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1. INTRODUCTION

In recent years, rapid growth from worldwide to exploit alternative energy resources emerged due to
the shortage of fossil fuels and atomic energy crisis issue which allow the development generation
technologies into a small scale [1]. A typical model of micro grids typically discrete energy system
comprising distributed energy resources (including demand management, storage, and generation) and loads
capable of operating in parallel with, or independently from the main power grid. The increasing of new
energy industry make the micro grids play an important role in power system network [2, 3]. A micro grid
can works in two modes, which is grid-connected mode and islanded mode [4]. The micro grid works in grid-
connected mode under normal conditions which is connected to the grid, being either partly supplied from it
or injecting power into it. Meanwhile, the micro grid can shift to islanded mode when a fault happened in the
grid under emergency circumstances which disconnects from the grid and operates independently. In short,
the possibility of having a network contingency is being reduced as this micro grid contains many small units
so0 the chances of power loss generation at a time decreases.

Incident of blackout worldwide since 1965 have attracted many researchers to investigate power
system stability problems [5-7]. Frequency stability for instance play a big role in power system that relies on
an active power balance and should be maintained within certain operating limits. Any interruptions or
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contingencies will affect the frequency of the system and contribute to power deficiency [8, 9]. Restoration
capability between generation and load must be achieved with minimum loss of load and this bring a great
challenge for power system operator while exposing to various contingencies and disturbances during real
time operation [10]. The restoration process for under or over frequency must have fast dynamic assessment
avoiding large scale blackout by incorporating demand response [11-13]. The performance of generator in
conventional power stations are depending on the performance of all ancillary electric motor drives. If low
speed occurs due to low frequency, it will affect the output for the power generator and will lead to
shutdowns of the power plant [14-16]. Load Shedding will be the last resort to encounter instability of
frequency and voltage and a lot of strategy has been developed to comprehend the stability issues especially
on cascading effect [17-20]. Battery energy storage system offer great helps for under frequency scenario
especially when associated with high renewable energy participations [21-26].

Although it exists so many methods from most of previous researcher on frequency regulation but
they have not discussed the capability of micro grid with the participation of renewable energy to some
extends. So, in this investigation, the micro grid development i.e. single and multiple are determined via
frequency control reserve (FCR) strategy alongside with battery energy storage system (BESS) which
incorporated the dead band control. This control mechanism was analyzed for its dynamic performance
during peak load demand situation. In this simulation, all the related results have been discussed and
compared deliberately.

2. FREQUENCY CONTROL RESERVE (FCR)

Recent power systems are divided into many areas. Any regional areas are generally interconnected
to its neighbouring area. Tie lines act to connect all the area involved for power sharing or power import and
export. The power flow between different areas regulates at times and it is vital keeping the frequency
constant [9]. The system frequency increases when the load decreases if A4Pref is stored at zero. Likely,
the frequency may decrease if the load increases too. Hence, it is necessary to maintain the frequency so that
Af =0. Area 1 may export the pre-determined amount of power to Area 2 while importing the pre-determined
amount of power from Area 3. However, it is expected to meet the above duties, each area will change its
own load change, i.e. increase the generation to supplying additional loads in the area or lower the generation
when demand for load in the area decreases. Despite doing this Area 1 must maintain its obligations to Areas
2 and 3 as far as import and export power by mean of available resources, including the mechanical inertia
from interconnected generator. It is targeted to suppress the frequency within 0.5 Hz and below for using the
support from the frequency control reserve strategy (FCR) from both single micro grid and multiple micro
grids. It is supposed that with a greater number of micro grid integration would benefit more to realize for
zero frequency deviation, but they must particularly design to ensure local operation is under controlled and
by then being adjusted to fit for power exported so called reserve power to facilitate under above mentioned
proposed strategy.

2.1. Automatic Generation Control

Automatic generation control (AGC) is a system to adjust the power output of various generators in
different power plants, in response to load change. Basically, in automatic generation control (AGC),
all generating sets could contribute in regulating frequency deviations evolved due to power imbalance
scenario Frequent adjustments for the generator output are necessary in every second during the operation as
to maintain equibilirium level in entire process. The frequency deviation can be measured by measuring the
frequency of the system; if it is increasing, more power is generated than the one used, which causes all
machines in the system to accelerate and vice versa.

The AGC test model system is designed in MATLAB Simulink. It has 4 different types of
conventional generation combined together and the power from the load is minus to get the power mismatch,
APout. The inertia model will analyze 4Pout before converting it to Af. The LFC model will send back the
signal to complete one cycle. This model [27] is then being duplicates but with another two different set of
model with different capacity of generation and demand as to illustrate for small area, medium area and large
area respectively.
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Figure 1. Project implementation flowchart

3. RESULTS AND ANALYSIS

In this section, few model, event and cases have been carried out in detail on frequency regulation to
emphasize and relate on real opeartion conditon. These approaches have been designed deliberate for an
interconnected power system with deployment of multiple micro grids.

3.1. Single Micro Grid

The test model that has been developed is Automatic Generation Control (AGC) System during
off-peak. The reason for selecting just the off-peak load is mainly because the rate of change of frequency
definitely increases and becomes severe to the reduction of the final load demand. For single micro grid
namely MG1, 3 cases already develop as to investigate how the power can affect the frequency system.
The specification for all cases are shown in Table 1.

Table 1. The Conditon for All Cases

Case Condition
1 Ps = PL
2 Ps>P.
3 Ps< PL

In Figure 2, it shows the tie-line power flow whereby it can be predicted for higher the power,
the higher the frequency would be generated. Meanwhile in Figure 3, it shows the frequency deviation of the
power system with total load demand. This model is stable because the frequency deviation fluctuates
between the maximum tolerances for stability of power system which is + 0.5 Hz.
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Figure 3. Frequency deviation for case 1 in MG1

Results in Figure 4 and 5 clearly show the frequency deviation between the two cases and it shows
that the system is not stable as it varies fluctuation greater than the maximum permissible for frequency
stability. In such a case, if the load is sufficiently high as compared to the power from generator then it will
cause the frequency to decrease as it will take more energy for the generator to be able to endure with the
newly increased load causing the generator rpm to drop and eventually the frequency drops. So, at a glance it
already proves that to maintain the power system frequency stability and in advance to prevent the equipment
from being damaged cause by instability of frequency, the power generation must be matched
instantaneously with the power load.
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Figure 4. Frequency deviation for case 2 in MG1

Indonesian J Elec Eng & Comp Sci, Vol. 16, No. 1, October 2019 : 59 - 66



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 ) 63

0 T T T T

-0.1 b

ozt ll i
g 0.3 II\ '

o M ) i My i
: z: S]‘ 1“\ W u.* ﬂ-‘) 4_% Mﬂ LJMW‘ MW ’[Mw Py Mﬂwﬂ 1:
L;E— -06 *' M ﬂulmx 2281 I“I M |

seconds (s)

Figure 5. Frequency deviation for case 3 in MG1

3.2. Multiple Micro Grid

In this section another two micro grid are developed name as MG2 and MG3 with different capacity.
This is to uptake with rational condition that possibly happen in real situation in the power system network
which exposed to unpredictable event. Unlike previous section, no cases have been introduced here as all the
power generated and consumed has been equalized reflected for stable operation.

3.3. FCR Strategy

It shows that by integrating all the three micro grid which is different in term of the capacity to system,
they able to synchronized and stabilized after being compensated among each other as shown in Figure 6.
Notably, one micro grid will be able to import and export power to the other micro grids as to maintain the
stability in the entire the system. Likewise, the excessive power will be export to the other micro grid which
has less power in order to cope with the power form the load demands.
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Figure 6. Frequency deviation of MG1, MG2 and MG3 with FCR strategy

Table 2 shows the maximum and minimum point for frequency deviation when bias value, B is
varied. Bias value here is an approximation used in the area control error (ACE). This already prove that the
higher the value of B, it can suppress the frequency deviation as the power system will be more stabilize
shown in Figure 7.

Table 2. Variation of §
Beta MinAf(Hz)  Max Af (Hz)

1 -0.3848 0.4017
3 -0.3045 0.3664
5 -0.224 0.3115

Frequency control reserve with multiple micro grid participation... (Mohamad Syamin Bin Zainal Abidin)



64 a ISSN: 2502-4752

Frequency Deviafion (Hz)
(=]
T—
=
=_ _
=
B -
=

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

seconds (s)

Figure 7. Frequency Deviation with Different Beta Setting

4.  CONCLUSION

A Frequency Control Reserve (FCR) approach has been proposed to suppress frequency deviation in
viewpoint of upward power system frequency stability. The proposed method explicitly relies on the ability
of micro grids to import or export any excessive power from its own or neighbouring grid as to maintain
equilibrium stage which in turns make the proposed solutions completely successful for each test cases.
Three micro grids with different capacity has been developed for each case to verified the proposed method
beforehand. Each of these grids generally interconnected to each other and power sharing between these
micro grids is through the tie-lines power flow. The approach combines the capability in terms of excessive
power regionally in the entire areas and applied the local control for frequency regulation considering all
parameters such as system inertia and maximum penetration level. Results of application of the proposed
method towards large system reveal that minimum and maximum level of frequency deviation could be
affected by determining the suitable bias values (B). Increasing this value affectively supress more frequency
and it is better to be over biased eventually.
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