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The resources of the fossil energy in the worldobee exhausted, due to this
reason necessity for research in different altéraagnergy resources arises. One of these
kinds of energy is electric energy. It is possitilause electric energy in individual motor
vehicles accumulating it in accumulators. It is gbke to cover 120-150 km with an up-
dated electric car what is sufficient for every dasage, especially in the conditions of
cities. For application in Latvian conditions rebuglectromobiles are advisable. The
operation costs of such electromobiles are 3-4 dinwwver than for fossil energy
automobiles, but Cgemissions are localized in the place of energy yectidn and globally
reduced at least 10 times.

Electric energy, electric motor vehicles, electrdmies, economic efficiency,
ecological contribution.

Introduction

Energy resources of the world fossil fuels shadggrease, yet the demand
for them increases. The number of population gravith the rise in living
standards, simultaneously requiring additional gneesources.

Several scenarios are developed for the calcumtonthe time period for
the sufficiency of energy resources for the wortghydation, if the rates of fossil
fuel resource usage remain constant, although yntis#! considerations on the
sufficiency of resources embrace the next 50 —€&0sy

The first electric motor vehicles were known alngathce 1830. Still, their
application was limited as there were not rechdrigebatteries invented. Wider
usage of electric motor vehicles was observed anlthe beginning of the 20
century when the New York electric cabs appearéectéc motors compared to
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internal combustion motors at the beginning of 2@ century had several
advantages, for example, they did not need to bkeialy started, they were not
noisy, and they did not have exhaust gases andifiuell. With the development of
the internal combustion motor constructions intmdg the electric starter and
other innovations application of internal combustimotors in motor vehicles
developed fast but electric motor vehicles wereal usanparatively seldom.

Every motor vehicle is suitable for specific exphtion conditions. There
are not completely universal motor vehicles suédbt all exploitation conditions.
So also electric motor vehicles in spite of thamwbacks can occupy and have
occupied their market niche and their applicatiimis application can be related to
the specificity of this kind of motor vehicle — Hsation of pollution in the place
of production of electric energy and noiseless afiem.

Recently also in Latvia attention is paid to thegibilities of application of
electric motor vehicles of different kinds. Nevetdss, wider application is limited
by the high prices of electric motor vehicles, th@bduction and sales limitations,
weak infrastructure.

Electric motor vehicles, their kinds and application in Latvia

According to their kinds the electric motor vehglean be divided into
several groups that are summarized in Figure Ictiidemotor vehicles can be
divided in two large groups — autonomous and witkeo energy source. Let us
discuss the main advantages and disadvantages ofagsified motor vehicles.

Already for several decades for passenger traregportsuch outer energy
source electric motor vehicles as trams, trollegbuselectric trains and
underground trains are used. The main advantagieesé motor vehicles is their
ability to move without accumulator charging fodiomted length. Also the weight
of the motor vehicle has not been added with hessgumulator batteries. The
main drawback is the necessity for the expensifrastructure, disability of these
motor vehicles to move freely without connectionotater energy by means of
wires.

This drawback has been eliminated in autonomousmaghicles. They
depending on the construction have higher or laawgonomy that today can be in
the range from 20 — 200 km. This autonomy is ersime accumulator batteries
that can also be of different constructions andenms used, starting with lead
accumulators even up to the expensive but energactaus lithium ion
accumulator batteries. Low speed electric motoickeldriving speed usually does
not exceed 50 km/h, but most often it is 20 — 30Hkm

The autonomous electric motor vehicles can be dividto low speed and
high speed motor vehicles. The low speed motorckehican have or not the rights
to participate in the street traffic depending ba fact if they have been certified
for street traffic. Three wheel and four wheel Ispeed motor vehicles are applied
for different specific purposes, for instance, sggvthe golf games for moving
along the field. In the developed European cousitteev speed electric motor
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vehicles are used also for shopping. Electric mogdicles with direct usage of
solar energy are scarcely common due to theirdidnétpplication [1].
The main disadvantages of these motor vehicles:
> solar energy can ensure the movement of these welicles only on very
sunny days;
> the area of solar batteries has to be very large;
> the body weight of the motor vehicles has to bpassibly small;
> itis possible to use only limited power electriotors.

The power of four wheel low speed electric motdnigies usually is in the
range from 2 — 5 kW, autonomy up to 75 km. For ¢he®tor vehicles most often
the standard lead deep charge accumulators are Alspcesent in Latvia ten low
speed electromobiles produced by Melex are usedst Mbthem are used for
tourist transportation in Sigulda and Jurmala. Rego have used these tourism
trips are satisfied for the senses and impressloriag these rides.

Electric motor vehicles
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Fig. 1. Electric motor vehicle classification
1 pav. Elektros varikly klasifikacija
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In the Latvian market a comparatively wide rangeebdctric bikes is
offered. Electric bikes are two wheel motor vehictbe power of the engine of
which usually is in the range from 0.25 — 0.35 k¥A& maximal riding speed 20 —
30 km/h and autonomy with one charging 25 — 40 kan.electric bikes most often
lead deep discharging accumulators are used lsipivssible to use also lithium
ion accumulators. According to the European noweatiocuments the electric
bike power cannot exceed 0.25 kW. For startingelleetric bike motor two kinds
are used: traditional accelerator handle or sgudirthe motor in the moment when
the rider has pedaled with definite speed, thetrtemotor helps ensure the
movement. The application of electric bikes canrdiber wide as their price is in
the range from 300 — 700 Euro. On of the main etedtike advantages is the
possibility to get home also after complete disghey of the accumulator. It can
be done using the electric bike traditionally pédal No other electric motor
vehicles have this ability.

Electric mopeds usually have higher power thanteéebikes and they do
not have pedals. Their power is in the range from215 kW, riding speed up to 40
km/h, autonomy up to 60 km. Due to high power tletanbikes need to have also
accumulators with higher capacity that ensures gawuligh dynamic properties.
Electric mopeds are expensive, usually the pri@d@) — 3000 Euro that decreases
their purchasing possibilities.

High speed electromobiles can be self reconstruaedindustrially
produced. Modifying the internal combustion autoitesb envisaged for street
traffic has been done already for 30 years. Theraobile production plant
concludes a contract with the reconstruction plahere the electric motors are
installed. In the first 20 years of the developmeithese electromobiles usually
20 kW electric motors were installed in Europe. #ase electromobiles lead deep
discharging accumulators were used but recenttylalgum ion batteries. There is
no information on exploitation of these first geat@n automobiles in Latvia; it
allows for a judgment that there are not such aatiles in Latvia. The second
generation industrially produced motor vehiclesallyuhave power above 20 — 50
kW, the maximal driving speed 100 — 140 km/h, aatop 140 — 160 km. Their
mass production is planned only in 2010. Their nessential disadvantage is their
high price that exceeds 30000 Euro. In Latvia thgany Latvenergo has planned
to buy some of these motor vehicles for purpossdetertising.

In Latvia application of the reconstructed interoambustion automobiles
could be prospective, still the main limiting facte the inconvenient certification
in compliance with the EU normatives for streeffitaThe certification procedure
in Latvia is not only very expensive but also tiomsuming and complicated.

Electromobile purchasing costs or costs for rebuilehg internal combustion
automobiles into electromobiles

In order to promote application of electric motahicles it is necessary
not only to have the necessary infrastructure 4raatator charging places as well
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as their fast exchange units — but also their ploauld be much more lower. At
present prices for electricity in Latvia an eleatabile can pay back not sooner
than after 200000 km run. If it is assumed that0B0Km are covered per year the
period of repayment is at least five years.

Considering the prices at present rebuilt autonagbéire considered to be
most perspective. One of the most expensive elen@hsuch electromobiles is
lithium ion batteries the price of which can reaslen 10000 Euro. If it is assumed
that we have a private car with a damaged motginguan electric motor, control
units and other parts, it is possible to build sanhautomobile in total for 15000 —
20000 Euro. Also certification expenses are needéth this, such rebuilding can
be ineffective individually. It would be simpler tertify a group of automobiles
that could be equipped with the standard automebdenstruction set.

Electromotor and internal combustion motor vehicletechnical service and
repair costs

The highest motor vehicle costs can be dividertierfollowing groups:
+ technical service and repair costs;
+ fuel and electric vehicle battery charging costs;
¢ costs for taxes related to participation in strémeiffic — technical
inspection, road tax, compulsory third person vehitsurance.

If the government does not promote introductioelettric motor vehicles,
the third group costs for electromobiles as welfasinternal combustion motor
automobiles are equal. Therefore this group ofscadt not be analysed.

The technical service costs are easy to prognostas they are planned.
Let us compare them for small cars if they are wse@lectromobiles or internal
combustion motor cars. According to the price offethe dealers the car with 1.4 |
internal combustion engine technical service cesésin average 900 Euro per
100000 km. These costs are comprised mainly by Wabkicants and such service
parts as air, fuel and oil filters, motor camstthifting belt with rollers, aggregate
driving belt. Electromobiles do not have most cdsé parts therefore no servicing
of them is needed.

The electromobile service costs are assumed tadOBeEdiro per 100000
km. The current repair costs are calculated acegrai the correlation:

Cr =C;,x05, 1)
where Cra — technical service costs.

Calculating the current repair costs for internaimbustion motor
automobiles we get 450 Euro per 100000 km. Thetrelmobile repair costs will

be 200 Euro per 100000 km. Of course, these argisomy calculations and in
actual exploitation conditions they can vary.
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Economic evaluation of electromobile application

There are several production companies that haverelajeed
electromobiles, for instance, Renault, Mitsubidioi &he ,fuel” or charging costs
for there automobiles are envisaged 1.50 — 2.00 fpar 100 km at the existing
prices for electricity in Latvia. The calculationdl be performed for an ideal case
if all Latvian cars are rebuilt into electromobildhe average consumed amount of
fuel by the Latvian car fleet per year:

_QyxlyxA

whereQ, — average yearly automobile fuel consumption,d/&o;
|, — average yearly automobile coverage, km;
A — number of cars with valid technical inspectiegistered in Latvia.

The information according to the Road Traffic Safeepartment (RTSD)
[2] data on the cars registered in Latvia on Mag21,0 is summarised in Table 1.

Table 1.Number of cars in Latvia.
1 lentek. Automobiliy skatius Latvijoje.

Automobiles Number of automobiles
according to the kind Automobiles With valid technical
of motor inspection
With Otto motor 640559 377930
With Diesel motor 220275 129962
Total 860834 507892

In calculations we assume that only cars with védichnical inspection
participate in road traffic that is 59% of the tatamber [2]. Let us assume that the
average coverage of these carsg#0000 km and average fuel consumption is
Q¢ =7.51/100 km. In such case this Latvian car fle#tconsume:

> Q, = 761838000 fuel.

The cost of this fuel assuming that in the average liter of fuel costs
Cy=1.10 Euro:

>.Cq = C4Y Qy =83802180( Euro. 3)

Operating an electric automobile, according to thvevisory data in
literature [1], full charging of accumulators co2t® Euro. It is possible to cover
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up to 150 km with such charging. Due to this 100daverage costs approximately
C=1,33 Euro. In total the costs for operation of tiwle Latvian car fleet with
electric drive:

CelgA ‘
2C= 100 =13509927: Euro. (4)

So, economy for this kind of transport in Latvia is
> Cakon=2Cy—2 C=70292252¢ Euro. (5)

Thus, global fuel economy per year could be 7021Boms Euro per year.
This is the maximal effect at the present momettaout evaluating the versions if
only a part of the whole auto transport net is afet using electrodrive. In this
case the effect will be accordingly by the correspiog percentage less, for
example, 10% of the calculated maximal effect.

If the economic effect obtained by saving fuel mlcalated per one
automobile, it is 1384 Euro per year. Comparisondifferent motor vehicles
covering 20000 km can be seen in Figure 2.
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Fig. 2. Fuel and charging costs of different motor vehi&eso/20000 km
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In the graph given in Figure 2 calculations ardqrered considering:
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internal combustion automobile fuel consumptionl/Z.80 km;

internal combustion moped average fuel consum@iho0km;

electromobile electroenergy costs — 1.33 Euro/100 k

low speed electromobile electroenergy costs — E8/100 km;

electrobike full electroenergy costs — 0.43 Eur®/koth.
It is possible to prognosticate also the increaédaloour productivity,
especially in the mental sphere, as well as theedse in the sickness rate caused
by automobile exhaust gases. With improvement eflithng environment using
electric motor vehicles and their emission freerafien, and the decrease of
pollution the increase of productivity is possiliteall spheres of production in
cities. It is assumed that the sickness rate af liseases, especially chronic, can
reduce byP,=5%. Operation of electric motor vehicles is with@mensiderable
noise of the motor. It is assumed that reductiomaite in the city can ensure
increase in productivity at least B,=5%, especially in the spheres of mental
work where noise interferes with concentration ffoitful work. The total effect
from usage of electric motor vehicles if assumexd the productivity will increase
based on the above assumptid=10%. Assuming that in formation of the
Latvian gross product (18920458571 Euro in 2009)t@ specific proportion of
cities is 50%, calculations are done with=5%, getting 946 million Euro. Due to
this the total effect from global electric trangpimtroduction in Latvia could be
1.464 milliard Euro.

VVYVYYYV

Ecological evaluation of electromobile application

Due to using of fossil energy in transport andlérge number of vehicles
recently the problems with the total warming of Beath have essentially reduced.
One of the reasons of total warming is the,@@as that has been produced on
different burning processes; it is not toxic buaitonger period of time unskillfully
and wastefully using the resources of fossil fued Earth heat balance can be
destroyed by gases producing the greenhouse effect.

A large part of the world population live in citiésore than 3.1 milliard or
49%). In Latvia in cities even a larger numbereasidents live — up to 68%. Lately
exactly in the cities using transport vehicles igmg the strict exhaust gas norms
the negative influence of motor vehicles can beeplesil. These problems become
topical also in Latvia. We will roughly determinénat amount of emissions would
get into the atmosphere if all cars are rebuith ilectromobiles.

To calculate the amount of emissions the methatlefidmissible amount
of emissions can be used performing a new automaittification procedure. As
the Latvian car fleet is not new, we will assumat thutomobiles in Latvia in the
average correspond to the Euro — 3 standard andillvevaluate the parameter
worsening factor after 80000 km run — 1.2. In tbése automobiles with Otto
motors get the following emission values for 1 kum ithat are summarized in
Table 2 [1].
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Table 2. Exhaust gas values used for calculations consigéhie worsening factor.
2 lentek. Deginii sucties reikSms panaudotos skiilojant nagrigjama
bloginant veiksn.

Kind of Exhaust gas values, g/km

motor CO, CH NO, PM CO
Otto motor 210 0.24 0.18 0.01 2.76
Diesel motor 155 - 0.50 0.06 0.71

Calculating the amount of emissions of the corradpw component&
(CO,, CH, NQ,, PM, CO) for the Latvian car fleet based on thsuagptions of
chapter 4 on the average yearly coverage and theofidable 1 on the number of
automobiles the following correlation is used:

x|l xMgo+ A, %I, xM
Z“|G=Z|GO+Z|GD=Ab 2 Golcfb 9 %P tlyear, (6)

whereA; — number of Otto motor automobiles;

Ao — number of Diesel motor automobiles;

I, — automobile coverage per year, km;

Mgo — amount of the corresponding emission componékn gor Otto
motors;

Msp — amount of the corresponding emission compongah dor Diesel
motors.

To calculate how much for the Latvian state theaesponding pollution
costs the average GQrading quotas are used but for the other exhgast
components the costs are assumed based on theiblpasfluence on people and
the surrounding environment. The £€dsts according to the average quota trading
costs are 10 Euro/t. The costs of the Latvian #lesi exhaust gas emissions are
calculated according to the correlation:

Ce = 2,15 xCy Eiro/ year, 7)

where G - index designating the corresponding emissionpoorant;
Ckv — costs of the corresponding exhaust gases, Euro/t

The calculation results are shown in Table 3.
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Table 3. Amount and costs of Latvian car exhaust gasegqsan
3 lentek. Latvijos automobili deginiy kiekiai per metus ir kaina.

Exhaust gas components

Character value

CO, CH NO, PM co
Amount of exhaust gas 1090188 | 1814 | 2660 232 50970
component, t/year

Exhaust gas costs, Euro/t 10 200 200 500 20(
Exhaust gas component 19901880| 362800 532000 116000 10194000
costs, Euro/year

The amount of the above calculated components naill be emitted if
electric motor vehicles are used. The amount oheghgas components is clearly
shown in Figure 3.
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Fig. 3. Approximate amount of exhaust gases for Latvias car
3 pav.Apytiksliai deginiy kiekiai iSmetami Latvijos automobili

All above mentioned benefits are possible if fortaiting of electric
energy renewable resources are used, for instaitceis produced in
hydroelectrostations or by wind energy. In cassattric energy is produced using
nonrenewable resources, evaluation of the fulltedeoergy production cycle is
necessary.

Conclusions
1. In the Latvian market at present low speed eleattnles, electrobicycles and

electric mopeds are available. Their charging issgie only at their owner
homes as there is no infrastructure developed.
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2. Electric motor vehicles are classified accordingatdgonomy and the driving
speed.

3. Bulk purchasing of high speed electromobiles cdwddhindered by the high
price and weak infrastructure. The rebuilt elecwbites replacing the car
internal combustion engine by the electric motaridde most perspective for a
wider range of users.

4. Wide distribution of the rebuilt electromobiles ¢bube limited by the
extremely strict rebuilding certification requirente in Latvia.

5. At the present fuel and electric energy princed_atvia the electromobile
charging price is 6 times lower than the costsudl for analogous internal
combustion motor automobile.

6. Exploitation of electric moped is up to 5 times @per than exploitation of the
internal combustion moped.

7. The maximal possible economic effect for the Latvars can exceed 700
millions Euro per year.

8. Savings due to the exhaust gas costs in Latvieegaeed 31 million Euro per
year.
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EKOLIGINIAI IR EKONOMINIAI ELEKTRA VAROM U TRANSPORTO
PRIEMONIU EKSPLOATACIJOS ASPEKTAI

Reziung

Pasaulyje majant iSkastini energijos Saltini, bitina ieSkoti alternatywi
energijos Saltini. Viena iS alternatyw energijos @iSiy yra elektros energija.
Akumuliuoty elektros energi galima panaudoti kaip energijos 3altin
individualioms transporto prieméms varyti. Naudojant akumuliuptelektros
energip elektra varomuose automobiliuose galima nuvazitig@-150 kilomety.
Tokius automobilius tikslinga naudoti miestaalygomis, kiekviem diem
pakraunant akumuliataribaterijas. Bty tikslinga tokius elektromobilius naudoti
Latvijos Respublikoje. Elektromobili eksploataciés iSlaidos yra 3-4 kartus
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mazesns nei tradicini naftos produktais varamautomobili. CO, emisija i
atmosfey bty tiktai elektros gamybos vietoje ir bendroje sumsjgmazty 10
karty.

Elektros energija, elektri#s transporto priemads, elektromobiliai,
ekonominis efektyvumas, ekologija.

[Haitauc bepresza, Mnapa Oprena

SKOHOMMYECKHUE, S5KOJIOTUYECKUE ACIHEKTBI SKCIUTYATAIN
SJIEKTPUYECKUX ABTOMOBUJIEN

Pesrome

C yMCHBIIEHMEM B MHpPE OJHEPreTHYECKHX pPECypcoB, CTaHOBHUTCS
HEOOXOJMMO HWCKAaThb HOBble HWCTOYHHMKH »Hepruu. OgHa W3 abTEPHATUBHBIX
VWCTOYHUKOB JHEPTHUU SBISETCS ODJIEKTPHUYECKas HSHeprusl. AKKyMYJIHPOBAHHYIO
AIIEKTPUYECKYIO DHEPTUI0 MOXHO HCIIOJIB30BaTh KAaK HMCTOYHHK BHEPTUH LIS
MPOJBWKCHUS  WHAMBHIYaTbHBIX  TPAHCHOPTHBIX  CpeAcTB.  Mcmomb3ys
AKKyMYJUPOBAaHHYIO 3JIEKTPUYECKYIO SHEPrur0 MOxHO npoexats 120 — 150
KWJIOMETPOB  0€3  JOMONHHUTEIBHONH  3apsigku  aKKyMynsTopoB.  Takue
SIIEKTPOMOOMIM MOXKHO HCIIONBb30BaTh B TOPOACKHX YCIOBHAX. Takoe
TPaHCHOPTHBIE CPEJICTBA MOKHO HCIOJIb30BaTh B YCIOBUSIX rOpo/ioB JlaTBUiiCKOM
pecnyOnuku. LleHa skcIuIyaTanuu TakuxX sjekTpoMoOmicit 3-4 pasza aeiesie, U
smuccus razoB CO, cocpenoToueHHa Ha MecTe Mpou3BoAcTBa U B cymme 10 pas
MEHBIIIE, YeM aBTOMOOHIIEH NCTIONB3YIOMINX TPAAUIIMOHHOE He(DTSIHOE TOTIIIHBO.

Onekmpuueckas 3Hepeus, IneKmpuyecKue MmMpaHCnopmHvle Cpeocmsd,
INEKMPOMOOUTU, IKOHOMUYECKAS IPDEKMUBHOCIL, IKOTOUS.
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