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ANL'S HEV ANALYSES EVALUATE

HEY drivetrain requirements (engine, motor, and battery power) for
different vehicle configurations, performance reguirement s
imodels: Argonne's hevoost, NEEL's ADVISOR)

Yehicle costs (thevcost model)

Yehicle fuel econarmy and emissions far different driving cycles
AOVISOR maodeh

Total energy cycle energy use and emissions including emissions and
energy Use from vehicle manufacture and recy cle (Argonne's GREET

madel
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“ WE'RE EXAMINING THE FOLLOWING TRADE-OFFS:

» Hyhridws. conventional vehicles
» Parallel vs. series hybrids

» arying stringency of performance requirerments (e.g., 0-60 mph,
gradeability)

» Grid independent vs. grid dependent
» Effect of changindfimproving drivetrain components
» Different design approaches

— Different power balance among engine, motor, and batterny
— Different battery designs (e.d., high power aor high energy)

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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WE'RE EXAMINING THE FOLLOWING 2010 VEHICLES:

Farmite car, ~Malibu exterior size
S ame hody with different drivetrains

Llulttralight steel (LILSY ar aluminum body (UILS results described here)

For200....
— 2.06 me frontal area
- 0.26 C,taero drag coefficient)

— 0.00745 ¢ (rolling resistance coefficient)

Baseline performance reguirements

— 12 gec FEO mph, 29 mphid 6.9% aradeahilty (e.g., PHNGY
requirements) far hyhrid operation

— 16 sec 0-60 mph for electric-onky operation

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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PHASE | ANALYSIS: KEY ASSUMPTIONS

Ccormventional 51 engine, federal RFG

Endine downsized by linear scaling of torguelrpm map

Three MIMH battery types: high power "Prius-type " intermediate, BV-
like high eneroy

»  Key cost assurmption: drivetrain component production rates
=28 0000 in 20058, up to =260,000 in 2020 dwith learning and volume
effects)

» |nitial design criterion: engine szed for gradeahbility, batterySrmotor for O-
60 mph boost andfor all-electric 0-60 mph (for grid-connected)

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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ANALYTICAL CONCERNS

»  Awoiding apples & oranges comparisons:

M odern wehicles perfarm hetter than PRGY performance minima...soa
PHGY hybirid won't match up.

Hybrids perform diferenths from comventional wehicles (CVs)....and
different hwbrid configurations perform differenthy . what's a fair

comparisan ¥

Feroto B0 mph is a crucial performance indicator.. and different
testers get different valuesl

We're comparing unoptimized bybrid configurations against optimized
Chs,

Howe do we maintain "comparable technology™?

»  Modeling issues: endine mapping and scaling, transmission madeling,
emissions estimates, tire adhesion, others

» Faorecasting future performance, costs involes considerable uncerainty.

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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]
“ A RECENT ANALYTICAL FOCUS:

THE “Z60" PERFORMANCE CRITERION

Equal or hetter Z60 important to match CVe (along with gradeahility,
highsay passing)

Alzo, 760 anakysis determines battery and motor power, heavily
influencing cost (also mpo)

But....no consensus on a testing regimen (so, Consumers Lnion £Z60s
sloweer than CEDs)

HEY Z60 analysis issue: [sthe engine on or off at stat?

For parallel hybrids, transimission performance is cracial to Z60
estimate....but available transmission models need further
development, and transmission behavior is idiosyncratic ameway .

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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N FSTIMATED AND MEASURED 0-60 MPH TIMES (V5.
VEHICLE POWE RAWEIGHT): DEPEND S ON WHO'S DOING

THE VEASURING!

Zol e (zer)

i
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= ANL Cost Nodd as of 122008
Adisar/ Sspd
o Akisor/AT

£0 T B0 L 1om 110 10
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WHAT WE'VE LEARNED ABOUT HEV COSTS AND FUEL
ECONOMY PERFORMANCE

But remember ... up to this point, we've examined only one configuration for each
HE type and are uzing one spedfic design oiterion for sizing the powertrain
components (that iz, engine size determined by gradeability, battery and motar
by acceleration power needed)!
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YEHICLE COST (1000%F)

PARALLEL HYBRIDS ARE CHEAPER THAN SERIES

L
o

(YEAR 2010 ULS GRID-INDEPEMDENT HEY =)
12-5EC ZE0
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Ch PARALLEL HEW SERIES HEW
LE40) g3 ook at the components:
parallel zeties
MOTOR SIZE, KW 15 w2 7B

EMGIME SIZE, KWW 47 vz 5B
BATTERY SILE, KA 20 ve, 18
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EXPENSIVE

“! DEMANDING BETTER ACCELERATION PERFORMANCE IS

(Mote: Powertran sizing rule sields large, expensive motor and battery for high power; a different

dedign could vield less expensive poner, but perbaps at the expense of wehicle efficiency.

EXHOMPLE: PO.RALLEL ORID-INDEPENDENT ULE HYERID

“WEHICLE PRICE (1000%)
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GRID CONNECTION INCREASES COSTS
(BUTBE CAREFUL ABOUT APPLES VS. ORANGES COMP ARISONS)

2010 PARALLEL ULS HEVYS

IHDEPEHDEHNT: 1. F23900 12 =ec ZB0

(F riuz-tvpe battery) 2. 26200 10 =ec JB0
COHHECTED: 1. %28 900 16 zec 760 (EY)
(intennediste battery) pluz charger 9 2=c Z60 (HEY)

18-mile range
2. 533,200 12 zec 260 (ENV)
pluz charger 7 zec Z60 (HEY)
29-mile range
Matching [-1 and -2 matches a fulldime Z60 of 12 zec with a patdime 12-z=c,
parttime T-zec Z60; [-2 with C-1 vieldz a good match for HEY performance, but

C-1'z EY performance izinfetiorto |-1's fulltime performance. There isno perfect
match?

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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HEVs GAIN THE LARGEST FUEL ECONOMY ADVANTAGE
OVER CWs ON THE SLOWEST DRIVING CYCLES

FUEL ECO NO MY, MP3

E<oMPLE: 2010 PARALLEL GRID-INDEPEMDENT HEY

A0 SECOND Z6m

=il

mHEv

Yoo

T T
ATy COFE H gy
DRAMING CYC:LE
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PARALLEL HEVs ARE LIKELY TO BE MORE EFFICIENT THAN

SERIES HEVs; BOTHHAVE FUEL ECONOMY THAT IS RELATIVELY
INSENSITIVE TO PERFORMANCE

(Mote: Insenstivity to performance may be due to povertran sizing rule, which kegos
endgine relatively congant in @ize and changes mator and bateryto get more power.

Another rule might generate another effect.

CORFORATE AVERAGE
FUEL ECOMOMY, MFPG

EXAMFLE: GRID-INDEFENDENT ULS HE¥=

345 1

40 1

18 1

20

—— PARALLEL HEW
_s_ HERIEE HEV

+ W

10 2

0-60 MPH ACCELERATION TIME, SECONDS
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ECONOMY PENALTY

“! GRID-DEPENDENT HEVS DON’'T PAY A SIGNIFICANT FUEL

Fuel econoimy, mpg

Example: 10 sec 760 parallel HEVs

O GRIOINDEFEMDENT HEW
GRID DEFEMDEMT HEW

H EREH®HE E2Z2 O

MY CE CIT* CAFE Hiy™y
Driving cycle
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P GRID COMMECTION OFFERS SIGNIFICANT GASOLINE
SAVINGS ABOVE AND BEYOND THAT OBTAINED BY HEVs®
FUEL ECONOMY ADVANTAGE OVER CVs

The next wiewgraph shows gasoline replacement assuming 100%
Recharge by the grid (actual replacement will be [tawer)

Argonne Hational Laboratony
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P MAXIMIZING GRID CHARGING, AN ULS HEY WITH
INTERMEDIATE-TYPE BATTERY & GOOD ZEV
PERFORMANCE COULD CUT OIL USE SIGNIFICANTLY
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NEXT STEP IS TO APPLY GREET ANALYSIS, WHICH MEASURES
PER-MILE GHG EMISSIONS REDUCTIONS

E xample: E missions from Several Hear-Term Technologies

BN Co e

EW: HETTS. I
(ridI HEWE CT
EW: IS, I
Crid C. HEW EFx
Crid I HEW: EF
CIDT CI

FFE BB S

LPFr

Dedi CH
EiRxl CHIG
Caw. CL CD
FEWE i35

-80%, -60%, 407 -207%, 0
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“ SOME PRELIMINARY CONCLUSIONS

*  Fair comparizons of CWe and various HEY types are not easyto make.

At irst glance, parallel HE Vs look mare attractive.

HEYz ook bed in congested diving, under average suburban conditions, fuel
economy beneft iz moderate.

HEYsz will cogt a few thouszand dollars more than CWz unlezz there are exraordinary
cost redudions in eledric divetran components.....or buyvers accept lowver
performance. & U5, gasoline prices, they may not be cogt-effective.

Grid-connedted HEYs are more expensive gill.. but offer EY range, aid replacement of
a potion of vehide YT, and high performancein hylrid mode (for parallel wehicles).
A potertial gicking poirt: battery longesity.

Argonne Hational Laboratony
Transportation Technology RE&ED Center
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»  Refine analysis!
»  Revise emigsions maps to reflect future (irmproved) emissions controls.

»  Add GREET analyses.

»  Examine additional vehicle configurations, explare different design criteria (e.q., \M
different powertrain sizing rules), add different engine and fuel options.

- ke
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