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Battery Usage in EVs, HEVs, and PHEVs
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Battery Cycle Life Depends on State of Charge

Swing
+ PHEV battery likely to deep-cycle each day driven: 15 yrs equates to 4000-5000 deep cycles
+ Also need to consider combination of high and low frequency cycling
120% R Need to obtain similar data
e y=1s7i*® |1z e¢e  fOr state-of-the-art batteries
100% »
Il NiMH
y = 18,889x7 771
= 8%
E’ 70% \ V. \ I Lidon
S s0% .
o @ Pb flooded : . Lead-Acid
8 50% - PhACM - R A T ’ -AGMI’GeI
w409 | Li-lon -
N \ | \ [ Lead-Acid
Potentiell (Pb AGM) . ! _
20% || == Potentiell (Ph flooded) : flooded
Potentiell {Li-on) i
— Potentiell (NiMH) i
0% [
1 10 100 1.000 10.000 100.000 1.000.000
cycles 4000
Source: Christian Rosenkranz (Johnson Controls) at EVS 20, Long Beach, CA, November 15-19, 2003 qggzj MQEI_
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MMV [P0 PHN
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power density

LiMn,O4/Graphite

Low energy density | ,M> ,0N MNn | LiFePO,/Graphite
(about 60% of LNCO) nmay Mmnoa
Lowest energy density | M2 07N WA | LiMn,O4/LisTisO,,
(about 40% of LNCO) mnoa
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A2 Moan 8N LIMN,O4/LisTis05, m101 9280 9WND 9N DML DN XNNN 1P
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Overall Cost Comparison for HEVs and PHEVs

Cumulative Vehicle plus Energy (Fuel/Elec.) Costs

$60,000

Long-term scenario
LIHON BATTERIES

$50,000

$40,000

PHEWV40
=——PHEWV20
=—PHEV10
=—HEWV0

$30,000

Cumulative Cost

$20,000 R M|
1$3.00/ gal. (foday)
+ 30.09¢/kWh (2005 average)
$10,000 ¥

20

PHEV ,HEV 593585239 299 192 MY919 MYy NXNWH — 5 701 99
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125 $22,000 2 DWIN ,27NIN DY DOWTN TIPN YPNN MNAY D OXTNHY PN 5 /0N ) 7NN
51 YD MKIY M $3 -5 YW PYT HY NI MYy 1nN»na ,maNnna PHEV40 w~ CV 2515 $35,000

PN PNN OY DINMN ON ,NINT NMYY 0NV 10 -3 INXD AN NNONVN PHN MIYLI MONYN
.(6 7901 q7)) DITA MNON , 0NV 7-4-2 INKD DINWN NN DV TINN DAPY )20 $5 5w NN Ty

Both Higher Gas Prices and Lower Battery Costs
Required for PHEV to Payback Relative to HEV

Cumulative Vehicle plus Energy (Fuel/Elec.) Costs
From A. Simpson and T. Markel, 22 Electric Vehicle Symposium, Yokohoma, Japan, October 2006

$60,000 ;
Long-term scenario
LIION BATTERIES
Incentives or other tax
% $40,000 breaks may be needed
8
o
£ 30000 PHEV40
L —PHEV20
E —PHEV10
O 520,000 | =—HEVO
$5.00/gal. (future?) —cv
$10,000 $0.09¢/kWh (2005 average, not off-peak)
Maintenance costs not included, no discount rate applied
3- }
o] 5 10 15

Years after purchase
20
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* Yuval, Flicstein B., Broday D.M. (2008), The impact of a forced reduction in traffic
volumes on urban air pollution, Atmospheric Environment 42 (3), pp. 428-440, 2008
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Source: Well-to-Wheels Energy and Emission Impacts of Vehicle/Fuel Systems, Center for Transportation
Research Argonne National Laboratory, presentation at the California Air Resources Board Sacramento, CA,

April 14, 2003. http://www.transportation.anl.gov/pdfs/TA/273.pdf

19702 DWNNN MIINN FYNI NDOYI
PTW — Pump to Wheels
WTP — Well to Pump
ICEV Crude RFG - Internal Combustion Engine Vehicle, using reformulated gasoline
ICEV CNG - Internal Combustion Engine Vehicle, using compressed natural gas
ICEV Crude & NG LPG - Internal Combustion Engine Vehicle, using natural gas based liquefied
petroleum gas
ICE FFV Corn ES85 - Internal Combustion Engine flexible-fueled vehicle, using ethanol (E85) blend
ICEV Crude LSD - Internal Combustion Engine Vehicle, using low-sulfur diesel
ICEV NG FTD - Internal Combustion Engine Vehicle, using natural gas based Fischer-Tropsch diesel
ICE HEV Crude RFG - internal combustion engine with hybrid electric technology, using reformulated
gasoline
ICE HEV Crude LSD - internal combustion engine with hybrid electric technology, using low-sulfur
diesel
ICE HEV NG FTD - internal combustion engine with hybrid electric technology, using natural gas based
Fischer-Tropsch diesel
EV US kWh — Electric vehicle based on US electric grid mix
FCV NG GH2 - fuel cell vehicle, using natural gas based gaseous hydrogen
FCV NG MeOH - fuel cell vehicle, using natural gas based methanol

FCV Crude Gaso - fuel cell vehicle, using crude gasoline
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Lifecycle Emissions* and Fuel Use per Mile for Gasoline and EV Passenger Cars

Conventional Car . Percent Reduction
Electric Car .
on RFG (increase)
Grams/Mile Grams/Mile
|Carbon Monoxide (CO) Total 2.906 0113 96%
|co: urban 2.767 0.005 100%
Volatile Organic Compounds
(VOC) Total 0.209 0.036 83%
VOC: Urban 0.148 0 100%
IOxides of Nitrogen (NOy) Total 0212 0.778 2879
|NO,: Urban 0.048 0.015 69%
Particulate Matter 10 (PM10)
Total 0.047 0.077 -64%
|Pm10: Urban 0.032 0.022 3%
Sulfur Oxides (SO,) Total 0.085 0.925 -988%
SO,: Urban 0.008 0.002 75%
Carbon Dioxide 449 371 17%
Greenhouse Gases (GHG) 473 384 19%
BTU/Mile BTL/Mile
|Fossil Fuels 5827 4201 28%
IPE“'O'EUITI 4573 89 98%

Source: GREET 1.5 Transportation Fuel-Cycle Model, Argonne National Laboratory, Transportation
Technology R&D Center, website

* Lifecycle emissions account for primary fuel recovery, preparation, delivery, and use by the vehicle.
They do not account for energy used to produce the vehicle.
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Electromagnetic Radiation in Cars
Dr. Perry Levon, the Levon Group LLC, 16 August 2009

Background

Electrical currents create magnetic fields, and there are lots of electrical currents in any car,
not just hybrids. It is not surprising that measurements of magnetic fields inside or near a
car would give positive results and also highly variable results from location to location
depending on proximity to electrical wiring associated with the different electric circuits in
the body vehicles such as: inside and outside lighting, radio/CD player, turn signals, blower
fans for A/C and heaters. Each of the circuits in a vehicle carries several amperes of
electrical current and so it creates magnetic fields.

The results of magnetic field measurements inside cars are somewhat tricky to interpret
since meters are most likely calibrated to read accurately for magnetic fields created by the
alternating current in household wiring (at 50 or 60Hz, as applicable). In a car the electrical
currents are primarily direct current, not alternating current, in most applications, and are
not expected to be at the grid frequency for which the meters are calibrated. So it is not
surprising that a magnetic field meter would read positive measurements inside a car, but
those reading have to be interpreted with caution.

For reference it is important to note that the earth's static magnetic field has strength of
about 0.5 gauss (or 500 milligauss) more or less, and varies with location on the planet.
For comparison, the European public exposure standard is about 100 uT (1 gauss), the
average measurements in apartments in Sweden have resulted in values 0.1 pT (1
milligauss). The field under a high-voltage power line ranges from 3-10 uT (30 to 100
milligauss).

International Commission on Non-lonizing Radiation Protection (ICNIRP)

The ICNIRP published comprehensive guidelines both for occupational and public
exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300 GHz)™.

Previous Measurements

Some limited test results for magnetic fields in some popular cars were taken in Sweden
from 2002 and are presented in Table 1 below'. The cars include a mix of conventional
gasoline cars and hybrids. (Note: we are providing this for reference but were not able to
independently verify the data for a authoritative source).

The data are presented in units of micro-Tesla (1 micro-Tesla = 10 milligauss), which are
common units for measuring magnetic fields. In Table 1 below the two entries provided for
each column represent measurements when the car is standing still with engine idling, on
the left hand side, with measurements when riding in 90 km/h on the right.

10 http:/Awww.icnirp.de/documents/emfgdl.pdf
1 http:/Awww.greenhybrid.com/discuss/f13/emf-hybrids-546/
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Table 1: Measurements of Magnetic Fields in Various Cars in Sweden (2002)

BMW | Ford Mercedes | Saabg-3 | Saab g-5 | Toyota Volvo S40 | Volvo Volvo | Volvo Volvo VW Golf

5- Focus E-Klass Prius S60 V70 S80 S80

serie* original ombyggd
Front Seat
Left foot 12/4 0.2/0.6 2/1.3 0.7/1.4 0.3/2 0.2/1.3 0.3/1.3 15/14 18/7 12/12 2/1.9 0.3/3
Right foot 4/55 |0.2/0.9 3.5/2.3 0.6/0.9 0.4/15 0.2/0.5 0.9/1.3 252 31 22 0.5/0.5 0.2/0.8
Floor 6/2 0.1/0.3 2921 0.3/0.5 0.3/15 0.3/0.7 0.4/0.7 5/3.5 5.5/1.9 | 45/4 0.4/0.5 0.09/0.8
Threshold 5/3 0.07/0.3 ] 0.9/0.5 0.7/0.8 0.3/1.4 0.2/1.5 0.2/0.7 14/10 11/55 | 8/10 17112 0.08/1.1
Seat 1.3/0.7 | 0.03/0.2 | 0.6/0.3 0.2/0.4 0.05/0.9 | 0.05/0.7 | 0.1/0.2 22 3/0.8 | 2/18 0.1/0.2 0.04/0.3
Chest height 0.7/0.3 | 0.02/0.1 | 0.2/0.2 0.1/0.3 0.05/0.6 | 0.03/0.5 | 0.05/0.2 1/0.8 1.2/04 | 0.9/0.7 0.1/0.2 0.03/0.3
Head height 0.6/0.4 | 0.03/0.1 | 0.15/0.1 0.1/0.2 0.02/04 | 0.03/0.5 | 0.05/0.1 0.8/0.6 0.8/0.3 | 0.6/0.5 0.1/0.2 0.02/0.2
Back Seat, left
Left foot 3/1.2 ]0.030.3 | 2.4/0.8 0.2/0.3 0.05/0.3 | 0.2/0.3 0.04/0.6 7/5 10/3.3 | 5.9/4.5 0.3/0.3 0.02/0.6
Right foot 10/4 0.02/0.2 | 3/15 0.1/0.2 0.05/0.2 | 0.2/0.4 0.04/0.35 6/4.5 8/1.7 | 8135 0.4/0.3 0.02/0.4
Floor 4/35 10.03/0.2 | 1.7/2 0.10.3 0.03/0.3 | 0.2/0.5 0.035/0.6 8/8 9/45 |9/6.5 212 0.02/0.6
Threshold 15/6.5 | 0.05/0.4 | 0.8/0.5 0.6/0.7 011 0.15/04 | 0.04/1 352 3.9/15 | 29125 0.1/0.6 0.04/0.9
Seat 25/1 |0.02/1 0.2/0.2 0.09/04 | 0.01/0.8 | 0.1/0.6 0.02/1 32 6.6/2.3 | 3.5/3 0.3/0.6 0.02/1.7
Chest height 1/0.5 | 0.05/0.3 | 0.1/0.1 0.05/0.2 | 0.01/0.5 | 0.07/0.3 | 0.02/0.6 1/0.7 1.3/0.6 | 0.9/0.8 0.08/0.3 | 0.02/0.7
Head height 0.5/0.4 | 0.05/0.3 | 0.1/0.1 0.05/0.2 | 0.06/04 | 0.07/0.3 | 0.03/0.4 0.9/0.7 105 | 0.7/0.7 0.1/0.3 0.02/0.6
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