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A Study of Decision Model for
Electricity Pricing Promotion in Electric
Vehicle Charging Station
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Abstract :

Since many transnational famous automobile factories have invested in electric
vehicles and charging equipment of innovation research and applications for a long
time, recently, such efforts and*important_breakthroughs incur a lot of vigorous
development in the Industry of Electric Car. People also agree with the electric car to
bring the environmental energy efficiency, with the.gradual popularization of electric
vehicles, such that general charge techniques had been unable to cope with a large
volume of charging needs in the home or the company place. Under the charging
techniques upgrade, the willingness of people: applying- the charging station for
reducing charging time increases its strength and related business benefits. Due to
charging stations in real world still in the development stage, charging station
managers must consider how the pricing policy should be made to find the best
management strategy affected by the interaction between member rules and calculating
fee.

In this study, literature reviews of revenue and cost related to the periodic
operation of charging stations are first investigated from related resources. Second,
analytic hierarchy process (AHP) is applied to obtain weight values of influenced cost
factors. Third, weight values of revenue and cost combine the planning of managers



marketing strategy objective which using intelligent analytics to form the calculated
model, such that the prototype system of sales portfolio of electricity price can be
constructed. The sales portfolio project of electricity price provides packaging sales of
electricity price rate. Managers choose the size of its charging station to fit with its
applicable price of the sales portfolio project, as well as the number of employee
required for each charging station service. A random model simulates the purchase of
monthly customer price plan and charge consumption behavior, by using the above
decision-making calculating model, and the best price of the sales portfolio alternative
is obtained. Finally, the system and managerial analysis are verified, as well as the

results can be referred as future data-and follow-up research basis.
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TECHNICAL SERVICES

FINANCIAL & INSURANCE SERVICES

Warranty
> Warranty/ warranty extension
onEV andbattery

Assistance
> Roadside assistance
> Localized assistance

m Maintenance n Vehicle financial
> Batterymaintenance services
> EVmaintenance > Credit
> Batteryreplacement > Leasing
> Remote mainfenance > Buy-back

MOBILITY ORIENTED OFFER

9] Charging

> Infrastructure installation

> Accesstofast-charging
networks

Energy
> Energysupply

«LEge

> Credit
> Leasing
> Buy-back

> EVinsurance
> Insurance onfinancing

Battery financial
services

Insurance

a
Mobility

> ICE carloan ("switching")

> Multimodal mobiity (ex.:Mu)

Entertainment

> Connection to external devices

> Embeddedapplications
(Intemet, Video, ...)

> Remote batterymonitoring
> Remote control (HVAC,
charging process, ...)

v

Real-ime fraffic info

> Point-of-interest

> Eco-routing

> Reachable destinations

Remote controls

Navigation

MOBILITY & ENERGY SERVICES

TELEMATIC SERVICES
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N2k (P > 2014) A B TiaE 22 AL 3.06: F - 3G o

Bo @ )2 g grd Model S & 4] 17 2 v & > § % % & 5 $85kWh % &

=3

L% =1

TAT TR A40 2T G A R L 518 2 2 /kWho & e R T s
% % 5 $3.0279/kWh( s % 02014), 7 @3R3 & 22 ch A L 0585

~ o AW B 15

2 27 TEIFARTNINBHLES

T#d L I
1B (KWh)Z + 7 7% 5.18km — 2 (L)% 7% 11km
2014 & 5§ % LT 2016y 0 TP b 95 E 4T b
$3.0279/ & (KWh) $33.62/2 2 (L)
%$0.585/km % $3.06/km

T KRR APFY FR

HoEE o F AR B R HE3362RF 7R 11 22~ F B d A
TH$3.0279F AR Y518 L HER LA F - BARB B I
9$15.838 AP A TR - DT TR A E T D i A A (RS

= B &

$3.06/km) » 4o B 2-2 > & F| o 3p

e

WL FRT DY MG

$3.0279 % $15.838 B ehip £ > 128 5 g 7 F o
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(5.18, 15.838)

15
10 !
T 483848 % F
> 4
o (5.18,15.838) THE ATBRIBAE(NE)
l l l I l l l l I
0 2 4 6 8 10 12 14 16 18
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DR E N R A o A Y P MY 103 E T8 T A A
$3.0279/kWh & % if 2 7«3 fudade § Jc # $15.838/kWh 7 T 3 @

$9.433/ kWh ~ 1 2 B.7 5 2 kg 42 % § £ 0 $15.838/kWh & & fi /%
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AHATREYEFAT oo R Ptk p TR E L TE
20 k3 MT o EER S md 2-80

£ 28 AR ERFFXERGHE A LA

L B
LRFAEERFT T EIPII BBV 743
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T | LT R
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j@(5k T > 2016) 2 A M E X B §wAT Y BT w3 4 2012 £ 3 2016

£ 48 B (3RYF02017) & 2011 E 4 8 5 5.1 ¥ im(F 2 %-2015)

T8 G 2012 F] 2017 & A58 ~ T ATH 2 B8 fmlcac & 2-9
£ 29 pRie il e g
2012 # | 2013 & | 2014 & | 2015 & | 2016 & | 2017 &
#7542 fR¥c(iF) | 1239 | 206§ | 320%| 552%| 7774 | 1256 &
%2 mlc(lF) | 123§ | 329%| 649 | 1201 % | 197.8 ¥ | 3234 ¥
% £ % (%) 141.1%| 67.4%| 55.3%| 72.5%| 40.7%| 61.6%

74 kiR 1 EV Sales Blog -~ Inside EVs ~ & @@ « ~ 4£3%(2017)

Bost A4 HARfs 5d @m0 5 220V(15A) 2 2 110V(15A) »

3 E# 1 220V(15A)iE 7 & o LR R A e o2 5 220*%15/1000

=3.3 kWh/hr ; @ % & # » 110V (16A):E 7 v 7 B+

DR R

220V (15A)pF eh— 2 2 1.65 'kWhihr o7 B 2 §

o g R

w
500V (80A) > & ¢ »x 5 500*80/1000=40 KWh/hr - % & 3* = T K & ¥
EET YA rERAM S ERETEREL L LT AT RS E P

TE T AcA

2-10 # #fif o

% 210 AR RABHERTE

AT 2E RS rEEBETE
BMALTH [220V(15A) 220V(15A):3.3kWh/hr 28,908kWh
PiE AT [500V(80A) 40KWh/hr 350,400kWh
FALK R © AR E ER
BgminE R TI00F R R4 S 9142 2 3 (i %> 2015) > ~ 1kWh

A& 518 202 FprAgmTie- £ F R L1765 AR 0 oA kA 2-9 %
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=
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% & A& X 5 390,000RMB(Zhe Li> 2011) « 3k & & i@ & * Bl 23k & &
A B5%PE c BRI FFTHINALS 8B AR EIFALEIGF AR LR
o FFRVTL (- 2 F ¥ 240 pF 53> 7:00~23:00 pF# 133 ~ x3
A 5> 23:00~7:00 eh ¥ F 5 $173x2 4 0 - x 1 F £ F % $9,152 &~ > -
# 2 783,340,480 ~ ) & * F 1 $35,000 F 3 - £ f 1 HFFE
% 993,760,480 ~ > FIA TG A AR o HF AL FEE LA .
Flot o BGOSR TEHERER Y A E A FREY R
BP R LT RAEFEE B AP LR hE B S AR
FEENLERY A AT REPEF I AR > ok 212 2 &
2-13 -
2 212 L afFmT R EERES
$1# ¥ 2 & ¥ 3 # ¥ 4 £ ¥ 5 & 6%
BEF 3,758,332 0 0 0 0 0
P (l) 874,998 0 0 0 0 0
P AR 4(dn) | 2,883,334 0 0 0 0 0
R L2 1,997,909 | 2,639,485 | 3,194,338 | 4,324,035 | 5,418,010 | 7,747,645
¥ES A 641,309 847,249 | 1,025,351 | 1,387,972 | 1,739,128 | 2,486,918
FESA 1,356,600 | 1,792,236 | 2,168,987 | . 2,936,062 | 3,678,882 | 5,260,727
FER 2,764,663 | 2,764,663 | 2,764,663 | 2,764,663 | 2,764,663 | 2,764,663
ERTIENEN 1,950,000 | 1,950,000 | 1,950,000 | 1,950,000 | 1,950,000 | 1,950,000
Bagr(n) 626,746 626,746 626,746 626,746 626,746 626,746
KEBER
43,750 43,750 43,750 43,750 43,750 43,750
L6 1)
XS IoE
144,167 144,167 144,167 144,167 144,167 144,167
T2 )
¥ENE (1,408,062) | (972,426) | (595,676) 171,400 914,219 | 2,496,065
T F (5,166,394) | (972,426) | (595,676) 171,400 914,219 | 2,496,065
L EAE (5,166,394) | (6,138,821) | (6,734,496) | (6,563,097) | (5,648,877) | (3,152,813)
FAL kR A R
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%18 » 28 ¥ 3 # % 48 %5 & % 6#
BT 3,758,332 0 0 0 0 0
Bt e T () 874,998 0 0 0 0 0
Post e T 4(dn) 2,883,334 0 0 0 0 0
¥ E e 2,713,179 | 3,584,445 | 4,337,940 | 5,872,078 | 7,357,707 | 10,521,372
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Rag*(@+) 626,746 626,746 626,746 626,746 626,746 626,746
B g3 B
43,750 43,750 43,750 43,750 43,750 43,750
Zw (6 1)
KE EE RS
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R @)
FFENE (692,793) (27,466) 547,926 1,719,443 | 2,853,916 | 5,269,792
A E (4,451,125) (27,4686) 547,926 1,719,443 | 2,853,916 | 5,269,792
AREFRE (4,451,125). | (4,478,591 #%(3;930,665) | (2,211,222) 642,695 | 5,912,487
S g i AT
d % 2-12 % 4 2-13 7 l'ﬁﬂ!?@’?\'ﬁ CERFENERFT w
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o P .
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feig B L R T AR AL e ¥ (Keen et al., 1978) -
TEREFE RAKE FIAIHFELEHRBPR® L S b EIS
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FRRMOA LA L BT BN WP h s Ak L R

)
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% %2 (analytical hierarchy process, AHP) & #7# E & kel > 2 - 1 &
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7 | =€ & (Very Strong Importance) | F %k 2t wz e EEE - 2 %
8 |TERrTAETEIZ?PRFE
9 | %% £ & (Absolute Importance) | § R oERF T EHEFE - %
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9.

1

1

1

1

4 ok Jr o Saaty (1995)

AHP =i & g% A4 0™ -+ = 4 4] eh [® 48 (Satty et al., 1995; Saaty et
l., 1982) :
A% W L =t B (Setting Priorities)
A 4 % 3F * % (Generating a Set of Alternatives)

# & ¥ * % (Choosing a Best Policy Alternatives)

fiy

t»-

A %_F F(Determining Requirements)
7k ~ pe (Allocating Resources)

g B % % (Predicting Qutcomes)

& »z = £ (Measuring Performance)

4% %3 3+ (Designing System)

Fi % % 3. 4% % (Ensuring System Stability)

0. & i+ (Optimization)
1.4 4] (Planning)
2.f% i b7 % (Resolving Conflict)
3.k *%& = % (Risk Assessment)
AR BRAEZOREHBT AT BE
(1) =& B3 o3l %o
(2) 22 kb KEhBARBRXTET - K oaifoFl i o
()& - Ko d b - i - BR2 Tt B T3 1t R

Lig- han BRAHL - Ka- BERNTROPHEL R S
5 - B#cF (13 9 HdH k)
(4) #+ 55 - Ahigie o

4-1. % 74 A= Kk # 3l en & 74
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4-3.B & #l4ede k > @F R to
4-4. % & tl‘,f,u n> @3 giLe Ere
(5) Bz & - 2 Ach- %M > AEnxnEid o
5-1.46 Ak iBLw £ oro
5-2.4 Ar =u, ulr = v (vi = uilry) »
5-3.w #. - B & > Amax = XZviln o
5-4. C.l1. = (Amax — n)/(n — 1) -
5-5.% % 4r# 2-23 #775 P4 # 45 1% (random index, R.1) > &
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n 1 2 3 4 S 6 7 8 9 10
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n 11 12 13 14 15

RI 151 | 148 | 156 | 157 | 1.59

ok Jr o Saaty (1995)
5-6.C.R. = C.IL./R.I. »
5-7.% C.R. = 0.1 Bl &7 &£ - K% o
5-8.FRAFY HFhAB-REFILFEIF L ELE T R LAT
g w3 % 3 3 .
(6) 3+ & - R
6-1.4 — & minig Lo £ o
6-2.5 - ks H ClL A - 5 g o
6-3.C.LH. =X (* k5 Lw £)x (& k& C.l.w &)
6-4RIH. =X (5 k& Lw)x (5 kxRlLwE)

6-5.C.R.H. = C.I.LH. / R.I.H.
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TR Fr2EAA SR RLEEEBL VB RS2 REEAR
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e

rEHMEY o L AR kAP 5 eaF oo SQL Server 2012 -
BHAXEDTRET S Jlr FEAFEFE BI) 182 HEp
¥a TR F ™S o SQL Server 2012 FRH B HFHREL X 2 - 7 4L
DT RASGHB SIS ESNFTE O RRF LA Ty
G ESDFFT M Fooa FARET 258 o SQL Server 2012 i
B ch A s dF A S A frda i o I EEE 2 NE B
Bl 2= % « B A+~ kit  Web' JRipfoimd £ 3 > 5ot ®
Ba-F A F 3 EF - B & (ke 2017)

SQL Server 2012 & z A B o Bie (1) T4 A sk T 4R
7+ (DTS) 2 =4+ A 454 K (OLAP)Cube~ FH it~ FhuEH S
2@ FrE i vuilfEds (XML) - F vl E -2 B -5
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A s AT A RN R - BT R o B F - H -t R
B RKEARATEFSEE ES c AHP 72 B F 2 AP S ah ik

Ra P REFEOED I RP L PERSHED o p oA LAF L LR
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et Bl L% (P § A H  2017) -

Expert Choice #.: 4 & AHP L35 + e 4l > v 5 5 4 (v e | 2 1
imRize Ay &b 2 38 d Expert Choice hg] = 4 2 - 0§
7 5% R &~ & & Dr. Thomas Saaty % E 1o ] 5 2| %70k = f;i,»a@‘g'i *
Pt g 8 0Py & %% 3 (hierarchical structure)t » AKX F ¥ @ & £ ¥ +
Lok ox ol £ & a2 ¥ o A Expert Choice i R i 2 5% & 2 18 0 i
%‘L?f? Prid 7 Pl E B AR e Rl e L B ko p ot LD & g

ch4f & oExpert Choice i d - & 8 4 3 it * & g {7 2] 47 >
IoW o i e R R E;E%EL e FE % Y
Microsoft Access & SQL Server database % Data Grid =iz i@ # = o ﬁi%l
~ F# 2 Expert Choice z“ﬁig?]:". T I TR E S (Y AR
2017) -

Expert Choice % #£(# @ # 4 » 2017):

(1).% 2R & F0p %4
(2).4 ¢ pairwise * g B Hhfo3 P HRehE & 12

(3) F B i 0 BUE B DB LR

Expert Choice & 43 & p+ fx ch & 4 JFd # * pairwise 0= 2 - Expert

Choice % & inenR R ehE — 5 M EE Rér ) EF DB LR o & iF

\

"what-if'"fe & e 247 > R g @ WD e - B P HE &MY iy
AA it  c EREITRERLTDOFER D EDEI R G HER D
2 o T Ui g4 Expert Choice ) ik A K A iz B A o o % R
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Expert Choice i * Af &8 (¥ @ £ & » 2017) :

MF R AR@FREEG) A FREILDERLRTRG)FT
A (B) 4] B B R g (7)) R A 47 (8)FF Bl £ 4 (9) A 15 2 4 (10) iie ®
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location) ;
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nfccp} s

nsccp = % ¢ 73 M v R Fye i #icp (total number of slow charge
charging piles) ;

ISCCP = % 7 #7r3 M " & & 4p & (index of number of slow charge
charging piles)#t = eh g & » # ¢ ISCCP = {1, 2,..., nfccp} ;

nepp = # 7 #T3 & % > %k i # P (total number of electricity pricing
promotion) ;

IEPP = # 7 #73 % § > & # 5L & 4p & (index of electricity pricing
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promotion)#r = v %k & » H ¢ |EPP = {1, 2,..., nepp} ;

neprp = #% 7 3 % % 2 kT B ¥ F % ¥ p (total number of
electricity pricing rate of promotion) ;

IEPRP = % 7 #f 3 % § * % T § 5 & & 5L & 45 & (index of
electricity pricing rate of promotion)#r = s0 % & » # ¢ |EPRP = {1,
2,..., neprp};

ntur = % 7 *73 FF T § %8 P (total number of time of use rate) ;

ITUR = # 7 #f 3 B F & § & 5 & 45 & (index of time of use rate) 7 =
ik & > 29 ITUR={I, 2,..., ntur };

nmue = % 57 #fF ? @ * £ E&FER T 2 # P (total number of monthly
usage of electricity) ;

IMUE = % 7 #r3 » # % € £ %% [ M5 2 4g i (index of monthly
usage of electricity)#f swen gt & » H ¥  IMUE = {1, 2,..., nmue }

nmfe = % 7 #r3 ' 42 P & FEF BLAL g P (total number of monthly fee
of electricity) ;

IMFE = % 7 #f3 * #£ 5§ &% B &5 &dp & (index of monthly fee of
electricity)*r = en % & » # ¢ IMFE = {1, 2,..., nmfe } ;

cust = % 7+ B @ v ¢ 2 E 2 % #c(total number of customers)

CUST =4 #r3 % = 2 i 5L & 4p ¥k (index of total number of customers) -
# ¢ CUST={1,2,3,...,cust};

CNB= % = A8, CNB AP » File & ¢d5 T §g,

CSP¢i= £ = cEMam> % i 2¢ ce CUST,i e IEPP;

tpcveik = * EH R E P CHE hB x0 A kR LT #KE (time period
of charge volume) » # ¢ ¢ € CUST, k € ITUR, i € IEPP ;

ITPCV ik =% 7 " FH PN £ 2 cLE oE X ikl LT kd A58
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ip ¥ (index of time period of charge volume)#f = & g & » H ¢

ITPCVeix = {1, 2,..., tpCVeik }, C € CUST, k € ITUR, i e IEPP ;

LAY - AR BE
B 1 % #icfg £ (weight of employee) ;

wl = = % =24 £ (weight of location) ;

wfc = P-:# v 7 #1# £ (weight of fast charge pile) ;

wsc = i v 7 1 £ (weight of slow charge pile) ;

wtur = PR 3§ # £ (time of use rate weight) ;

Z 4 £ (time of price rate weight) ;

=
—
ge;
=
1
=h
o
“m

wmu = * @& * 7 & (weight of month usage)™

wmf = 1 % % & £ (weight of monthly fee) ;

SR ER AR
A

wse = a1 A #fE £ (weight of sub employee) ;

T
N

IWSE = # 75 #73 R 1 A #ciE £ 5L dp4k(index of time of use rate)
sr g & > # ¢ IWSE = {1,2,..., wse };

wsl = = ¢ = 2.4 & (weight of sub location) ;

N

IWSL = £ 77 #r3 = % = B4 £ © 5L & 4p ¥ (index of time of use rate)
Ara e & o H @ WSL = {I,2,...,wsl };

wsfc = -:& v 7 ¥ # £ (weight of sub fast charge pile)

ISFC = % 7 #r3 2@ % % i £ ©* 5L 4p #k (index of time of use rate)
sr ek & > H ¢ O |ISFC = {1, 2,..., wsfc };

Wwssc = i “o 7 51 £ (weight of sub slow charge pile) ;

ISSC = % 7 #r 3 M # v & 1 £ & 5L 4p - (index of time of use rate)
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sr el & > H ¢ |SSC = {1, 2,..., WSSC } ;

wstur = B % W ## £ (time of sub use rate weight) ;

ISTUR = % 7 #73 B/ & § # £ ©* 5L & 45 % (index of time of use rate)
sk & > H ¢ ISTUR = {1, 2,..., wstur }

wstpr = % § ¥ F 1 £ (time of sub price rate weight) ;

ISTPR = £ 7 73 T % % F i £ 5L & 45 % (index of time of use rate)
sr e & > # ¢ ISTPR = {1, 2,..., wstpr }:

wsmu = * @& * 3 & & £ (weight of sub month usage) ;

ISMU = £ 7 #r3 * @& * ¢ & f £ & 5L & 45 % (index of time of use
rate)#r = g &£ > H ¢ JSMU = {1, 2,..., wsmu } ;

wsmf = 7 4 % 4 £ (weightof sub monthly fee) ;

ISMF = % 75 #73 7 £ § # £ 5 & 45 4% (index of time of use rate)*t

>k & > #H Y [SMF = {I,2,...,wsmf };

BT EELLHEEY FEFRDTRDTH PR

sew = 5§ ¥ E# [ 1 R (Select number of employee) - # ¢ w e

#en2k E 2 (Select type of location) »# ¥ x e

¢
EH

sfcy = & ¥ ‘ﬁ EFH P LT g #ik £ (Select number of fast charge
pile) » # ? y € IFCCP ;
ssc, = & ¥ ﬁ EFHE M v g sk avfic & (Select number of slow charge

pile) » # ¢ 7 e ISCCP ;

/H}
hT
5=
A&k
B
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EC

1
P

1 = 4 (employee cost)

LC = 2 ¥ = & (location cost)

FCC = P-i - 7 ¥ (fast charge cost)

SCC = f i v 7 ¥ (slow charge cost)

TCURgikimn = * F#H PN 2 = CHE DL % 0 A kPR i g |
TR IR AR RSOBFL AL EME BT LR ELEN
EPER S AL A #(time cost of userate) » # ¢ ¢ e CUST,i e
IEPP, k € ITUR, | € ITPCV¢, m € ISTUR, n € wtpr ;

TRURGiklop = * F#H PN & = CRLE B X0 A KPFER* i

Iz

(\.\»

T
PR AUFAR BT IRER OZ SRR IRREE po >
P E T ~ # £ 4 #k(time revenue of userate): 2 ¢ ¢c e CUST, i e
IEPP, k € ITUR, | € ITPCV,jx, 0. ISTPR, p € wtpr ;

RMFi= & % i &% 7 ¢! 42 % Jc » & fv(revenue of monthly fee) - #
® i e lEPP -

FCPi= & % it § =i s frd &% e (fixed cost of promotion) -
H¢ ielEPP-

CPi= &% i fa® " 2 x4 (cost of promotion) > # ¢ i e IEPP -

RPi= & % i &= " 4 Jc i {v(revenue of promotion) - * i e lEPP -
MBi= % % i 1 41 B % 4o (benefit of promotion) - # ¢ i e |IEPP -

T LAY 23RS

(P1) Maximize MB, = 3 RP,+ > RMF - > FCP - Y CP,

iclEPP iclEPP ielEPP ielEPP

(4-1)
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# 53 EFH %

& 5 S5 ER S ERE X
C0001 C017 EV002
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