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Chapter 1: Introduction

The Samuel Neaman Institute for Advanced Studi€dcience and Technology, within the
framework of its activity in the field of Energyphis "Energy Forum" meetings, devoted
to discussions and debate over subjects of nationpbrtance in this area. Focused
discussions are held in the Energy Forum on spestfbjects, with the participation of a
panel of experts, who are invited according to shbject under discussion. The aim of
these focused discussions is to deliberate overaat and specific questions, to enable
dialogue and coordination between participatingié®@nd to arrive at recommendations
regarding implementation strategies to promote shigjects, which can be presented to

decision makers.

The meeting at which electric and hybrid vehiclesrevdiscussed was held on Jurie 1

2009, at the Technion, with the participation operts on this subject from the industrial,
entrepreneurship, academic, governmental and paétitors. The forum participants who
were selected carefully for their thematic expertmsonstitute, undoubtedly, a unique group
of first-rate professionals in the areas of tramspmod electricity in general, and on the
subjects of electric and hybrid vehicles in pattcu

In the first part of the meeting, some of the pgpants presented information on the
subject of electric and hybrid vehicles and theiffedent aspects. The participants'
presentations can be found on the website of Sambelaman Institute:
http://www.neaman.org.il (events). In the second p& the meeting, an open discussion
was held on the information that had been presemteldon the operative conclusions that
should be drawn from it.

The essence of the discussions is summarized $nrégort, and as with the previous
discussions, it will be submitted to decision makigr an effort to put the subject of the
introduction of electric and hybrid vehicles on theblic agenda, since it is expected to
have a significant influence on the Israeli motgstem, as well as on the aspects such a

change could have on Israel's electricity sectorirenmental quality and more.



Chapter 2: Background

Developing means of transportation that are noedhas fossil fuel is of high priority on
the public agenda of many countries around thedvdrhis is an efficient and necessary
means to prevent air pollution, reduce pollutamis aeliminate the emission of greenhouse

gases.
The term "electric vehicle" refers to four majos®ms of propulsion:

» Hybrid vehicle (HEV) —already present on the Isrdeyhways. The vehicle is
equipped with an electric battery and an intermahioustion engine along with an
electric motor, which can also be used in the ¥@node as a generator. Vehicle
drive is supplied by the electric motor, with thelg) if necessary, of the
combustion engine; the battery is charged by thetet motor when it operates as
a generator while the vehicle is being propelledthg combustion engine. A
computerized system controls the vehicle perforraaieinging the usage of the

two propulsion devices to an optimal state.

* Plug-In Hybrid Vehicle (PHEV) — a vehicle that ha#o power systems like the
HEV, but enables the electric battery to be chadjettly from the electric grid.

» Full Electric Vehicle (EV) — with an electric motonly.
» An electric vehicle that produces the electricaguired to propel it by fuel cells.

In hybrid vehicles, the internal combustion engmemaller than in conventional vehicles,
working at nearly optimal conditions. As a resiilis more economical and less polluting.
On the other hand, its power is relatively low @ndbes not have high acceleration ability.
When acceleration or uphill driving is needed, tiectric motor joins the combustion
engine and they both provide the necessary powenmmon property of all four types of
vehicles is regenerative braking, that is, expigitihe braking energy to charge the battery
by turning the electrical motor into a generatos & result, a lot of energy is saved —

actually, most of the energy that is dissipatedheybrakes of conventional vehicles.

It is estimated that the order in which these Jebiovill enter the market will be dictated

by their technological maturity: hybrid vehicleshieh already exist in Israel, then next



generation Plug-In vehicles followed by the comglletElectric Vehicle, and finally

vehicles that produce their own electricity.

In addition to the clear advantages of introdudimg electric vehicle into the market, the
benefit of reducing the dependency on oil for ecoitoand strategic-political reasons

should be taken into consideration.

The disadvantages of electric vehicles, at presgatmainly in the areas of the amount of
electricity that can be stored in the battery, whig expressed in a limited driving range,

and, of course, in the vehicle's price, of whioh Itlattery cost is the main component.

In November 2007, the Israeli Government resolwedrtcourage non-fuel transportation.
The resolution is cited in Appendix 2, and includesseral major objectives. A lot of
criticism was leveled at this resolutibmainly concerning the fact that the government
resolution was not backed by an appropriate budbat,it did not take into consideration
the government's power as a dominant buyer in theket and that it was based on
guestionable data such as driving range of therduthicles, their relative share in the
Israeli automobile fleet and the existence of velsicwith an independent electricity
production source. The green taxation programpéhiced formally only recentfwill
grant buyers of electric vehicles tax benefitstts their retail cost will be similar to that
of a standard, conventional vehicle. Such an a#ftrme action will truly encourage the
introduction of such vehicles into the market, siglready the case with hybrid vehicles.
The tenets of the green taxation reform on theesuilgf electric vehicles are presented in

Appendix 3.

1 Follow up on the implementation of resolution 2580 by the Government regarding the
encouragement of non-fuel transportation, The Knesset Center of Research and Information, March

20009, http: //www.knesset.gov.il/mmm/data/docs/m02235.doc

2 The green tax reform will be put into action on August 1st. YNET Vehicles, 8.6.2009
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Chapter 3: Information regarding electric and hybrid vehicles

This part of the report provides a summary of thfermation presented by some of the
participants, each according to his choice and rigee The presentation made by the
speakers can be seen, as already mentioned, owdhsite of the Neaman Institute
(http://www.neaman.org.il). Naturally, there is sonoverlap between the different
speakers; however, the report editors decideddsent the information as it was presented
at the meeting and in the same order (see ForurmdB@hin Appendix 1). This information

is important and constitutes the basis for the apisoussion held afterwards, as presented

in Chapter 4.

Dr. Dan Weinstock, Better Place Ltd.: The ElectricVehicle Project — Overview

A comprehensive global survey held recently ingisathat about 70% of the world
population thinks that the government in the coumirwhich they live should replace oll
as the main source of energy. Oil, which is a mé&oce in the global energy market in
general and in the transportation market in padigus today at its peak usage level and
according to all the forecasts, beyond the poinsaifiration it is expected to slow down
and reach a global lower usage level. The righttpiair a substantial change in the nature

of the market is the moment before the slump.

The electric vehicle is not a new or revolutionatya. Already years ago, in the early days
of motor vehicles, early attempts were made to lkdgvand launch electric vehicles on a
massive scale; however, the conditions at the e unsuitable and the technology was
not sufficiently developed. Now we think that thenditions are more favorable. All over

the world, consumers are pushing for alternatis@dportation, because of economic and
political reasons, and, of course, to aid the dlsbaggle against the processes of climate

change.

Better Place Ltd. was established in 2007, witlnéral investment of about $200 million,
having at the present 150 employees globally. Bétace is not an electricity-generating
company, nor a car-producing company. The Compactyally constitutes a middle
interface between these two factors: it executéastructures to deliver electricity from
the Israel Electric Corporation (IEC) (or any otleectricity producer, for that matter) to



the cars themselves, hoping to expand the markepanetrate other niches in this market

in the future.

The basic assumption is that about 90% of the pedpVing an electric vehicle would be
able to charge their cars 90% of the time usingpEmnfrastructures (such as night
charging at their private parking, charging at puphrking lots, and so on). Still, in case
of long range driving, when the driver cannot stopthree hours mid-journey to charge,

battery replacement stations will be needed.

The global market of electric vehicles, which wasiaiscule niche in the past, is gathering
momentum at present and almost every large autdeaptmducing company in the world

today has one or more electric or hybrid vehiclelato

Up to the present, 400 charging stations (or 80frgihg points) have been installed in
Israel in public car parks, and a prototype of tepg replacement station exists. Clearly,
such a project could have broad implications onetleetric grid in the country, which we

will discuss later in detalil.
The main problems involved in the introduction Eotric vehicles are:

* The range allowed by the capacity of the battermas large enough for certain
populations; it could be a problem for taxi driveir example. It should be noted
that there are solutions to this problem, such atety replacement stations, for

example.
* The battery is expensive — it increases the pritkeovehicle.

* The battery waste needs to be treated.

Dr. Dan Kotek, Israel Electric Corporation: IEC's activity in the field of electric

vehicle

| will briefly review the IEC activity on the sulijeof electric vehicles over the years. As
already mentioned, there were a number of eariemgts to address this subject. Already
in the 1980's, IEC operated a purely electric Mehiwith lead batteries, that was able to

travel about 100 km without recharging. Later, dgrthe 1990's, there was another wave
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of activity, while at present we are witnessinglabgl surge of activity by Better Place,

among other companies.
The advantages of electric vehicles are:
* Reduced air pollution and noise in urban centers
» Diversification of energy sources
» Relatively low operating costs
* Relatively low maintenance costs

» Effective exploitation of the electricity produatiosystems, and especially by

encouraging nighttime consumption.
Main disadvantages:
» High initial purchase cost
» Short and problematic driving range
» Heavy investment is required for developing infrastures for recharging.

During the 1990's, a company by the name of H&ediuel (Delek Hashmali) was
operating in Israel, developing zinc/air batteri€sese batteries had some good qualities,
but suffered from problems resulting from a muchrenoomplicated infrastructure for
recharge than the system discussed at presenbaltezies were not charged directly from
the electricity mains supply but through a proceklectrolysis. This is a complicated
process and developing an infrastructure to sugparould require great investments. At
the time, the IEC purchased the franchise for teéhnology in Israel and in the entire

Middle East. The focus was on vehicles for longgegmot necessarily short range driving.

In terms of air pollution, there is a significantference between a vehicle with an internal
combustion engine and an electric vehicle. The @impn presented in Table 1 (in units of
gr/km) is based on electricity production for chaggbatteries in a combined-cycle power

plant using natural gas.
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Table 1: Levels of pollution emitted from differentvehicles

Pollutant Vehicle with internal | Electric vehicle (combined;
combustion engine cycle electricity)
gr/km gr/km
SO 1.65 0.03
NOy 0.54 0.51
CO 14.3 0.16
CO, 285 173
HC 0.65 0.017
Particle: 0.1C 0.007

IEC is interested in the subject for several reas&timarily, the fact that the subject is
popular and a useful public relations tool canreigmored. In addition, IEC views electric
vehicle owners as good consumers, because it wendtlle the company to "flatten” its
demand curve and direct a higher consumption levehe night hours. Such a bias in
electricity consumption is an advantage in termstref national system: it allows to
regulate the great consumption differentials exgstoday between the peak hours during

the day and the off-peak hours at night.

Dr. Tzvi Rosenman, Energy Consultant: Electric powe availability and price for

electric vehicles in Israel

The speaker examines energy consumption for pawanielectric vehicle in comparison
with that in a gasoline-powered car. The energysaoption of a car with electric power is
0.25 kWh/km. This value includes the electricitynsomption for power during driving
together with electricity losses during battery h@ge. The data are presented for a
standard vehicle, with an engine displacement &fifiers, consuming one liter of gasoline
for each 10 km. The comparison was based on therdutariff in the energy system in

Israel. Electricity tariffs in Israel change acdaglto the season and the hour of the day.
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Agoroth per Kilometer
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Figure 1: The cost of operating vehicles with gasiole and electricity (Agoroth per
km).

Figure 1 presents the energy cost of a vehicle eligetric power only, according to the
battery charging hours. If the battery is chargedng) the night, the cost of the electric
"fuel" is 5 Agoroth per km, in comparison with 63)éroth per km, the cost of gasoline. If
the vehicle is charged in the summer during daytithe cost of the electric "fuel"
increases to 22 Agoroth per km. Indeed, this cb8tegasoline vehicle includes a high tax
rate on gasoline. If we take the gasoline cosh&nWSA at $2 per gallon, which is about 2
Shekels per liter, then the cost of fuel per knaigasoline car is very close to the cost of
electric "fuel" during daytime hours in the sumnfieis assumed that the cost of electricity

in the peak of summer in the USA is almost equivale that of Israel).

The peak demand for electricity in Israel in thenswer months is during the daytime.
During these hours, the electricity tariff is catesiably higher than at other hours. Since
there is a significant difference in prices betwekea different consumption hours, the
timing of charging is a critical factor for sustag the advantage of the "fuel” price in an
electric vehicle, even before considering the atdlity of electricity during peak hours. If
charging during nighttime is possible, we will haaesignificant advantage. However,
charging during peak hours and connecting the lehécan electric charger at the work

place or in a shopping center could lead to a &itman which the vehicle is charged when
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the electricity tariffs are so high that the adeaets of using it (only in terms of price)
diminish.

Figure 2 presents the reserves existing in thdralig system for the year 2015 (according
to a development plan by the Ministry of Nationafréstructures, without building power
plants designated to provide electricity for electehicles). Figure 2 indicates that during
the summer, days 180-280 (day 1 is Janudry2015), the electricity reserve will be less
than 1000 Megawatt and there are days on whichrekerve will be reduced to 200
Megawatt. This analysis of the expected load oretaetricity mains supply in 2015 shows
that for the capacity installed in the country, idgrdaytime in the summer there will

simply not be any available electricity to char¢grtic vehicles.
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Figure 2: Available reserve in electricity systemn Israel during 2015

Prof. Emanuel Peled, Tel Aviv University Cost and properties of batteries for electric

and hybrid vehicles

| would like to discuss the major properties of thdrid vehicle (HEV), plug-in hybrid
electric vehicle (PHEV) and full electric vehicl&\(). The battery size determines the
driving range without having to use an internal bastion engine.
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Figure 3 describes the use of the charge storélaeitbattery (SOC=State of Charge). The
total energy content in the battery is indicatedtiom right. Each of the batteries has a
charging capacity that is not used directly by mhetor (indicated on the left, in red). In

PHEV type vehicles, we are interested in exploitihg possibility of charging from the

electricity mains in order to improve the drivirgnge. In this situation, we are using most
of the battery's energy, leaving only very littler tharge and discharge (bright yellow).
When the vehicle is a fully electric one, about 86#4he battery capacity is charged and

discharged every day (bottom line).

When charge and discharge cycles of batteriesxanmmiaed, a significant difference can be
seen between the different types of batteries (Eig). Clearly, the charging cycles limit
the battery life and it is evident that, from thisint of view, the most efficient (for 2003) is
the NiMH battery. Assuming that a battery is degadeaind needs charging on a daily basis,
the indicated longevity of 4000 chargings is egi@aato 15 years. Today, several Lithium-
lon batteries provide more cycles than the NiMHédrst

Battery Usage in EVs, HEVs, and PHEVs

Used frequently incs | 0-2-04kWhCS ‘ct::,l.l‘lltlm
‘ | ‘ 1-2 kKWh
[
[ -~

HEV

" 02-0.4 kWh CS Used sometimes in CS
3 EEEe
2 PHEVY -chﬂs..d.m- 6-12 kWh
2 used (CD) |
s
Charged and ’
EV used (CD) (30-40 kWh
o 10 20 a0 40 50 il o 80 90 100
CD: Charge Depleting S0C Range (%) .
. . L o
CS: Charge Sustaining i *Battery capacity for a midsize car g‘gﬂiﬂ_

Figure 3: Division of charge in the battery by batery type
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Battery Cycle Life Depends on State of Charge
Swing
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Figure 4: Charge and discharge cycles of batteries different types (2003 data)

Table 2: Advantages and disadvantages of batteried different kinds:

Battery Advantages Disadvantages
LiNiCoO ,/Graphite Energy density Low safety, high price
LiMn »O4/Graphite Reasonable price, hi¢| HT longevity
safety, power density
LiFePO,/Graphite Life cycles, power, higl| Low energy densityabout
safety 60% of LNCO)
LiMN 204/Li 4Ti5012 Life cycles, power, safe | Lowest energy densit

(about 40% of LNCO)

Table 2 describes the advantages and disadvantagiierent types of Lithium battery.
The types marked with green and underlined arer,safgh the battery of the type
LiMn 204/Li 4Ti501 being the safest.

With the existing technology, expanding the driviramge of a PHEV vehicle from 10
miles (PHEV10) to 40 miles (PHEV40) could double tar price. It can be expected that,

with improved technology, the prices will decrease.
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Overall Cost Comparison for HEVs and PHEVs

Cumulative Yehicle plus Energy (Fuel/Elec.) Costs
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Figure 5: Overall cost comparison for conventionalHEV and PHEV vehicles

Figure 5 presents a comparison of the overalllrptate of vehicles over the years. It is
evident that the usage duration in which it is eeoically cost-effective to purchase an
electric vehicle of any kind in comparison with @agentional (CV) one is between 7 and
12 years. Figure 5 indicates that for the knowrcpase prices in the USA today, ranging
between $22,000 and $35,000 for CV or PHEV40 vebkjdlespectively, with the cost of a
gasoline being around $3 per gallon, an electsicallarged vehicle will be more cost-
effective after about 10 years. On the other haesluming an increase in the gasoline price
up to a level of $5 a gallon, a cost-effective ermill be achieved after 4-7 years only,

depending on the model (Figure 6).
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Both Higher Gas Prices and Lower Battery Costs
Required for PHEV to Payback Relative to HEV

Cumulative Vehicle plus Energy (FuelElec.) Costs
From A, Simpeon and T, Markel 27 Elaemic Vehicke Sympaosiam, Yorahairs, Fopu, Ocober 2006
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Figure 6: A comparison of total costs for fuel prie of $5.00/gal

The main question, however, is what will happenthe future? At the end of the
technological development, what will be the madt®re of each type of vehicle? This will
depend, of course, on the price, which determihegpenetration rate into the market. For
example, it is expected for PHV60 that a price @aaoidiof 70% and 30% (beyond a
conventional vehicle) will lead to a market penetra at a rate of 10% and 50%,
respectively. Clearly, targeted subsidies and eggunis will promote the process of market

penetration, as well as promoting the issue ofimgrgmall vehicles in the cities.

Ofer Ben-Dov, Assif Strategies: The potential of ipproving air quality in an urban

environment

In the Dan metropolitan area, there is a problemiwwbgen oxides, whose origin can be
traced to transportation-related pollution. We vdolike to reduce the vehicle impact on
the air quality in the city. There is great potehtor improving the air quality in the city, as
demonstrated when the level of pollution is measudtering Yom Kippur, for example,
when the volume of traffic is reduced dramatically.
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Similar findings were obtained in a study condudgdYuval et al., analyzing the data

obtained in the Haifa region during the Second bebaWar® The study indicates that the

reduction in the level of measured pollution ishi@gthan the relative part associated with
the transportation sector, and this is probablateel to the proximity of the measuring

stations, and of the public, of course, to thisreewf emission. Thus, it can be concluded
that the improvement in air quality in an urban iemvment due to extensive usage of
electric vehicles will be significant.

Figure 7 presents different vehicle technologies #ueir emission levels per driving mile,
with the electric vehicles hardly visible in theg&re; that is, the massive entry of electric
vehicles will lead to a reduction of almost 100%he emission of classic pollutants from

transportation within the cities.

Grams/Mile

ICEV: ICEV: ICEV: ICE ICEV: ICEVM: ICE ICE ICE EV:US. FCV: FCV: FCV:

Crude CNG Crude& FFV: Crude NGFTD HEY: HEV: HEV: KWh NGGHZ NG  Crude

RFG NG LPG Corn  LSD Crude Crude NG FTD MeOH Gaso.
E85 RFG LSD

Figure 7: Emission levels of VOCs for different veltle technologies

Source: Well-to-Wheels Energy and Emission Impacts of Vidiluel Systems, Center for
Transportation Research, Argonne National Laboyafmesentation at the California Air
Resources Board Sacramento, CA, April 14, 2003.
http://www.transportation.anl.gov/pdfs/TA/273.pdf

Abbreviations used in Figure 7:

3 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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PTW — Pump to Wheels

WTP — Well to Pump

ICEV Crude RFG - Internal Combustion Engine Vehidsging reformulated gasoline
ICEV CNG - Internal Combustion Engine Vehicle, @wsoompressed natural gas

ICEV Crude & NG LPG - Internal Combustion Enginehitge, using natural gas- based liquefied

petroleum gas

ICE FFV Corn E85 - Internal Combustion Engine fldgifueled vehicle, using ethanol (E85) blend
ICEV Crude LSD - Internal Combustion Engine Vehjaleing low-sulfur diesel

ICEV NG FTD - Internal Combustion Engine Vehiclejng natural gas based Fischer-Tropsch diesel

ICE HEV Crude RFG - internal combustion engine wigtorid electric technology, using reformulated

gasoline

ICE HEV Crude LSD - internal combustion engine whifbrid electric technology, using low-sulfur

diesel

ICE HEV NG FTD - internal combustion engine withbinigl electric technology, using natural gas- based

Fischer-Tropsch diesel

EV US kWh — Electric vehicle based on US electrid gnix

FCV NG GH2 - fuel cell vehicle, using natural ghased gaseous hydrogen
FCV NG MeOH - fuel cell vehicle, using natural gaased methanol

FCV Crude Gaso - fuel cell vehicle, using crudeogine

In order to examine a case of sweeping treatmeantlafge vehicle fleet, (for example: a
fleet of small taxis — diesel vehicles that drivany kilometers, most of them within the
city) the data of the Israel Central Bureau of iStias were used to calculate the extent to
which emissions could be reduced between 2015 @80.2rhe outcomes of this scenario
indicate that in this way, it is possible to caassignificant reduction in the emission of

pollutants in an urban environment.
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It should be remembered that there is an elemepbldtant diversion here. We are not

getting rid of the pollution but diverting it out town, where the power plant is located.

Table 3 describes emission data from conventioehicles vs. electric ones, based on data
from the USA. The electricity mains supply in th&AJis not significantly different from
the Israeli grid in terms of production sourceghAlgh the Americans use sources such as
hydro and nuclear power, the ratio of producti@mfrcoal and from gas is similar to that in

Israel.

Table 3 — Pollutant emission from different vehicle

Lifecycle Emissions' and Fuel Use per Mile for Gasoline and EV Passenger Cars

Conventional Car 3 Percent Reduction
on RFG Electric Car (increase)
GramsAila Grams/Mile
Carbon Monoxide (CO) Tolal 2.908 0.113 96%
CO: Urban 2767 0.005 100%
Volatile Organic Compounds
(VOC) Total 0.209 0.036 B83%
VOC: Urban 0.148 0 100%
Oxides of Nitrogen (NO,) Total 0212 0.778 267%
NO,: Urban 0.048 0.015 69%
Particulate Matter 10 (PMA10)
Total 0.047 0.077 -B45%
PM10: Urban 0.032 0.022 3%
Sulfur Cxides {S0O,) Total 0.085 0.525 -988%
S0,: Urban 0.008 0.002 75%
Carbon Dioxide 449 37 17%
Greenhouse Gases (GHG) 473 384 19%
BTLMile BTUMie
Fossil Fuels 5827 4201 28%
Petroleum 4573 Bg 98%

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

* Litecycle emissions account for primary fuel recovery, preparation, delivery, and use by the vehicle.
They do not account for energy used to produce the vehicla.

The table shows positive numbers in the right colurepresenting a reduction in the rate

of pollutants, while the negative numbers represerincrease.

In measurements of pollutants of the type,Nf@d Sg, an absolute increase in emissions
was obtained, mostly in electricity-producing, Sgdy populated areas. This finding has to
be examined vis-a-vis the question of the emisstamdards from power stations, what
measures for monitoring and controlling them astalled and what is the level of control

over the emitted pollution. It should be remembetigat the emission occurs at a high
altitude and outside the city, in contrast with #mission from vehicles occurring close to
the ground and in the cities.
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Sigal Shusterman, Tel Aviv University Electric cars: A blessing or a problem for the

environment?

The subject of our research was a comparison batteeemission of carbon dioxide from
conventional vehicles, in their different types,datime emission of pollutants from an
electricity production site for Plug-In Electric Meles (non-hybrid).

An average car today emits about 162 gr of,@®r one km driving; estimates of the
hypothesized future scope of emission have beeren@dthe forthcoming years (see
Figure 8).

With fuel processing

80
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Figure 8: reduction objectives for CQ emissions for the next 20 years

In Figure 8, the blue line describes the declarei@atives of the European Union for a
reduction of 20-30% in emissions. Up to now, thesre many delays in the schedule set
for these objectives, and therefore the scenar® wpalated for a more realistic prognosis,
described by the black line. The red line represéimé total level of pollutant emission,
including pollutant emission due to fuel processiqg to emissions resulting from car
driving. For this comparison, pollutant emissiontaddrom electricity production is
required. A global scenario by the IEA organizatiekamined the global electricity
consumption, assuming that no policy changes witiuo. According to this scenario, most
of the electricity production until 2030 will origate from non-renewable sources. An

alternative scenario by the same organization exesnan environmental policy that will
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contribute to the development of renewable enerdmegshis scenario, there is a slight
decrease in electricity consumption; however, nodghe electricity system will still rely

on non-renewable energies - 78%.

For the sake of analysis, the source of the aditielectricity required for electric vehicles
should be stated:

In the basic scenario (Mix) — a mix of energy sesrtor electricity production according to
IEA analysis with a small contribution of renewabtaurces.

In the middle scenario (Fossil) — the mix of enesgyrces for electricity production will
include non-renewable sources only, because thedse rate of renewable sources is not

sufficient to contribute to the additional amoueeded for vehicles.

In the strict scenario (Coal) — all the additiomdéctricity for the electric vehicles will

originate from coal, because this is the most albéel and cheapest source.

300 -

Conventional Car
100 e

Emission [gCC2/km]
\K
@
4]

Mix Fossil Coal

Figure 9: Emission levels under different electridy production scenarios

Figure 9 describes the emission levels of carbaxidé from different cars (small,
medium, large) under three different scenarios lettacity production. In most of the
cases (except for a small car with a combined gnerig), we will receive emissions that

are essentially similar or relatively higher thae emission range of conventional vehicles

(marked in yellow).

In summary, there is a possibility of reducing #mission of greenhouse gases because of
the penetration of electric vehicles into the tpamgation system; however, this reduction

potential is limited and depends on vehicle improgats, as well as on the rate of the
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renewable sources used for the additional elettrroduction. We maintain that massive
introduction of electric vehicles into the markétoald be postponed until sufficient
provision of renewable energy sources at a sigmifidevel in the electricity system is
obtained. Otherwise, environmental damage may tresulterms of production of

greenhouse gases.

Dr. Dan Weinstock, Better Place Ltd.: The implicatons of electric vehicles on
segments of the electricity system: Production, tr@mission and distribution, and

electricity consumption of electric vehicles

The influence of electric vehicles on the electyicsystem was examined in a study
conducted by the Ministry of National Infrastruasr The main conclusion of this study
was that charging all the private vehicles in Ibf#ethey were electric vehicles) would

require a 14% expansion of the electricity produttsystem. This study did not examine
the expected influence on the transmission andildision systems and did not take into
consideration the existence of a company such @srB&lace, which manages the charging

system.
In our view, there are three charging options:

* Random charging
» Time-directed charging, driven by a graded price
» Charging managed by a control center (such aofBetter Place).

The expected electricity production for 2020 istalied by the scenario. The company's

estimates indicate as follows, for the above tisemarios:

» Scenario 1 — an addition of 2345 MW is required
e Scenario 2 — an addition of 1770 MW is required
e Scenario 3 — no addition to the production systemecessary.

The transmission system will also require chandesscenarios 1 and 2, significant
monetary investments will be required, while in ttese of scenario 3, nothing has to be
added.
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Upgrading the electricity distribution system widlquire expenses in all three scenarios;

however, the expenses in scenario 3 are minimatjve to the two other scenarios.

The above data lead to the conclusion that manaelgadying does not require significant

costs in upgrading the electricity system, in casttto the two other scenarios.

Dr. Perry Lev On, Levon Group: Overview of U.S. Federal Vehicle R&D: PHEV, EV

and Charging Infrastructure

| would like to review briefly the history of theedelopments in the USA in this area. Due
to concerns on the subject of climatic changesaanpollution, new ways are being sought
to reduce fuel consumption, although for many yéaese was no substantial change in the
efficiency of vehicles, since the day they wereeimed. The electric car model EV1 was
presented for the first time in 1990. There wemee¢hmodels of the vehicle then, and in
total, 1117 vehicles were produced. The programst@gped in 2003, for obscure reasons
and is shrouded in mystery and in conspiracy tlesoto this day. The vehicles were

actually crushed, for no known reason to this day.

In hybrid vehicles (HEV), such as Toyota Prius, fhredetermined standards for fuel
consumption were unrealistic to begin with. Caltiota the economic cost of such a
vehicle is problematic, because it depends largelythe nature of driving, type of

charging, climatic influences and many other unaaled variables. The next generation of
the PHEV type opens up new possibilities. Themoisloubt that with time we are going to
see a replacement of the use of fuel, and charfgamg the electricity mains during off-

peak hours. There is already an extensive usettdries today in the range of 40 miles.
This driving range satisfies most people. The batteare a major element in the vehicle
and there are new generations of batteries, wharfstitute the development basis of
electric vehicles. As for now, the price is stilglhh and more changes and technological

improvements are necessary.

It is estimated that the essential change will taleee now, following the new policy of
President Obama. It is estimated that heavy investsnwill be directed to promote the

above vehicles and the elements of advanced lestteri
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On the subject of reducing and managing the loadhenelectricity system, there are
solutions today, such as devices that manage ielectonsumption according to the load
and hourly cost. There is also a shock absorbesw/igoal is to prevent all the consumers

charging at once and creating a sudden overloddeogystem.

26



Chapter 4: Discussion

In the second part of the Forum, an open discusgias held about the information
presented and the operative conclusions to be drdwnfocus the discussion, several

guestions were presented in advance, as follows:

* What is the expected cost of an electric vehiclégnéoprivate customer?

 What would be the cost of driving one km, consiggrthe costs of electricity,
maintenance and depreciation?

» What would be the driving range of an electric e#hi between battery
recharges/replacements?

* How to cope with the huge increase in the elet¢yripiroduction capacity that would
be required as an infrastructure for the electeicicle?

* How to cope with the safety problems expected dubattery replacement (see
criticism by Mercedes).

* What is the life cycle of the batteries (for elecand hybrid vehicles)?

 What is the expected benefit in improved air guaiit towns due to the use of
electric vehicles?
The participants' responses are presented hefeiortler in which they were heard and

without editing. The next chapter presents the sargrand conclusions of these responses.

Eddie Beit Hazavdi Further to what has been said up to now, | recentrtonducting an
economic examination of the hybrid vehicles that already in existence. These vehicles

are currently on the road and, and in our expeeigare highly efficient.

In the already existing vehicles, it is possiblagach a driving ratio of 18-20 km for one
liter of fuel. No infrastructure and no technolajichange are required for their current

operation, and a considerable percentage of thenahfuel consumption is saved.

Due to preferential taxation, there are no sigaificdifferences in cost to the consumer

between hybrid and equivalent conventional vehicles

Dr. Shlomo Wald: First, we have to speak about the comprehensiveeption of the
future transportation system. It is necessary teotte true and correct thought to the

introduction of a "clean" public transportation t&yg, free of charge, in the city, which will
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provide a cheap and convenient way of moving frone @lace to another. In this
perception, private vehicles stay out of the clty.this scenario, there is no point in
promoting electric vehicle projects, because daleatehicles for out of town driving are
only a partial solution and in most cases, an imearent one. When driving out of town,
the batteries could reach a state of full dischavgach will affect their longevity to a
considerable degree. If the total transportatiolutsmm means that the private vehicle
would not be driven in town, the entire percepti®ichanged, and there would be no need

to promote vehicles of the Plug In type.

In general, a clean vehicle by definition can bergkable or have an independent
mechanism for electricity production. In total, whall things are taken together, there is
no significant difference when electric and coni@mdl vehicles are compared, from the
aspects of pollution level or economy; the only atage left is that of energy
independence and reducing the dependency on a.t®the difficulty of Plug-In vehicles
to provide an efficient solution for interurban\dnig, | tend to think that this is not the

desirable solution.

Prof. Joseph Prashker In general, urban transportation and urban tramapon systems

are a very complicated problem. Research indicttas reducing the fares of public
transportation, and even making it free of chardees not change the amount of
passengers using public transportation very muehth® other hand, the quality of service
does encourage travelling by public transportationgeneral, the questions of public
transportation systems are separate and very ccemgdi, and do not concern our

discussion.

On the subject of electric vehicles that are meiady powered, | came across a
technology in the literature that was not mentioheck: an internal combustion engine that
is disconnected from the transmission and powesnarator, works at the optimum point
and produces electricity. Electricity is what posvéine car, in most cases through direct
connection to the tires. It is claimed that thisckof system saves fossil energy, to the point
that the vehicle consumes only 35% of the fossédl fabonsumption of conventional
vehicles. In such a system there are no lossesaddestribution, there is no range limit,

and there are no mechanical complications.
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Eddie Beit Hazavdi Regarding the investment in infrastructuress itlear that in the case
of the hybrid vehicle or a vehicle that produces avn energy, there is no need for
additional infrastructure. In the case of an eleatehicle, a huge investment is required, in
the scope of billions, in infrastructure. In adaitj | would like to focus again on the
subject of Israel's electricity system. The systeas today, and is expected to have in the
future, many customers and consumers — includirg dlectrification of Israel Rail,
suburban trains and more, in addition to electehigles. It should be ascertained that the

system is capable of supplying the required elatyri

llana Teler: The charging stations that were described inbtiekground discussion could
satisfy 90% of the charging requirements. | woikted ko ask about the stations for battery
replacement. Will they have any environmental icggiions? Where will they be installed?

What type of area are we talking about?

Dr. Dan Weinstock The natural location for battery replacementiatest is, of course, in
the existing gas stations. In terms of area —ithisossible; a small area will have to be
cleared within the gas station area. Other po###silfor the location of the replacement
stations are the car parks of shopping centersareas along highways, and so on. In an
open space, we could allow ourselves to spreadalager area. Clearly, we would prefer
to use the existing infrastructures. Regardingsthigect of the impact on the environment,
standards and so on, because the subject is tegically new, there is still no knowledge
or experience in this field. We are racing agaimse to define needs, required regulations

and suitable standards.
Dr. Miriam Lev On : | would like to discuss two main subjects:

Fuel Cells — the subject of Freedom Car in the USA began With cells. As of today,

most research efforts in the USA are directed atdbvelopment of fuel cells, and huge
funds are being poured in to promote the subjelets Thechanism allows extremely low
emissions, although the fuel cells themselves anseped by diesel fuel. Hydrogen is

produced from the diesel fuel and it activatesftie cell.

Air pollution in the cities: if electric vehicles will be introduced extendivepollution
might be reduced but not the congestion. There still be traffic jams. It should be
remembered that the main pollution resulting fromlatile Organic Compounds (VOC)

comes from the evaporation of gasoline, not froemdbmbustion emissions. Clearly, when
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there is no fuel, we would expect to see a decraad8C; however, when there is no
internal combustion engine, VOC evaporation witheen, and we will not have succeeded

in eliminating it altogether.

Prof. Emanuel Peled At the forefront of development in Japan today igehicle of the
PHEYV type for a range shorter than 40 miles. Withhsa vehicle, those who are driving
less than 40 miles will not have to refuel at @he main problem is the price, and despite
preferential taxation, there will still be a sigodnt difference in prices between
conventional and PHEV vehicles. Actually, in thestfistage it would be for the rich only.
People in this population level have in most cdsmsses with adjacent parking, and under
slow pace night charging you can connect the velilan electric outlet. Until we reach
the stage of market penetration, when we get anaack on the network, there would be

smart plugs to manage domestic consumption froneltric grid.

Another subject to consider is battery replacensend the safety of the entire system.
Today, batteries of the Lithium-lon type dominabte tmarket, to the extent of 6 billion
dollars a year. According to statistics, the prolitgbof fire or battery explosion during
work ranges between 1 to 10 for each million callgear. In a battery that includes 5000
cells one cannot ignore the risk, which could redac®00 up to 1:2000. A fire or an
explosion of this kind of battery in a laptop cortgawor a mobile phone is not pleasant, but
not life risking. In a vehicle that is driving ohet highway, it is a serious safety problem.
The technology of a safer battery (for examipldn ,0./Li4Ti50:, or LiFePO./Graphite)
exists today with 40% to 60% of the driving randeaaregular Lithium-lon battery. The

technology, as mentioned already, did not prowafitget. However, there is no doubt that
in terms of safety it would be advantageous. Aey sif unloading or installing a battery in
a vehicle has the potential for a safety problemxcabise if a short circuit occurs by
accident, the temperatures rise very quickly andiramediate explosion could occur.
While a laptop battery could ignite a spark of 5@#e spark of an electric vehicle battery is

hundreds to thousands Amperes and is highly dangero

Vehicles powered by fuel cells currently cost 2 3times more than a conventional
vehicle. A significant reduction in price should éxected if and when people will start to
purchase and use these vehicles. It is possibleséoconventional fuel as a source of
hydrogen for the fuel cell through a reformerslexpected that the efficiency of a vehicle

powered by a fuel cell will be double that of a i powered by an internal combustion
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engine. This will fully compensate for the high ta$ hydrogen relative to fossil fuel.
Today, most of the vehicle producers in the wordelop vehicles powered by fuel cells
with a driving range of more than 400 km betwedilisgand are expected to reach 600
km). European studies indicate that if one takés @onsideration all the different aspects
(including environmental), the cost of using fuells fed by hydrogen for transportation
will be similar to the cost of using fossil fuel.

Dr. Shlomo Wald: The engine of the fuel cell with hydrogen is kargnd heavy and
therefore not applicable to private vehicles. Oa dther hand, it could be used to power
buses, with large hydrogen tanks located on theabthe bus that will provide power for
a whole day's itinerary. Safety wise — comparing tombustion of such hydrogen tanks
with an equal amount of gas or fuel — despite tlgghm hydrogen will burn in a less risky

manner.

Dr. Perry Lev On: | would like to quote a Mercedes expert (Thomasbéf) from the
newspapeiThe Marker — who claims that Better Place battery replacenentangerous
and cannot be implementéd.

According to what they say today in the USA — theréase in electricity consumption in
the economy due to the introduction of electricielels is a myth. They are not expecting
any problem with the electricity mains supply megtihe loads of excess charging. It is a

problem of demand management.

Dr. Shlomo Wald: In the case of a full electric vehicle, such las model suggested by
Better Place, my estimate is that the average idvitilenot be ready to accept a situation in
which he connects the car for recharging and thecle is not charged because of load

diversion considerations.

Dr. Dan Weinstock Regarding the concern of overload on the elattrinains, it should
be remembered that the Light Train does not canstd significant load (about 500 kW for

each wagon) and the same holds for an electric {taé engine needs only 5 MW).

Regarding the requirement for immediate charginghe problem of needing urgent

charging is not really important. Statistically, shgpeople do not leave their homes on the




spur of the moment. If the need arises for urgéarging, it would be possible to use the
"charge me now" mode, allowing immediate chargingependently of the load on the

electricity mains.

The driving range of the vehicle is limited andotgercome this problem, 120 replacement

stations will be built to meet this need exactlg am allow quick battery replacement.

The business plan of Better Place includes aldmgeluch vehicles to transport officers of
large transport fleets. We are not in contact amityh the end user. We are talking here
about a massive replacement of a very large nummbeehicles, through the work place,

that is, a significant penetration into the mankéhin a very short time.

Sa'ad Omri: The state of Israel is characterized by a rediivow level of motorization
and transportation annually, relative to data frdeveloped countries. At the same time,
we witness heavy traffic loads in the Dan metrdpaliregion that will continue to increase

without a real solution to the problem of transptan.

One of the solutions suggested by the Ministry ahnBportation is using public
transportation instead of private vehicles. We wele the development of non-polluting,
electric vehicles as a supplementary solution ¢ontlassive use of public transportation for

daily travelling.

Dr. Dan Weinstock Better Place is interested in commercial sucaessrael, but this is

not our only focus.

Regarding larger vehicles, the company made aideci®t to enter this market segment;
however, we have to understand that this markes dgest, and is probably developing. In
the Beijing Olympics in the summer of 2008, theirentransportation from and to the

Olympic village was based on electric buses, aedbditeries were replaced with robots
within 7-8 minutes, while fueling a bus with diesakes 12 minutes. This is a relatively
easy project to implement, and the same is truengfvehicle driving in a closed route. In

such a situation, the vehicle could be left atadharging station, and the driver could move

to another bus and continue his work.

Regarding vehicle replacement — many people tendptace their car every three or four

years anyway. Our goal is to convince them to cedostheir next car an electric vehicle.
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Prof. Gershon Grossman Regarding the evolution of vehicles, we could aseexample
from the field of refrigerators: in the old refriggors, the cooling systems used Freon gas
of the CFC type. When the CFC gas was banned diig itmpact on the environment and
because it affects the ozone layer, an alternatbaing gas was introduced in the new
refrigerators. Clearly, no one throws away his mftigerator in an instant, but when the
day comes and the need arises to replace theaedtig — the customer can decide what is
cheaper and what is better, especially when speefulations are in place that remove the

inferior refrigerators from the market completely.

Dr. Bernanda Flicstein We are in the midst of a study about the infleen€ removing
pollution out of town, and its actual transportatitm electricity production plants. Our
preliminary results indicate that for most pollugna decrease in concentration was
observed; however, for some of them we observedinamase. In addition, there is a
problem of quantification and the economic weighariga ton of pollutant. We are relying
on the estimates of the European Union, which allewo assign a cost to each pollutant.
Therefore, we are trying to make a total estimdt¢he total environmental change that
could occur because of the introduction of elecigbicles. Such a study will eventually

provide us with better knowledge.

In the emission of pollutants from a power plamtttis equipped with a high chimney, there
is dispersion and dilution and this should be takd#n consideration when pollution is

removed from the city.

In addition, it should be remembered that reductibfuel consumption reduces also the
activity at the gasoline filling stations, a poihg agent in itself. We could expect to see an
improvement in the pollution resulting from the tgias themselves, from the

transportation of fuel to the stations and fromahgvity of the refineries.

Zeev Shadmi: Taxation has two major objectives — creating medor the State but also
demand and load management. Taxing fuel directiuences the marginal cost of
travelling, and could encourage people to trav&d,ler to choose other alternatives, such as
public transportation. Electric vehicles free ok tar with reduced taxation encourage
people to drive their car and create highway coigesWe have to make people think
properly about vehicle usage, and pay for the nigidosts in full, including external costs.

It is impractical to have two electricity tariffs ene for battery charging and one for
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domestic use. We could impose direct taxation amgjportation such as toll roads or
overload toll. In some countries there are advangeparatory processes for general
taxation on transportation with different tariftfifferent hours, etc., so that the user incurs
the external costs of travelling.

Regarding the decision to encourage and promotdrielerehicles, the state could grant a
significant tax reduction when there are only fewlsvehicles. When the penetration into
the market becomes massive, a decision will hal®tmade to change the tax structure or

to abolish the reduction.

Dr. Tzvi Rosenman Regarding the fuel cells — | was involved in adst in which the
energy efficiency and pollutants emitted from foells or electric vehicles were compared
— for all types of emissions and on the entire sctopf energy efficiency, from fuel sources
to the use in driving. In all the cases examinkd,dlectric vehicles were more efficient and
caused fewer emissions than vehicles powered bl deks. This is our conclusion.
Regarding the interaction between electric vehiaad the electricity infrastructure in
Israel — towards 2015 the IEC is preparing itseifthe expected demand, and as for now,
the forecasts did not take into consideration gteetehicles. We want to see whether a
large-scale effect by electric vehicles is expecldtere is a problem in the summer and
there is no other way but to employ some contretesy. There is a huge advantage to the
introduction of electric vehicles as customersta electricity market, because this will
entail a reduction in the average price of eleityrifor all the customers of the electricity
system. The average price will be lower becauseuhent electricity tariff includes all the
power stations, most of which are not working dgraif-peak hours. If we could manage
usage so that the stations will work more hoursttier above vehicles, mainly during off-
peak hours, we could actually lead to a reductiothé electricity price. The average tariff
will be lower because the existing stations withguice electricity in much better ways and
will generate additional income. All this holds gnin a situation in which demand
management is enabled and situations of demandusudprring peak hours are avoided,
that is, if there will be no need to expand thedpiion and electricity transmission
systems just because of the vehicles, and theybeittharged through the already existing
system.

Prof. Emanuel Peled | seem to disagree because the fuel cell haspmhation. That is

why it is better.
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Prof. Gershon Grossman If the IEC knows that it has a large consumertfigr nighttime,
it could operate a power plant of the base- loguktywhich is more efficient and less

polluting. This is a great advantage.

Dr. Dan Weinstock There is another advantage here, reserved fotormgss with
maximal flexibility: during an unexpected failuré @ substation, it would be possible to
employ a program of load shedding. Such a mechacéstainly suits Better Place because
we can control the charging load immediately amdpsy. A simple calculation shows that
for 100,000 vehicles waiting to be charged, eadrgihg at 6 kW, we are talking about a
total load of 600 MW. This is actually the load afpower station, which the IEC could

manipulate according to production conveniencelaad.

Another possibility to consider is the reverse afiag mode of delivering electricity to the
grid, by discharging the batteries, when therefasudt or a problem initiated by the IEC. It
should be remembered that electric vehicles areingofor about 1.5 hours a day and
standing still for 22.5 hours. This is possible whikis pre-planned by the IEC and Better

Place.
Zeev Shadmi (notes made following the meeting):

1. In my opinion, we cannot state that electric vedddhave an advantage without any
reservation or stipulation: there is surely no eroit advantage, because with the
price ratios existing today, the cost of drivingadtic vehicles, which includes also
the cost of the vehicle purchase, is expensiveastraf the scenarios. The scenario
of high kilometrage was not examined in practiteloubt that electric vehicles can
perform high kilometrage without degradation of thefteries, and therefore the
calculation done is theoretical and needs the aafation of experience and proof.
In addition, the economic considerations were maaged on gasoline prices that
include almost 100% tax, in comparison with eledtlyi prices that are off-peak
prices with the addition of VAT only.

2. The battery replacement mechanism is by my estimaggplicable and is expected
to fail. The vehicle producers will not be willirtg invest in a designated vehicle,
because of uncertain demand, and therefore thdrdeviho vehicles in the market
with removable batteries. | also assume that tlyetsuand users of electric vehicles

will be those whose needs do not require high kétvage, and at the same time
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have convenient charging possibilities (for exampletomobile fleets of service
providers, high-tech companies that provide freekipg to their employees,
individuals with private parking near their home).

3. Although standards and regulations could be estadi to enforce electricity
charging only from certain installations and attair hours, thus pricing uniquely
electricity for vehicles, which will be differentdm the price of electricity for
industrial and domestic consumption, in my opiniah, would actually be
impossible to enforce them (there will always beway to circumvent the
regulations). Many will do what the electric veleglproducers indicate (rightfully!)
as one of its marked advantages — charge from amgstic socket.

4. The limitation of the electricity production capacis a real problem: there has to
be a solution to enlarge the reserve between ptiotucapacity and demand by (1)
increasing the capacity (2) energy efficiency ad)deitensive usage of TOU (Time
of Use) mechanism in order to transfer usage freako off-peak hours.

5. A different kind of electric vehicle might evolvearrying the generator (gasoline or
diesel) in its trunk, which produces the electyidid charge the battery. Such a
vehicle has many advantages, and some say thatllid provide travelling that is

similar to that of a common gasoline vehicle fo#®6f the fuel consumption.

In summary, | would try to summarize the documensaying that electric vehicles should
be given a chance, but at the same time other dewvents should be followed, in the
fields of conventional driving which has not hasllast word yet (it is claimed that there is
a potential to achieve an improvement of up to 5%uel consumption for 1 km with a

gasoline engine!), of different combinations andhnds of electric power with an internal

combustion engine and of full electric vehicles.

Tal Goldrath and Dr. Ofira Ayalon (data processed and deliveredollowing the

meeting):

Undoubtedly, the entire subject under discussidrether about hybrid or electric vehicles,
does not concern the major problem of the increasade of private cars versus the usage

of public transportation systems. This is a subjedbe discussed separately. The Samuel
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Neaman Institute had discussed the subject ofahé &nd congestion on the roads in the

document of national priorities on the quality leé environment.

The leasing and the company car mechanisms forpangof the salary benefit, which are
common today in Israel, actually offloads the chaggcosts onto the employer. In such a
case, just as in the case where the driver doesnoot the fuel costs, the car user is

indifferent to the price, and therefore also to¢harging hours and the tariff.

To calculate external costs of using this type ehigle or another, we used the data
presented during the discussion, as well as cadficents used by the Tax Authority to
estimate external costs of different pollutants texdi from vehicles. Table 4 below

describes the results.

The table shows that the external cost accordintE€C calculations indicates a gap of
almost two times in favor of electric vehicles (@drsus 11.41 Euro for 1000 km driving
distance). On the other hand, in the calculatiorsgnted by Mr. Ben-Dov, the differences
indicate that for some pollutants there is an iaseein the emissions with electric vehicles
and therefore the price of the external costsnslair, with a small gap in favor of the

conventional vehicle.
Dr. Perry Levon (notes delivered following the meeng):

The problem of electromagnetic radiation, whichsexin both electric and hybrid vehicles,

cannot be overlooked. See overview in Appendix 4.

Dr. Dan Weinstock (notes given in response to theapticipants views after reading the

draft of this report):

Contrary to a laptop computer, the disassemblyiastdllation of a battery are not done by
the end user but by a robot in an unmanned envieohnBattery replacement is certainly
doable. A demonstration facility in Yokohama dentaated to thousands of Japanese

engineers (who know a thing or two about robotibs)feasibility of replacement.

5 National Priorities on the Subjects of the Quality of the Environment - Position Paper No. 6 - Vol. C -
Transportation and Environment in Israel 2008 — Follow Up Report.
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Table 4 — A comparison between pollutant emissiorfeom different vehicles

Pollutant Cost Pollutant concentration (gr/km of driving distance)
coefficienf _ _ _
(Euro/ton) Pollutants emitted Pollutants emitted | Urban air
from internal from electric vehicleg pollution
combustion engine (USA
vehicles data)
According| USA | According| USA
to IEC datd to IEC data
(combined
cycle
station)
SO, 2304 1.65 0.053 0.03 0.58 0.001
NOy 10000 0.54 0.132 0.51 0.48 0.009
CO 500 1.43 1.806 0.16 0.07 0.003
CO, 30 285 279 173 231
HC 900 0.65 0.13 0.017 0.02
PM 20000 0.1 0.029 0.007 0.05 0.014
Total cost Eurcd/1000| 21.05 10.59 11.41 14.09 0.37
km driving distance)

In response to the comment that the average duillenot agree to wait for charging in the
off-peak hours: the reasonable driver does nosirmi the amount of energy in the battery
increasing every time he returns to his car, jadte@does not fuel a gasoline car every day.

What is important to the driver is to arrive safatyhis next destination.

It was said that the cost of driving electric véds; which includes also the vehicle
purchase cost, is expensive in most of the scenaliove take into consideration the

differences in taxation and a model in which thedrg is not purchased by the car owner,

6 According to a press release on behalf of the Tax Authority

http: //www.mof.gov.il/TaxesPage/Lists /List2 /Attachments/1/2009-701.doc

7 Data were taken from a lecture by Dr. Kotek
8 Data were processed from the lecture given by Mr. Ofer Ben-Dov, Table 3, above.
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the cost of driving an electric vehicle is sigrdfitly cheaper than that of a gasoline

vehicle.

Regarding electromagnetic radiation: Better Plamedacted an extensive study with the
leading consultant in Israel on the subject of tetenagnetic radiation, Oren Hartal — the
former Chief Scientist in RAFAEL. The study indieatthat there is no resemblance
between the level of electromagnetic radiation leicteic and hybrid vehicles due to
dramatic differences in the location of the diffgreslectrical components in the two
vehicles. The level of electromagnetic radiatianirelectric vehicles is equivalent to that
which is emitted from a conventional gasoline veh{d originates from the steel fibers in

the tires) while the radiation level from hybridniles is higher.

Regarding the emission of carbon dioxide: the athge of electric vehicles over
conventional ones depends on the mix of fuels @igedlectricity production. There is no
doubt that the whole world, including Israel, is vimy in the direction of increasing
electricity production from renewable energy sosraead therefore the energy source to

drive electric vehicles will be less involved witie emission of carbon dioxide.
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Chapter 5: Conclusions and Recommendations

Before summarizing the discussion held on the sulgeelectric and hybrid vehicles, we
have to remember that the mere usage of privatéclesh whether equipped with an
internal combustion engine, or being hybrid or ®&lec is not compatible with the
principles of sustainable development, due to #edrfor roads and infrastructure, and due
to the congestion caused by the vehicles in théeceari towns and so on. The discussion
held in this forum is not dealing with these isshasis considering different alternatives

for private vehicles only.

Electric vehicles of all the four types mention&d/{FC, EV, PHEV, HEV) have several
marked advantages to the state and society, whstthy the encouragement and support of
the government. These advantages include reducegmblution in town centers (but not
necessarily a total reduction in air pollution)e thossibility of using a variety of energy
sources — including renewable energies — and redube dependency on imported oil, and

low maintenance costs.

All four types of electric vehicles feature regeatere braking, that is — using the braking
energy to charge the battery. As a result, a leer@rgy is saved — actually, most of the

energy that dissipates in the brakes of convenitizetacles.

The hybrid vehicle (HEV), which exists already lretmarket, does not require any special,
costly infrastructure, and saves fuel to a sigaific degree in comparison with a
conventional vehicle. A hybrid vehicle could save to 40% under driving conditions
where all of its advantages come into play. Soméheftime, driving is not done under
such conditions; however, a conservative estimationld show a rate of saving achieved
in practice close to 20%. If all conventional vééschad been replaced by hybrid vehicles,
which does not require any special preparationuB0% of the gasoline and diesel fuel
for driving vehicles in the country would have besaved! According to the Israel Central
Bureau of Statistics, fuels for transportation ¢ibate 45% of the energy end use in Israel,
about 13.5 million ton of oil equivalent (TOE) aaye This figure includes also ships,
airplanes, trains and trucks, but even if we asstiraeonly half of the above amount is

destined for passenger cars — the saving is nsfisant.
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Regarding PHEV and EV, there is another advantati@t-of efficient exploitation of the
infrastructure of electricity production due to thgstem utilization at nighttime — most
important for the state of Israel which is an 'ela of electricity. Along with the

advantages, some of the disadvantages should beomenh mainly the high price which
results mainly from the cost of the batteries. Réiga full electric vehicles (EV), one has

to mention the limited driving range.

Vehicles of the PHEV and EV type do not require éstablishment of a massive charging
infrastructure (except for specific improvementdha# existing infrastructure). The battery
replacement infrastructure is very expensive an@ast may amount to billions. The cost
of charging infrastructure is incurred by the ptevaector. What is relevant is the part
needed to upgrade the existing electricity systmpst eventually incurred by the public.
This could be done gradually. Charging the vehitias to take place during the off-peak
hours to avoid overloading the electricity prodantisystem, and therefore control and
monitoring mechanisms, as well as "smart" chargiagagement, are crucial. The move to

these types of vehicles holds in store many adgastaas noted above.

Electric vehicles have no economic advantage asemte because with the price ratios
existing today, the cost of driving electric vebigl which includes also the cost of the
vehicle purchase, is expensive in most of the sa@naThe mechanism for replacing
batteries is problematic, and some say that ibisnd to fail. Although it is possible to set
standards and regulations that will oblige elettyricharging only from certain facilities

and at certain hours, this would be difficult tdane.

Scientists are currently working on the developnwra different kind of electric vehicle,
carrying the generator (gasoline or diesel) intitsik, which produces the electricity to
charge the battery. Such a vehicle has many adyesitand some say that it could provide
travelling that is similar to that of a common das® vehicle for 20% of the fuel
consumption. Many research efforts are currentigearway worldwide to develop more
efficient engines, fuel cells, and so on. Cleatthg last word has not been said in the field

and the improvement efforts are at their peak.

Electric vehicles should be given a chance, bthie@same time, other developments should

be followed in the fields of conventional propulsiavhich has not had its last word yet, of
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different combinations and methods of electric powih an internal combustion engine

and of full electric vehicles.

Hybrid vehicles are already present on Israeli spahd thanks to the green taxation

reform, some of the economic barriers to importimgse cars to Israel have been removed.
Recommendations:

1. During the use of electric vehicles and in lighttbé small reserve of electricity
production in Israel, it must be ascertained therging these vehicles will not be
done during peak hours (through higher rates, anle).

2. The side benefits of using electric vehicles inmerof reducing the need for gas
stations and reduced noise (mainly in the citibgugl be considered. On the other
hand, it must be ascertained that if a facilitybattery replacement is established —
it will not cause environmental damage.

3. One of the important parameters in electricity picitbn for charging electric
vehicles is the fuel used for generating the dlgttr The above calculations by the
IEC were based on a comparison with a combinececsteltion operating on gas. It
is reasonable to assume that if a comparison wex@erwith a coal-fired power
station, the results would be different. Therefagefull comparison should be
conducted, which includes the internalization oteemxal costs, between using
conventional, hybrid and electric vehicles. Thecgkition presented in this report is

preliminary only.
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Appendix 1 —Energy Forum program: Electric and Hybrid Vehicles —

13:00 — 13:10:
13:10 — 13:20:
13:20 — 13:30:
13:30 — 13:40:
13:40 — 13:50:
13:50 — 14:00:
14:00 — 14:10:
14:10 — 14:20:
14:20 — 14:30:

Foreword
Dr. Dan Weinstock, Better Place:Ltd

The electric vehicle project — overview

Dr. Daniel Kotek, Israel Electrior@pany:

The IEC's activity in the field of electric veles

Dr. Tvi Rosenman, Ariel Universitgnter of Samaria

Electricity availability and price for electniehicles in Israel

Prof. Emanuel Peled, Tel Aviv Unsity:

Cost and properties of batteries for EVs andidylBVs

Mr. Ofer Ben-Dov, Assif Strategiets.:

The potential for improving the air quality in arban environment

Ms. Sigal Shusterman and Prof. Avbls, Tel Aviv University:

Electric vehicles: A blessing or a problem to theimnment?

Dr. Dan Weinstock, Better Place:Ltd

The implications of electric vehicles on segmerithe electricity
system: production, conduction and distributiord power
consumption by electric vehicles

Dr. Perry Levon, The Levon Groupd:C

Overview of US Federal Vehicle R&D: PHEV, EV andatging
Infrastructure

14:30 — 15:00 Intermission
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15:00

17:00:

—17:00: Open discussion, focusing on theviohg questions:

What is the expected cost of an electric vehiclénéoprivate customer?

What would be the cost of driving one km, considgrthe costs of electricity,
maintenance and depreciation?

What would be the driving range of an electric we#hi between battery
recharge/replacement?

How to cope with the huge increase in the eletyrigioduction capacity that would
be required as an infrastructure for the electeicicle?

How to cope with the safety problems expected dubattery replacement (see
criticism by Mercedes).

What is the life cycle of the batteries (for elecand hybrid vehicles)?

What is the expected benefit in improving the aialgy in towns as a result of
using electric vehicles?

Conclusion
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Appendix 2 — Government Resolution no. 2580 on thencouragement of
non-fuel transportation, November 11, 2007

Further to the decision of the Prime Minister ah@ tMinister of Finance to review
favorably the introduction of alternative technoésy non-polluting ones, for fuels and
transportation, in order to reduce the dependefdhieoState of Israel on fuel and to join
the global trend that is based on reducing therenmiental damage in general and the
damage resulting from using fuel for private vedsclin particular, it was decided to
examine, within a short schedule, the possibilify imitial implementation of these
technologies in Israel, and for this purpose, t@oamt an inter-ministerial Steering
Committee, headed by the budget controller in tlhearce Ministry and with the
participation of representatives from the Prime ister's Office, the Ministry of
Transportation and Road Safety, the Ministry of iblal Infrastructure, the Ministry of
Industry, Commerce and Employment, the Ministry tbé Environment, the Justice
Department, the Tax Authority, Israel Antitrust Aatity and the Planning Administration
in the Ministry of the Interior, to examine suggess to encourage the use of clean and
non-fuel transportation (below — Steering Commjttee

In addition, secondary panels will be establisheghrding the following issues, to submit
their conclusions and recommendations to the Sig&bmmittee as follows:

1. Taxation incentives: A panel, headed by the Econéssistant Director General at
the Tax Authority, and with the participation ofpresentatives from the Budget
Department in the Finance Ministry, the Ministrytbé Environment, the Ministry
of Transportation and Road Safety and the Minisfrilational Infrastructure, will
devise ways to encourage alternative technolodiasdre not polluting, for fuels
for transportation and to reduce the congestiotherroads. The panel will submit
its conclusions by Decembet, 2007.

2. Encouraging R&D with international automobile isthies: The Chief Scientist at
the Industry, Commerce and Employment Ministry vmiake recommendations,
within the existing routes in the field of the Chfcientist, concerning the correct
government policy to encourage R&D of alternatiezhinologies that are not
polluting, for fuels for transportation. The paneill submit its conclusions by
February 15, 2008.

3. Planning and licensing on the matter of the esthbient and operation of a
charging network in country-wide deployment: a paheaded by the head of
planning administration at the Ministry of the Int& and with the participation of a
representative of the Budget Controller at the Btiyi of Finance, a representative
of the Ministry of National Infrastructure and apresentative from the Justice
Department, will devise a modus operandi in thiefed licensing and/or planning,
to the degree that these are required, for theblestenent and operation of a
charging network in country-wide deployment, used dharging electric vehicles
(below — national network), in a way that uniformies will apply, as much as
possible, all over the country. The panel will sutbrits conclusions and
recommendations by February™2008.

4. Influence on the electricity system: A panel heabdgdhe General Director of the
Ministry of National Infrastructures and with therpicipation of the Budget
Controller and the General Director of IEC, willaawine the implications of
establishing the national network and its operatanthe electricity system. The
panel will submit its conclusions by February'18008.
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5. Multi operator system: A panel headed by the Lefdvisor of the Ministry of
Finance and with the participation of represengstifrom the Justice Department,
Ministry of Transportation and Road Safety, Minystif National Infrastructures,
Israel Antitrust Authority and the Budget Controligill draft the regulation rules
needed to operate the national network and to eregessibility to the network to
other operators, as those might by, including far tatter of payment due to the
use of the network, to users and other operateveewship in the network and the
rights in it at the end of the contract of licenseriod, as well as the need for
specific legislation to regulate the subject. Thagd will submit its conclusions and
recommendations by February™2008.

6. Environmental aspects: A panel headed by the AsgisBeneral Director of the
Environment Ministry and with the participation eoépresentatives from the
Ministry of Transportation and Road Safety, the islity of National
Infrastructures, the Ministry of the Interior andetrepresentative of the Budget
Controller office will examine the existing envimmental aspects of establishing
and operating a national network for charging eileeghicles.

7. Transportation aspects: A panel headed by theciraseneral of the Ministry of
Transportation and Road Safety and with the paditn of representatives from
the Ministry of the Interior, the Ministry of thenkironment, and a representative of
the Budget Controller at the Finance Ministry veikamine the transport aspects of
introducing vehicles in Israel driven by alternatiechnologies using fuels that are
not polluting.

After discussing the conclusions and recommendsatioade by the different panels, the
Steering Committee will submit to the Governmeapproval its recommendations about
the appropriate modus operandi in each of the alssues and in any other matter that will
be deemed right, not later than Marct18008. The taxation issue will be brought for the
Government's approval not later than Decemb&r 2607.

Timetable for executing this resolution: As spexifin the resolution.
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Appendix 3 — The Tenets of the Green Taxation Refan on the subject of
Electric Vehicles, June 2009

» Setting taxation incentives for less polluting \ciés
» Hybrid/emission-less vehicle

Purchase tax on private and commercial vehiclechvistands today at 75%, and from
January 2010 at 72%, will be turned into purchaseat a rate of 92% minus a "prize"
according to a green score.

The green index, whose goal is to apply the meshamif "the polluter pays" sets the tax
rate designed for each vehicle according to thiifah level it emits to the environment.

Purchase tax rates are presented in the folloviguye:

100%
0%

80%

70% 1——
60%
50% +——

40%
30%

20%
10%

Q%

bk |

For emission-less or hybrid vehicles, a program defghed for the years 2009-2020, with
the tax rates exercised on these vehicles rangihgden 10% for an emission-less vehicle
until 2014, and for hybrid vehicles the followiraxtbrackets were set:

Today — 30%

2009-2012 — 30% (for vehicles with a capacity lowen 3000 cubic cm and in pollution
group 2, at the most).

2013 - 45%
2014 - 60%

9 Based on the presentation "Structural Changes in the Tax System "Green Taxation", Conclusions and
Recommendations, June 2009, delivered by Mr. Eran Ya'akov, Tax Authority.
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2015 onwards — 92% with a deduction of a prize ating to the green index

These tax brackets were set according to the asmumapabout the penetration of these
vehicles into the market, and their increasingdmwy with time.
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Appendix 4: Electromagnetic Radiation in electric ad hybrid vehicles
Dr. Perry Levon, the Levon Group LLC, 16 August 200
Background

Electrical currents create magnetic fields, andetlare lots of electrical currents in
any car, not just hybrids. It is not surprisingttmeasurements of magnetic fields inside or
near a car would give positive results and alsdliigariable results from location to
location depending on proximity to electrical wgiassociated with the different electric
circuits in the body vehicles such as: inside aantside lighting, radio/CD player, turn
signals, blower fans for A/C and heaters. Eachhefdircuits in a vehicle carries several
amperes of electrical current and so it createsnetagfields.

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

For reference it is important to note that theléaugtatic magnetic field has strength
of about 0.5 gauss (or 500 milligauss) more or, lass varies with location on the planet.
For comparison, the European public exposure stdndaabout 100 puT (1 gauss), the
average measurements in apartments in Sweden lesudted in values 0.1 pT (1
milligauss). The field under a high-voltage powieelranges from 3-10 uT (30 to 100
milligauss).

International Commission on Non-lonizing Radiation Protection (ICNIRP)

The ICNIRP published comprehensive guidelines otloccupational and public
exposure to time-varying electric, magnetic, arteebmagnetic fields (up to 300 GH%)

Previous Measurements

Some limited test results for magnetic fields imsopopular cars were taken in
Sweden from 2002 and are presented in Table 1 Beldvhe cars include a mix of
conventional gasoline cars and hybrids. (Note: mepaoviding this for reference but were
not able to independently verify the data for @hatitative source).

The data are presented in units of micro-Tesla {dro¥Tesla = 10 milligauss),
which are common units for measuring magnetic $eld Table 1 below the two entries
provided for each column represent measurements Wigecar is standing still with engine
idling, on the left hand side, with measurement®nvhiding in 90 km/h on the right.

10 http: //www.icnirp.de /documents/emfgdl.pdf

11 http: //www.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 Saab g-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 21.3 0.7/1.4 0.3/2 0.211.3 0.3/1.3 15/14 18/7 12112 2/1.9 0.3/3
Right foot 4/55 | 0.2/0.9 3.5/2.3 0.6/0.9 0.4/1.5 0.2/0.5 0.911.3 2502 3N 212 0.5/0.5 0.2/0.8
Floor 6/2 0.1/0.3 2.9/2.1 0.3/0.5 0.3/1.5 0.3/0.7 0.4/0.7 5/3.5 5.51.9 | 4.5/4 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 0.211.5 0.2/0.7 14/10 11/5.5 | 8/10 1.711.2 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 | 0.1/0.2 212 308 | 211.8 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 1.2/0.4 | 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 0.02/0.4 | 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 312 | 0.030.3 |24/08 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 | 315 0.1/0.2 0.05/0.2 | 0.2/0.4 0.04/0.35 6/4.5 81.7 | 835 0.4/0.3 0.02/0.4
Floor 4/35 | 0.03/0.2 | 1.7/2 0.1/0.3 0.03/0.3 | 0.2/0.5 0.035/0.6 8/8 9/45 | 965 2112 0.02/0.6
Threshold 15/6.5 | 0.05/0.4 | 0.8/0.5 0.6/0.7 0.11 0.15/0.4 | 0.04/1 3.5/2 3915 | 2925 0.1/0.6 0.04/0.9
Seat 251 | 0.02/1 0.2/0.2 0.09/04 | 0.01/0.8 | 0.1/0.6 0.02/1 312 6.6/12.3 | 3.5/3 0.3/0.6 0.02/11.7
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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