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Abstract: The intermittent and unpredictable of renewable energy generations such as PV and wind turbine may affect the op-
eration performance of micro-grid including frequency, voltage and diesel generator operation state. And battery energy storage
system ( BESS) is usually equipped in micro-grid to mitigate the fluctuations of distributed generator output. This paper pres-
ents a P/V control strategies in a typical micro-grid composed of diesel generator, asynchronous wind turbine, PV generator,
and BESS. Simulation proves that the operation performances of micro-grid could be greatly enhanced by BESS under the con-
trol strategies presented in this paper.
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As a promising distributed generation (DG) net-
work structure, micro-grid plays a very important role
in enhancing system reliability, increasing utilization
of renewable energy, and saving investment ' !
Normally, micro-grid consists of distributed genera-
tions such as PV and wind turbine, energy storages

and loads"” *' .

As a power grid, micro-grid should
satisfy the requirements of load for power quality to

ensure the power frequency, voltage and harmonic

YR EEY: 2015-03-30
EE® . FN(1984), L, WEFTULA, TR, #it, ¥
N FH [ %3] 15 11 ( e-mail ) guojinchuan@ gedi. com. cn,,

wave within a specified range. However, renewable
energy generations are easily affected by the natural
environment and the output power is intermittent and
unpredictable. Unfortunately , micro-grid has little sys-
tem inertia, so the change of wind velocity, sunlight
or load power may increase the fluctuation of power
frequency and voltage, and even lead to unstable, es-
pecially in island operation mode. So with more and
more DG connecting in micro-grid, the operation per-
formance of islanding micro-grid may be affected and
the penetration of DG may be restrained unless some
measures are adopted "'

The influence of renewable energy on micro-grid
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can be mitigated with battery energy storage system
(BESS) . Through the control of power converter,
battery energy storage system can operate in four quad-
rants flexibly and can absorb or output energy quickly,
to maintain the instantaneous energy balance, smooth
the fluctuation of frequency and voltage, and enhance
the operation performances of micro-grid.

In this paper, a simulation model of typical island
micro-grid composed of diesel generator, asyn-
chronous wind turbine, PV generator, and BESS is es-
tablished in Matlab/Simulink. The control strategy of
BESS is designed combining with the influence of re-
newable energy to micro-grid. And the operation per-
formances of micro-grid including frequency, voltage
and diesel generator operation state are analyzed with/

without BESS respectively.

1 Operation Performance Influenced by
DG

With the deepening research and enlargement ap-
plication of micro-grid, more and more types and
quantities of DG are connected in micro-grid. The
power quality problem is more and more terrible
caused by the special characteristics of DG. It badly
affects to the operation performance of micro-grid,
mainly as follows' " "',

1) The start-stop and switching of DG is influ-
enced by the environmental and climatic conditions,
user needs, policies and regulations and other factors.
Its uncertainty could easily lead to the micro-grid volt-
age fluctuation and flicker. At the same time, the in-
teractions between control and feedback links of DG
will directly or indirectly lead to voltage flicker.

2) Many of distributed generations are connected
in micro-grid based on power electronic technology.
Frequent switching of the switching devices will bring
harmonic component and pollute grid.

3) DG is generally closer to load. Its reactive
power output can increase the voltage of load node and
even beyond the offset standard. When DG out of op-
eration, the nodes which are affected seriously by DG

will lack voltage support and suffer serious power

quality problems such as low voltage. And the extent
of effect is related to the type, location and capacity of
DG.

4) Various forms of DG access to micro-grid cau-
ses the operation performance easily influenced by out-
side conditions because of the scale of micro-grid is
generally small. During island operation mode, the
randomness and volatility of DG output could easily
lead to the fluctuations of micro-grid voltage and fre-
quency, and affect the normal power supply.

In addition, the output power of DG such as PV
and wind turbine is affected by the real time environ-
mental and climatic conditions. To achieve the power
balance, the output of diesel generator is changes real
time following with DG and loads. This makes the
diesel generator difficult to run under the economic
and safe operation state unless some measures are a-
dopted.

2 Control Strategy of Battery Energy Stor-
age System

For a typical island micro-grid composed of diesel
generator, asynchronous wind turbine, PV generator,
and BESS, when the output active power of asyn-
chronous wind turbine changes, reactive absorption al-
so changes. And the connection node voltage will
change follow it. To both restrain the output active
power and voltage fluctuation of DG, an active power
and voltage control strategy (P/V control) is used in
this paper. Set value of active power and voltage as
o and Vo
connection. Then the output active and reactive power

reference value of P at the point of common

of BESS can be controlled respectively. The converter
control block diagram of BESS is shown in Fig. 1'"'.
Through a coordinate transformation to the rotating
frame which its d-axis coincides with the initial phase
angle of grid electromotive force, the d-axis and q-ax-
is could represent active component and reactive com-
ponent respectively after the introduction of current
state feedback and voltage feed forward. So, the ac-
tive power could be controlled through d-axis, and the

reactive power could be controlled through g-axis.
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In Fig. 1, the active power partial AP as a control
signal of outer loop d-axis acts with an active power
controller to generate the reference value of d-axis cur-
rent control signal 1, And the AC voltage partial AV
as a control signal of outer loop g-axis acts with a volt-
age controller to generate the reference value of g-axis

current control signal

sef- Lhe inner loop is an AC

current loop. The d-axis component [/, and g-axis
component /, are obtained by the three phase input
current through coordinate transformation. And they
are subtracted by the reference value of current respec-
tively to obtain the current partial. Though the control-
ling of inner loop, the PWM control signal can be ob-

tained.

Prr Limax Vedmar

Fig. 1 Control Block Diagram of BESS

3 Simulation analysis

Figure 2 shows the micro-grid structure of Wans-
han island in Zhuhai, China. It is composed of diesel
generator (500 kW) , asynchronous wind turbine (260
kW), PV generator (two sets and each group 100
kW), and load (410 kW). The simulation model of
this micro-grid is established in Matlab/Simulink. The
simulation parameters of diesel generator, asyn-
chronous wind turbine and PV generator are shown in
table 1 to table 3 respectively. And the sunlight and
wind speed curve are shown in figure 3 and figure 4
respectively. Simulation assumes that a group of PV
generator out of operation at the 5th seconds, and an-
other group out of operation at the 10th seconds. Ac-
cording the above parameters, the operation status is
simulated in Matlab. And the operation performances

of micro-grid including frequency, voltage and diesel

generator operation status will analyzed with/without
BESS detailed in later sections.
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Fig. 2 Micro-Grid Structure of Wanshan Island

Table 1 Simulation Parameters of Diesel Generator
Parameters Description Value
P Rated power 500 kW

f Rated frequency 50 Hz

Uy Rated output voltage 520 V

Table 2 Simulation Parameters of Wind Turbine

Parameters Description Value
Pom Rated power of wind turbine 260 kW
P e nominal Generator rated power 260/0.9 kVA
f Generator rated frequency 50 Hz
Uy Generator rated output voltage 520 V
Sind Rated wind speed 12 m/s

Table 3 Control Parameters of PV

Parameters Description Value
K,y Voltage outer loop K, 50
Ky Voltage outer loop K; 0.1
K, Reactive power outer loop K|, 0.01
K, Reactive power outer loop K; 1
Ky p (K gy ) Inner loop K, 40
Ky i (K'yy ) Inner loop K; 0.1
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Fig. 3 Sunlight Curve in Simulation
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3.1 Operation status of diesel generator 2 B phase
Figure 5 to figure 9 show the simulation results of 1 Cphase ||
diesel generator. From this we can see that the rota- 20 i
tional speed and electromagnetic torque of diesel gen- 1 e ;
erator could be fast reach a relatively stable output 5
when the BESS adjusting in the micro-grid. Accord-
. . . . -3 : ‘
ingly, the active power output is also relatively stable, 0 5 10 15
Time/s
and the reactive power output is lower. A smooth out- (2) Without BESS
put makes to set the diesel generator operation at eco- 3
nomic state easily. And low reactive output can in- 5 A phase
. . B ph 1
crease the power factor of diesel generator, and im- 3 cﬁh::
. 1 N J
prove the economy. Especially, the three-phase unbal- } T e
o -
ance of the stator current of diesel generator is reduced =0
significantly through the use of BESS (see fig. 7). It -1 1
is very useful to the safe operation of diesel generator. -2t .
From this, we can see that the use of BESS can en- 3 l J
0 5 10 15

hance the operation performances and improve the e-

conomy operation level of diesel generator.
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Fig. 5 Rotational Speed of Diesel Generator
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Fig. 7 Stator Current of Diesel Generator
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Fig. 8 Output Active Power of Diesel Generator
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Fig. 9 Output Reactive Power of Diesel Generator

3.2 \Voltage

Figure 10 shows the voltage deviation of 10 kV
bus bar in the above simulation. If the BESS is not
used in the micro-grid, the biggest voltage deviations
of 10 kV bus bar are 8. 5% , 4. 4% and 4. 85% respec-
tively at the time of starting diesel generator, cutting of
group 1#PV generator and cutting of group 2#PV gen-
erator. And the durations of voltage fluctuation are re-
spectively about 5 seconds, 4 seconds and 5 seconds.
But after the use of BESS, the biggest voltage devia-
tions are respectively reduced to 5.5%, 1.95% and
2.2% , and the durations of voltage fluctuation are re-
spectively reduced to 3.5 seconds, 0.5 seconds and
0. 7seconds. And when the PV generator cut of, the
voltage deviation can be reduced to less than 2% in 10
ms or less. So, under the P/V control strategy, the
system voltage has significant control effect by using
BESS.
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Fig. 10 10 kV Bus Bar Voltage Deviation

3.3 Frequency
The output power of DG like as PV is affected by

And it

changes in real time. To achieve the power balance,

the environmental and climatic conditions.

the diesel generator should regulate its output real time
and follow the changes of DG. But the response time
and regulation ability of diesel generator is limited. So
the frequency of islanding micro-grid is hard to stable
unless some measures are adopted especially when the
penetration of renewable energy generator is high.

Figure 11 shows the frequency of the micro-grid
system in the above simulation. The deviation of fre-
quency is about —0.6 Hz to 0.4 Hz after the diesel
generator completely started without BESS. It is great-
ly exceeds the safe operation requirements of loads. So
the BESS must be used in this situation. The simula-
tion result shows that the deviation of frequency can be
reduced to less than *0.1 HZ by BESS.
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Fig. 11 System Frequency

4 Conclusion

The randomness and volatility of DG output pow-
er could easily influence the operation performance of
micro-grid including frequency, voltage and diesel
generator operation state. Aiming at the characteristics
and causes of these influences, a control strategy of
BESS is analyzed to mitigate the influences and en-
hance the operation performance of micro-grid. Tak-
ing Wanshan island micro-grid structure as an exam-
ple, the operation performances of an islanding micro-
grid are analyzed through simulation. From the simu-
lation, the following main conclusions can be derived.

1) In islanding micro-grid, the output of diesel

generator is fluctuant greatly with the changes of envi-
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