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Abstract

In distribution system planning with photovoltaic generations (PVGs), if load is not properly modeled in the
simulation, the accuracy of results will be affected. A large number of studies show that load characteristics play a
impotrant role in the system analysis. This paper presented the resultant load model, and on this basis, studied the
impacts of the constant power load model and constant impedance load model on PV generation planning. Simulation
results show that the selection of load models has an important impact on PV generation planning.
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1. Introduction

Solar power is a kind of clean energy resource without the release of pollutants, waste, or destruction of
atmospheric greenhouse gases, so it is a clean environmentally friendly renewable energy. But with the
capacity and number of PVGs connected to distribution system increased, steady-state voltage distribution
of the distribution system will be significantly influenced. Therefore, considering the impact of PVGs on
the voltage of distribution system will have significance in the distribution system planning. The current
literatures focus on the studies of the law of the impact of distributed generation (DG) on the voltage of
distribution system , where the constant power load model is usually used' . Paper [8] compared the
impacts of the different load models on the loss of distribution system with DGs, the results show that the
selection of load models has an important influence on DG planning. In fact, for normally operating
distribution system, if the amplitudes of bus voltages are within 5% of the rated bus voltage, they are
considered as constants, then the load can be also handled as constant impedance load™.. In this paper, The
constant impedance load model and constant power load model are used to calculate the voltage of
distribution system with PVGs, comparatively analyzing the impact of the two load models on the
simulation results.

2. The traditional static load model of distribution system
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Static models represent the loads at any instant of time as function of voltage magnitude and frequency.
In case of a small capacity DG connected to the network, the frequency with or without DG connection
does not change much and is assumed constant™'"! i.c., f = fy - Then the expression is as follows.
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Where
P, »Q,, are the active and reactive power at rated voltage U, ; U is operating voltage of the bus;

a,, -, are Constants depending on the type of load, «,, = B,, =0 represents constant power load;

a,, =P, =1 represents constant current load; &, = /3, =2 represents constant impedance load.
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3. Load model of the distribution system with PVG

As can be seen from Fig. 1, the power flow flows from substation to users, or from sending-end to
receiving-end before PVGs are connected to distribution system. After PVGs are connected to distribution
system, seeing in Fig. 2. In this paper, PVGs are considered as "negative load" and the bus load are
considered as " positive load". Thus, the sum of the two loads becomes a new load called “resultant load
, seeing in Fig. 3.
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Figure 1. Distribution System with resultant load.

The power flow direction of from the bus to the load is assumed to be positive, the expression of the
resultant load can be written as

Spii =S5 =Sy = (P = Poy) + j (O — Oppi) ()
well
Pryi =Py = Py,
QRLi = QLi - QPVi

Where
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P _,Q, are active power and reactive power at node i respectively; P, ,Q,, are the active power and

vi ?

reactive power of the PVG at node i respectively; P, , 0,  are the active power and reactive power of the

Li 0
resultant load at node i respectively.

The power flow directions of the resultant load are relevant to the power output level of PVG and load
level as well as their operation modes. Thus, according to the power flow directions and their operation
modes, the characteristics of resultant load can be summarized as follows.

e If P, and O, have the same sign, the resultant load has lagging power factor, namely, P, >0,

it absorbs active power and reactive power from grid; P, <0, it supplys active power and
reactive power for grid.

e If P, and Q,,, have the opposite sign, the resultant load has lagging power factor, namely,
P, >0, it absorbs active power from grid and supplys reactive power for grid; F,, <0, it

supplys active power for grid and absorbs reactive power from grid.
e If P,,=0 and Q,,, <0, the resultant load being equivalent reactive power source supplys

reactive power for grid; if P, =0 H O, >0, the resultant load being equivalent to pure

inductive load absorbs reactive power from grid.
o If Op, =0 and P, <0, the resultant load being equivalent the active power source with unit

power factor supplys active power for grid; if Q,,, =0 and P,,, >0, the resultant load being

equivalent to pure resistance load absorbs active power from grid.
e If P, =0 and Q,,, =0, no power flow is on the line.

4. The power flow algorithm of distribution system with PVG considering the load characteristics

In the traditional power flow calculation, constant power load model is used mostly, and the detailed
characteristics of the load are ignored, such as voltage-dependent or frequency-dependent characteristics.
In fact, for normally operating distribution system, the bus voltage can be considered to be constant as long
as the voltage fluctuation is within 5% of rated voltage, and then constant power model can be also handled
as a constant impedance load™, then the following expression can be obtained through (1),

uY uY
= - 1 i 3
Sy PLN[UNJ +]QLN(UN] €)

Again, P, /U; =G,, » Q,,/Us =B,, » then the expression of constant impedance load can be

written as
S, = GLNU2 + jBLNU% S

Where
G, » B, are the conductance and susceptance of constant impedance load at rated voltage respectively;

U, israted voltage of the bus; U is operating voltage of the bus.

For the common N —bus radial distribution system, it is assumed that the current column vector is /7, ,
then
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s Y
IRLi = = ©)
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The branch current vector /, is

Iy, =Al, (6)
Let AO :A+V ’ then
[L:AOIL_IRE (7)
Then the bus voltage equation is
U,0,-,0-) + AU =Z,1, ()
Then
U=(U,0,0- +4"U-2Z,1I, 9)

When considering static voltage characteristics of load, i.e., using constant impedance load, the current

column vector {p; is

_ (GLNU,'2 - Ppt) - j(BLNUi2 - va ). (10)
U

i

RLi

Where

A is Branch Incidence Matrix; V' is Unit Matrix whose order is equal to 4 ; U is column vector of bus
voltage; U, is system bus voltage; U, is the i th bus voltage; Z, is branch impedance.

Convergence criterion used in power flow calculation is that the maximum value of the differences of
all bus voltages after two iterations is less than a given value, i.e., maxﬂ U,." o U,." |}< gieN, ¢is
iterative precision, and per unit is used when calculating.

The specific steps of the power flow iterative algorithm are as follows.

e Setinitial value of each bus voltage U'” , where system bus voltage is a given value U; ;

e  The current injecting into each bus is calculated through the voltage of each bus. if the load model

is constant power model, (5) is used; if the load model is constant impedance model, (10) is used;

e  The branch current is calculated through (7);

e  The given system bus voltage U, and (9) are used to calculate the voltage of each bus.

e The convergence condition is checked. If satisfied, the power flow calculation is over, or go ahead
by returning the second step.

5. Steady-state voltage distribution

In actual operation of distribution system, even if there are several distributed generations (DG) in
distribution system, the total capacity of the load is still greater than that of DGs, which is to ensure that the
entire distribution line is strictly by the end of the absorption-type network™, the same is true for
Photovoltaic Generation (PVG). Thus, the case of a DG connected to distribution system is firstly
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considered. the voltage loss of each bus will have some changes, but also the load will also change, going
back and forward to see from the position with PVG. For the point with DG, the bus voltage increases. It is
found out that the location and capacity of DGs have a great impact on the distribution of line voltage™'?.
In this [E)]aper, to quantify the changes caused by PVG, variation rate index of voltage is employed as
follows

U, -U, (i

& indicates that the greater it is, the greater the impact of PVG on distribution system is.
6. A numerical example

In this paper, PVGs are concentratedly connected to the end of a 10kV traditional radial distribution
system”, seeing in Figure 2, where the system base power, base voltage, system bus voltage are 10MVA,
10kV, 1.05p.u. respectively.

10 11 12 13 14 15 16 17 18 19 20

Figure 2. A 10kV traditional radial distribution system with PVG.

PV power output level is defined as the ratio of PV active power output to total active power existing in
the distribution system. Simulation results are as follows.
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Figure 3. Impact of PVG with different power factors and power output levels on the bus voltage with PVG.

As can be seen from the Fig. 4, the solid line marked represents the simulation results under constant
power load model and the dotted line marked represents the simulation results under constant impedance
load model. The following simulation figures are the same representation. the simulation results of using
constant power load model are greater than that of using constant impedance load model. In case of PV
power output level is high, the lower lagging power factor is, the more obvious the difference between two
load models used is. The difference is very small for the PVGs with leading power factor. Obviously, the
results using constant power load model will lead to larger calculation results of the bus voltage with PVGs,
where the impacts of PVGs with lagging power factor on the bus voltage of distribution system are
somewhat pessimistic; the impacts of PVGs with leading power factor on the bus voltage of distribution
system are also somewhat pessimistic, but the difference is very small, and can be negligible.
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Figure 4. Impact of PVG with lagging power factors 0.95 and power output levels on the each bus voltage of distribution system.
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Figure 5. Impact of PVG with unit power factors and power output levels on the each bus voltage of distribution system.
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Figure 6. Impact of PVG with leading power factor 0.95 and power output levels on the each bus voltage of distribution system.
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The impacts of PVGs with different power factors and power outputs on all bus voltages of distribution
system from Fig. 5 to Fig.7. The variations are basically same in Fig. 5 and Fig. 6, i.e., for each bus voltage
of distribution system, the differences between the simulation results using constant power load model and
the simulation results using constant impedance load model become more obvious when the PVG output
level is high. The closer PVGs are away from system bus side, the smaller the differences are. when PVG
output level is low, the differences between results using the two load models are very small, even
negligible. The impacts of PVGs with different power outputs on all bus voltages of distribution system
become more complex in Fig. 7, where the solid line of the simulation results using constant power load
model and the dotted line of the simulation results using constant impedance load model sometimes
overlap, sometimes alternate each other. To sum up, when the impacts of PVGs on the voltage of
distribution system are analyzed, results will be different due to using different load models, and the
difference between them will be great under some power output and power factor of PVG.

7. Conclusion

Power flow calculation of distribution system with PVGs is different from traditional power flow
calculation of distribution system, so the power flow calculation method being suit for the characteristics of
distribution system is needed. This paper presents resultant load model, and on this basis, power flow
calculation method of distribution system with PVGs is given, where constant power load model and
constant impedance load model are employed. The method is simple and practical.

By comparing the simulation results, it can be concluded that the research results of the impact of
PVGs on distribution network voltage will be different Whether to consider load characteristic. Further
simulation showed that with the length of distribution lines and the growth of load level, the differences
will become larger. And network loss is also the same. With the improvement of the accuracy requirements
of modern power system analysis, distribution system planning with PVGs needs detailed load model to
provide more accurate reference informations. In addition, traditional power flow calculation using
constant power load model is not fully consistent with engineering practice. whether to use a more detailed
load model needs to be determined to research the impact of PVG on distribution network according to
actual situation.

References

[1] ZHANG Du-xi, XU Xiang-hai, YANG Li, GAN De-qiang. The Impact of Distributed Generators on Distribution
Network Over-voltage [J]. AUTOMATION OF ELECTRIC POWER SYSTEMS, vol. 31, pp. 50-54, 2007.

[2] WANG Zhi-qun, ZHU Shou-zhen, ZHOU Shuang-xi, HUANG Ren-le, WANG Lian-gui. IMPACTS OF
DISTRIBUTED GENERATION ON DISTRIBUTION SYSTEM VOLTAGE PROFILE[J]. AUTOMATION OF ELECTRIC
POWER SYSTEMS, vol. 28, pp. 56-60, 2004.

[3] LIU Lei , JIANG Hui , PENG lJian-chun. Impact of Distribution Generation on Distribution System Power Loss and
Profile[J], COMPUTER SIMULATION, vol. 27, pp. 279-283, 2010.

[4] Dugan R C, Mcdermott T E. Distributed generation [J]. IEEE Industry Application Magazine, 2002,8(2):19-25.

[5] Scott N C, Atkinson D J, Morrell J E. Use of load control to regulate voltage on distribution networks with embedded
generation[J]. IEEE Transactions on Power Systems,2002,17(2):510-515.

[6] Conti S, Raiti S, Tina G. Small-scale embedded generation effect on voltage profile: an analytical method[J]. IEE
PROCEEDINGS-Generation Transmission and Distribution,2003,150(1):78-9-86.

[7] Caire R, Retiere N, Martino S. Impact assessment of LV distributed generation on mv distribution network[A]. In:
Proceedings of 2002 IEEE Power Engineering Socitey Summer Meeting[C]. Chicago, USA: 2002: 1423-1428.

[8] YUAN Yue, QIAN Ke-jun. Reserch of Load Modelling for Distributed Generation Planning[J]. MODERN ELECTRIC
POWER, vol. 24, pp. 2-7, 2009.

125



126 Duan Xiaobo and Kou Fenghai / Energy Procedia 17 (2012) 119 — 126

[9] LU Xun. The Research and Development of Distribution Network Graphic Short Circuit Calculation System [D].
Changsha: Hunan University, 2005.

[10] Vu Van Thong, Johan Driesen, Ronnie Belmans. Improving voltage stability with the connection of distributed
generation[J]. IEEE Transactions on Power Systems,2002,17(2):510-515.

[11] M.E.Watt, R.Morgan, R.J.Passey. Experiences with residential grid-connected photovoltaic systems in Australia[J].Grid
Connected PV Systems, pp. 1-10, 2006

[12]  XIA Cheng-jun, CUI Hong, WANG Qiang, ZHANG Yao, Penetration Capacity Calculation for Distributed Generation
Considering Static Security Constraints[J]. Power System Technology, vol. 33, pp. 96-100, 2009.



