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» Arecent study demonstrates that almost 27% of total energy consumption and 33% of greenhouse gas
emissions in the world are related to the transportation sector.

» Replacing internal combustion based vehicles with plug-in electric vehicles (PEVS) is a promising
strategy to mitigate the energy security and environmental issues, since PEVs can be charged by
electricity generated by renewables as the free and clean sources of energy.

> Based on a recent study, PEVs utilization is being increased rapidly in some developed countries
because of the advancement in battery technology.

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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> Previous work
> Discuss the economic and technical characteristics of the PEVs fleet

> Different objective functions in the literature have been considered for the parking lot (PL) placement
problem that include minimum energy and power losses, maximum reliability, maximum voltage stability,
and spinning reserve supply in power market.

» However, in these studies, the behavior of PEVs’ drivers and their driving patterns reacting to
incentives (discount on charging fee of the PEVs) and distance from the PL have not been modeled and
investigated in the problem.

» In this study, a new approach for the PL placement planning problem is introduced and applied on a
case study.

» The traffic of PEVs fleet and the technical and economic aspects of the electrical distribution network are
taken into consideration.

» In other words, the PLs are allocated to the given feeder of the distribution network considering the driving
patterns of the PEVs’ drivers and the behavioral model of the drivers.

» The drivers’ behavior are modeled respect to the value of incentive and the amount of average daily distance
of the PEVs from the PL.

» The value of incentive is considered to motivate the drivers to charge their vehicles through the PLs.

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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L Modeling Driving Patterns of the PEVs Fleet

» In order to figure out the driving pattern of a PEV or a group of PEVSs, the position data of PEVs are
recorded at every hour of a typical day.

» By knowing the hourly position data of every PEV, the route and the driving pattern of the PEV can be
determined.

» Fig. 2 shows the hourly space-time driving patterns of the PEVs (Patterns 1-6) from our synthetic data.

Proposed Technique
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» By knowing the driving pattern of the PEV, the amount of average daily distance of the PEV from
every bus of the feeder (77, ,) can be calculated using the hourly position data of the PEV (x2¢", y5t"
and the bus (x7,v7), as in (1).

» The value of 17, will be applied for determining the reaction of the PEV respect to the value of
incentive (&,,,4¢;) INtroduced to motivate the driver to charge his/her vehicle through the suggested PL.

» Drivers usually prefer to park in a nearby place

24

1 2 2
e = 57 X \/(xgjf" —xg) + (WY —yE) ,vee {1, .. NEEVS},vb € {1, ..., Nb} (1)
t=1

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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» By knowing the driving pattern of the PEV, the state of charge (SOC) of the PEV can be approximated,
since the SOC of a PEV has a direct relation with the amount of distance that it travels in a day.

» The value of SOC of the PEV is used to determine the amount of power and energy demands of the PL.
» The value of SOC of a PEV at every hour of a day (t) can be determined using (2).

> kWh,,, is the amount of energy (in kwWh) that the PEV needs to travel about 1 km and CFEY is the
capacity of battery of PEV.

1
SOCLEY =1 — kWhy,, X E J(xPEV xPEV )+ (VEEY — yPE )’ X —pgv Ve € (1., Nrgy ™3, vt
e

€(1,..,24} ()"
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1 Modeling Behavior of the Drivers as a Function of Incentive and Distance from the PL

» In addition to the value of discount on charging fee (y), the average daily value of distance of the PEV
from the location of PL (i7) is considered.

» Alinear function is assumed between &y,,4.; @and 17, as can be seen in TABLE I.

» By considering these two parameters (incentive and distance), &y;,q4.; Will be a three-dimensional
spatial surface.

TABLE I: The percen_tage of drivers that cha_rge their TABLE II: The percentage of drivers that charge their PEVs
PEVs through the parking lot as the mathematical through the parking lot as the mathematical functions of discount on
functions of discount on charging fee (%). charging fee (%) and distance from the parking lot (meter).

Mathematic Percentage of drivers that charge their PEVs through

al model the parking lot

Mathematical model Percentage of drivers that c_harge their PEVs
through the parking lot "
= 14
n Epow = (a1 X B +a,) X100 X (—) ,ne{0.3,3}
Power model Epow = 100 X (L) ,ne{0.3,3} s pow = (a1 2) (100)
100 Linear

Power

=7 b = (01 X +2)

Logarithmic model §0g = 100 x In (L x (exp(1) — 1) + 1) Logarithmic Stog = (a1 X B +az) x 100
100 model X In (L X (exp(1) — 1) + 1)

100
: 14 . = 14
Exponential model $exp = 100 X exp (M X (m - 1)>,M > 1 Exponential QRIS (a1 X[ + az) X 100 X exp (M X (TOO — 1))
model
M>1

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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» The percentage of drivers that charge their PEVs through the PL.

100 (a) Logarlthmlc lljlogiel_"~~f\‘\_ 100 (l:)) Liﬁéér ﬁmdlal
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Percentage of drivers that charge
their PEVs through the parking lot

Distance of PEV from parking lot (meter) Discount on charging fee (%) Distance of PEV from parking lot (meter) Discount on charging fee (%)
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The number of PEVs that charge their vehicles through the parking lot (N;,5Y3,) is determined using (3)

that depends on the percentage of discount on charging fee (y), the total number of PEVs in the area
(NEEYS) and the average daily distance of the PEVs from the locations of parking lots (B).

The hourly demand of parking lot (D) in Mega Watt (MW) is approximated applying (4).

PEVs __ PEV
NModgl - fModel X NTot > (3)

PEVsS

NModel
(1 - SocgtEV> 5

DPL —
100 1000

F=

(4)

e=1
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» Optimization problem (PL planning problem of a DSICO)
» Aims to minimize total cost for deploying the parking lots

> Inputs:
» All the technical and economic parameters of the problem
» All the technical data of the electrical distribution network

» Outputs:
» Optimal location of parking lots
» Optimal value of incentive

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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O Objective Function

» The objective function of problem is minimizing total cost of the local DISCO over the operation period (Ny) by
installing PLs in the optimal locations of a feeder of the given electrical distribution grid.

OFy, = min {Cost”w + Costyy ™ + Costy)© + Costys + Cost,’f,f,’vs} (5)

> Investment cost
Cost!NV = CINV x NEEVS . (6)

> Maintenance cost

Ny
_ 1+ IFR/100
MAINT __ MAINT PEVs PWVv PWv _
Costyy —ZC X Nyjoger X (FFYVYY F =T+ ITR/100
y:
> Incentive cost
Ny 365 24
A ) 4
Costli® = " > N DPhy x o xmE X 10 X (FPV) (8)
y=1d=1t=1

» Energy loss cost
Ny 365 24 Nbr

Costyy = Z Z Z Z Rpy X |Iy,d,t,br|2 X MVABASE x tF x 10 x (FPWY)Y (10)

y=1d=1t=1br=1

» Expected Energy Not Supplied (EENS) cost

CosthENS = zﬁglzgﬂl Apr X (TFEXP2 LNSHG + TFRYJE LNSTR) x wENS x (FPWYV)Y (12)

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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O Security Constraints

» Loading limit of the branches: magnitude of the apparent power flowing through the branch must be
less than the allowable magnitude of the apparent power of the branch.

IMVA,,| < |MVA,,|, vbr € {1, ..., Nbr} (13)

» \oltage magnitude limits of the buses: Magnitude of voltage of each bus must be within the allowable
minimum and maximum limits.

(1-0Y/100) x |V, < |V,| < (1 +6Y/100) x |V,,|, Vb € {1, ..., Nb} (14)

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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Problem Simulation

TABLE IV

THE DETAILED RESULTS OF OPTIMAL PL AT LOCATION CONSIDERING

DIFFERENT BEEHAVIORAL MODELS FOR. THE PEVS FLEET.

- Pow. Log. Lin. Exp.
Optimal discount (%) 30 70 a0 100
Optimal bus for PL 26 3 3 2

Optimal size of PL 756 542 017 6806
Energy loss (Million MWh) 27745 27772 27592 27432
EENS (Million MWh) 0.1342 0.1344 0.1343 0.1342
Investment cost (Million §) 1.6636 1.1928 1.35%3 1.5104
Maintenance cost (Million §) 1.0612 0.7608 0.8670 0.5634
Cost of discount (Million §) 6.346 10.617 15.557 19.206
Energy loss cost (Million 3) 58991 59048 | 586.66 583.26
EENS cost (Million §) 14273 142 87 142 80 14273
Maximum profit (Million §) 21.963 17.755 16.433 16.002

EENS: expected energy not supplied

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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—2— Power model (n=0.3), optimal bus (bus 26)
—%— Logarithmic model, optimal bus {bus 3)

Linear model, optimal bus (bus 3)
—H&— Power model (n=3), optimal bus (bus 2)
—&— Exponential model, optimal bus (bus 2)
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Total profit over the planning
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Value of discount on charging fee (%)

TABLE V

THE RESULTS OF OPTIMAL PL ALLOCATION CONSIDERING DIFFERENT DEIVING
PATTERNS FOR THE PEVS (DRIVERS’ BEHAVIOR MODEL IS POWEER. MODEL).

80

Optimal . Maximum

Driving pattern of the PEVs discount Optimal profit
@) | PSPrPLI g iion s)

Default (100 PEVs for each pattern) 30 26 21.963

All PEVs have pattern 1 40 3 23.772

All PEVs have pattern 2 a0 26 16427

All PEVs have pattern 3 40 3 39864

All PEVs have pattern 4 30 26 16.914

All PEVs have pattern 5 40 3 21956

All PEVs have pattern 6 30 3 18.567

Total profit over the planning

—— Power model (n=0.3), optimal discount (30%)
—%— Logarithmic model, optimal discount (70%)
Linear model, optimal discount (30%)
—&— Power model (n=3), optimal discount (100%)
—— Exponential model, optimal discount (100%)

period (Million §)
S 5 B o ¥ B

Qo
=

-100
0

10 15
Location of parking lot

TABLE VI

20

THE RESULTS OF OPTIMAL PL ALLOCATION CONSIDERING DIFFERENT TYFE
FOR THE PEV (DRIVERS’ BEHAVIOR MODEL IS LINEAR MODEL).

Type of PEV Opiimal | Opiimal | pr:-:lﬁ;lm
s . o/
discount (%) | bus for PL (Million §)
Default (Nissan Leaf BEV) 90 3 16.433
Chevy Volt 2012 PHV 80 3 11.470
Toyota Prius 2012 PHV 60 3 1.547
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» It was noticed that the drivers’ behavioral model and drivers’ driving patterns can remarkably affect the
outcomes of the planning problem including the optimal size and location of the PLs, optimal value of

Incentive, and maximum profit of the local DISCO.
» However, previous works for this problem fail to consider these factors.

A\

In this work, we considered these factors in solving the problem.
» Our numerical study confirmed the influence of these factors and the effectiveness of our approach.

Dr. Haiying Shen, Department of Computer Science, University of Virginia
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