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Abstract

Electric vehicles (EVs) have become the mainstream trend of future
vehicle development due to their high energy utilization efficiency and
low carbon emission characteristics. However, the realization of full
electrification of vehicles requires proper charging station (CS) planning
and feasible power flow control schemes minimizing the impact of
power distribution systems. In view of this, this project proposes an
advanced power control scheme that integrates renewable energy power
generation and hybrid energy storage system (HESS) on CS’s DC bus
for grid-connected electric vehicle charging station (EVCS) and designs
the required HESS and the related power conversion interface. The
proposed control scheme can perform real-time control of the system
operation modes according to the state of charge (SOC) of the HESS to
achieve the goal of minimizing the impact of the power grid.

All of the research work planned in the original schedule of the
project have been completed. The main content of this final report
includes the research work item 1: the discussion and analysis of the
related literature of EVCS systems, the types of HESS and related
system design and EVCS power control scheme; research work item 2,
the discussion and planning of the operation mode for the EVCS system
integrating renewable energy power generation and HESS, the hardware

control architecture required by HESS in the operation of EVCS, and



the development of related controllers and algorithms; finally the
research work item 3, modelling the EVCS system, writing the related
digital control program and performing case simulation, constructing the
1kVA HESS small capacity hardware and experimental system for
overall system verification and performance analysis.

Keywords: electric vehicle charging station, hybrid energy storage

system, system planning, real-time electrical energy control
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Component Parameter Value Unit
WT Rated power 30 kw
Cut-in speed 21 my/s
Cut-out speed 20 my/s
Rated speed 9 my/s
Height of turbine hub 20 m
Lifetime 25 Year
IC 400000 Yuan/unit
RC 300000 Yuan/unit
PV Rated power 25 kw
IC 250000 Yuan/unit
oMC 700 Yuan/year
Lifetime 25 year
M 85 %
PV temperature coefficient 0.0045 —
Cell reference temperature 25 °C
NOCT 55 °C
BESS Rated capacity 25 kWh
IC 38000 Yuan/unit
RC 35000 Yuan/unit
oMC 700 Yuan/year
DOD 20 %
Self-discharge rate 0.002
Lifetime 20 Year
Other parameters Interest rate 6 *
580 T T T T
*
2560 F *
z i : k™
-g 540 e
S 520 * u
w7 %
3 500 *y
5 * o
é 480 *; Optimal solution
2 * %
b= * *
5 460 5
440 ! ‘ . !
0.27 0.28 0.29 0.3 0.31 0.32

COE/(yuan/kW)
Bl 1-13: B 1 2 % [28]° (¢ MOPSO i 424 17 1 36 (% Pareto j&(§&

¢ % A)e8E) > £ d TOPSIS iF d1k 3 f2(z ¢ & 3] ehEL)
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0.3 0.7 11 10.817 35 0.315 456.706
04 0.6 11 11.233 30 0.306 472.382
0.5 0.5 11 11.230 30 0.306 472.380
0.6 04 11 11.558 20 0.290 508.982
0.7 0.3 11 12.293 11 0.274 553.272
0.8 0.2 11 12.293 11 0.274 553.272
0.9 0.1 11 12.293 11 0.274 553.272
#01-3. = B ik ot fidy ot 1] -
D S
MOPSO 117.64 2.30
SA 75.73 3.60
GA 117.10 3.62
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RAEFN S o LR REPRRI AT TG LA e
?r";?# g—ij G, BT B4 LI 3o i]f;ng kkien— TR BV LR A

271

o4

e
p

=+ 3£ %+ (disturbance mechanism):

g ST R

Pev RS

11’?,@1,?&6

CE R
s o] 1-14 o — Ak A G

PIFERTH D 2 (F e

4;ﬁduwﬁpﬁo¢@nayﬁﬁm

RV R 2 (SA) e s B

20

’“ﬁ,\!%)iﬂ’-’-,%‘

AR I EE- X240 R

PR AT

)



o
—
ArS)

R e f P TR DPER R T

—
-
2
i

T AENEERFZBHBLEATT L FTRLR

B
|
LD
.E

SEESIEEINITEY TR SRS EECE S 4 AR
BaAM I iTmL e BARY THD A X G ko
1-15~8) 1-18 #7577 » ¥ HF R LT 23 £ ¥ " 49.80% > ki 7 £ R
> 5451% » w P T REMT o8 T A B0 9.49% 4 55.2696 0 i
~HE T 6.8300 0 Fr AT RRFIT o g M TR
5 02 /F*Jegfd% * % X jE#(Euclidean distance): ™z #r3% & & ik it m

PR A o TR SR T EM AR &g ks o

' l Frepe: l Pload % Charger
DC | —
LD : :

& 2 -i:T:' - . G PB.E&'S : CIWEEI
[ H, SR . —

(Grid) DC/DC ETESATEN
X kE"-. Chaging Load):
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ! ; Batter},' ;n....................................-

CTI L O

_f’ir

B 1-14. < pr[12]eh & 2k ks ke 4

21



Charging probability before peak load regulation
10
T T T

0 5 0 15 El 2
Charging probal Iulltydzmh ution after peak load r guhu m in Spring and Autumn
10

o =

15
Charging pr lmhl.hly ibution after peak load ion in Swmmer

o

S

o o

Jl-ll.l-.ll.llllllllllll

Charging after peak load in Wint

Wﬁmﬁmﬁﬂﬁﬁmﬂﬂﬂﬂmﬂﬂﬂﬂmﬂﬂﬂﬁ;

=S

Charging probability (%)

o]

B 1-15. = AT et 7 8 g » 5 [12] -

100

80
60

™ — S
40 ‘“‘hihlhl—-—l~'
20 w

0

kWh

1 3 5 7 9 11 13 15 17 19 21 23
=m—Total generation == Power consumption before optimization
Power consumption after optimization

B 1-16. 2 F X feh X iR T S EV 2 4 28R4 5 2 S B2 A%

7

TR iR St 1 [12] -

kWh

1 3 5 7 9 11 13 15 17 19 21 23
~i-Total generation e Power consumption before optimization
Power consumption after optimization

Bl 1-17. AR iR T HEV E 1 28R %A 3 £ ERE LT A

7

B 5 @ [12] -
100
80
60 b=
40 z
20 wfh\_m

0

kWh

1 3 5 7 9 11 13 15 17 19 21 23

—m—Total generation =—+—Power consumption before optimization
Power consumption after optimization

B 1-18. % % chffFm™ > EV 8 1 £ 5 7 48 0% chh 7 b
it i %0t 1 [12] -

22



R[Sl IT A TE B SR T TS g Ep e Pl

Karush-Kuhn-Tucker (KKT)fr#] % & 2 % (C& CG)i# & i# & fa i
BRI PIRSERG LR AR o o R RE e R
EARAFE - TR ET R RIcED TRIIEFHTEE

oA § % oWl 1419 417 o vz}%w%” REG - i ™ 3 fefe
EV A g £33 mafdsl» 7 gl i-(RO)RE - K b)¢ - #rrdk
SR ETENES AR U SRR AR LS N Ee
o AT PR AR PR B B RS kR
Rl o kRS 1-4 9 o BREGD S R R R TEF
TETE SR s ud B 1-20 - B 1-21 fe@) 1-22 #7% o % 4

Perdeen™ X7 %D FHRE TV URELF i ko

7. 1-4. [k %4 #[13] -

Option Parameter value
Technical Cost
Solar PV [28] ¢ — 25 years crle—=$870/kW
criem—512/kW/year
Li-ion battery [29] f,""" 15 years; P =$200,/kW
/’,, 93%: c¢=$143/kWh
so( min = 30%:; M =%$0.8/kWh/year
S50C%, . = 90%
CF [30] £ = 20 years; cf=%$100/kW
,,f.l' — O5% cm—_g6,/kW /year
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fs &g NPC % $56,202~COE = $ 0.1302/kWh fri& 3 = & % $ 2540

Gt CO2 @ Efptht v HWM* 3 FRae R abF >0 34.68% -

Biogas generator MPFT
(Cow dung) Bi-
directi :
onal 1 Charge Controller

Biogas generator -
(Poultry waste) Conve
rer
Battery
Biogas generator
MSW) »
AC Bus DC Bus

o
P

] 1-23. % jpr[14] e 3k k SLsE g

| ﬁaﬁﬁ@mﬁg@im

1 % 18 m %
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26



Bl 1-25. #F R e g T E (KWh) [14] -

B 1-26. 7R &

W TR A [14] -

30
25
20
15
10

5
. al ull 0l

Solar PV Biogas Biogas Biogas (2 kW)
(10kW) Gen. (4 Gen. (4 Gen.
kw) kW)

M Payback Period(year) M Lifetime in years

Bl 1-27. 4 siehdh Fw fedpfoie % & & [14] -
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i# (Gaussian Probability Distribution)i: i » & & 2 L 3 cpF 45 * B

Ik

Bcdp 0 e e £ 2% Ak 4 5 (Normal Distribution)g #% 4
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FheomyEblRRE D B A 5 200400 0500 = 46 - 27—
MR R 0 A TR 2T R T T hL T A AR AT
509%  # ¢ & st fdicdrd 15404 1-6 “TF o HiE % % 4B 1-36~
B 1-39 #777 o

Charger
-
Charger

Perogria ! B8 £ 75 a8 |
{EV Chaging Load):

Gnid

L 4 (Grid) |

— AR A
(Load)

B 1-35. < fR[18] e @ sk b st 4 o

3 15, T #5978 I e [18] -

Variables Distribution Parameters
Arrival Time Weibull a=09831,b=16.8
Mean Standard deviation
Departure Time Normal 6:00 3h
Minimum SOC Normal 12% 8%
Maximum SOC Normal 94% 5%
Initial SOC Normal 36% 15%
Desired SOC Normal 86% 14%
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# 1-6. EV 4= ESS =1 » ##4[18] -

Specification Values
EV Capacity (kWh) 44
Maximum charging power (kW) -7
Maximum discharging power (kW) 7
Purchase cost of EV battery ($) 8800
Battery degradation cost ($/kWh) 1.18
ESS Capacity (kWh) 500
Maximum charging power (kW) —100
Maximum discharging power (kW) 100
PV Capacity (kWp) 400
EV Cost index0.5 2 é % o
ol ‘ = B = o a a e
500 555 611 666 C;Z‘isu Capaci‘;(v;(?w) 833 888 944 1000
Agg Costindex0.5 T —_— S— _
500 555 611 666 C;i‘Z’ECI Capam‘;(viw) 833 888 944 1000
T L o= T B R - ]
Agg-EV Utility index g 5 — & — -+ * 2 g W 4
|y = °F J - =

Contract capacity (kW)

B 1-36.200 fma 57 8 & Frendo it & 5 £[18]

2000) EV Charging Power
EV Discharging Power
1500 ~4-Contract Capacity
>-Load

~-PV Confidence:0.68
1000 ESS

~#-Grid Request

500

Power(kW) 0

-500

-1000

-1500

-2000 :
0 24 48 72 96 120 144 168 192 216 240 264 288
Time Slot(5 min) 24 --> 2 hours

B 1-37. @ * 1000kW (¥ 3 & %35 4fr 0.68 ch PV § i3k T e
400 fET BT B B FRemt ]k see F[18]
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500 47 % 3% B B Ff et 4l 4 shrt % [18] -
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200 o E
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Winter Summer
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ot 598 i
o 1 b - 14.99 15 1501 iy
~ 600 w03 ’/;1 = 600 T i
- 598 =
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595 595
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T rEL it eFEaey 27 88k a-
B v pe[20] 4 e cpoid o R AR AT B kBT - BAY P
A ok 4 % 2t (Adaptive Neuro Fuzzy Inference Systems > ANFIS)
wﬁﬁgﬂﬁﬁ’ﬁgnﬁﬁﬁy%*ﬁwﬁﬁﬁgﬂﬁﬁﬁﬁ
(Rolling Time Horizon > RTH) & #- 3] 3¢ | 47 ] (Model Predictive
Control » MPD) ™ i) » & F] & (%4 3 5 £ A el 77 2 32 i 5
PR AT f A o 2 R T 0k S o] 1445 4Ton o &
PP R e R E A R R R e v Y DR bR
A iE (3 0 PV gy I el 2 PR R 032 5 3F 8 B R
bl AR B S R FAE B F Y 2R AP RE R
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optimal
0.2 B ANFIS ||
mmM. FIS

°'°:hm|[m i
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#PEVs 1600 2400 3200

Bl 1-47. & TSt 9 % chi B 54 ok i ANFIS EMS - Mamdani-FIS EMS
i35+ % 0 FC .40 [20] -
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