Vol 3 (2) (2022)

1y BNG GAITAIY

Measurement, Control, and Automation

MCA

Website: https:// mca-journal.org

ISSN 1859-0551

Vehicle-to-grid application to improve microgrid operation efficiency

Nguyen Van Tan*, Truong Thi Bich Thanh, Tran Quoc Trung*,
Hoang Chung, Tran Viet Quoc Vinh, Nguyen Minh Tien

!Faculty of Electrical Engineering, Da Nang University of Technology — The University of Da Nang
*Corresponding author E-mail: tan78dhbk@dut.udn.vn, 105170140@sv]1.dut.udn.vn

Abstract

Currently, the penetration rate of renewable energy sources (RESs) into the grid is increasing, especially solar and wind energy sources.
This brings many benefits but also challenges since these sources inherently have unstable output power because they depend on practical
factors. Microgrid (MG) with energy storage systems (ESSs) is a solution to utilize these RESs effectively. However, ESSs like battery
storage system has high cost, making application deployment difficult. Therefore, the application vehicle-to-grid (V2G) technology with
appropriate control methods to MG will bring more efficiency and potential when electric vehicles (EVs) develop in the future. This article
will study and evaluate the effectiveness of using V2G in combination with the droop control method to support islanded MG when en-
countering power imbalance using Matlab/Simulink. The results show a positive influence of V2G on the stability and operation efficiency

of the MG.
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Abbreviations

DG Diesel Generator

ESS Energy Storage System

EV Electric Vehicle

HESS Hybrid Energy Storage System
MG Microgrid

PV Photovoltaic

RES  Renewable Energy System

SC Supercapacitor

SOC  State of charge
WE Wind Energy
V2G  Vehicle to Gird
Tém tit

Hién nay, ti 1¢ xdm nhap cac nguén nang lugng tai tao vao ludi dién
ngdy cang 16n, dic biét 1a ning lwong mit troi va gi6. Didu nay
mang lai nhiéu loi ich nhung cling khong kém thach thirc khi ma
cac nguon nay von ¢6 cong sudt dau ra khong én dinh vi phu thude
vao yéu t6 thuc té. Microgrid (MG) 12 mét giai phap dé tan dung
hiéu qua ngudn ning lwong nay. Tuy nhién, MG véi céc hé théng
Iuu trit ¢6 gia thanh cao, khién viéc trién khai img dung con kho
khan. Do vay, viéc img dung cong nghé xe dién nbi ludi (V2G) véi
phuong phép diéu khlen phu hop vao MG giup mang lai tinh hi¢u
qué va tan dung su tiém nang cia xe dién dé phat trién trong tuong
lai. Bai bao s& nghlen ctru va danh gia sy hiéu qua cua viée su dung
V2G két hop v6i phuong phap didu khlen d6 doc dé hd trg MG doc
1ap khi c6 su mét cin bang céng suét bing Mathlab/Simulink. Céc
Kkét qua cho thay duoc su anh hudng tich cuc cia V2G dbi véi su
én dinh va hiéu qua van hanh cia MG.

1. Introduction

Conventional power plants inherently use fossil fuels and
emit large emissions into the environment. This leaves po-
tential challenges in the future when fossil fuel resources are
limited and emissions also contribute to global warming. On
the other hand, renewable energy (RE) generation systems
are considered clean and cheaper compared to traditional
synchronous machine-based power generations so they are
increasingly recommended. Among RE generation systems,
solar and wind systems are the most promising due to their
lower generation cost and their capability of maximum pow-
er point tracking over a wide range of wind and sunlight
variations [1]. However, the output power from these
sources is stochastic due to the dependence on nature of
wind and sunlight. RE power plants do not contribute to the
system inertia, because they are connected to the network by
power electronics, and they are electrically isolated from the
network [2]. Thus, the high level of penetration of RESs into
the grid can cause stability and reliability issues such as low
inertia, fault ride-thourgh issues, and low power quality.
Among the problems, the reduction of system inertia is the
most detrimental to the electrical system. Since the frequen-
cy control is directly affected when the system inertia is low.
Microgrid with ESSs is a solution to mitigate the negative
effects of the high penetration of RESs.

Currently, there are types of energy storage including com-
pressed air energy storage (CAES), flywheel energy storage
(FES), pumped - hydro energy storage (PHES), battery ener-
gy storage (BES), fuel cell energy storage (FC), supercon-
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ducting magnetic energy storage (SMES), supercapacitor
energy storage (SCES), etc. However, different storage tech-
nologies will have their own advantages and disadvantages
[3]. The solution is to use a hybrid energy storage system
(HESS) to combine the feature of different technologies to
achieve the desired performance.

Based on available technologies, control methods as well as
cost optimization, HESS using batteries and supercapacitors
(SC) are most widely used. Batteries with high energy densi-
ty are used to compensate for the low average power. How-
ever, its lifetime will be reduced if there are frequent transi-
ent power fluctuations. SC is used to meet this problem in
HESS [4]. This combination can effectively deal with vari-
ous power fluctuations and puts less stress on the battery
system [5].

But with a battery system, the initial investment is quite ex-
pensive, especially for large power applications. In fact,
electric vehicles are on the rise, if taking advantage of the
ESSs in electric vehicles, they will contribute to reducing the
cost of the system. According to [6], EV uses electric motor
and battery energy for propulsion, which has higher efficien-
cy and lower operating cost compared to the conventional
internal combustion engine vehicle. According to a study,
most non-commercial light-duty vehicles, including EVs, are
utilized for only about 5% of the time for the prime purpose
of transportation [7]. This makes the vehicles potentially
available for 95% of the time to be connected to the grid for
ancillary services to the power grid. At this time, the concept
of vehicle to the grid was born. V2G uses EVSs as an energy
storage source for the grid, this increases the total power
generation as well as improves the stability, reliability, and
efficiency of the grid [7]-[9]. In addition, V2G also provides
ancillary services to the grid such as regulation services
(voltage and frequency), spinning reserve load-leveling,
peak power, renewable energy storage and backup [10], [11].
In return, EV owners can enjoy appealing revenues for their
participation in the V2G services [10]. However, EVs can
not access to the grid freely and unmanageably because it
will cause negative impacts to the grid [8]. Therefore, it is
necessary to investigate the V2G technology to coordinate
the charging/discharging behaviours between vehicles and
grid so that it will not affect the power grid operation [8].
The article proposes a HESS using V2G and SC in combina-
tion with droop control and diesel generator (DG) to im-
prove stability and operation efficiency of MG in the pres-
ence of photovoltaic (PV) system and wind energy (WE)

system.
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Fig. 1: Combination of storage technologies.

2. Microgrid

Microgrid is a small-scale power grid consisting of distribut-
ed generators combined with ESS that provide electricity to
loads (industry, household, lighting, ...). In addition, this
system also integrates components of the main grid to be
able to operate in grid-connected mode [12], [13]. MG can
operate in two modes: grid-connected and islanded.
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Fig. 2: General Scheme of a Microgrid.

2.1. Dynamic model of Micogrid

According to [14], a dynamic model of MG is given:

APegss(8) Inertia and

self-regulation

APgiesei(s) + 1 Afys ()

2Hs+ D

load

—_——— e

Fig. 3: Dynamic model of Microgrid.

where: APgss, APw, APdgiesel, APpv, APjoad, are the output var-
iation power of the ESS, WE, diesel generator, PV source
and load variation respectively. Afug is the system frequency
deviation, H is the equivalent inertia constant of the system
and Dioag is the damping constant.

Based on the dynamic model of MG shown in Fig. 3, we can
analyze the influence of RESs and ESSs on the change of
frequency in the Microgrid.

2.2. Droop control method

To be able to distribute the power accurately and instantane-
ously among the ESSs and DG in the primary control level
to respond to fluctuations for stabilizing frequency, the
droop control method as shown in Fig. 4 is used [14].

A
f(Hz)

Diesel generator
Energy storage system

2Pess_max

Fig. 4: P-f droop characteristics.
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The system only engages in frequency control when the in-
stantaneous frequency fi deviates from the rated value f. The
DG droop equation (1) is given according to [15], where
Sdiesel IS the droop value.

IPyey = ———(fi- f) )

diesel

The operation of the storage system is divided into two
modes: discharging or charging when the frequency offset (f;
—f) is negative or positive, respectively [16]. The variation in
the active power of the ESSs are obviously within the range
between the maximum charging and discharging capacity of
the storage devices. The reference value of storage capacity
Pessis given as:

Pess () =-Kgss (.- 1) (2
where K is the coefficient expressing the stored energy of
the storage system, expressed by:

1 2-PESS_max
SESS f
where Sgss is the droop factor, Pess max iS the maximum
power that can be charged or discharged of the storage sys-
tem.

®)

KESS =

3. Energy storage system

ESS is a solution to support the grid with high penetration of
RESs. One of the typical storage systems is a hybrid storage
system between a supercapacitor and a battery. HESS takes
advantage of the supercapacitor's fast response and the bat-
tery's long-term power response, thus improving the effi-
ciency of storage devices.

3.1. Hybrid energy storage system

HESS using supercapacitors and electrochemical batteries
are among the popular applications for MG systems. SC
have a higher capacitance than ordinary capacitors (about 20
times). SC responds faster than battery when sudden power
change occurs in very short time, it is used to quickly com-
pensate for sudden power change. Batteries with higher en-
ergy density are used for long-term energy storage due to
slower response. However, this solution involves high in-
vestment costs, so the storage capacity must be calculated
appropriately. According to [17] for Lithium-lon batteries,
the cost is 700 — 1000 Euro/kWh, the lifecycle is 3000 cycles
at 80% deep discharge, which leads to the use of batteries to
improve the penetration rate of RES into grid is a challenge.
The use of HESS also increases battery life, reduces storage
system costs, response times, and increases the reliability of
the microgrid [3].

When the MG is in grid-connected mode, HESS will contrib-
ute to smoothing output power to help minimize fluctuations
of RESs, preventing them from being transmitted to the grid
and adversely affecting the grid's power quality. At the same
time, HESS also supports power generation as required by the
grid [18]. In islanded mode, HESS can support voltage and
frequency stability thanks to SC's quick response and battery's
long-term response, while reducing diesel power output. This
article conducts research in the case of MG operating in is-
landed mode.

3.2. Vehicle to Grid - V2G

With the evolution of EVs in the future, the use of storage
systems in EVs to embark the grid for the purpose of replac-
ing batteries in order to improve the integrated ability of
RES and operating efficiency of MG is currently in tenden-
cy.

There are three types of electric vehicles in current market:
battery electric vehicles, hybrid electric vehicles, and fuel-
cell electric vehicles. All these vehicles can generate clean
AC power at power levels from 10kW to 200kW. For V2G
implementation, three elements are required: (1) power con-
nection for electrical energy flow from vehicle to grid, (2)
control or logical connection, needed for the grid operator to
determine available capacity, request ancillary services or
power from the vehicle, and to meter the result, and (3) pre-
cision certified metering on board the vehicle. For fueled
vehicles (fuel cell and hybrid), a fourth element, a connec-
tion for gaseous fuel (natural gas or hydrogen), could be
added so that on board fuel is not depleted.

Ancillary services for the grid provided by V2G are men-
tioned above. In the peak power service, V2G will support a
portion of the generator's power during peak device’s power.
The required duration of peaking units can be 3 to 5 hours,
then VV2G is suitable for this. In load-leveling service, EVs can
provide power during peak times to relieve pressure on elec-
trical system components, while the power consumption and
charging of the vehicle are carried out during off-peak hours.,
Spinning reserve service for the grid is also provided, is an
additional generation that provides fast response, generally
within 10 minutes to compensate the generation outage [19].
EVs are paid as “spinning” for many hours, just for being
plugged in, while they incur relatively short periods of gener-
ating power. It means spinning reserves are paid for the
amount of the time in which EVs are available and ready.
Regulation services such as frequency and voltage regulation
are also supported by V2G by matching generation with load
demand and compensate reactive power. There are two types
of regulation: regulation up — the EVs will charge its battery
and “regulation down — the battery could be discharged into
the grid to support power [10], [20]. Besides, the integration
of RESs is also supported by V2G. Because of intermittent in
output power of the solar and wind energy, the support of EVs
is required to match the fluctuating supply to the already fluc-
tuating load. The intermittency issue of RESs can be solved by
utilizing a fleet of EVs as energy backups or energy storages.
The EV fleets act as the energy backups to supply necessary
power when the RESs generation is insufficient. Meanwhile,
they act as energy storages to absorb the excessive power gen-
erated by RESs, which would otherwise be curtailed [19]. In
short, EVs can help match demand to generation by discharg-
ing, charging, and storing excess RE for future purposes.
Despite having many benefits to the power grid ,V2G still has
many challenge that need to be overcome such as: battery
degradation, negative effects on distribution equipment, high
investment cost and social barriers [6], [20].

The battery cells will deteriorate gradually under the battery
charging and discharging cycles. The irreversible chemical
reaction in the battery will increase the internal resistance
and reduce the battery useable capacity. The aging rate of
battery depends on many factors, which include the charging
and discharging rates, voltage, depth of discharge and tem-
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perature. Participations of EVs in the V2G technology re-
quire more battery charging and discharging cycles which
are likely to result in quicker battery degradation. Studies
show that battery cycle should be maintained around the
middle ranges of state of charge (SoC) to minimize the in-
crease rate of equivalent series resistance. Also, it is very
important to retain the battery depth of charge lesser than 60
percent. Battery health should also be taken into considera-
tion for the implementation of VV2G technology.

Another challenge to the V2G implementation is the high
investment cost required to upgrade the power system. Im-
provements in hardware and software infrastructure are
needed for the V2G implementation because V2G could
cause the distribition system to be overload [20]. In addition,
the V2G implementation requires frequent charge and dis-
charge cycles and these processes involves energy conver-
sions which will contribute to more conversion losses. When
being charged, the EV becomes a load and can cause an in-
crease in peak demand if EV penetration in the system is
high. The uncoordinated charging of EV will cause increase
in peak demand of electric network. Therefore, it is advisa-
ble to charge the EV in the coordinated way when the off
peak load periods are in frame [21]. In [22], [23], dividing or
delaying charging time for EVs, charging at night or coordi-
nated charging will help reduce power to the system during
peak hours, not causing peak demand.

Last is the social barrier. Since taking part in the V2G tech-
nology requires EV owners to share the EVs batteries energy
with the power grid, this will create the range anxiety among
the EV owners. Also, EV owners tend to ensure a guaranteed
amount of energy stored in the EV battery for emergency use
and unpredicted journey in most cases. In order to reduce the
social barriers for V2G implementation, a well-planned EV
charging network is necessary. In addition, V2G manage-
ment control needs to consider the EV SoC level. V2G con-
nectivity needs to be cut off when the EV SoC is lower than
an initially preset percentage to ensure the battery has
enough energy for the daily driving usage.

The profitability in V2G of EV owners is also a concern. In
general, EV owners can get revenue when participating in
V2G, but that is not really attractive. The main reason is the
degradation of the batteries in EV when participating in
V2G, causes the repair and maintenance of vehicles to in-
crease rapidly, so the economic benefit of V2G is reduced
[24], [25]. Therefore, for EVs to participate in V2G technol-
ogy and avoid the deterioration of battery life, participating
in the frequency and voltage regulation service in the ancil-
lary service is a potential solution, because EV owners still
get paid without charging or discharging power (particularly,
the spining reserve as mentioned above). In addition, EV
owners will still benefit when V2G participates in other an-
cillary services. According to [26], EV owners always bene-
fit from V2G peak shaving service. In [27], peak shaving
product or a renewable consumer/flexible product are rec-
ommended. In the peak shaving product, EVs will gain addi-
tional revenue by discharging during peak hours and charg-
ing during off-peak hours. For a renewable/flexible consum-
er product, EVs can have additional revenue to prevent wind
or solar cuts and make up for the shortfall of renewable re-
sources. The economic benefits for not only of the EV owner
but also of the power system are still being studied. In the

near future, the battery prices are expected to decrease, and
the potential of other ancillary services that V2G can partici-
pate in, making research on VV2G is worth evaluating further.

3.3. V2G power calculation

According to [28], a way to calculate the capacity as well as
the power to be provided by an EV in the station for the grid
is proposed. The number of vehicles stored in station can be
arbitrary, depending on the station space, but only vehicles
with SoC between 20% and 80% can participate in V2G to
support the grid. The available capacity in the station of n
vehicles with the corresponding SoC is:

| |
V(v = Z‘A”E\\y(.)—Z(Y’EV(i)XSOCEV(i)) Q)

where [, and SoCy, are the rated capacity and SoC of a

vehicle, respectively. The power that a vehicle must supply
to the grid is:
Avl
* TEV() p*
Peviy= TIMCY (%)

(n)EVs
where P(fnv) is the required V2G power for the grid.

Assuming in the station, there are only Nissan LEAF electric
cars with the rated capacity of the battery system is 23,4
kWh [65Ah, 360V] [28]. The station space is holding 50
EVs, in which 15 cars have SoC of 40% and 35 cars have
SoC of 70%. The aggregated available capacity of 15 EVs
with SoC = 40% and 35 EVs with SoC =70% are calculated
by (3), respectively:

s 4006 =15 % (65 40%) = 390 (4h)
LS00 =35 % (65 70%) = 1592,5 (4h)

In addition, at the time of power balance, assuming the total
power supplied by the PV and WE system to the grid is 500
kW, load demand is 1100 kW and power provided by diesel
generator is 500 kW. Therefore, the required VV2G power for
the grid at this time is:
p?im,)z 1200-500—600 =100 (kw)
The power each vehicle with SoC = 40% and SoC = 70%
must supply to the grid are respectively calculated by (5):
« _ 65x40%
EV (140%™ 390 +1592,5
Bt 65x70%
EVT0%™ 390 +1592,5

x100 =1,31 (kW)

x100 = 2,3 (kW)

4. Simulation and discussion

The application of V2G technolgy combined with the droop
control method will be evaluated in a islanded Microgrid
system involving supercapacitors, diesel generators and re-
newable energy sources (PV and WE). There are two scenar-
i0s to be considered: MG with and without the participation
of V2G.

Table 1: Parameters of MG system.

Value
1 MW

Parameter
Pload

Meaning
Initial load value
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Ppv Initial PV output power 200 kw
Pwind Initial WE output power 200 kw
Initial diesel generator output
Pdiesel-init pOIV\I/er : g utPut | 600 kw
H Inertia constant 108
Dioad Damping constant 0

Psc_ret P
L SC Model S¢
N

f,-f —
+ 1 Droop control PSCfref

PVZG_ref + ofESS  b—— Pyog ref
Model PVZG

PESSS
1 - T | roop control APgiesel Piesel
—— : + ] f
of Diesel I Ppy Dynamic 1
Poiesel-nit L Puwi model of MG
Wind
load

Fig. 5. General simulation scheme of the system.

The general simulation scheme and parameters are shown in
Fig. 5 and Table 1, respectively. The load curve is shown in
Fig. 6, its value is changed according to the step function.
The initial value is 1 MW, increased to 1.2 MW at 40" sec-
ond and returns to 1 MW at 60" second, then increased to
1,1 MW at 75" second and decreased to 1,025 MW at 90%
second.
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Fig. 6: Load curve.

The simulation scenario of RESs is shown in Fig. 7. During
the first 10s, the PV and WE output power value is stable at
200 kw then start to change. The maximum achievable
power of PV and WE is 250 kW and 300 kW, respectively.
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——PV System
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RESs Power (kW)
N N N N N
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0 10 20 30 40 50 60 70 80 90 100
Time (s)

Fig. 7: Ouput power of PV and WE source.
4.1. System frequency response analysis

The frequency response results of MG with V2G and with-
out V2G are shown in Fig. 8. At the interval when the RESs
output power value increases (10" to 30" second) and when
the load value decreases suddenly (60" second and 90™ sec-
ond), the total output power of the system is greater than
load demand, leading to an increase in MG frequency. When
the load value increases suddenly (40" second and 75" sec-
ond), the output power of the system is lower than the load,
leading to a decrease in the frequency of the system.

It can be seen that V2G has some positive effects for MG’s
frequency, such as: less oscillation, slower rate of change, less
deviation and faster steady-state time when encountering con-

secutive power imbalance. This shows the effectiveness of hav-
ing V2G participating in frequency support.
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Fig. 8: Frequency response of MG with and without V2G.
4.2. System power response analysis

The frequency response results obtained in Fig. 8 and can be
explained by analyzing the system power response: in the ab-
sence of V2G, the sudden power changes are compensated
quickly by SC (blue line, Fig. 9) and the long-term power
changes in the system are only compensated only by the diesel
output active power (blue line, Fig. 10). Since the response
power of the DG has a delay, so the amount of power compen-
sation is not fast enough, leading to more fluctuations in the

frequency after the power imbalance occurrence.
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Fig. 9: SC output power response.

On the contrary, when V2G is present, the sudden power
changes are still compensated by SC and the power adjust-
ment based on long-term changes in the system are compen-
sated by V2G along with DG (red line, Fig. 10, 11). Since
V2G has faster power response time than DG, the power
compensates faster for the generation demand imbalance, re-
sulting in fewer frequency fluctuations and less deviation.
This reduces the possibility of frequency deviations out of the
allowable limit which activates load shedding or generation
cut when there is a larger power imbalance. Therefore, the
reliability and efficient operation of the power system are en-
sured.
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Fig. 10: DG output power response.

In addition, the required power from the SC is reduces when
V2G is involved (Fig 9), thereby the calculated capacity and
investment cost for the SC is reduced. Simultaneously, the
variation in output power and power requirements from the
DG are also reduced (Fig 10) therefore reducing operating
costs and increasing the lifetime of the DG. These benefits
mentioned above show the positive effect on MG operation
when V2G is involved.
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5. Conclusion

This article studies and evaluates the effectiveness of V2G in
combination with droop control in frequency stabilization and
in the operation efficiency of islanded Microgrid with the par-
ticipation of SC and DG. The results show an improvement in
the system frequency when MG with the participation of V2G
encounters generation demand imbalance. The frequency has
less oscillation, slower rate of change, less deviation and faster
steady-state time as the system encountering power imbal-
ance. Besides, the required power from SC is reduced, leading
to the decrease of investment costs for SC. In addition, the
variation in output power and power requirements from the
DG are also reduced, therefore reducing operating costs and
increasing the lifetime of the DG. These have shown positive
effects on the frequency stability and operation efficiency of
MG with the participation of V2G.

However, the results also show that the the frequency nominal
value is not achievable after an oscillation occurrence. There’s
still a deviation (from the nominal value) in the steady value
of the frequency. The reason is that the droop control method
used in the model is not optimal, so the next research direction
of the article is to improve or use other frequency support
methods to improve the system frequency response after oscil-
lation, so it can be returned to the nominal value.
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