, the concept of hosting
capacity assessment arises and needs to be performed to
protect the system from aforementioned issues.

DERHC can be defined as the amount of distributed
generations that can be integrated into the power system
without violating operational constraints. Different methods
that can be used to assess hosting capacity of distribution
systems. They are iterative, stochastic, streamlined and
heuristic methods (Ismael et al., 2019; Taheri et al., 2021;
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Abad and Ma, 2021; Ding and Mather, 2017; Alturki
et al., 2018). The iterative method is a time-consuming
method. The stochastic method is faster than iterative
method, but the accuracy depends upon the computational
resources. This method simulates uncertainties of the
system and depends on probabilistic models, which may
not provide global optimum solution. Similarly, the
streamlined method is simple and has accuracy problems in
complex systems. Heuristic methods are based on random
variables without mathematical certainty and approximation
errors. This method relies on single search mechanism that
necessitates manual configuration of population position
update parameters (Hassan et al., 2021). Analytical methods
are more efficient since they can solve several optimization
problems with various objective functions (Hung et al.,
2010; Mahmoud and Lehtonen, 2021). The same method
has been implemented to assess the hosting capacity of the
distribution systems. This method has been illustrated in
detail for this study. The analytical optimal power flow
method uses two algorithms. In the first algorithm, the
optimal location of the distributed generations is found
based on the power flow analysis of the system with
the integration of the DGs. In the second algorithm,
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the maximum hosting capacity is determined based on
iteration over the different sizes of the renewable energy
resources, followed by the performance of power flow
analysis considering the limiting factors for the operational
constraints. The implemented method is primarily based
on the power flow analysis of the distribution systems
which is necessary as when the distributed generations
are integrated, they inject powers and the voltage, current,
active and reactive powers at each bus changes which
can only be monitored when we perform power flow
analysis using standard power flow analysis methods such
as Newton-Raphson, fast decoupled methods. These
methods are used because they are the standard methods
to perform power flow analysis. The other methods to
calculate the active and reactive power injected by the DERs
are not useful when the networks become complicated.
The method considers the issues that can arise after the
integration of distributed generations using power flow
analysis. This analyzes on the correct parameters and gives
global optimum solution for calculating maximum hosting
capacity of the system. The analytical optimal power flow
method has been implemented on the IEEE-33 bus radial
distribution system.

2. Assessment of DERHC
In this section, the hosting capacity assessment method is

being discussed. The analytical method of assessing hosting
capacity is the implemented method. This method is the
improved form of the conventional iterative method. These
two methods have been discussed. The methods have been
explained based upon the flow diagrams.

2.1. OPF Iterative Method

This method has been conventionally used for the
assessment of hosting capacity. In this method, the
distributed generations are placed on all possible buses
within the feeder. After the distributed generations
are placed on all buses, the individual hosting capacity
assessment is performed separately on all buses, considering
the operational constraints. At each bus, the hosting
capacity is determined, in which the capacity of the DG
is increased in step size. The hosting capacity analysis is
performed for all the capacities, starting from the minimum
to maximum value. After the simulation is complete, the
result will be printed for the maximum capacity that does
not violate the operational constraints. The operational
constraints are formulated in the form of objective functions.
The load flow is carried out to check the limits of these
operational constraints. When more than one DGs are
used, the DGs are placed on all buses and at each bus,
all possible combinations of the capacities of two DGs
are formed, starting from minimum to maximum. The
capacity combinations are placed on all buses of the

feeder, and power flow is performed considering operational
constraints. After the simulation for all possible capacity
combinations has been finished, the combination which
total or sum is maximum and that stays within the limits
of operational constraints will be printed as the maximum
hosting capacity.

2.2. Implemented Method of DERHC Assessment

The implemented method of hosting capacity assessment
is the analytical optimal power flow method. The detailed
explanation of this method has been discussed in the Section
III. The method is different from the conventional iterative
method in the way that the optimal location of the distributed
generations is found first, and then the hosting capacity
analysis is performed based on the method that has been
discussed in the OPF iterative method. The method is fast,
saves time and is based upon the mathematical certainty. It
also provides global optimum solution.

3. Analytical Optimal Power Flow Method
The method has been divided into two sections. These

are the analytical stage in which the optimal location of the
DG is determined, and the next stage is the optimal power
flow, in which the maximum DERHC is determined. The
enhancement of maximum hosting capacity has also been
discussed. For enhancement purposes, the battery storage
devices are used.

The types of DGs that are to be integrated into the system
are categorized as Type 1 and Type 2.

Type 1 DERs: Type 1 DGs have a unity power factor and
are considered as a negative load during simulation. These
types of distributed generations are capable of injecting
only active power into the distribution systems. The most
common example for Type 1 DER is a photovoltaic array
with a static power converter (Hassan et al., 2021).

Type 2 DERs: Type 2 renewable resources have zero
power factor and are taken as a negative load during
simulation. These renewable resources are capable of
injecting only reactive power but no active power into the
distribution systems. An example of Type 2 DERs is a
wind turbine with a squirrel cage induction machine (Hassan
et al., 2021).

Type 3 DERs: These renewable energy resources are
capable of injecting both active and reactive powers into
the distribution systems with an unspecified power factor.
The power factor can fluctuate between some ranges. The
examples for Type 3 DERs are small and micro hydro power
plants, gas turbine plants, etc. (Hassan et al., 2021).

The Type 3 DERs are not taken into consideration for this
study because the prime focus is on the practical feasibility
on how the distributed generations are integrated into the
distribution systems. The integration of Type 3 DERs is not
considered. The integration of Type 3 DERs does not affect
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the overall methodology because the objective function is
to maximimze the apparent power. So, we can use the
apparent power step sizes to find the hosting capacity of the
feeder at a bus that meets the voltage, current and power
loss constraints. Also, the optimal locations can be found
based on the DG capability to inject maximum of active and
reactive power at a particular bus. The power injections by a
DER can be found using Equation (1) and Equation (2). To
understand the effects of injecting active and reactive powers
separately, Type 1 and Type 2 DERs are taken for integration
as DGs in this study, but Type 3 DERs can also be taken in
further studies. For simplicity and to meet the objective, the
two types of DGs are taken.

The equations for active and reactive power injections
by the distributed generations are as shown (Hassan et al.,
2022).

𝑃 =
∑

|𝑉𝑖 | |𝑉𝑘 | (𝐺𝑖𝑘 cos 𝜃𝑖𝑘 + 𝐵𝑖𝑘 sin 𝜃𝑖𝑘) (1)

𝑄 =
∑

|𝑉𝑖 | |𝑉𝑘 | (𝐺𝑖𝑘 cos 𝜃𝑖𝑘 − 𝐵𝑖𝑘 sin 𝜃𝑖𝑘) (2)

The summation of the equation is performed for the
variable k=1 to n.

The objective functions are also formed to ensure that the
operational constraints are within the limits. The operational
constraints are formed on the fact to maximize the apparent
power of the system, and the voltage, current and power loss
constraints should be within the specified limits. The voltage
limits are based on the minimum and maximum values of
the voltage of the feeder under normal condition. These are
generally taken between 0.95 p.u. and 1.05 p.u. Similarly,
the maximum limit for current is taken as 120 amps since
most of the current values for the IEEE-33 and practical
feeder buses are below 50 ampere value (Chen et al., 2015).
Similarly, the power loss limit is taken as 5 %.

3.1. Analytical Stage

The steps for the analytical stage to find the optimal
distributed generation location are as shown below.

1) Read the line and load data, number and type of
distributed generations.

2) Run power flow analysis and calculate the power
injected by the DGs.

3) Obtain the optimal location based on the maximum
value of the power injected.

3.2. OPF Stage

The steps for the optimal power flow stage have been
discussed in the following points.

1) Import optimal location from the first stage.
2) Create possible combinations of the DG capacities
3) Run power flow analysis

4) Save the combinations that are within the operational
constraints

5) Select the combination that has maximum value as
the maximum hosting capacity. The feeders that have
been taken for the simulation purposes are the IEEE-33
bus distribution system, Feeder 1 and Feeder 2. Feeder
1 and Feeder 2 are the practical distribution feeders of
Nepal. Feeder 1 has comparatively less load than Feeder
2. The feeders are shown in Figure 1, Figure 2 and Figure 3
(Kwangkaew et al., 2022).

Figure 1. Single line diagram of IEEE-33 bus system

Figure 2. Single line diagram of Feeder 1

4. Enhancement of Hosting Capacity
The enhancement of the hosting capacity can be achieved

by using a battery storage device. The battery storage device
can be used in charging mode. When the battery is in
charging mode, the battery can be modelled as a positive
load during simulation. The batteries are integrated by
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Figure 3. Single line diagram of Feeder 2

obtaining the optimal location of the battery and finding
its optimal size. For determining the optimal location, the
batteries are placed on those buses where the voltage is
maximum or near the maximum specified limits for the
voltage. The optimal battery size is the minimum battery
size after which increasing the battery size will not show
any significant change in the hosting capacity.

Some assumptions have been made for the battery storage
device. The battery is charging at a C rate of 0.5 and the
charging efficiency is 0.97.

The battery has not been simulated as a discharging
device for the enhancement of hosting capacity. This is
because when the battery discharges with the same amount
of load in the system, the battery increases the voltage
and current in the feeder. This decreases the power loss
limits and limits of other operational constraints. Hence,
the hosting capacity remains same and may decrease if the
size of battery goes on increasing when used in discharging
mode. But the hosting capacity is increased if we discharge
a charged battery in the distribution system by the amount
of the power rating of the battery itself, because the battery
storage device is a type of distributed generation.

If we want to model the battery in dynamic charging
and discharging mode, first, the format of the current
methodology has to be changed. This format does not
allow dynamic charging and discharging simultaneous but
the study has the capability to identify that the mode of
battery whether charging or discharging can increase the HC

of the feeder.
So, if we want to model the BESS in dynamic charging

and discharging mode, the current format has to be changed
into the time series format where we do simulations for
the 24 hours of a day. This can allow dynamic operation
of BESS. The code handles the dynamic charging and
discharging which are formulated to enhance the hosting
capacity of the feeder.

5. Results and Discussions
The results showing the hosting capacity assessment for

the IEEE-33 bus radial distribution system is as shown in
Figure 4. The maximum hosting capacities that have been
obtained for single, two and three type 1 DERs are 3000
KVA, 4600 KVA and 5300 KVA, respectively. Similarly,
the results for hosting capacity calculations for single, two
and three Type 2 DERs are 3400 KVA, 3500 KVA and 3300
KVA, respectively. The reason why the hosting capacities
are exceeding the total load of the system arises here. For
IEEE-33 bus system modelling, the reference generation has
been providing a 10 MW of active power and the reactive
power is modelled between the range of -10 MVAR and +10
MVAR. The modelling suggests that the reference generator
can produce and absorb reactive power. This also tells us
that the system is not completely isolated, but it is connected
to a grid. The reference generation allows the flow of excess
power towards the upper stream through reverse power flow.
This allows more hosting capacity values for both Type 1 and
Type 2 DERs’ active and reactive power injections. Modern
world transformers are also able to regulate the voltage with
the help of on-load tap changers. The excess of reactive
power production by the DGs is not limited for use at the
bus where they are connected, but the power can flow to
other buses, improving the voltage profile of the weak buses
also. The maximum time taken for the finding the hosting
capacity is 156 seconds, which is very less in comparison to
the conventional iterative method.

Figure 5 shows the line graph showing the maximum
DERHC results for Feeder 1. The maximum hosting
capacities that have been obtained for single, two and three
type 1 DERs are 3000 KVA, 3100 KVA and 3300 KVA,
respectively. Similarly, the results for hosting capacity
calculations for single, two and three Type 2 DERs are
2600 KVA, 2700 KVA and 3300 KVA, respectively. The
reason for the increased hosting capacities values is due to
the system modelling in which the reference generation has
been modelled to produce and absorb reactive power, similar
to the IEEE-33 bus system, which is also true for practical
systems, as the Feeder-1 is not an isolated system but a grid
connected part. The total load on this feeder is 1.15 MVA.
The maximum active and reactive power production from
the reference point is 15.68 MW and ±3.18 MVAR.

The load on the Feeder-1 is less. The limits for voltage,
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Figure 4. Maximum hosting capacity for multitype DGs

current and power loss is not being violated easily, allowing
more capacities of DGs for increasing number of distributed
generations. The maximum time taken for finding the
hosting capacity of the feeder is 158 seconds.

Figure 6. shows the line graph for maximum DERHC
results for Feeder 2. The total load on this feeder is
3.07 MVA. The reference generator can produce maximum
power of 44.55 MW and ± 6.35 MVAR. This feeder has also
been assessed for maximum hosting capacity, as the load on
this feeder is higher, giving a different scenario for the study.
The maximum hosting capacities that have been obtained
for single, two and three type 1 DERs are 4500 KVA, 4600
KVA and 2300 KVA, respectively. Similarly, the results
for hosting capacity calculations for single, two and three
Type 2 DERs are 5000 KVA, 6500 KVA and 5400 KVA,
respectively. The reason for increased hosting capacity in
comparison to the Feeder-1 is due to the fact that the system
is loaded heavily, and as we move further from the reference
generation, the voltage profile gets weaker. This is allowing
more hosting capacity when single or two DGs are used. But
as the DGs are increasing, the voltage, current and power
loss limits are getting violated due to the injections of more
active or reactive power at different bus locations.

Figure 7. shows the line graph for the comparison of the
maximum hosting capacity with and without the integration
of the battery storage device for the IEEE-33 bus distribution
system. After battery integration, the maximum hosting
capacities obtained for single, two and three Type 1 DERs
are 3100 KVA, 4700 KVA and 5500 KVA, respectively.
For Type 2 DERs, the maximum DERHC are 3500 KVA,
3600 KVA and 3300 KVA for single, two and three DERs,
respectively.

The reason for the increment of DERHC after the
integration of battery storage system is primarily due to the
fact that battery has been used at the locations where the
voltage is near to the maximum limits, which is suitable

for charging. The battery has been used as a load at this
position. The battery increases the overall loading of the
system, causing more usage of power and decreases the
voltage profile, which increases the power loss limits to
a lower value, allowing a little more DG capacity at the
specified buses.

In the graph, it is clear that the hosting capacity has been
enhanced by using the battery. A maximum increment of
3.77 % can be obtained.

Figure 5. Maximum hosting capacity for feeder 1

Figure 6. Maximum hosting capacity for feeder 2

Figure 8. shows the line graph for comparison of
the maximum DERHC for Feeder 1 when the battery is
integrated into the system. After battery integration, the
maximum hosting capacities obtained for single, two and
three Type 1 DERs are 3100 KVA, 3200 KVA and 4000
KVA, respectively. For Type 2 DERs, the maximum
DERHCs are 3100 KVA, 3200 KVA and 7500 KVA for
single, two and three DERs, respectively. A maximum of
87.5 % increment can be obtained.

Figure 9. shows the graph for comparison of the
maximum DERHC for Feeder 2 with the integration of a
battery. After battery integration, the maximum hosting
capacities obtained for single, two and three Type 1 DERs
are 4600 KVA, 4600 KVA and 4500 KVA, respectively.
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Figure 7. Comparison of DERHC for IEEE-33 bus system

For Type 2 DERs, the maximum DERHCs are 6000 KVA,
6600 KVA and 6500 KVA for single, two and three DERs,
respectively. A maximum of 95 % increment can be
obtained.

Figure 10. shows the graph for three DERs of Type 1 and
Type 2 for the IEEE-69 bus system. For this case only, the
results have been deduced as shown in the graph. The time
taken for the hosting capacity assessment is very less, which
is less than few minutes.

Figure 8. Comparison of DERHC for feeder 1

Figure 9. Comparison of DERHC for feeder 2

Figure 10. Hosting capacity results for three DERs for IEEE-69 bus
system

6. Conclusion
The analytical method is used for the assessment of

hosting capacity. The algorithms for the iterative method
have not been performed. But we can know that the
time taken for the simulation of feeders using the iterative
method is more than the analytical method by a factor
of 32, if the feeder has 33 buses. This method provides
mathematical certainty considering constraints to maintain
system reliability. The method provides high accuracy
while finding optimal locations for DG placement. The
method can handle multiple DERs for integration. Different
types of DERs can be integrated at simultaneously, which
shows a greater scalability capacity of the implemented
method. The method cab be used for higher bus system
easily, as it has been performed for the IEEE-69 bus
system, as shown in Figure 10. The method uses optimal
power flow analysis method to find the hosting capacity,
which takes very less time for computation, providing more
computational efficiency than other existing methods. This
method is fast and easy to implement.

From this study, we can understand that the DERHC is
a location-dependent process. The enhancement has also
been performed using battery storage devices. A maximum
of 95

The future work could be extending the study for using
a battery with automation, so that what impact it generates
when the battery can be removed automatically when the
battery is required, either as charging and discharging
device. The enhancement should also be studied using smart
inverters.
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