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a b s t r a c t

This paper optimizes the operation of electric vehicles in small charging stations deployed in electrical
distribution networks. The grid is equipped with small-scale charging stations rather than one large-
scale charging station. In addition, photovoltaic solar panels are installed on the grid to gain renew-
able energy benefits. The electric vehicles operate on vehicle-to-grid mode. The charging and discharging
behavior of all the electric vehicles on all buses is optimized by the given method. The presented strategy
optimizes the electric vehicles operation to damp out the renewable energy intermittency and energy
cost reduction at the same time. And, it minimizes the charging-discharging cycles of the vehicles
batteries in order to avoid battery degradation. The proposed problem is modeled as nonlinear stochastic
programming including uncertainty of solar energy and solved by GAMS software. The results demon-
strate that the suggested method can properly charge and discharge the vehicle-to-grid system. The
vehicles are often charged on off-peak low-cost time periods and they are discharged at on-peak high-
cost time-intervals. The Intermittency of solar cells is dealt with the achieved charging-discharging
pattern for vehicle-to-grid system and cost of consumed energy is minimized by energy shifting. The
results validate that the presented strategy can efficaciously achieve all the intended purposes at the
same time.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Renewable energy resources (RESs) are promising solutions for
energy issues (Mehrjerdi, 2019a). The electric vehicles (EVs) and
vehicle-to-grid (V2G) technology are the proper supportive sys-
tems for RESs (Mehrjerdi et al., 2019a). Together with the progress
of V2G technology, deployment of EVs charging stations on elec-
trical distribution networks has faced new challenges. The V2G
technologies have an bidirectional operation and they are able to
inject power to the grid when necessary. The EVs are supported by
battery storage pack and they operate like distributed energy re-
sources in the electrical grids (Mehrjerdi et al., 2019b).

The V2G is the latest technology of EVs and it makes positive
impacts on the operation and planning of EVs charging stations.
The charging stations with the capability of V2G can take part in
ngineering, Qatar University,

. Mehrjerdi), E.rakhshani@
energy management of the network and provide positive impacts
on the girds.

The V2G can be properly utilized in home energy management
as an storage unit in order to reduce the energy cost (Wu et al.,
2016). The V2G is a promising solution for supporting renewable
energy generation. To make a battery storage system cost-
effectively viable for V2G applications, an efficient power-
electronics converter should be designated and it must be sup-
ported by proper control strategy (Garc�es Quílez et al., 2018). The
battery degradation is one of the issues related to the V2G and
considering battery degradation cost mainly reduce the economic
benefits of V2G. The smart charging may be the proper solution for
reducing the battery degradation cost (Ahmadian et al., 2018).

In the EVs, fast and safe charging protocols are essential for
improving the feasibility of the batteries. It is mandatory to
compromise between the charging time and health degradation
subject to the electrical and thermal limitations (Perez et al., 2017).
The battery degradation is associated with the energy output and it
is highly sensitive to the depth of discharge. The V2G may need
multiple battery pack substitutes over its lifespan (Bishop et al.,
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2013), (Peterson et al., 2010).
The main contribution of V2G is to cut peak demand (Mehrjerdi,

2019b) and supply peak of demand through discharging the EVs.
Such a procedure provides positive technical, environmental, and
economic impacts on the EVs. The V2G would be applied for both
peak shaving and valley filling simultaneously (Wang and Wang,
2013). The V2G can support the network from diverse point of
views such as load shifting and congestion management. By the
way, the economic impact of EVs on the gird is related to the
charging facility power. The bigger rated power for charging facil-
ities results in more economic benefits for the network (Tomi�c and
Kempton, 2007).

The solution of RESs intermittency (Saboori et al., 2017) is the
other advantage found by V2G systems (Dallinger and Wietschel,
2012). In such strategies, the EVs charge the surplus of RESs dur-
ing off-peak times and send this energy back to the network when
renewable energy goes down. The uncertainty of solar and wind
energies could be efficiently dealt with V2G technology. This
technology can also be applied to operate under unbalance
(Knezovi�c et al., 2017) and uncertain (Tabar et al., 2017) conditions.

The EVs have been modeled and studied in the electricity
market as an ancillary service. The EVs operate like a flexible de-
mand. Properly management of their chargingedischarging oper-
ation provides significant benefits for both the network and vehicle
owners. The operation of EVsmakes an impact on themarket prices
and consequently influences the charging-discharging arrange-
ment itself (Liu et al., 2018).

1.1. The main contributions and novelty

This paper presents an optimal paradigm for the operation of
V2G in electrical distribution grids. The grid is supported by
photovoltaic solar panels and the upstream network. The V2G is
optimally scheduled to deal with solar energy intermittency, en-
ergy cost, and peak loading. The problem is expressed as nonlinear
optimization programming and solved by GAMS software. The
main innovations and contributions of the paper are listed below;

o The distribution grid is installed with multiple small-scale
charging stations for EVs.
o The EVs operate on V2G mode and the proposed model deals
with solar energy uncertainty and reduces the energy cost and
shaves the peak loading by optimal charging-discharging of
V2G.
o The batteries on the EVs are operated with minimum possible
charging-discharging cycles to avoid battery degradation.
o The uncertainties of the model are considered in stochastic
programming and nonlinear optimization problem solved by
GAMS software.
1.2. Assumptions and limitations in the proposed model

Some assumptions and limitations are considered in the pro-
posed model as follows;

o Each 24-h is subdivided into 96 time-periods each one 15-min
(Luo et al., 2018).
o In every time-interval, the variations of load demand, EVs
energy, and prices are ignored. In other words, every time-
interval is modeled as a deterministic scenario where number
of vehicles, powers, prices, and the other parameters are con-
stant (Luo et al., 2018).
o The locations of the charging stations are constant and their
sites have been determined in advance.
o The charging time of EVs is assumed to be less than two hours.
o The uncertain parameters in the model are expressed by
normal and uniform distributions.

2. The proposed model for V2G

2.1. V2G for planning and operation of charging stations

The V2G can be properly utilized for improving both the plan-
ning and operation of EVs charging stations. In this paper, the V2G
is applied for improving the operation of EVs charging stations. In
other words, the locations of EVs charging stations are predefined
on the grid and the V2G is optimally operated to reduce the system
cost. However, the V2G can make positive impacts on the deploy-
ment and planning of EVs charging stations in the electrical grids.
The V2G technology for planning of EVs charging stations is not
studied in the current paper, but it has already been investigated in
the literature (Loisel et al., 2014). It is also suggested as future work
further to the current work.

2.2. Modeling the V2G operation

The objective function of the planning shows the annualized
cost of energy as presented by (1). This cost is modeled as expected
value of cost to cope with uncertainties caused by solar energy.

AEC¼
 X

s2S
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t2T
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#
�Hs
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The rated power for charging facilities of the charging stations is
given by (2) and (3). At all intervals of time, the charging and dis-
charging powers of each vehicle must be less than the rated power
of charging infrastructure (Hemmati et al., 2017).

Pt;i;cdtc � Pir
ct2 T ; i2 I; cdt2CDT

(2)

Pt;i;cdtd � Pir
ct2 T ; i2 I; cdt2CDT

(3)

The energy of EVs at each time-interval is calculated by (4). At
the first time-interval, the initial energy of the EVs is included in the
planning as (5). The initial energy of the EVs shows the energy
inside of the battery of EVs when it arrives at the charging station to
start the charging-discharging process (Hemmati, 2018).

Et;i;cdtve ¼ Et;i;cdt�1
ve þ

�
Pt;i;cdtc � Pt;i;cdtd

�
� Ttp

ct2 T ; i2 I; cdt2CDT
(4)

Et;i;cdtve ¼ Et;i0 þ
�
Pt;i;cdtc � Pt;i;cdtd

�
� Ttp

ct2 T ; i2 I; cdt¼1
(5)

The EVs eventually gets fully charged after several time-
intervals shown by ‘cdt’ as expressed in (6). The energy of EVs
must be less than the full capacity of the vehicle at every time-
interval as specified by (7).

Et;i;cdtve ¼ Et;ifull
ct2 T ; i2 I; cdt¼ cdtn

(6)

Et;i;cdtve � Et;ifull
ct2 T ; i2 I; cdt2CDT

(7)



Fig. 2. Loading and solar energy profile for network.
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Total power of each charging station at each time-interval is
calculated by (8). The power through each line of the network is
also denoted by (9). The capacity of each line is limited as (10) and
the equality of power on all buses is passed by (11) (Hemmati,
2017).

Tt;ip ¼
�
Pt;i;cdtc � Pt;i;cdtd

�
þ

X
cdt2CDT
cdt < t

�
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3. Illustrative test system

A typical distribution grid known as IEEE 33-bus distribution
network is adopted as a test network to simulate the given
approach and implement the introduced strategy. Fig. 1 shows the
network topology installed with 10 small charging stations and one
solar system. The network is radial and the data of network can be
found in (Saboori et al., 2015). The base parameters of the network
for the per-unit system are 12.66 kV and 10 MVA. The network is
equipped with 500 kW solar panels on bus 6 (Hemmati and
Saboori, 2017). The loading and solar profile for network are
depicted in Fig. 2 (Hemmati, 2018). The time period in one day is
divided into 96 time-intervals that each one is 15-min (Luo et al.,
2018). The peak loading is seen in time-intervals 50 and 90. The
solar energy is also increased during daytime and goes on zero for
nighttime.

The network is equipped with 10 small-scale charging station.
Fig. 1. IEEE 33-bus network installed with
Each charging station has capacity for 8 EVs and one EV arrives at
the station at each time-interval. Table 1 shows the initial energy of
EVs that arrive at the charging stations on different buses at various
time-intervals. It is clear that the charging stations are on buses 3-
6-9-12-15-18-21-24-30. The capacity of each EVs is 50 kWh and it is
assumed that each EVs can stay for a maximum of two hours to get
fully charged. The initial energy is between zero and full capacity
(50 kWh) and is generated by random sampling from an uniform
distribution (Luo et al., 2018).

The time-of-use energy pricing is defined in Table 2 and the
seasonal profile for loading and solar energy are assumed in Table 3.
The time-of-use energy pricing comprises three levels as 0.05, 0.07,
and 0.10 ($/kWh). The seasonal loading profile also shows peak
loading in the summer and off-peak loading in the spring. The
seasonal solar energy profile shows maximum energy production
in the summer and minimum energy production in the winter.

4. Numerical results and discussions

The proposed model is simulated on the given test case and
charging stations and solar system.



Table 1
Initial energy of EVs on different buses at various time-intervals (per kWh).

Time-
interval

Bus 3 Bus 6 Bus 9 Bus 12 Bus 15 Bus 18 Bus 21 Bus 24 Bus 27 Bus 30 Time-
interval

Bus 3 Bus 6 Bus 9 Bus 12 Bus 15 Bus 18 Bus 21 Bus 24 Bus 27 Bus 30

1 9 34 30 49 21 18 1 27 2 1 49 22 29 35 44 8 10 10 48 29 50
2 3 18 4 29 10 16 40 41 5 24 50 10 19 11 44 19 9 5 18 33 27
3 28 25 10 4 48 3 50 35 26 4 51 4 14 4 12 12 41 28 5 37 43
4 34 9 21 5 7 48 31 44 46 13 52 6 50 24 16 2 3 9 45 48 45
5 50 6 9 49 24 4 18 29 13 30 53 22 33 20 21 10 30 1 20 16 35
6 45 29 45 23 43 48 49 34 33 8 54 20 20 13 10 13 36 28 8 38 26
7 8 19 46 45 13 12 44 2 4 21 55 13 6 39 10 50 46 32 33 15 23
8 5 18 22 46 22 5 22 38 1 45 56 33 16 49 8 33 15 20 2 46 20
9 18 5 7 49 50 37 8 9 27 43 57 33 3 5 43 6 43 29 4 34 2
10 43 50 26 39 47 38 33 28 33 28 58 32 20 39 47 42 21 5 27 15 11
11 36 22 40 48 3 45 9 27 20 24 59 2 37 10 39 37 50 26 46 17 5
12 9 39 30 34 28 31 16 16 20 8 60 13 39 1 8 36 31 5 9 36 40
13 10 38 35 36 1 25 8 36 19 25 61 36 6 21 37 28 49 13 7 10 21
14 47 44 24 7 37 17 9 48 38 29 62 37 46 8 10 20 2 9 1 23 3
15 14 41 36 5 31 24 13 28 31 18 63 45 35 27 23 18 10 2 39 19 16
16 3 27 15 6 19 23 25 13 12 21 64 27 6 28 43 5 6 44 37 11 44
17 33 13 2 19 15 30 22 2 47 9 65 10 38 35 7 11 10 3 43 27 47
18 20 45 25 49 3 37 45 38 20 42 66 39 38 44 31 5 44 24 13 42 22
19 36 43 10 19 36 50 15 1 19 34 67 31 41 1 32 38 31 31 31 24 44
20 4 2 49 47 45 42 16 14 17 10 68 47 30 35 38 4 38 18 3 32 25
21 47 4 39 5 37 14 29 28 46 31 69 25 29 50 13 30 28 23 6 10 46
22 13 35 31 7 30 42 39 7 24 36 70 18 42 50 28 15 10 40 18 50 13
23 34 14 20 25 48 27 46 23 26 2 71 41 49 23 47 27 39 41 24 1 27
24 13 2 46 47 19 1 19 8 40 27 72 17 3 18 48 49 9 16 4 31 13
25 48 30 27 7 5 38 16 44 7 13 73 49 9 50 31 35 44 13 35 42 42
26 17 2 38 8 25 43 31 28 11 26 74 19 42 25 41 21 42 20 27 21 27
27 47 6 21 17 9 12 25 30 10 49 75 5 1 16 16 6 38 9 26 45 18
28 14 19 18 23 13 23 13 27 1 41 76 2 33 20 14 21 37 38 48 26 13
29 43 1 38 1 1 45 44 43 43 43 77 27 43 1 22 28 27 4 7 49 9
30 33 24 41 21 39 5 27 26 1 45 78 5 19 26 38 12 46 5 33 31 30
31 32 6 20 10 39 25 37 37 1 15 79 46 37 7 24 1 15 47 43 34 41
32 15 36 39 44 1 12 21 43 43 45 80 37 20 16 50 28 6 30 18 47 43
33 33 34 26 28 7 6 37 6 39 13 81 23 47 13 43 44 18 43 4 23 43
34 49 28 20 44 5 23 36 22 43 10 82 14 24 1 17 19 6 20 1 32 12
35 36 29 20 3 4 2 15 15 47 10 83 42 27 39 9 42 31 19 1 11 26
36 18 24 45 26 30 12 5 44 1 44 84 3 2 34 43 8 18 15 15 29 34
37 38 19 37 8 25 25 31 4 10 23 85 28 12 20 44 31 29 5 11 6 5
38 15 2 39 22 25 18 24 31 35 20 86 30 41 26 6 42 31 33 16 15 28
39 24 44 25 23 33 30 48 18 49 42 87 16 6 31 39 17 37 47 30 28 15
40 38 49 21 16 43 12 17 14 29 11 88 19 23 7 7 21 28 28 29 10 20
41 28 46 44 47 1 45 35 29 29 45 89 50 34 15 31 21 23 34 11 14 27
42 41 38 13 37 43 29 24 7 48 23 90 31 24 42 40 29 18 47 20 12 22
43 8 15 1 32 39 42 13 7 35 9 91 41 2 44 11 7 4 29 17 28 12
44 11 17 5 48 15 9 24 47 17 14 92 31 35 3 2 6 23 46 38 28 2
45 39 24 41 37 36 16 31 17 18 27 93 3 12 25 41 8 12 47 19 32 2
46 15 29 50 27 46 29 23 10 47 39 94 3 11 42 2 22 37 15 22 1 14
47 25 31 25 33 48 7 5 4 16 20 95 22 5 46 38 24 38 48 29 10 35
48 32 12 22 37 14 34 49 46 2 3 96 35 28 41 17 35 14 41 30 24 17

Table 2
Time-of-use energy pricing scheme.

Time-interval Price ($/kWh) Time-interval Price ($/kWh)

1 to 4 0.07 5 to 35 0.05
36 to 39 0.07 40 to 70 0.10
71 to 82 0.07 83 to 92 0.10
93 to 96 0.07 e e

Table 3
Seasonal profile for loading and solar powers.

Spring Summer Autumn Winter

Loading power percentage 40 100 50 60
Solar power percentage 80 100 70 50

Table 4
Maximum number of charging-discharging operations for the vehicles.

Number of charging times Number of discharging times

Bus 3 3 2
Bus 6 3 2
Bus 9 3 3
Bus 12 3 3
Bus 15 2 2
Bus 18 3 3
Bus 21 3 2
Bus 23 2 2
Bus 27 2 2
Bus 30 3 2
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results are presented here. The total cost of consumed energy is
achieved equal to 6382280.70 ($/year) which has been minimized
by the planning. As it was stated, the proposed model minimizes
energy cost while it utilizes the batteries of EVs with minimum
possible charging-discharging cycles. The maximum number of
charging-discharging operations for the vehicles on all buses are
listed in Table 4 and it is demonstrated that the maximum
charging-discharging cycles are equal to 3 for avoiding battery



Fig. 3. Received power by grid and energy price (bars: Received power; solid line:
energy price).

Fig. 5. Power of charging station on bus 21.
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degradation. Such optimal charging-discharging operation in-
creases the battery lifetime and reduces the requirement for bat-
tery replacement over the EVs lifespan.

Fig. 3 represents the received power by the grid and the energy
price at different time periods. In this figure, the bars show the
received power by the grid and the solid line indicates the energy
price at various time-intervals. The results emphasize the precious
trend of the proposed strategy. The planning has shifted energy
from high-price time-intervals such as 40e70 to the low-price time
periods such as 70e80. Such energy arbitraging results in two
benefits including peak load cutting and energy cost reduction.

In order to demonstrate the charging-discharging operation of
charging stations, the power of three charging stations are depicted
in Figs. 4e6. It is clear that the charging stations often consume
energy in the low-price time-intervals and discharge energy during
high-price time-periods. Such optimal charging-discharging
pattern achieved by the EVs helps network to operate on mini-
mum energy cost and deals with peak loading demand. As well, the
results indicate that the V2G system often discharges energy when
solar energy reduces or goes to zero. On the other hand, V2G often
charges energy when solar energy is on its highest levels. Such
Fig. 4. Power of charging station on bus 3.
procedure efficiently deals with solar energy intermittency.
Fig. 4 shows that the charging station on bus 3 when receives its

maximum power (about 500 kW) at time-intervals 19 and 79 and
injects its maximum power (about 400 kW) at time-interval 69.
Fig. 5 demonstrates that the charging station on bus 21 receives its
maximum power (about 400 kW) at time-intervals 9 and injects its
maximum power (about 300 kW) at time-interval 89. Fig. 6 shows
that the charging station on bus 30 receives its maximum power
(about 380 kW) at time-intervals 9 and injects its maximum power
(about 250 kW) at time-interval 68. All the charging-discharging
patterns show that the charging stations receive their maximum
power during off-peak time-intervals and inject their maximum
power during on-peak time-intervals in order to shift the energy
and minimize the energy cost.

For more details, Fig. 7 shows the energy of vehicles that arrive
at time-interval 65 to the charging stations on buses 3-6-9. Two
plots are presented to provide more details to the readers. In Fig. 7.a
and Fig. 7.b, it is clear that the energy of the vehicles is discharged
from time-interval 65 to 69 and their energies reach to zero at time
period 69. Then they are charged again at time-interval 70 to 72 and
they get fully charged at time-interval 72. Such a charging-
discharging operation helps the charging station to deal with
Fig. 6. Power of charging station on bus 30.



Fig. 7. Energy of vehicles that arrive at time-interval 65 to charging stations on buses 3-6-9.

Table 5
Simulation of the model under various cases.

Cost ($/year)

Case 1 6382280.70
Case 2 6668523.90
Case 3 6765248.70
Case 4 6964472.70
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peak cutting and energy cost reduction. The energy profile in
Fig. 7.b indicates that each EVs is charged up to 50 kWh and the
energy of all three vehicles reach to 150 kWh after fully charged. As
well, the EVs arrive at the charging station with different initial
energy. For instance, the EVs that arrive at the charging stations on
buses 3 and 9 have 10 kWh energy inside their batteries, while the
EVs that arrives at the charging station on bus 6 has about 47 kWh
energy inside its battery. Fig. 8 depicts the charging-discharging
regime of the mentioned vehicles.
4.1. Comparative study

In order to show the impacts of the charging-discharging regime
on the planning, several cases are simulated and results are listed in
Table 5. The cases are defined as follows;

Case 1. EVs are able to operate on both charging and discharging
states and the vehicle stays in the charging station 8 time-intervals
(nominal case adopted by this paper).

Case 2. EVs are able to operate only on charging state and the
vehicle stay in the charging station 8 time-intervals.

Case 3. EVs are able to operate on both charging and discharging
states and the vehicle stays in the charging station 4 time-intervals.

Case4. EVs are able to operate on both charging and discharging
states and the vehicle stays in the charging station 2 time-intervals.
Fig. 8. Charging-discharging of vehicles arriving at time-interval 65 to stations on
buses 3-6-9.
The results confirm that Case 1 (the nominal case) comprises the
minimum cost. In Case 2, the EVs can only store energy and they
cannot inject power to the grid. However, the charging times are
optimized by the planning. But the cost increases because the V2G
capability is not included. As a result, the planning flexibility re-
duces and consequently the planning cost increases. In Case 3, the
flexibly of charging-discharging regime reduces and the vehicles
stay in the charging station only 4 time-intervals. It is denoted that
such process increases the planning cost compared to the nominal
case. Eventually, case 4 shows that more reduction in charging-
discharging flexibility results in further growth in the planning
cost.
5. Conclusions

This paper optimizes the operation of V2G technology in the
distribution grid. Ten EVs charging stations are installed on the grid
and the grid is also supported by solar panels. The EVs are modeled
for V2G operation. The optimization programming is presented to
minimize the operational cost of the network. The uncertainties of
the model are included by stochastic programming. The imple-
mented stochastic programming is solved by GAMS software. The
introduced model optimally utilizes the V2G technology to
schedule the EVs charging stations. The V2G technology properly
deals with solar energy uncertainty, peak loading, and energy cost
at the same time. The V2G technology is operated with minimum
charging-discharging cycle to avoid battery degradation. The re-
sults demonstrate that the total cost of consumed energy by the
network is 6382280.70 ($/year). The results verify the model
minimizes the energy cost by minimum charging-discharging cy-
cles in order to avoid battery degradation. Furthermore, the V2G
system often discharges energy when solar energy decreases and
charges energy when solar energy rises. Such method usefully
tackles solar energy uncertainty. It is also addressed that limiting
the time-intervals of the charging-discharging regime (i.e., the time
duration that the operator is allowed to keep the EVs inside
charging station) reduces the planning flexibility and will increase
the planning cost. As well, the vehicles without the capability of
operation under V2G mode increase the cost compared to the
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operation under V2G manner.
Further to this work, the following items are suggested as future

work: considering the shorter time-intervals for simulation (e.g.,
one-minute time-intervals); including the other energy resources
in the model such as wind turbine and diesel generator, and
investigating the impacts of V2G system on the resiliency and self-
healing for the network.
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Appendix A

Nomenclature
Indexes
cdt Index of charging-discharging time period
I,j Index of buses
k Index of seasons
s Index of scenarios
t Index of time periods

Sets
CDT Set of charging-discharging time periods
I,J Set of buses
K Set of seasons
S Set of scenarios
T Set of time periods

Parameters
Ai;j
d Admittance of line from bus i to bus j (p.u.)

AEC Annualized cost of energy consumed by the grid ($/year)
cdtn Last charging-discharging time-interval in set CDT,

CDT¼ [1,2, …, cdtn]
Et;i0 Initial energy of EVs that arrives to bus i at time-interval

t (kWh)
Et;ifull Full capacity of EVs that arrives to bus i at time-interval t

(kWh)
Etprice Electricity price ($/kWh)
Et;i;cdtve Energy of EVs at time-interval t, bus i, charging-

discharging time period cdt (kWh)
Hs
pro Probability of scenario s

Pt;i;cdtc Charged power to EVs at time-interval t, bus i, charging-
discharging time period cdt (kW)

Pt;i;cdtd Discharged power from EVs at time-interval t, bus i,
charging-discharging time period cdt (kW)

Ps;i;j;k;tline Power through line between buses i-j, under scenario s,
at season k, at time-interval t (p.u.)

Ps;i;k;tload Load on bus i, under scenario s, season k, time-interval t
(p.u.)

Pi;jmax Maximum permitted power of line from bus i to bus j
(p.u.)

Ps;i;k;tpv Produced power by solar panels on bus i, under scenario
s, season k, time-interval t (p.u.)

Pir Rated power of charging facility in the charging station
on bus i (kW)

Ts
p Time duration for seasons equal to 90 days
Tt;ip Total power of charging station on bus I at time-interval
t (kW)

Vs;i;k;t
q

Voltage angle on bus i, under scenario s, season k, time-
interval t (Rad)
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