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Abstract: In power systems, although the inertia energy in power sources can partly cover
power unbalances caused by load disturbance or renewable energy fluctuation, it is still hard to
maintain the frequency deviation within acceptable ranges. However, with the vehicle-to-grid
(V2G) technique, electric vehicles (EVs) can act as mobile energy storage units, which could be
a solution for load frequency control (LFC) in an isolated grid. In this paper, a LFC model of an
isolated micro-grid with EVs, distributed generations and their constraints is developed. In
addition, a controller based on multivariable generalized predictive control (MGPC) theory is
proposed for LFC in the isolated micro-grid, where EVs and diesel generator (DG) are
coordinated to achieve a satisfied performance on load frequency. A benchmark isolated micro-
grid with EVs, DG, and wind farm is modelled in the Matlab/Simulink environment to
demonstrate the effectiveness of the proposed method. Simulation results demonstrate that with
MGPC, the energy stored in EVs can be managed intelligently according to LFC requirement.
This improves the system frequency stability with complex operation situations including the
random renewable energy resource and the continuous load disturbances.

Index Terms: electric vehicle (EV); vehicle-to-grid (V2G); isolated grid; load frequency
control, LFC, Fuzzy control (LFC); frequency support, power grid,. Frequency regulation (FR),
demand response (DR).

1. INTRODUCTION

Integration of RES (Renewable Energy Sources) to the power grid has many advantages e.g. (1)
Reducing green house gas emissions and global warming (2) Reliability and stability of power
supply. (3) Improved public health and Environmental benefits as to reduction in pollution (4)
Vast and in exhaustive energy source. RES includes solar, wind, geothermal, hydropower and
tidal energy, plus bio-fuels that are grown and harvested without fossil fuels. Because of
fluctuations of renewable sources and limited capacity of distributed generation sources, it is
difficult to achieve active power balance between generations and loads that is important for
critical installations.

The rapid growth of EVs offers great potential for facilitating the integration of renewable
energy. As an important component of demand response (DR), V2G gives EVs the ability to
allow bidirectional power flows between the EV battery and power grid.

Based on a review of the existing literatures, EV charging loads have the distinctive features as
follows:

(1) EVs are expected to gain a significant share in the total power system loads, thus V2G will
have a far-reaching influence on power system operation.
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(2) The scale of EV charging loads is relatively small at present. Therefore, V2G should be
fully studied at the beginning of construction, forming a unified standard for EV charging
facilities so that most of the EVs can participate in DR in the future.

(3) The charging of EVs is of electromagnetic and chemical processes, without mechanical
processes. Consequently, the time constant of EV power adjustment is smaller, namely EVs
are characterized with rapid response.

(4) The charging of EVs is non-rigid at a relatively short time scale (e.g., within minutes),
namely EV power adjustment lasting for a short time has little impact on the user and EV
itself.

(5) Most EV charging loads exist in the receiving system. Compared with the general grid, the
receiving system needs more support for the frequency and voltage regulation. Thus, EVs can
accord well with the requirements of FR.

In view of the above features, EVs are considered to be one of the most important participants in
DR. Grid-connected EVs have the ability to provide an additional resource of spinning
reserves and it can also act as an energy storage alternative. Through extra equipments such as
meter devices, power electronics interface, energy converter, and bi-directional communication
interface to communicate with the aggregator entity, a large number of EVs
(charging/discharging) can be controlled effectively. Adding V2G (which can match generation
and load in time) to the system allows higher penetration of renewable energy without excess
electric power production. Additionally, the inclusion of EVs can reduce the construction and
management cost of peak generators, as well as absorb the excess electricity. Using actual
market data, the conditions where EVs can generate profits by providing ancillary services are
investigated in literature survey.

. AGC is used to maintain the balance between generation and load in power systems, which is
generally achieved by adjusting the power output of multiple traditional AGC generation units to
control the frequency deviation. However, with the large-scale integration of renewable energy,
relying on traditional units alone is difficult to fulfill the balance requirements for future grid. If
EVs and BESSs participate in system frequency regulation, AGC would respond to frequency
deviations both on the generation side and load side simultaneously to help traditional generating
units

Electric vehicles (EV) are an inevitable trend in the automotive industry’s development of
energy-saving and environmentally friendly cars. EV technology represents a good option for
significant reductions in gasoline consumption, smog precursors and emission of greenhouse
gases. When EVs are connected to an electric distribution grid, the power flow between EVs and
the power grid can be bidirectional: a charging EV is a load for the grid , whereas a discharging
EV is a power source for the grid. Statistical data of car usage show that private cars are sitting
idle 95% of the day, which mean most electric vehicles remain connected to the grid in charging
or idle mode. With the rapid development of EVs, the controllable energy stored in on-board
batteries could be enormous. By utilizing vehicle to grid (V2G) technique, EVs can act as
distributed energy storage units. Thus, in order to improve the support ability of load balance and
the operation flexibility, EV can be a good solution to stable operation of isolated micro-grids.
As mentioned before, the critical issue in such isolated micro-grids is large frequency fluctuation
caused by intermittent renewable energy in an isolate operating micro-gird, where the load-
frequency control (LFC) capacity is not enough to compensate the unbalance of generation and
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load demand. In this paper, we focus on the design of a power system frequency oscillation
damping controller using EVs. By providing active power to load or absorbing extra active
power from generations, EVs could quickly compensate the active power gap between
generation and load, thus improving the power grid frequency stability.
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Fig. 1.Schematic diagram of LFC and AVR of a turbo generator.

Load frequency control methods have been applied in traditional thermal power generation
systems and hydro power generation systems.

2. MODEL DESCRIPTION POWER SYSTEM

The proposed method is evaluated using an interconnected area as illustrated in Fig. Each area
consists of conventional thermal power generation unit (TGPU), PV systems, fleet of Electric
Vehicles (EV), Load Frequency Controller (LFC) and load. Area 1 and 2 are interconnected with
tie-line. The main objective of the study is to limit this tie-line flow deviation to the allowable
limits and also to reduce the frequency deviations. Since the generating units in the area are
tightly interconnected, they can be lumped into a single equivalent unit. EV in both areas, due to
their good dynamic response, can participate in the frequency control at a faster rate. Thus during
the transient periods, EV is in charge of suppressing the peak value of frequency deviation
rapidly against the abrupt load change and the governor-turbine of the conventional generating
units are utilized for eliminating the stead-state error of frequency deviation.

EV Model

The model of EV considered here is based on the Area Control Error (ACE) and frequency
characteristic of Electric Vehicle, Kgy which is the change in charging power divided by a
change in frequency. ACE is the adjustment required in generation to keep the balance of supply
and demand. The EV is represented by the first-order transfer function with gain Kgy and time
constant Ty, in series with the Pl-based bidirectional power charging controller with gain Kp and
time constant Ki.
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CONTROLLING METHODOLOGIES

In this paper there are two controlling methodologies mentioned. They are:
1. Conventional control

2. Fuzzy logic control.

Fuzzy logic controller:
Fuzzy set theory and fuzzy logic constitute the rules of a nonlinear mapping. The use of fuzzy
sets provides a basis for a systematic way for the application of uncertain and indefinite models.
Fuzzy control is based on a logical system called fuzzy logic is much closer in spirit to human.
By taking ACE as the system output, the control vector for a conventional PI controller can be

given as.

AACE(k)

ACE(k) LN MN SN Z SP MP LP
LN LP LP LpP MP MP Sp Z
MN LpP MP MP MP SP ZE SN
SN LP MP Sp SP z SN MN
z MP MP Sp z SN MN MN
SpP MP SP z SN SN MN LN
MP Sp V4 SN MN MN MN LN
Lp A SN MN MN LN LN LN

LN: large negative, MN: medium negative, SN: small negative, Z: zero, SP: Small positive, MP: medium positive and

LP: large positive.

Tablel. Fuzzy rules for ACE(k) and AACE(K)

available online at www.csjournalss.com

As will be shown in the simulation results, the conventional PI controller results in a large
overshoot and a long settling time Also, settling time for the control parameters is very long.
According to many researchers, there are some reasons for the present popularity of fuzzy logic
control. First of all, fuzzy logic can be easily applied for most applications in industry.
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Fig. 3. Membership functions of (a) ACE, (b) AACE and (c) Kp, Ki.
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Fig.4 Transfer function model of two-area multi-source power system.
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POWER SYSTEM INVESTIGATED
A two area thermal-hydro interconnected system can be used to analyze dynamic analysis of the
system for 1%step disturbance is as shown in figurel,with following specifications.

1. Thermal power system

Coefficient of re-heat steam turbine = k,., = k,, = 0.3, Re-heat time constants =T,, =T, =
10 s, Turbine time constant = Ty, =Ty, = 0.3 S, Ry,; Speed governor regulation = Ry,; =
Riniz = 2.4 Hz/puMW, Speed governor time constant =Ty, = Ty, = 0.8 s and Water time

constant=T,,; = T,,» = 15, GRC =0.0017 pu, Dead band = 0.006 pu.

2. Hydro power system.

Speed governor rest time = Tg, = Tg, = 5s's, Transient droop time constant = Tgry, = Tryz =
28.75 s, Main servo time constant = Tgy1= Ty, = 0.2 s, and Speed governor regulation
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3. Power System.

Gain of the power system = Kpg; = Kpg; =120Hz/pu, Time constant of the power system= Tpg;
Tps, = 20s, Participation factor representing economic load dispatch (pfi1 = pfa1
0.46966,pf,, = pfyy = 0.37814,pf13 = pfs = 0.15220) , Bias factor = B, = B,
0.425 puMW/Hz, Integral gains of the controller (K; = 0.6999&K, = 0.325).

RESULTS AND DISCUSSIONS
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Fig.5 Comparison graph of output of power plant using PI, PID and FUZZY Controller
The simulation of considered system for PI,PID and FUZZY PID are obtained as shown in below

figures and from those corresponding conclusions can be made from the respected results of
variable controllers.
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Table 2. Change in Maximum and Minimum Frequency with change in Inductive, Active
and Capacitive Load

S.NO | Inductive | Active | Capacitive | Minimum | Maximum | Negative Positive
load load load frequency | frequency | Deviation Deviation
(MVAr) | (MW) | (MVATr) in in

percentage | percentage

1 150 1100 200 49.87 50.295 -0.584% 0.20%

2 180 1021 200 49.72 50.105 -0.21% 0.56%

3 190 1190 200 49.81 50.06 -0.12% 0.38%

4 130 1060 200 49.87 50.03 -0.06% 0.26%

5 120 1020 200 49.96 50.33 -0.66% 0.08%

6 100 970 200 49.78 51.23 -2.46% 0.44%

7 80 890 200 49.72 50.24 -0.48% 0.56%

8 70 810 200 49.70 50.34 -0.68% 0.60%

9 60 701 200 49.63 50.55 -1.10% 0.74%

10 55 660 200 49.20 50.8 -1.60% 1.60%

11 50 570 200 49.20 50.8 -1.60% 1.60%

Form the above tables it is clear that responses obtained, reveals that FUZZY PID gives better
Settling performance than PID and PI controller. Therefore, the intelligent control approach
using FUZZY PID concept is more accurate and faster than the conventional PI control scheme
even for complex dynamical system. it is clear that responses obtained, reveals that PID better
Settling performance than Pl. Therefore, the intelligent control approach using PID concept is
more accurate and faster Than the conventional Pl control scheme even for complex dynamical
system.
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