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Tirada Samsri 2014: Optimizing Electric Vehicle’s Charging Scheduling in Residential
Area of Distribution Systems. Master of Engineering (Electrical Engineering),
Major Field: Electrical Engineering, Department of Electrical Engineering.

Thesis Advisor: Associate Professor Ekachai Phaisangittisagul, Ph.D. 72 pages.

This thesis presents a Plug-in Electric Vehicles (PEVs) charging scheduling method that
can meet the requirements of customer and still maintain the stability of the power distribution
system. The proposed method also helps to improve the energy efficiency. The proposed method
is considered the waiting time to charge, deadline and also applied with the real-time system. This
allows the administrator to control the charging behavior of electric vehicle for protecting
instability. According to the charging behavior is uncertain, depending on the individual usage,
this thesis use the data of NHTS 2009 with the commercial data to analyze the electric vehicles
model in the system such as the battery size, the percentage of the energy left in a battery, the
time of arrival home to start charging. The proposed method is tested on IEEE 69 bus system and
applied to the 5th feeder of the Hua-Hin 3 substation which is the distribution system of the
Provincial Electricity Authority (PEA). The simulations of PEVs charging scheduling and the

calculation of the power flow in the system are performed by MATLAB.

The experimental results demonstrate the ability of the proposed PEVs charging
scheduling to maintain the maximum power of the system, extended time to improve the
distribution system to be able to connect the PEVs in the future. The proposed scheduling method
is also able to allocate the PEV's charging power even though the system occurs the insufficient
power problem. The results show that the proposed method is able to improve the energy
efficiency of the system in terms of peak to average ratio (PAR), load factor and the sufficient

average plug-out SOC.
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nila. = ms Idhauginm

A = ampere

CPP = critical peak pricing

EVSE = electric vehicle service equipment
HEV = hybrid electric vehicle

HRTS = hard real-time system

LDV = light duty vehicle

LF = load factor

LP = linear programming

MVA = megavolt-ampere, rating of transformer capacity
NHTS = National Household Travel Survey
PAR = peak-to-average ratio

PEV = plug-in electric vehicle

PHEV = plug-in hybrid electric vehicle
SOC = state of charge

SRTS = soft real-time system

TOU = time of use

A" = volt

V2G = vehicle-to-grid

W = watt

WCET = worst case execution time
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Where
Charging
Occurs

Supply  Representative
Power Exar_nple

Charging

Level Setting

Residential/
ACLevel1 Parking Lot 120vaci20n 4@ RESIDENTIAL

5 mi/hour @ 1.7 kW

Residential/ -
ACLevel2  commercial 208240vac/20n D

(minimum) 1o mimour @ 3.4k (164 continuous) ® 2/3 of charging

Commercial
AC Lt_avel 2 (up to) 60 mihour 208/240vac/100A
(maximum) @19.2 kW (80A continuous)

Commercial  208vac/480vac 3-phase COMMERCIAL

DC Level 1 yp to 500v @ 80Adc (input current
(up to) 120 mi/hour proportional
@40 kKW to output power;
~20A-200A AC)
Q Commercial ~ 208vac/480vac 3-phase
- J DC Level 2 P to 500v @ 200Adc (input cqrrent 1/3 of charging
(up to) 300 mi/hour proportional
to output power;
100 kW
@100 ~20A-400A AC)
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flan: BV Everywhere - Grand Challenge Blueprint (2011)
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Objective Workday / Load Average Plug-out
Peak Demand PAR
Function Weekend Factor SOC
gif a Ryl 3,972.98 1.623 0.616 -
Base load )
IUMgn 1,807.64 1.484 0.674 -
T 4,173.77 1.682 0.594 100
1 U
IUngA 1,900.53 1.632 0.613 100
T 4,173.77 1.682 0.594 100
2
IUnga 1,900.53 1.632 0.613 100
TUu 4,173.77 1.682 0.594 100
3
IUnNgA 1,900.53 1.632 0.613 100
U 3,972.98 1.602 0.693 99.295
4 U
UMgn 1,807.64 1.384 0.723 97.96
AU 3,972.98 1.602 0.693 99.157
5

TUNYA 1,807.64 1.384 0.723 97.96
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Peak Demand PAR
Function Weekend Factor SOC
UMY 3,972.98 1.623 0.616 -
Base load
TUNYA 1,807.64 1.484 0.674 -
U 4,467.04 1.755 0.570 100
1
TUNYA 2,248.85 1.770 0.565 100
UMY 4,467.04 1.755 0.570 100
2
TN 2,248.85 1.770 0.565 100
UMY 4,467.04 1.755 0.570 100
3
TUNYA 2,248.85 1.770 0.565 100
UMY 3,972.98 1.563 0.705 97.89
4
TN 1,807.64 1.330 0.752 95.12
UMY 3,972.98 1.563 0.705 98.04
5
TN 1,807.64 1.330 0.752 95.12
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M319n 8 SeuneunanINaaod nalsoeus Ao uADIILIU 500 AU

Objective Workday / Load Average Plug-out
Peak Demand PAR
Function Weekend Factor SOC
UMY 3,972.98 1.623 0.616 -
Base load
TUNYA 1,807.64 1.484 0.674 -
U 4,811.57 1.842 0.543 100
1
TUNYA 2,498.76 1.650 0.554 100
UMY 4,811.57 1.842 0.543 100
2
TN 2,498.76 1.650 0.554 100
UMY 4,811.57 1.842 0.543 100
3
TUNYA 2,498.76 1.650 0.554 100
UMY 3,972.98 1.528 0.711 95.23
4
TN 1,807.64 1.358 0.788 92.13
UMY 3,972.98 1.528 0.711 95.73
5
TN 1,807.64 1.358 0.788 92.13




60

43 szvudmiiievesms Wfhdiugiinig

M9 9 nSeuneunanInaaod nalsoeud Ao uADI 1LY 100 AU

Objective Workday / Load Average Plug-out
Peak Demand PAR
Function Weekend Factor SOC
AU 4,864.98 1.746 0.851 -
Base load
JUNYA 7,068.48 1.275 0.784 -
UMY 4,992.95 1.196 0.836 100
1
TUNYA 7,165.40 1.285 0.778 100
UMY 4,992.95 1.196 0.836 100
2
TUNYA 7,165.40 1.285 0.778 100
UMY 4,992.95 1.196 0.836 100
3
TUNYA 7,165.40 1.285 0.778 100
UMY 4,864.98 1.166 0.858 100
4
TN 7,068.48 1.268 0.789 99.73
UMY 4,864.98 1.166 0.858 100
5

’jju‘ﬂq{é] 7,068.48 1.268 0.789 99.73
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M990 10 A sueunaminaasd nitisoous Wi uFoudos1uIu 300 Au

Objective Workday / Load Average Plug-out
Peak Demand PAR
Function Weekend Factor SOC
UMY 4,864.98 1.746 0.851 -
Base load
TUNYA 7,068.48 1.275 0.784 -
U 5,224.69 1.233 0.811 100
1
TN 7,364.07 1.306 0.766 100
UMY 5,224.69 1.233 0.811 100
2
TN 7,364.07 1.306 0.766 100
UMY 5,224.69 1.233 0.811 100
3
TUHYA 7,364.07 1.306 0.766 100
UMY 4,864.98 1.148 0.871 99.45
4
TN 7,068.48 1.253 0.798 99.49
UMY 4,864.98 1.148 0.871 99.45
5
TN 7,068.48 1.253 0.798 99.49
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M319n 11 1 sueunamanaasd nigisoous Wi uFoudos1uau 500 Au

Objective Workday / Load Average Plug-out
Peak Demand PAR
Function Weekend Factor SOC
UMY 4,864.98 1.746 0.851 -
Base load
TUNYA 7,068.48 1.275 0.784 -
U 5,485.06 1.276 0.784 100
1
TN 7,613.34 1.335 0.749 100
U 5,485.06 1.276 0.784 100
2
TN 7,613.34 1.335 0.749 100
UMY 5,485.06 1.276 0.784 100
3
TUHYA 7,613.34 1.335 0.749 100
UMY 4,864.98 1.133 0.882 97.691
4
TN 7,068.48 1.240 0.807 99.458
UMY 4,864.98 1.133 0.882 98.877
5
TN 7,068.48 1.240 0.807 98.458
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Objective Guarantee Ratio
Average Plug-out SOC
Function 80% 85% 90% 100%
4 90.40 91.3 90.6 90.1 89.6
5 91.07 94.3 92.67 90.0 87.3

M990 13 wan1snaasnitisooud Wi uFeuaen99s 5 ad.idiu 3

F1UIU 300 AU (IUKEA)

Objective Guarantee Ratio
Average Plug-out SOC
Function 80% 85% 90% 100%
4 93.67 95.8 94.67 92.9 91.3

5 94.22 96.5 95.07 93.9 91.4
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