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Effect of HEV & PHEV Share on Energy Demand/Supply Structure and CO, Reduction in Japan

Masao Hori and Takeshi Kaneda

The long-term energy demand/supply structure and CO, emission reduction in Japan are evaluated assuming adoption of the next

generation vehicles such as HEV, PHEV and BEV in the passenger market. The national target of 30% improvement of energy

utilization efficiency and the transportation sector target of lowering oil dependency to around 80% would be attained by such an

adoption scenario. Energy and environmental characteristics of the next generation vehicles and total costs of owning such vehicle are

also evaluated for the average registered/light vehicles.
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BE HEV, PHEV # ANIZE3 = X AF—FEE(E CO2 HIBDZIE

V), BER 0.36 kg- CO,/kWh (FERFEH 442006 4F)
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AR 72 PHEV O, OFEENCLDEIIAEIT (BV E7) €
—F, @Q—EDREZDFTEHFRFONAT I REIT (HEV &
17)E—F, OFFELREE—F, OFET—REHKMIT Fig. 112
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Battery State of Charge, SOC [%}

EV Run Mode ‘ ‘ HEV Run Mode ‘ ‘ Parking Charge Mode
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Cruizing Distance [Km] and Charge Time [h]

Fig.1 A Typical Relation between Running Patterns and
Battery SOC for PHEV
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Table 1 MHHBIHNC, SFEIH 7B ERHLIS O B By HL0D
EAT B =T, BT 2B oM RN R</2DL EV
AEATEIG 3T D23, ZOBMOMBENL 70%% 88 X2 LK<
72%. BV ELTEIA 70%1%, 8 B3 B I3k 35km i, B
Emi% 60km Mt D EMEHEH T HZLTAIRETHY, 2D
FEOBMAREN PHEV (T 2B ORI DEE 2
Hid.

Table 1 Battery Range, Battery Capacity and EV & HEV Run
Ratios for the Average Registered and Light Vehicles

Battery Registered Vehicles Light Vehicles
Range
[km] Nce;f:‘ctl‘;y EVRun | HEV Run "é‘:pigf:;jy EVRun | HEV Run
[KWh] [%] [%] [KWh] [%] [%]
0 0 0 100 0 0 100
10 2.1 25 75 1.6 32 68
20 42 39 61 3.2 53 a7
30 6.3 50 50 a7 66 34
40 8.3 59 41 6.3 76 24
50 10.4 65 35 7.8 82 18
60 1255 70 30 9.4 86 14
70 14.6 75 25 10.9 90 10
80 16.7 78 22 125 922 8
90 18.8 81 19 14.1 94 6
100 20.8 83 17 15.6 96 4

* Net battery capacity [KWh] is calculated assuming 6 Km/KWh for the electricity mileage of registered vehicles
** Net battery capacity [KWh] is calculated assuming 8 Km/KWh for the electricity mileage of light vehicles

Table 11X A ADIFELH)72 B B2 —H —1Z5 T HETHS
0, il x O HB L —F —DFET 3 — 3 EVULRER OB
AT, T —V— IR EREMA B HETHIL
BHRD. ZOFEFELT, HDL—W —DREITRREDIHT
ICE2EHMAEL BV ETHIE ORBRBRE RIS

WA A BB O = VX — - BR B

HEV, PHEV, BEV 7Z2E ¥ttt B B #LO = 1/LX — B B F
PE%, BE LT EATIRRE, #A%, PHEV §04 (EV EATHIA 70%)
TeE DS T TRHMEL7=#E K%, ICEV LI T Table2 (TR
7. ZOFETIL, ICEVOZ VX —HEE, AMIKTE, CO,
HEH &, EITREREEZRHELLT, 2HiCxtT 5 HEV,
PHEV, BEV |ZXAfEZFA%HE (%) T/RL, £/ HEV, PHEV,
BEV [ZRD TR /VF —35E (%) DY ICEV IZxE 4522 (R
A NI TRLTZ.

AFHHIZIBNT, WYV RBRRE DREMEZRLF—FB L
DL MR EBHO KT FINAE—EFEHLTRBY, ZOHE I
I, DY ~OERHZNZR LT 90%, A FE—IRTH /L
F—INOIEB ORI ZREL T 40%D % Az,

Table 227”3451, ICEV 7»6 HEV n‘é_a:owﬁyu
B BTN LLTICARY, PHEV 12322 RICEEIC
1/31272%. PHEV BL BBV TI7 ib%%@@t&mﬂ‘?ﬁ%:%
TBN, —IREFNF—=_R—=ZATHETHE, K EBIHED
TRV BT ICEV O 44~40% KL, A H BhE
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BE HEV, PHEV # ANIZE3 = X AF—FEE(E CO2 HIBDZIE

DTN —FIHZNZRIL ICEV XY 56~60 A kA L5,
ICEV BEOHEV I3V D BOHE#E2 D T E T 5k
Iz‘wﬂ?‘ DA MOEIEIL 100%THDA, PHEV (34
*ﬁ#%Lf;O)TE/EE@%J 1349 40%, BEV (XE S D HD
#E (72 DCIR] 10% (Al I FEES) Leb.

Table 2 Comparison of ICEV, HEV, PHEV and BEV

On Key Indicator for Energy and Environment

Key Indicators ICEV HEV PHEV BEV
Gasoline 100 44 13 (]
Energy
Consumption L
(Based on Electricity [0} o 13 18
Final Energy)
Sum 100 44 26 18
Gasoline 100 44 13 o
Energy
Consumption L
(Based on Electricity [0} o 28 40
Primary Enert
i W) Sum 100 44 41 40

Energy Efficiency

Improvement (Primary Energy) 0 56 59 60
Ratio of Oil in the Consumption
(Based on Primary Energy) 100 100 39 10
Gasoline 100 44 13 o
CO, Electricity [¢] o 19 27
Emission
Sum 100 44 32 27
Gasoline 100 44 13 o
Running
Energy Electricity [0} o 9 12
Cost
Sum 100 44 22 12

COLBEH BT, TV RBEDE Sy LR By O AFREEL

TEHEN, R BB EIT ICEV @ 44% (HEV) , 32%(PHEV),

27% (BEV) &RV MEIZ 725,

ETZFNVF =1, =X —FIHDE, R F
—OFEH, FRBLEEREY OFE\ D, ICEV SRt BB EED
BT R E R =D HY, E<IZ PHEV (22%) %2 BEV (12%) 728 E
EWHEHEHE D = L — 2 I B2 2.

3. HEV, PHEV O#BMEREAT
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o BXHEHH ICEV=10077[1, HEV=100J7[1+38 )5 [+
M 1kWhiik, PHEV=100 J7F +45 75 + EMllERK A &
x i kWh Hiffh
o BUERKE EHI-VOMiKE (/ST A—4—) 120 T ~0.5 7
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Table 3(a) Calculation Results of the 10 Year Total Costs for
Using a Registered Vehicle

E— | PHEV Vehicle Cost plus 10 Year Energy Cost (1000Yen) |
YRAN™00 [ 150 [ 100 [ 75 [ s0 [ 25 [ 10 [ 75 ] 50 |
[Km]
10 3,196 3,002 2,988 2,935 2,883 2,831 2,800 2,795 2,790
20 3,554 3,346 3,138 3,033 2,929 2,825 2,763 2,752 2,742
30 3,925 3,613 3,300 3,144 2,088 2,831 2,138 2,722 2,706
40 4,304 3,888 3471 3,263 3,054 2,846 2,721 2,700 2,679
50 4,696 4175 3,654 3394 3,133 2,873 2,717 2,691 2,665
60 5,002 4,467 3,842 3529 3217 2,904 2,717 2,685 2,654
70 5,488 4,758 4,029 3,665 3,300 2,935 2,717 2,680 2,644
80 5,892 5,058 4,225 3,808 3,392 2,975 2,125 2,683 2,642
90 6,296 5,358 4421 3,052 3483 3,015 2,733 2,686 2,640
100 6,704 5,663 4,621 4,100 3579 3,058 2,146 2,694 2,642
Minimum [ 3,196] 3,092] 2,988] 2,935] 2,883] 2,825] 2,717] 2,680] 2,640]
[ Hev T 2,983] 2,933] 2,883] 2,858] 2,833] 2,808] 2,793] 2,791] 2,788
|_cev ] 3,033] 3,033] 3,033 3,033] 3,033] 3,033] 3,033 3,033] 3,033|
—— | PHEV Vehicle Cost plus 10 Year Energy Cost (1000Yen) |
YRAN ™00 [ 10 [ 100 [ 75 ] s0 [ 25 [ 10 [ 75 ] 50 |
[Km]
10 9] o [e) [e) 9] [e) [¢)
20 [e] [e]
30 [e) [e)
40 o
50 [e)
60 o
70 o
80 o
90 o
100 D

© PHEV cost is lower than ICEV and HEV costs
O PHEV cost is lower than ICEV, but higher than HEV
@ PHEV cost is higher than ICEV

Table 3(b) Calculation Results of the 10 Year Total Costs for
Using a Light Vehicle

NS— [ PHEV Vehicle Cost plus 10 Year Energy Cost (1L000Yen) |

YRane™00 [ 150 ] 100 | 75 ] 50 ] 25 [ 10 [ 75 ] 50 |

[Km]

10 2,016 1,938 1,859 1,820 1,781 1,742 1,719 1,715 1711

20 2.279 2123 1,966 1,888 1,810 1,732 1,685 1,677 1,670

30 2,561 2,327 2,002 1,975 1,858 1,741 1,670 1,659 1,647

40 2,850 2,538 2,225 2,069 1,913 1,756 1,663 1,647 1,631

5 3.148 7 367 A7 977 1,781 1,664 1,645 1,

6 3.452 .9 514 .28 045 1,811 1,670 1,647 1,

7 3,755 2 661 .38 114 1,841 1677 1,649 1,

8 4,063 4 813 .50 188 1875 1,688 1,656 1,

90 4,370 3,667 2,964 2,613 2,261 1,909 1,698 1,663 1,628

100 4,678 3,897 3,116 2,125 2,334 1,944 1,709 1,670 1,631
[ Minimum [ 2,016] 1,938] 1,859] 1.820] 1,781] 1,732] 1,663 1,645] 1,622]
[ HEV | 1,908] 1,858] 1,808] 1,783 1,758] 1,733] 1,718] 1,716] 1,713]
|__icev 1,750] 1,750] 1,750] 1,750] 1,750] 1,750] 1.750] 1,750] 1,750]
— [ PHEV Vehicle Cost plus 10 Year Energy Cost (1000Yen) |

Y IRENe) 200 | 150 [ 100 [ 75 [ s0 [ 25 | 10 | 75 [ 50 |

[Km]

10 9] o

20 )

3 o

4

5

6

70

80

90

100

© PHEV costis lower than ICEV and HEV costs
O PHEV costis lower than ICEV, but higher than HEV
@ PHEV costis higher than ICEV
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Fig.2 Transition from ICEV to HEV, PHEV and BEV
Sum of Registered and Light Vehicles

ZOEATFIADEHEANVAR—2NT DN, KEOD
AllianceBernstein (252 Tl D b# % Table 4 /R .
AllianceBernstein ® i HEV & PHEV &84Ty
REED HEFHHAEDE A ZHONWTTHY, K= "—H /Lo
X—HFEFT DT F UL A AIZEITS HEV, PHEV, BEV &4
PRI A B HEOE AZ O T ThD. 2030 4EEORE

1104



BE HEV, PHEV # ANIZE3 = X AF—FEE(E CO2 HIBDZIE

TRLE, WL, KR ABHEORA B =7 13K 70%,
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Table 4 Key Milestones Ahead for Next Generation Vehicles
By AllianceBernstein and UERI

Universal Energy
Research Institute’s

AllianceBernsteien’s Key Milestones

Roadmap Ahead on Scenario for
To Global Adoption Next Generation Vehicles HEV/PHEV/BEV
Of Hybrids (NGV)

Adoption in Japan

PHEV/BEV

2009~2011 .-
commercialized

2010~2011

NGV takes 11 %
2010 akes 11 % 2013
share of new sales

NGV takes 50 %
2015 2022
share of new car sales

NGV takes 85 %
2030 akes 8575 2029
share of new car sales

NGV takes 72 %
2030 GV takes 72 % 2031
share of vehicle fleet

4. 2 VAR R
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Fig. 3 Trend of Gasoline Consumption, Electricity Demand and

CO, Emission in the UERI Scenario
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78%, FMALESIAFEIT 22%L720, TAHE KT X
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Table 5 Trend of Key Indicators on Energy and Environment

In the UERI Scenario

Key Indicators 2005 2010 2020 2030 2040 2050
Total Sum [x10] 5698 | 5698 | 5698 | 5698 | 5698 | 5698
ICEV [x107] 5642 | 5550 | 4732 | 1886 320 46
Number @
of 8 | HEV [0 56 145 629 1,006 207 7
Vehicles =
g | PHEV X109 0 3 309 2520 | 4801 | 5271
5
BEV [x10] o 1 29 279 370 374
(HEV+PHEV+BEV)/(Total Sum) [%] 1.0 2.6 17.0 66.9 94.4 99.2
Rate [10° Liter/vear] |  47.7 472 423 233 9.2 6.4
Gasoline
Consumption | - e ative to 2005 (9] 100 985 88.7 488 19.4 135
Demand [10° KWh] 0 027 343 279 538 503
Electricity
for Ch
or charge Capacity [GW] o o 12 95 18.4 203
Improvement of | Based on Primary
Etticiency Energy (] 0 10 98 37.8 54.7 58.0
Ratio of Oil in Based on Primary
B mation A 100 100 98.4 811 495 40.1
o Rate [10° Ton/Year] | 110.7 109.6 99.3 64.0 408 36.3
2
Emission Relative o 2005 [%] 100 99.0 89.7 57.8 36.9 328
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Fig.A1 Drive Pattern as Recorded by a User
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Fig.A2 EV Run Fraction vs. Battery Capacity for the User
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