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% 2.3 R GAWAFHYAEERER

FEgEA | U | BARGA | E
32 9= <4% 23 10=x <1%
113 15| <2% |121 16=x| <0.5%
173 21| <1.5% |18 22=t| <0.375%
231 33| <0.6% 241 34=%| <0.15%
=< 33| <0.3% |=7* 34=x| <0.075%

2.5.2 # ik 18 2. OpenDSS

OpenDSS &_ EPRI fe ¥ % % #- %2 4t %8 Distribution System
Simulator (DSS)e@ sk~ » 1997 & EPRI B 4% B > 3 2008 & 11
PALISN SR B LA AT YL N A RawT B
o AR A FIRAIGE L NBFR L3 268 (PHEV/EV) ~ 224 F)
PR RZFARNBRFLFEFREFER KA T a4
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PRSP c AR F BN RT Ay E 0 R E A
B ARESAIGL A R RIER c BT UG G
SAH - TR o doi B f PR B A FHEF LY Z ha ik
FHZTEFREEFEME R ARt L ER 2B 2.21-K 2. 23
FEp = m AR B ORGP o R " THETERRITAZETET FR
(Bl4ef d 8 LT HAET AR E X2 PEE)> 227 Fw EPRI - #

R /nL /i ; 7 Fi}w °
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I Advanced Simulation Platform -- OpenDSS

» Open source of EPRI's Distribution + Needed for analysis of
System Simulator — DG/renewables
— developed in 1997 — energy efficiency

— open sourced Nov 2008

— PHEV/EV
— non-typical loadshapes

+ OpenDSS designed from the
beginning to capture
— Time-specific benefits and
— Location-specific benefits

» Differentiating features

— full multiphase model
numerous solution modes
“dynamic” power flow
system controls
flexible load models

ELECTRIC POWER
RESEARCH INSTITUTE

2 033&4 Electic Power Research Institute, Inc. Al rights reserved, 4 '

B 2.21 LT 5 4 -OpenDSS

I Distribution Analysis Needs have Changed

Substation

EV/PHEV

Demand Response \

High Penetration PV ﬁ‘/v -
Energy Storage @ L

T‘) mlElacMc Pouer Research Institute, Inc. All rights resense, d 2 '

ELECTRIC POWER
RESEARCH INSTITUTE

B 2.22 AT SfT-fe AT R
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Traditional Distribution Analysis Programs

+* Designed to study peak
loading conditions

= Captures mostly location-
specific benefits

« Ilgnores time and assumes
all resources available

-~

This gets the
wrong answer
for many DG
and energy
efficiency
analyses

B aomul ciectic Power Rasearch instiute, Ine. Al rights resarved
B 2. 23 L EHIRT S A -t ATV EE T A P S

OpenDSS #48* % 4 4% EPRI 22 & ¥+¢mF 5 7 I

bt
o+
o
S
T
=
/\‘

AP R ER* kB E S fe T #(Green Circuits)*cd » 2 PHEV

oM R R N SRR T AR K RTHE L R ST AT E -
51% OpenDSS s = 5k T &4k #rs 474kt » e £ B e E 303 g 20 2
Ay H epe Tl TREL T PR MR RIE SUZT A & 2.4 814 2.5
AEE AP FF 23 MR ERRS A (LineCode) - B 2. 24~8) 2. 26 5 fie

FoASFE Y 2 fe R S FREARH 2 I 0 OpenDSS 5 ~ 150

2.4 ¥ 3 RERNHE % 2.5 ¥r 2 MBRERNHE
¥ 3 REMGENE | LineCode ¥ wBREsMgENE | LineCode
25KV 500MCH 500MCM 22mit 22mm2
25KV #1 #1 6 Omnt 60mm?2
477THCH ATTMCM 125mif (2 %) 1256mm2(2 ¥ )
#2 %2 125mif (3 7)) 125mm2(3 # )
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P TP LineCodes DSES - o= -
FEEFEE ASEREr AEFG00 dmARcs SReAED
* TP_LineCodes

TS @OHMCH{Zabc )
Hew linecode  S88FCH nphases=3 BaseFreq=68

~ ormatrix = (8.2536 A.1461 a_.1461 | 61451 6_.2536 G_.1461 | @.1461 @.1461 @_.Z2Z2536)
™ xmatrix = (B_.1464 O_0027 a_.0027 | 8.9027 g.14648 G.0027 | 2._90027 9_.0027 G_154658)
~ cmatrix = (8.8 a.a a.a 1 a.a a.a a.a 1 a.a a.a a.a)

rH1{Zabc)
Hew linecode _.#1 nphases=3 BaseFreq=68

™~ rmatrix = (B_8818 8_2592 a4_2592 | a.25%92 a.s8818 a.25%92 | a.2592 aAa.2592 A8818)
T EHmatrix = (8_.Z439%9 O0_0603F O0_.09603 | B.0603 O0_.249%9 O0_0c03 | 20603 O_.0603F O_ZR99)
™ cmatrix = (@._8 a.9 a.9 1 a.a a.a a.a 1 a.a a.a a._a)

TRTFFHMCHM{ZabCc)

Hew linecode 47 7FGH nphases—3 BaseFreq=60

™~ rmaterix (B.2129 8.898789 A.8799 | 8.88780 B8_.2285 O0.688B70
™~ m=matrix

a.8799 a.8878 A8_.2129)

{85729 O0.1633 O0.1729 | aB.1633 B8_.4919 A_2210 a_.1729 A_.2219 A_57290)

~ cmatrix (a_a a.9 a.9 1 a.a a.a a.a a.a a.a a._.a)
rH2{Zabcy

Hew linecode . #Z nphases=3 BaseFreq=9686

~ ormatrix = (1.1278 a_1811 a_.165%1 1 a_1811 1_.1621 9_1811 1 B_.1651 @_1811 1_1278)
™ xmatrix = (B_8Z288 O0_-3192 a_.3181 1 a.3192 aA.7877F A.3778 | a.3181 a.3778 O_8288)
~ cmatrix = [(@_08 a.a a.a 1 a_.a a_.a a_a 1 a_a a_.a a_a)

r2omm2 =3
HMew linecode _2ZZmm2 nphases=1 BaseFreq=60
~ rmateix (B_89a)

~ mmatrix (B_3IF72)

™~ cmatrix {0._0)

TGaOmMM2{Z )

Hew linecode _ 68mmZ nphases=1 BaseFreq=468
~ rmatrix {B_330)

~ mmatrix (a_3I28)

cmatrix {a.a)

T1ZSsmmZ {2 )
Hew linecode . 125mm2 nphases=1 BaseFreq=68
~ rmatrix (B 157>

™ oEmatyrix
~ cmateix (a_a)

r1Z2SmmZ(Z[EI(ZD

Hew linecode 1Z25mmZ2{2[=[) nphases=1 BaseFreq=468
~ rmatrix = (B_0F85)

~ mmateix (B_151)

~ cmatrix {B._.0)»

T1ZsmmZ (I [=F[I (=D

Hew linecode  125mm2{2[=[>» nphases=1 BaseFreq=60

[
-
-]
'
]
-]
N
-

~ rmatrix = (8.85%23)
™ Ematrix = (0_.1006)
~ cmatrix = (@_0)

F2.24 42 9% ® 2 e S AUBATHL 2 $HI24<0penDSS # ~ $£5% (a)

® =aigasradn:

rmarix="Rpjj R12Ry35 | Rn Rxn Ra3 | Rsp R3z Rz ™

xmatrix="Xy) Xj2 X5 | Xo1 X122 X3 | X51 X52 X53" R+ X, R,+jX, R;+JX;

‘ Lo =| By + Iy Rp+ Yy Ry + Ay

& LLS00MCM & 4#): Ry + X5 R+ jXy Ry + 4G,
New linecode. S00MCM nphases=3 BaseFreq=60
~ rmatrix = (.2536 0.1461 0.1461 | 0.1461 0.2536 0.1461 | ¢.1461 0.1461 0.2536)
~ xmatrix = (0.1464 0.0027 0.0027 | 0.0027 0.1464 0.0027 | 0.0027 0.0027 0.1464)
~ cmatrix = (0.0 0.0 0.0 | 0.0 0.0 0.0 | 0.0 0.0 0.0)

EF » S00MCM SAE 6 KRR AS0OMCM
nphases=3 AR AE=4
BaseFreq=60 48 % A60Hz

~rmatrix = (0.2536 0.1461 0.1461 | 0.1461 0.2536 0.1461 | 0.1461 0.1461 0.2536)

—) i % (0km)

~ xmatrix = (0.1464 0.0027 0.0027 | 0.0027 0.1464 0.0027 | 0.0027 0.0027 0.1464)
) 3 1% (£2/km)
F2.25 42 24 2 e SR WA 5 $HEF0penDSS # » 5 (b)
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OpenDSSEE EHeyERETH &

eE MR MH:

rmatrix="R;; " 7 _ [ 1V ]
xmatrix=" Xp; " — Z B Rl i J}il

€ 22 125mm* A #):

New linecode.125mm 2 nphases=1 BaseFreq=6{
~rmatrix = (0.157)

~ xmatrix = (0.302)

~ cmatrix = (0.4)

E¢ 2 125mm2 G356 R 3K A 125mm’
nphases=1 ¥ AEN
BaseFreq=60 8% A60Hz

~ rmatrix = (0.157) = R; %0.157 (S/km)
~ xmatrix = (0.302) X, 40.302 (Q/km)
B 2.26 A28 % * 2 ek MELESRMAEEE 2 $R L 0penDSS %J *»$34(e)
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WP A2 EFESEHRIE FREY 2R R

?"ﬁxl‘ﬂv B j’\’[qﬁfy_},ﬂl\a}?‘:%\% ’#Pfﬁgﬁf—;

FEOFEFETS AP RLLEBTE AN

BEERP L 4 R B E o
528 qTd
3.1 2z T &2 5 Fjuuk

TR & v RRRATRE X 2IR L B Ry &

AR ARERD DB B

TEA P e E > 231 ARELRI BT dd s T

A FEEMGTREB(PHEV)Z B3 68 (BEVEA g3 5 182

woo B T s FEAE AT S A o 4
B0 SR P 2 f%%ﬁv(né”*—&ﬁz)ﬁui’f EH R Ad S 44

TABGEA £ 3.3 5 rTkT R

231 WML & Radd st

BT

W EEFH BHEE Efa 2 ETREE BR

Chrysler | Dodge | BEV | 2010 22kWh | 42& % | 150-200miles [>120mph
Circuit
Mitsubishi| iMIEV | BEV 16kWh | 425 it 100miles 130mph
Nissan LEAF | BEV 24kWh | 4255 i, 100miles 90mph
BMW MiniE | BEV | 2011 35kWh | 42 b 150miles 95mph
GM Volt | PHEV 16kWh | 42% 40miles 100mph
Focus | BEV | 2012 - HEh -
Ford BEV
Escape |PHEV 10kWh | 42E 4 | 30-40miles | 102mph
Toyota Prius | PHEV (5) kWh | 42E 4 [12.4-18.6miles| 60mph
PHEV
Daimler Smart ED| BEV 35kWh | 425 it 72miles 70mph
VW Golf |PHEV 12kWh | 425 it 30miles -
Audi e-tron |PHEV 42.4kWh | 428 i, 154miles | 124mph
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£3.2 BB LTS BHAR
AN EBTS AETH BETH SIT6 SETH

2HTFE 130~150  110~120  140~145 60~90 40~50
1iTg R 3.3V 3.7V 3.7V 1.2V 1.2V

BEkE & 2000 == 100~800 == 300~500 = 500 = 2™+ 500 =x 14 7F
(i€ * i)

Z iR 0.bHr 2~4Hr 2~4Hr 4Hr 1. bHr
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X2 e 3 ¥ ES ¥ %
B i EE £ 2 G
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LRt 2R EgA ST ok ¥ 33
%2 3.3 2% I iw e 7
¢ B P& P iR

Z2 & 2011/50 4w @ 2020 = HEV &= @ 48 :2020/100 34z = £ 40 §
¥ ® EV~PHEV -~ 20~30%-EV/ @& & 2014/100@3?;5 iw

#  HEV & @48 PHEV i 15-20% @ 7% :2012/10 8 -~ @ 2015 # WA
& £ % € 2050 # EV& HEV@ & : 2030 & o+ - £] 100 & 4%

2 EATE 50% 13100131 A AP B @ 2050&*%6
i ¥ i ﬁﬁ %S
o @300 FHEE. 2014 £RKE €& FETIRE~ @ 24 l,@,%fm
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.3 04) ¢ F LB/ R~

- 49 -



ToREE RSP R AT E LR BRR FF E

FFRT o p AT PREARE XTI AN G RAERT

TRl Qe s R E N AT R IERET 3 PR OR BT
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PEV Commercialization Timeline

Chevy Volt BYD F3DM (U S)

BYD F3DM i-MiEV m Transit ProPdl—lE\t/lon Unconfirmed Plans
Ch Connect EV ,
(China) (Japan) For EV PHEV

) Focus EV

Mnsu% // TOYOTA
I
f2009 \ 2010 / 2011 /\2012 \2013 2014

vvvvv
mrsumsm CHRYSLER

\/' Mlnl E i-MiEV ected
/ N Expected Launch
Tesla Roadster PHEV SUV (U.s) PHEV, EV

Nissan Leaf

AR A VAFEETHD 2 TR B HET L AEE > e
B 3277 MLFLH B FHFH 00 T f A 2 THD P
i

%R 4eARE > B EPRI #74F & 2 OpenDSS A~ 47 4088 » 7 % 7

RLRBRIEE(PPEANERELFE S 2 T2KVA SR 427
Bl = 3~5KVA 224D F 47T SR T 4R TREHFI, > F
PRBE RN AT FRECFIREEL LT ER f%?f',f@‘%%:"
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High density regions

e 2% Penetration (67)

\‘ 5% Penetration (168)
C . 10% Penetration (336)
* . 20% Penetration (672)

,: 30% Penetration (1008)

Xfmr with
available capacity
kVAlcust < 7.2

Smart charging with an integrative
view of transformer performance critical

83 transformers

Distribution Investment/Support Requirements Driven by:
*Peak vs. Off Peak Charging

*Types of transformers, loading, customers served (underground, overhead & size)
+ Factors

L

B 3.2 FR>4cVAARZEETHD 2T %‘7 & kb

NS

BT P

=3
{
g\

BB - Bk S A 4T oW 3.3 47

SRR RS EFRE STy ST

o]

(D3 BT 682 A% § £H5 fon T 0

EPRI fi* rit 24 & a» # f f43 iefpd h 524 ]

P2 T REESRE f PR A
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Distribution Model
& Load Profiles

Developed Network
Model Cases Impact Analyses

/.—> » Peak Hour ‘>- Dreterministic

» Feak Day & Stochastic
+ early 8780

PHEV Load
Characteristics

F13.3 #4058 s B2k AR A 4 1

EPRI ,?‘uaé‘:,’ﬁ TREHRT AP AR TR TIFE

(DRFEF * 2 FEF{ok § & ¥ LE H’fu%‘?ii B2 Bk

(2) p TR THFILTHIATREBF P
(Q)z=4p* Tfr: T2 SRR ApF T GEE

(4) f3dp4 @t R d 2 AT HPT R4 2P

WL REERT

‘. A

ZRE B AP PERTFL JF TR
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B = . i A .

: vV {Volts ; j :
Method olagecYolts) continuous ) rating (Amps)
ACLevel 1 120V, 1phase 12A/16A 15A/20A
ACLevel 2 | 203-240V, Iphase 32A/80A 40A/100A

TABLET
PHEV CHARGING MODEL CHARACTERISTICS

Type Power Level

Level 1: 120 VAC 12-20KW

Level 2 (low): 208-240 VAC 28-38KkW

Level 2: (high): 208-240 VAC 6— 15 kW

Level 3: 208-240 VAC =15 KW-06KW
Level 3: DC Charging: 600VDC >15KW-240KW
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