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Abstract--This paper aims to evaluate the maximum
interconnected capacity of the distributed generation(DG), which
been interconnected into the distribution feeders. The +2.5%
voltage derivation limit of the Taipower interconnected guides
are adopted for evaluating the maximum interconnected capacity
of DG, and the unbalanced power flow program is used to solve
for the bus voltage profiles before and after the DG
interconnected into a primary feeder. The IEEE 13-Bus feeder is
modified as a sample system. The simulation scenariosinclude the
individual phase and three-phase connections between the DG
and the primary feeder. The outcomes demonstrate that the
maximum interconnected capacity of DG is dependent on the
short-circuit capacity, connection location, load demand, and
voltage variation limit.
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I.  INTRODUCTION

Recently,because of the global warming problem, to
reduceemissions ofthe majorindustrialized countriesis the
major task toachievegreenhousegas reductiontargets, the
targetin2050 is to reduceglobal emissions by48 billion
tonsofCO,.Wherethe  majortechnologiesfor  the  target
includerenewable energy development,improving power
generation efficiency, carbon capture and storage, nuclear
power generation, andimproving energyend use efficiency[1-
2].Therefore, Taiwan governmentisto promoterenewable
energygeneration systems, in order to
reducedependenceonfossil fuelsandtheenvironmental impact
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ofglobal warming. Additionally, European Smart Grids
Technology Platform has planed theoutline of the European
electricitynetworkdevelopment  vision towards2020, the
outlines indicated the development of the low pollutionlarge
centralizedpower plants, as well asdistributed energy
resource(DERS), which includes DG and energy storage
devices, such as wind power, solar power, biomass, ocean
energy, hydraulic, and fuel fell technologies[3]. These
energies are renewable, clean, and zero emissions.
Consequently, the penetration of renewable energy generation
systems will both provide the clean electricity energy and
improve the power system efficiency; furthermore, it can
mitigateglobal warmingphenomenon.

The DG can be divided intorenewableandnon-
renewableenergy powergeneration. It is expect that the high
penetration of DG will impact the planning, operations, and
control of power distribution systems. Hence, some rules or
guides for DG interconnected with electric power systems are
developed, such as IEEE Std. 1547 [4], California Electric
Rule 21 [5], and Taipower interconnected guide [6], etc. In
which the voltage variation is one of the key factors that affect
the DG connected to distribution feeders [7]. In this paper,
according to the + 2.5% voltage variation limit of the
Taipower interconnected guide, the maximum interconnected
capacity in a primary feeder after the DG connection is
analyzed.



A. System Structure

The IEEE 13-Bus test feeder is used as a sample system
for the analysis of maximum apparent power injection in a
primary feeder after a DG connection, as shown in figure 1.
And the parameters for power flow analysis to evaluate the
voltage variation after the DG interconnected to the primary
feeder are shown in [8].There are several candidate
interconnected locations of the DG, and the maximum
interconnected capacity of the DG in each location is different,
which is limited by the voltage variation. In this paper, the
interconnected location is assumed to connect to bus 680; this
bus is located at the feeder end and the maximum
interconnected capacity is the least among others.

PROBLEM DESCRIPTION

B. Description of the Simulation Cases

The OpenDSS[9] is used to execute the three-phase power
analysis, and then the voltage variations after the DG
connected to a primary feeder are evaluated. The simulation
cases are described in Table 1.The simulation scenarios covers
all the loading conditions that include 100%, 80 %, 60%, 40%,
and 20% of the full load, and these scenarios are
representative.

TABLE I. DESCRIPTION OF THE SIMULATION CASES.

Case Description
Case#l The maximum interconnected capacity after the three-phase
type DG connected to a primary feeder.
Case#2 The maximum interconnected capacity after the single-phase

type DG connected to a primary feeder.
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FIGURE I.IEEE 13-BUS FEEDER WITH DG.

I1l.  DISCUSSIONS AND ANALYSIS OF THE

SIMULATION RESULTS

A. Voltage Variation Formula

According to the Taipower interconnected guide, the
voltage variation at the connection point is limited to +2.5%.
Therefore, the formula of steady-state voltage variation after
the DG interconnected to the primary feeder is shown in (1).

_ |Voeawitn| = [Vooaw/o]

VD% X 100%

1
Voeew/ol W
Where the |VDG(With)| represents the voltage magnitude at
the connection point after the DG connection, and the
|VbGw/oy| denotes the voltage magnitude at the connection
point before the DG connection. In the followings, the voltage
variations in this paper are calculated by (1).
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B. Discussions of the Case#1 Simulation Results

The simulation result of maximum interconnected capacity
of three-phase type DG is shown in figure 2, and the voltage
variation in phase A, B, and C are shown in figure 3, 4, and 5,
respectively. It is obvious that the load increased will result in
the less maximum interconnected capacity of the DG. Besides,
the maximum interconnected capacity of the DG s
determined by the phase, which reached to the upper limited
of the wvoltage variation. For instant, the maximum
interconnected capacity of the DG is limited by the voltage
variation in phase A in this simulation condition, because of
the voltage variation in phase A is reach to 2.5%, although
phase B and C are still below 2.5%.
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2000

1800
1600
S 1400
2 1200
£ 1000 EPhase A
E_ 200 riPhasze B
= 600 CPhase C
W 400
= 200 mTotal
0
PeakLoad
FIGURE I1I. THE MAXIMUM INTERCONNECTED CAPACITY
IN EACH PHASE OF CASE#1.
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FIGURE I1I. THE VOLTAGE VARIATION IN PHASE A OF
CASE#1.
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Bus Voltage in Phase C under Balance Condition
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FIGURE V. THE VOLTAGE VARIATION IN PHASE C OF

CASE#1.

C. Discussions of the Case#2 Simulation Results

In this case, the simulation result of maximum
interconnected capacity of single-phase type DG is shown in
figure 6; besides, the voltage variation in phase A, B, and C
are shown in figure 7, 8, and 9, respectively. This simulation
results also demonstrate that the load increased will result in
the less maximum interconnected capacity of the DG.
Similarly, the maximum interconnected capacity of the DG is
determined by the phase, which reached to the upper limited
of the voltage variation. It is clear that the simulation results
in this case is different from that of case#1. The maximum
interconnected capacity in each phase are not the same due to
the single-phase type DG connected to individual phase, and
the maximum interconnected capacity in phase B and C are
larger than that of case#1l. Consequently, the total injected
apparent power at the connection point is larger than that of
case#l.
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FIGURE V1. THE MAXIMUM INTERCONNECTED CAPACITY
IN EACH PHASE OF CASE#2.
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FIGURE VILI. THE VOLTAGE VARIATION IN PHASE A OF

CASE#2.

Bus Voltage in Phase B under unBalance Condition
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CASE#2.

Bus Voltage in Phase C under unBalance Condition

#WithoutDG A WithDG < Voltage Variation

Bus Voltage(p.n)
Voltage v ariation(%e)

20% 40% 60% 80% 100%

# Without DG 1.0071 098209 095613 093122 090783
A With DG 1.0322 1.0066 098001 095448 093045
+ \oltage Variation 249 250 250 2.50 249

FIGURE IX. THE VOLTAGE VARIATION IN PHASE C OF

CASE#2.

IV.  CONCLUSION

In this paper, the maximum interconnected capacityin a
primary feeder after DG connection is evaluated according to
the Taipower interconnected guide. The unbalanced power
flow program is used to solve for the bus voltage profiles
before and after the single-phase and three-phase type DGs
interconnected into the IEEE 13-Bus feeder. The
simulationresults ~ demonstrate  that the  maximum
interconnected capacity of DG at the connection point is
dependent on the loadingconditions, and voltage variation
limit in this paper.
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