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Abstract: The aim of this paper is to explore and calculate the hosting capacity in power system to determine the maximum
renewable energy resources that will be spread. After the distributed generation (DG) is connected to the distribution systems,
the performance indicator of the distribution system will get better or deteriorate. The point that between acceptable degradation
and unacceptable degradation is the hosting capacity. This paper is exactly concerned with the influence of maximizing DG on
the performance index in radial distribution networks (RDN) and else finding the maximum point of the suitable deterioration.
Hosting capacity is the total amount of distribution generation that will be added to the radial distributed network without the
need for other upgrades in the networks. This paper introduces a new proposed algorithm to calculate the hosting capacity and
determine the quantities of DG that can be added to distributed networks before the voltage at the bus, the current through
cables or the power fed back to the substation or quality or system reliability for consumers override their maximum allowed
value . The two main boundaries for finding the hosting capacity are overload and overvoltage. The objective function is
studied for finding the maximum hosting capacity (MHC). by inserting maximum hosting capacity of distribution generation
(DG) on the 33 IEEE- standard networks taking into consideration the over voltage and thermal limit. in this study the DG is
Photovoltaic (PV) for different load level

Keywords: DG, RDN, Photovoltaic (PV), power flow, Hosting Capacity, Different Load Level

1. Introduction

In the late nineteenth century have seen a surpassing growth of distribution energy resources (DER) on the
whole of the world. Recently electrical power systems turn into ganglion complex, designing, management,
operation, quality and control of such systems using classic attempts confront increasing problems. Most of radial
distribution networks suffer from large inductive loads that cause lower voltage levels, higher currents and loss of
energy, So researchers turned to solve the problems of the network by adding fixed capacitors or renewable energy
to restore the network capacity to work continuously. As well as, because the power system is very large, complex
and geographically more distributed. The most widely used sources of renewable energy are solar energy and wind
energy because they are a clean energy that is not harmful to the surrounding environment where the total capacity
energy produced by solar energy in the United States at the end of 2016 is 36 GW [1], while 25.6 GW in 2015 and
18.3 GW in 2014. Despite the growing interest of customers to implement a renewable energy techniques whether
on a small scale (off grid) or on a large scale (on grid) in order to provide the network with power, it has the effects
and disadvantages of multiple on radial distribution networks(RDN) .

The evolution of renewable DG's techniques were driven by social, economic , policies, technical and
environmental objectives [2-7]. However, excessive DG installation can adversely affect system performance, it
may lead to critical overvoltage problems, and thermal overload network equipment, increasing the risk of bypass
equipment Short circuit capacity and poor protection equipment operation [8-13].

One of the early studies known for its quality and efficient radial distribution networks(RDN) is the hosting
capability(HC) . Suggested hosting capacity for distribution networks is generally to the level of a breakthrough
DG so the network can bear without exceeding one or more performance indicators . look at Figure 1.

The hosting capacity of the distribution system (DS) is defined with respect to performance indicators. In the
condition of growing levels of PV power injected into a distribution system (DS), there are two essential
specifications for technical constraints on the radial distribution network’s hosting capacity [14]:

e  Voltage constraints are represented by the bus voltage compared to the nominal value.

. Current constraints is represented by Permissible loading or thermal limit of cables and transformers.

The study of the hosting capacity (HC) shed light on the role, importance and damage of the DG installation
to the network distribution without the occurrence any fatigue network, as it gives critical values in kilowatts(kW),
preferably not exceeding. The hosting capacity is an initial planning for the planners to gain insight into how to
build the network and develop it in a cheaper, more greener, stronger, more reliability and sustainable way. There
has been a lot of research in increasing the hosting capacity (HC) on DER to limit the problems that are produced
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by DG installation , a HC optimization technique is Suggested to specify the optimal location and size of
distributed generation( DG) by using on-load tap changer (OLTC) and static VVar compensation (SVC). The
volt/Var control trouble depended on maximizing HC is planned as a single objective optimizer trouble in [15,16].
As well as studying the effect of increasing solar energy in residential neighborhoods is being investigated and the
HC is acquired in system ranging from weak voltage to moderate voltage through a stochastic analytical
frameworks in [17] . In[18] linearized power flow for calculation the maximum hosting capacity(MHC) to radial
distribution system . In[19]estimation of HC by considering that uncertainties associated with PV, wind
turbine(WT) and loads. In[20] salp swarm optimization is used to select optimal of several types and sizes of
conductors by hosting capacity . In[21]maximizing the distribution network's HC for WT and decrease the energy
procurement costs in a wind inserted power system . The method of analysis of the local sensitivity for distribution
feeders is presented in[22] estimating the hosting capacity(HC) to the networks by showing the effect of adding
DG to the voltage deviations in the feeding contracts. There are similar studies in [23] but focusing on
photovoltaic(PV) integration in distribution networks. In [24] The proposed model estimates the Impacts of
harmonic deformation limits on HC according to different active network management systems, and in [25] authors
search the impacts of nondispatchable DG on the harmonic deformation, and as on grid hosting capacity. Different
studies have been conducted for optimal size and site of wind power or generally RES, optimal power Flow (OPF)
-HC based approaches are available for wind power [26] and DG [27] in distribution system. Sun [28] estimated
the hosting capacity of electrical networks and its enhancement techniques. Alamat [29] made a simple assessment
for the HC problem in Jordan. In[30], presented New hosting capacity terminologies.

The goal of this paper is to create the maximum hosting capacity for DER through the calculation of the hosting
capacity (HC). The desired objective will be to increase the hosting capacity of the installation DG to the radial
distribution network (RDN) without adversely affecting the network performance . There are two performance
measures voltage buses is selected as the first indicator of performance for the purposes of this study. The HC will
be measured as the maximum limit for the amount of the DG before it exceeds the voltage of the bus 1.05 per unit
, and the second indicator of performance is the current through cables HC will be measured as the maximum limit
for the amount of the DG before it exceeds thermal limit .This limit is particularly important because
overloading(OL) will lead to depreciation and failure to distribution system(DS) . The target of this paper is to
determine the maximum size of PV units as renewable sources in RDNs with different locations for total active
power loss decreasing ,Taking into account the limits of the over voltage and thermal limit of the overall
distribution system (DS). We will take in this paper, one kind acts as an active power (KW) source, with unity
power factor. Simulation studying carried out in 33-bus RDN.

The rest of the paper is organized as following: Section 2 gives the problem formulation, Section 3 gives the
location of HC, Section 4 presents the results and discussion ,Section 5 presents the conclusion, and Section 6
presents the reference .

A Unacceptable
Operation
—————————————— Limit Index

Acceptable Operation

MHC

Performance Index

v P  Amount of DG

Figure 1. The definition of maximum hosting capacity

2. Problem Formulation

(1) Load Flow.

The applied load flow technique in this paper is Forward /Backward Sweep FBS [31] as it is a strong
significantly applied technique in the distribution system.

(2) Hosting Capacity Calculation .
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The goal of calculating maximization hosting capacity (MHC) is to increase the total quantity of DG capacity
that may be installed in the distribution network with maintaining the rigidity, safety, efficiency of network
operation. The equation which calculated the hosting capacity is shown in equ(1).The total installed capacity DG
is the DG power installation assembly in all buses .

Npg (1)

MHC = Ppg(k) = Z Ppg (k)
k=1

Where Pp(k) is the total active power injected at K-th bus, and Npg is the number of DG. Single objective
function(OF) is considered here, it finds the maximum hosting capacity with minimization of total active power
loss. So the objective function is equivalent to the HC maximization, it is necessary to increase the active power
injections from PV units without any negative impact on the distribution system . In another words, the proposed
algorithm used to calculate the maximum of HC ,taking into account the thermal limit at permissible loading and
the voltage value does not exceed or equal to 1.05 p.u and not less than 0.9 p.u or equal to 0.9 p.u . MHC value is
equal to the lowest value either over voltage(Ov) calculation or over loading(OL) calculation .

(1) Constraints .
i Power Balance Constraints .
The balance of active power in equ. (2) includes the generation from installed DG from PV plus the generation
from substation in each bus m will be equal to the total load demand plus the total loss, where total active power
loss in equ(3). Since the PV is generating active power(KW) so the equation(4) is changed to equation(5) ,it is

only it can be applied to the active power , But the reactive power is fed from main grid only .
Npg n

P+ ) Pog() = D Proads() + ) Ploss() @
k=1 i=1 j=1

Prioss = Z PLoss() = Z Ijsz 3)

=1 =1

Npg n m

Qs+ ) Qo6(K) = ) Quoaas @ + ) Quoss() @
k=1 i=1 =1

Qs = z QLoads () + z Qross () 5)
i=1 =1

Where Ps, Qg are the active and reactive powers are supplied to the RDS by the swing bus, Py (K), Qpg(K)
are active and reactive output components of DG unit number, Ny is the number of DG unit installation,
Pl oads, Qroags (1) are active and reactive components of the load at bus number i, P ¢s(j) IS active power loss on
the feeder j of m feeders system. I; and R; are the currents and resistances of feeder j .

ii. Voltage Level Constraint.

The maximum value of voltage V,,,., at each buses i should be lesser than or equal 1.05 p.u but the minimum

value of voltage V,,;, at each buses i should be lesser than or equal 0.9 p.u, as shown in (6)

Vmin < Vi < Vmax (6)

iii. Branch Thermal Capacity Constrains .

Current limitations, represented by allowable loading of cables. To avoid overloading(OL) and over current
problems, the value of a branch current must be less than or equal its thermal limit capacity I,,,x as in (7), the
maximum thermal limit on feeders are available in[32], I;;,.x IS the maximum line current limit in ampere .

Branch current < I« @)

3. Results and Discussion

The IEEE 33-bus radial distribution system is used to display the performance of the proposed algorithm based
on maximizing hosting capacity(HC) method. The system includes 32 branches, 33 buses and no presenting DG
see Figure 3. The total load of the RDS is 3715 kW+ j2300 kVAr at base voltage 12.66kV. The code of the
program is written using Matlab 2015 software and carried out on core i3 processor personal computer with 4-GB
(RAM). The data of the IEEE 33-bus radial distribution system is shown in [38].
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Figure 2. voltage profile for base load without compensation.
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The hosting capacity is a site-based concept, i.e. hosting new DG may be agreed in some allocations, but not
elsewhere. The voltage profile along the feeders plays an essential and an active role in determining the Location
of HC[33]. In the corresponding Figure 2. shows the voltage profile for base load without compensation, so the
high voltage buses are 2,19,20 buses and low voltage buses are 14,15,16,17,18.The high and low voltage buses
were selected to know the extent of its hosting capacity. And also through Figure 3. The single line diagram of
IEEE 33-bus network the, end buses was selected to know the extent of its hosting capacity.
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. Loss Sensitivity Factor

Loss Sensitivity Factor(LSF) [34,37] can be able to predict the bus that will receive the greatest loss
minimization when placing a DG. LSF is used to reduce the search agents for optimization techniques , software
simulation time and hosting capacity. The Loss Sensitivity Factor is selected in two known ways: One of them is
(VLSF). VLSF Can be calculated by applying equ(8).And the other loss sensitivity factor is QLSF.QLSF Can be
calculated by applying equ(9).

OPyoss (i, 0+ 1) =2 % (Pliyq + QFiv1)
VLSF = = R : X 2 2
oV Lt Vil ®)
aPloss(i'i + 1) 2 * Qi i+1
0Qii+1 b |V;|? %)

e  Candidate buses of incorporated DG using sensitivity indices

The proposed algorithm is used to find candidate buses obtained by VLSF and QLSF as given in Table 1. in
Figure 4. shows VLSF profile and in Figure 5. shows QLSF profile for IEEE 33 bus test system. So the top
sixteen candidate buses for insertion DG are 2,3,4,5,6,8,9,10,13,24,26,27,28,29,30 and 31. These sites have been
used to calculate the extent of its maximum hosting capacity.

Figure 3.The single line diagram of IEEE

x1073
0 I||| T ML IIIII Ill T 0.02
-0.2 ]
0.015
-0.4
=
-0.6 S 001}
=4
-0.8
0.005 1
-1- | |
-1.2 0 l 11 ||||||||-||-|I|| |I.

0 3 6 9 12 15 18 21 24 27 30 33
Bus Number

0 3 6 9 12 15 18 21 24 27 30 33
Bus Number

2564



Turkish Journal of Computer and Mathematics Education ~ Vol.12 No.12 (2021), 2561-2574

Research Article
Figure 4.VLSF profile for IEEE 33bus RDN. Figure 5.QLSF profile for IEEE 33bus RDN.

Table 1. Ranking of load buses based on VLSF and QLSF for IEEE 33 bus test system.

VLSF QLSF
Buses value Buses value

3 -0.00106 6 0.017274
6 -0.00081 3 0.013904
4 -0.00041 28 0.01374
5 -0.00039 8 0.010418
8 -0.00025 29 0.010299
2 -0.00025 4 0.008041
28 -0.00024 5 0.008036
29 -0.00017 30 0.006011
24 -0.00011 9 0.004811
9 -9.21*107° 24 0.004754
30 -8.46*107° 13 0.004641
10 -7.90*107> 10 0.004597
27 -7.05*107° 27 0.003741
23 -6.50*10~° 31 0.002993
13 -5.97*107° 2 0.002819
26 -5.49*107° 26 0.002735
7 -4.11*107° 23 0.002665
31 -3.47*107° 25 0.002386
25 -2.66*107° 20 0.002294
12 -1.96*107° 14 0.001427
20 -1.68*107° 7 0.001385
14 -1.64*107° 12 0.001372
11 -1.23*107° 17 0.001216
15 -8.03*10°° 16 0.000936
16 -6.34*107° 15 0.000835
17 -5.68*107° 11 0.000807
32 -4.65*107° 32 0.000637
19 -3.23*10°° 18 0.000459
21 -2.03*10°° 21 0.000417
18 -1.20*10°° 22 0.000361
22 -8.80*1077 19 0.000332
33 -2.88*1077 33 0.000201
1 0 1 0

The proposed algorithm is used to find the maximum of hosting capacity with three case studies :
(1) Case 1: Grid level hosting capacity calculation for light load (50%) .

(2) Case 2: Grid level hosting capacity calculation for base load (100%) .

(3) Case 3: Grid level hosting capacity calculation for peak load (160%) .

Three cases are studied under four Scenarios, Figure 6. summarized the scenarios and cases studied :
. Scenario 1: DG installation is allowed at buses 14,15,16,17 and 18 (low voltage buses) .

e Scenario 2: DG installation is allowed at candidate buses (16 location) .

e  Scenario 3: DG installation is allowed at buses 2, 19 and 20 (high voltage buses) .

. Scenario 4: DG installation is allowed at end buses only (buses 18, 22, 25 and 33).
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Scenario 1
Light load
(50%20)
Scenario 2
Base load
(100%0)
Scenario 3
Peak load
(160%0)
Scenario 4

Figure 6.Summary of the studied scenarios and cases

(1) Case 1: Grid level hosting capacity calculation for light load (50%) .

In this case, the grid level hosting capacity is specified using the light load for the four considered scenarios.

e  For scenario 1, In this scenario, the selection and calculation of the maximum hosting capacity(MHC)
is limited by over voltage and not the over current, where the total maximum value of hosting capacity is calculated
as 1757 kW with DG is installed in buses 14, 15,16,17 and 18 with hosting capacities of 1357 kW,100 kW ,100
kW,100 kW and 100kW respectively this buses is known as low voltage buses, in low voltage buses can't install
large DG so it's low hosting capacity.

e  For scenario 2, where DG can be installed at candidate buses, the grid level of maximum hosting
capacity results in building at buses 2, 3,4,5,6,8,9,10,13,24,26,27,28,29,30 and 31 buses with hosting capacities
of 3655 kW, 437 kW, 17 kW,223 kW,117 kW,1 kW,43 kW, 14 kW,380 kW,979 kW,4 kW,571 kW,24 kW,70 kW,61
kW and 237 kW, respectively, for the total hosting capacity is 6833 kW.

e Inscenario 3, the grid hosting capacity is when DG are built at buses 2, 19, and 20 with hosting capacities
of 6098 kW, 44 kW, and 711 kW, respectively, so the maximum of hosting capacity is 6853 kW.

e Inscenario 4, where DG can be installed at end buses, the grid level of maximum hosting capacity results
in building at buses 18, 22, 25 and 33 with hosting capacities of 726 kW, 2203 kW, 2704 kW, and 1363 kW,
respectively, for the total hosting capacity is 6996 kW.

While in the scenario 2, the scenario 3,and the scenario 4 on case 1 the selection and calculation of the
maximum hosting capacity(MHC) were selected and calculated according to the over current . But in the scenario
ILMHC is calculated according to the over voltage because it is the safest. The results of four scenarios are shown
in Table 2 . In Figure 7. shows the voltage profiles of maximum hosting capacity in four scenarios, and in Figure
8. represents the actual currents of maximum hosting capacity in four scenarios with thermal limit.

(2) Case 2: Grid level hosting capacity calculation for base load (100%).

In this case, the grid level hosting capacity is specified using the base load for the four scenarios.

e  For scenario 1, MHC is calculated according to the over voltage(OV) and not over current(OC) the total
maximum value of hosting capacity is calculated as 2659 kW with DG is installed in buses 14, 15,16,17 and 18
with hosting capacities of 2207kW,142kW,108kW,102kW and 100kW these buses is known as low voltage buses.

e  For scenario 2, where DG can be installed at candidate buses, the grid level of maximum hosting
capacity results in building at buses 2, 3,4,5,6,8,9,10,13,24,26,27,28,29,30 and 31 buses with hosting capacities
of 3383 kW, 100 kW,
886kW,164kW,100kW,100kW,278kW,107kW, 750k W,629kW,521kW,118kW,100kW,238kw,100kW, and 726kW
kW, respectively, for the total hosting capacity is 8300 kW.

e Inscenario 3, the grid hosting capacity is when DG are built at buses 2, 19, and 20 with hosting capacities
of 7790 kW, 70 kW, and 510 kW, respectively, so the maximum of hosting capacity of 8370 kW.

e Inscenario 4, where DG can be installed at end buses, the grid level of maximum hosting capacity results
in building at buses 18, 22, 25 and 33 with hosting capacities of 1281 kW, 1769 kW, 3004 kW, and 2375 kW,
respectively, for the total hosting capacity is 8429 kW.

While in the scenario 2, the scenario 3,and the scenario 4 on case 2 the selection and calculation of the
maximum hosting capacity(MHC) is calculated according to the over current .But in the scenario 1,MHC is
calculated according to the over voltage because it is the safest. The results of four scenarios are shown in Table
3 .In Figure 9. shows the voltage profiles of maximum hosting capacity in four scenarios, and in Figure 10.
represents the actual currents of maximum hosting capacity in four scenarios with thermal limit.
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(3) Case 3: Grid level hosting capacity calculation for peak load (160%) .

In this case, the grid level hosting capacity is specified using the peak load for the four scenarios.

e  For scenario 1, the selection and calculation of the (MHC) was based on the over current and not the
over voltage the total maximum value of hosting capacity is calculated as 3234 kW with DG is installed in buses
14, 15,16,17 and 18 with hosting capacities of 2482kW,100kW,100kW,100kW and 452kW these buses is known
as low voltage buses.

. For scenario 2, the MHC is calculated based on the over current, where DG can be installed at candidate
buses, the grid level of maximum hosting capacity results in building at buses 2,
3,4,5,6,8,9,10,13,24,26,27,28,29,30 and 31 buses with hosting capacities of 4537 kW, 300 kW, 113 kW,151
kW,457 kW,665 kW,113 kW,128 kW,738 kW,907 kW,262 kW,103 kW,232 kW,449 kW,115 kW, and 200 kW,
respectively, for the total hosting capacity is 9470 kW.

e In scenario 3, DG installation is allowed at buses 2, 19 and 20 (high voltage buses) we can’t apply
this Scenario on peak load; because of putting the DG in high voltage locations will negatively effects on the
radial distribution network(RDN) where the branch currents on feeders are increasing negatively.

. In scenario 4, the MHC is selected based on the over current where DG can be installed at end buses, the
grid level of maximum hosting capacity results in building at buses 18, 22, 25 and 33 with hosting capacities of
1113 kW, 2735 kW, 3239 kW, and 2192 kW, respectively, for the total maximum hosting capacity is 9279 kW.

The results of four scenarios are shown in Table 4. In Figure 11. . shows the voltage profiles of maximum
hosting capacity in four scenarios, and in Figure 12. represents the actual currents of maximum hosting capacity
in four scenarios with thermal limit.

Figure 13. presents the Combined results of the maximum hosting capacity(MHC) with various load level
whether light load(50%)or base load(100%) or peak load in scenario 1. Recalling that MHC depends on the
performance indicators of interest, such as the overvoltage limit as the performance indicator and thermal limit or
over current on branch current as the other performance indicator . In other words, for excessive DG penetration
into distribution networks, respective bus voltage values of bus voltage increase with maximum sensitivity the bus
voltage value does not exceed 1.05p.u, respective current limit values of feeders increase with maximum sensitivity
the branch current value does not exceed thermal limit, thus, MHC at each load level is selected as a representation
of the worst case result. When applying scenario 1 on different load level we find that the MHC without any
problems in the quality of the network is 1757 kW This value represents approximately 47% of the base network
loads. Figure 14. presents the Combined results of MHC with different cases whether case 1 (50%)or
case 2 (100%) or case 3 (160%) in scenario 2. Recalling that MHC depends on the performance indicators of
interest, such as the overvoltage limit as the performance indicator and thermal limit or over current on branch
current as the other performance indicator . In other words, for excessive DG penetration into distribution
networks, respective bus voltage values of bus voltage increase with maximum sensitivity the bus voltage value
does not exceed 1.05p.u, respective current limit values of feeders increase with maximum sensitivity the branch
current value does not exceed thermal limit, thus, MHC at each load level is selected as a representation of the
worst case result. When applying scenario 2 on different load level we find that the MHC without any problems
in the quality of the network is 6833 kW This value represents approximately 183% of the base network loads.
Figure 15. presents the Combined results of MHC with various load level whether light load(50%)or base
l0oad(100%) in scenario 3. Recalling that MHC depends on the performance indicators of interest, such as the
overvoltage limit as the performance indicator and thermal limit or over current on branch current as the other
performance indicator . In other words, for excessive DG penetration into distribution networks, respective bus
voltage values of bus voltage increase with maximum sensitivity the bus voltage value does not exceed 1.05p.u,
respective current limit values of feeders increase with maximum sensitivity the branch current value does not
exceed thermal limit, thus, MHC at each load level is selected as a representation of the worst case result. When
applying scenario 3 on different load level we find that the MHC without any problems in the quality of the
network is 6853kW This wvalue represents approximately 184% of the base network loads.
Figure 16. presents the Combined results of MHC with various load level whether light load(50%)or base
load(100%) or peak load(160%) in scenario 4. Recalling that MHC depends on the performance indicators of
interest, such as the overvoltage limit as the performance indicator and thermal limit or over current on branch
current as the other performance indicator . In other words, for excessive DG penetration into distribution
networks, respective bus voltage values of bus voltage increase with maximum sensitivity the bus voltage value
does not exceed 1.05p.u, respective current limit values of feeders increase with maximum sensitivity the branch
current value does not exceed thermal limit, thus, MHC at each load level is selected as a representation of the
worst case result. When applying scenario 4on different load level we find that the MHC without any problems
in the quality of the network is 6833 kW This value represents approximately 188% of the base network loads.
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It should be illustrated that the MHC constraints for the RDS is selected as the lowest values of the MHC results
that are obtained by calculations using the two performance indicators to ensure safety and reliability operation of
the system [39-43] .
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Figure 11. Voltage profiles for MHC on case 3 Figure 12.Actual currents for MHC with thermal limit on
case 3
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Table 2. Case 1: light load hosting capacity results(kW).
DG size (KW) Maximum
Scenario locations Over Over Hosting
load voltage Capacity
(MHC) (kW)
14 1228 1357 1357
15 165 100 100
16 100 100 100
Scenario 1 Low voltage buses 17 101 100 100
18 1417 100 100
Total DG(kKW) 3011 1757 1757
Total active 331.4543 102.9356 102.9356
losses(KW)
Maximum 1.1258 1.05 1.05
voltage(p.u)
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2 3655 2371 3655
3 437 9992 437
4 17 1737 17
5 223 223 223
6 117 117 117
8 1 1 1
9 43 105 43
Scenario 2 candidate buses 10 14 1 14
13 380 380 380
24 979 979 979
26 4 43 4
27 571 571 571
28 24 24 24
29 70 3 70
30 61 146 61
31 237 237 237
Total DG(kKW) 6833 16930 6833
Total active 43.6247 623.8898 43.6247
losses(kW)
Maximum 1.00874 1.05 1.00874
voltage(p.u)
2 6098 1695 6098
19 44 227 44
Scenario 3 high voltages 20 711 5079 711
Total DG(kKW) 6853 7001 6853
Total active 63.5125 292.5069 63.5125
losses(kW)
Maximum 1.00784 1.05 1.00784
voltage(p.u)
18 726 726 726
22 2203 3069 2203
Scenario 4 end buses 25 2704 3335 2704
33 1363 1363 1363
Total DG(KW) 6996 8493 6996
Total active 254.4737 383.5234 254.4737
losses(kW)
Maximum 1.03953 1.05 1.03953
voltage(p.u)
Table 3. Case 2: base load hosting capacity results(kW).
DG size (KW) Maximum
Scenario locations Over Over Hosting
load voltage Capacity(MHC)
(kW)
14 1381 2207 2207
15 100 142 142
16 100 108 108
17 100 102 102
Scenario 1 Low voltage buses 18 1435 100 100
Total DG(kKW) 3116 2659 2659
Total active 350.6098 246.8228 246.8228
losses(kW)
Maximum 1.09168 1.05 1.05
voltage(p.u)
2 3383 1413 3383
3 100 9953 100
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4 886 1886 886
5 164 164 164
6 100 100 100
8 100 100 100
9 278 278 278
10 107 107 107
13 750 750 750
. . 24 629 1629 629
Scenario 2 candidate buses 26 521 521 521
27 118 118 118
28 100 100 100
29 238 238 238
30 100 169 100
31 726 726 726
Total DG(kKW) 8300 18252 8300
Total active 107.2226 724.3185 107.2226
losses(kW)
Maximum 1.00747 1.05 1.00747
voltage(p.u)
2 7790 3380 7790
19 70 100 70
20 510 5450 510
Scenario 3 high voltages Total DG(kW) 8370 8930 8370
Total active 211.0398 465.6043 211.0398
losses(kW)
Maximum 1.00314 1.05 1.00314
voltage(p.u)
18 1281 1281 1281
22 1769 1769 1769
25 3004 3950 3004
Scenario 4 end buses 33 2375 2375 2375
Total DG(kKW) 8429 9375 8429
Total active 359.1548 447.2533 359.1548
losses(kW)
Maximum 1.04354 1.05 1.04354
voltage(p.u)
Table 4. Case 3: peak load hosting capacity results(kW).
DG size (kW) Maximum
Scenario locations Over Over Hosting
load voltage Capacity
(MHC) (kW)
14 2482 3285 2482
15 100 142 100
16 100 112 100
Scenario 1 Low voltage buses 17 100 104 100
18 452 128 452
Total DG(kKW) 3234 3771 3234
Total active 463.0055 544.8962 463.0055
losses(kW)
Maximum 1.03085 1.05 1.03085
voltage(p.u)
2 4537 187 4537
3 300 7913 300
4 113 614 113
5 151 151 151
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6 457 457 457
8 665 1665 665
9 113 100 113
10 128 213 128
13 738 838 738
24 907 2581 907
Scenario 2 candidate buses 26 262 262 262
27 103 123 103
28 232 232 232
29 449 449 449
30 115 1415 115
31 200 200 200
Total DG(kW) 9470 17400 9470
Total active 188.0062 735.3050 188.0062
losses(kW)
Maximum 1.00081 1.05 1.00081
voltage(p.u)
18 1113 1113 1113
22 2735 2735 2735
25 3239 5050 3239
Scenario 4 end buses 33 2192 2192 2192
Total DG(kW) 9279 11090 9279
Total active 401.7171 564.3165 401.71771
losses(kW)
Maximum 1.03692 1.05 1.03692
voltage(p.u)

Conclusion

Distribution generation system plays a necessary role in distribution power system because of their
environmental, technical, social, and economic advantages. However, if not exactly installed, excessive DG
penetration level(over loading) will cause several operational risks in the distribution system.
In this paper, the MHC is investigated by using a proposed algorithm with applied load flow technique is Forwared
/Backward Sweep FBS on the 33 IEEE- standard networks .The maximum hosting capacity of the DG units (PV)
calculated by regarding bus voltage (over voltage)and the current carrying capacity of the feeders(thermal limit).
In this paper, proposed algorithm is used to calculate the MHC for different locations with different load level at
light load 50% ,base load 100% and peak load160% . In order to calculate the maximum hosting
capacity, a study was carried out by selecting different locations and through them it became clear that: First , case
1 (light load) at low voltage locations (14,15,16,17and18 buses) the total MHC is 1757 kW, while at candidate
buses(16 location) the total MHC is 6833 kW, but at high voltages(2,19and 20 buses) the total MHC is 6853
kW, and at end buses(18,22,25and 33 buses) the total MHC is 6996 kW . so at end buses have high hosting
capacity. Second , case 2 (base load) at low voltage locations (14,15,16,17and18 buses) the
total MHC is 2659 kW, while at candidate buses(16 location) the total MHC is 8300 kW, but at high
voltages(2,19and 20 buses) the total MHC is 8370 kW, and at end buses(18,22,25and 33 buses) the total MHC is
8429 kW . so at end buses have high hosting capacity on case land case 2. Third , case 3 (peak load) at low
voltage location(14,15,16,17and18 buses) the total MHC is 3234 kW, while at candidate buses(16 location) the
total MHC is 9470 kW, but at high voltages(2,19and 20 buses) It's a mistake to add DG in these locations Because
that did not work well on the electrical grid, and at end buses(18,22,25and 33 buses) the total MHC is 9274 kW .
So at end buses have high hosting capacity for light and base load but candidate buses have high hosting capacity
for peak load . Low voltage locations have low hosting capacity for different load level .
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