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ANNOTATION

The monograph includes research within the prdjgsage of Electric
Energy in Motor Vehicles of Physical Persons” ie fperiod of three years.
The monograph includes 4 chapters reflecting tkearch within the main
project activities. Electric power vehicle analglicresearch has been
performed stating the economic and ecological éffefc these power
vehicles, different electric power vehicle expenntaé investigations using
electric bicycles and slow speed electric powericled have been carried
out. Research has been performed also in the sphelectric power vehicle
infrastructure and alternative energy battery cimgrgstations. The main
statements of the performed research are index8ddpugata base.

ANOTACIJA

Monogiafija ietverti  Etijjumi, kurus projekta ,Elektroengijas
izmantoSana fizisko personu eégpatos” [Etnieki veikuSi projekta laik
3 gadu garum Monogégfija ietvertas 4 nodas, kuis atspogloti petijumi
galvenajs projekta aktiviates. Veikti gan elektrosgkratu anatiskie
petijumi, nosakot So skratu ekonomisko un ekalssko efektu, daidi
elektrosgkratu eksperimealie petijjumi, izmantojot elektrovelosgolus un
lengaitas elektrosikratus. Rtijjumi veikti ai elektrosgkratu infrastruldiras
un alternawas enegijas akumulatoru uztles stacijas jom Veikto Etijumu
galvenie atzinumi indeks Scopusiatu faze.
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INTRODUCTION

The worlds’ fossil energy resources decrease ygaydar. Scientists
seek various ways to exploit other energy sourths.sector of transport is
not an exception, as scientists seek to replacsil fbsel with other —
renewable fuels. In vehicles, such renewable faslvarious biofuels, for
instance, biodiesel fuel, bioethanol, and biogay beused. By using such
fuels, not only renewable energy sources are egolpbut also pollution to
the environment is reduced.

One of the ways of using alternative energy in ekelsi is the use of
electric drive in automobile machines. Electricrglyamay be generated both
from renewable sources such as wind, solar powgrohpower, biogas
cogeneration, or sea wave power and from non-rellewasources, for
instance, coal. One of the most essential advasitafjelectric vehicles is
their quiet operation producing no emissions, whskiery important to the
urban environment.

In Latvia, too, the sector of electric vehicleststaleveloping, as electric
bicycles as well as electric automobiles are inicedl. Presently, the
introduction of greater capacity electric vehicleshindered by their high
price and the limited availability of an adequatérastructure, as well as
insufficient information about the specifics of éimtion of electric
vehicles under the climatic conditions of Latviehigh may differ from the
specifics of exploitation in a warmer climatic zone

To expand information on electric vehicles and rthekploitation
specifics in Latvia, a research on these issuesdée conducted. Such a
research was conducted within the project “UsageEletctric Energy in
Motor Vehicles of Physical Persons”, which was iearout at the Faculty of
Engineering of Latvia University of Agriculture. Wiin this project,
research on various electric vehicles was conducted model of
infrastructure and an electric vehicle chargingnpaivere developed, a
battery charging station powered on solar and eimergy was designed, as
well as an internal combustion automobile was caedeinto an electric
vehicle. All the activities were focused on fosterithe introduction of
electric vehicles in Latvia.

The present monograph includes research paperhieofrasearchers
engaged in the mentioned project, which were predweithin this project
and published in international peer-reviewed pabians in the period 2011-
2013. The research performed will give a notiontlud key exploitation
specifics of electric vehicles in Latvia and thaediequacy for various uses.
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1. ELECTRIC TRANSPORT IN LATVIA

A study of electric vehicles in a historical aspkect to a conclusion that
there were several stages in their evolution. lndhrly stage, before more
than a century, electric vehicles competed witkrimal combustion vehicles,
yet, in the beginning of the 2@entury, mainly internal combustion vehicles
spread and evolved. A wide use of electric vehicles abandoned for
almost a century. A wider use of electric vehickes considered only in the
beginning of the 21 century when auto manufacturers started designing
their concepts of electric vehicle; there were tgwed hybrid technology
automobiles in which a combustion engine and awtreengine were
combined.

These evolutionary stages were more or less clesistat in Latvia.
Electric transport in Latvia was exploited in cldserritories, for instance,
electric forklift trucks at warehouses. In the pdrwhen Latvia was part of
the USSR, electric trucks with a carrying capactgrtsrg with 1.5t were
designed in Moscow in 1948. These electric trucksewused for postal
service in Moscow. At the Lviv Bus Plant, 10 electnucks were produced,
which were exploited in Leningrad for postal seevio the period 1952-
1958. The weight of these trucks was 2.64 t, thighteof its batteries was
1.1t, the travel distance per charge reached 70akih the maximum speed
was 30 km H. In the 1980’s, experiments on RAF, UAZ, and ErAzr
automobiles of 25 various designs were carriecabain automobile plant in
Moscow. Electric automobiles — ErAZ-3732 and VAZO27 — were
designed. No information is available that somehase electric vehicles
were exploited in Latvia.

At the RAF factory, a minibus, RAF-22038, with a défphase
asynchronic electric motor was designed. Heavy bedteries were installed
in the minibus, which made this minibus model vaeavy, thus reducing
also the minibus’s carrying capacity, even thoutgh weight increased.
Among the models designed in the USSR, this minimaglel might be
regarded as one of the most progressive. The nsrtiad 7 seats, its weight
was 3t, the travel distance per charge reachekin/Gand the maximum
speed was 70 kni'h

Based on the research in relation to the exploitadiod purchase of
electric vehicles, the following theses may beestat

e celectric bicycles, low-speed electric automobilesd high-speed
electric automobiles are exploited in Latvia. Intdia, new electric
bicycles and electric mopeds within a price ranfé&\L 200-1500
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may be purchased. The lowest price group inclutesre bicycles
of comparatively low quality that are produced inr@h Experiments
showed that such vehicles are functional at lepsbua kilometrage
of 2000-3000 km, however, if purchased, consumave lio take into
consideration a higher probability of their breakuig

not a single electric vehicle exploited in the axpents in any
regime of operation met the guaranteed kilometragd reached
70-80% of the parameters set. It is possible that kilometrage
guaranteed by the manufacturer was adequate foexpleitation of
vehicles on better quality roads or for a smallerght of riders;

batteries of the new electric bicycles exploitedthie experiments
were functional for 2.5 years, yet, their electrapacity decreased on
average by 15-20%, which affected their kilometrpge charge. The
old batteries could be replaced with lead batteésadequate
capacity and voltage used for computer equipmerticlw were
cheaper than those sold by dealers of electricchasy

exploitation of electric vehicles, compared to ateinal combustion
engine vehicle, can be up to 2-3 times cheaper $uaterials used
for maintenance as oil and some parts, for instamtand air filters,
drive belts, etc. are not needed. Yet, it has tdaalken into account
that batteries, depending on their characteristiad, need to be
replaced after the maximum number of charge/diggharycles is
reached, which requires large investments;

the main environment for electric vehicles, based swientific
considerations, is an urban and suburban area vémigsions and
noises may be considerably reduced after introdusuch vehicles.
Nevertheless, a family having an electric autonglir instance, to
take its children to school or to go to work hasaasider the need to
have a second automobile for distant travels. \ighpresent battery
technologies, in Latvia, the use of electric autbiles may be
problematic at distances more than 150 km;

electric bicycles and electric mopeds are moreablét for people
who have difficulty to keep pedalling a bicycle. ig useful to
compare electric bicycles and electric mopeds wiktiernal
combustion mopeds and motorbikes in terms of t@athnécological,
and economic aspects. A comparison with bicyclasoiscorrect, as
they have no motor and usually serve for other gggp — it is a
vehicle useful for travelling and, at the same tfimienaintains the
rider in a good physical shape;



if converting an internal combustion engine autoieobnto an
electric one, it is important to determine sucthtecal parameters as
maximum speed and kilometrage per charge. In cagghamaximum
speed is not needed (70-80 ki) fand a travel distance per charge is
not greater than 50-60 km, the cost of conversioanoautomobile’s
units may be reduced up to twofold;

to exploit Chinese electric bicycles normally in \Waf several
enhancements have to be made. For instance, thaspetl any
electric bicycle ER-61 should be replaced with fests or footboards
to increase the rider’s convenience, and, addilipnéhe rattling
batteries and the baggage carrier have to be &ktéio make the
seat convenient, it is possible to replace thedbctype seat with a
seat of scooter. Similar improvements are adviedzetdone on other
electric bicycles. Even though in Latvia, too, wvas pedal vehicles
are manufactured, which are called electric bicgclié would be
correct to refer to an electric bicycle as a vehitits motor capacity
iIs less than 200 W. Two-wheel vehicles of greatepacity are
mopeds, and the Traffic Rules have to be applicabéeich vehicles;

electric bicycles whose speed is less than 30 krshould be mainly
used for travelling down streets rather than sidesyas such a speed
of travelling may endanger pedestrians. When cingoan electric
bicycle, especially for women, special attentios k@ be paid to its
weight, as its weight and also mass centre mayifggntly differ
from those of a traditional bicycle;

dynamic characteristics of modern electric automesbof medium

capacity are similar to those of internal combustautomobiles,

which enables electric automobiles to be conveljiarded in urban

traffic. Charging electric automobiles of large czpa given the

present electric infrastructure, is convenient tiwgie house owners
and enterprises having charging facilities, fortanse, garages or
squares with charging points. Charging electric eleki at parking

lots may be presently limited due to their limitddctric capacity.
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2. ANALYTIC RESEARCH OF ELECTRIC VEHICLES AND
THEIR INFRASTRUCTURE

A wide infrastructure for electric vehicles is rmatesently available in
Latvia. Of all charging points in Latvia, 70% amagted to electric bicycles
rather than electric automobiles. Yet, an arguntleait the lack of charging
points is the key barrier for introducing electviehicles is not correct. If
electric vehicles were available in a sufficientrier, it would be profitable
to construct charging points and charge a feeuoh services.

To promote the introduction of electric vehiclesha present situation in
Latvia, it is advised to establish simple and saieterms of exploitation,
charging points in which the cost of one chargipgtsshould not exceed
LVL 100. Given the present number of electric védscit is not profitable
to collect a fee for charging electric vehiclescharging points, as it may
considerably increase the cost of constructing argthg point. Upon
reaching a sufficient number of electric vehiclasgharging point may be
equipped with an automatic vehicle identificatigistem or, in the simplest
case, charging points may be established as loekatnpartments with
identical locks in which an average subscriptioa fer the corresponding
vehicle group is collected every month and an ifieation sticker is issued.
The construction of expensive charging points it presently efficient in
Latvia, as their payback period may be infinite.

Electric vehicles are ecological in Latvia due he high proportion of
green electricity produced in the country. The higtological level of
electric vehicles is due to their lack of emissiamsl noises. The emissions
produced by electric vehicles and those arisingftioe electricity generated
from fossil fuel or other fuels are localised ieithproduction site rather than
in the area of exploitation of electric vehicles.

An algorithm for the choice of an electric motorabattery developed
within the mentioned project enables us to perfoptimisation and make
the right choice of units, which may considerabBduce the cost of
converting an internal combustion vehicle into deciic one. The key
advantage of converted vehicles is that their osmmn determine the
technical parameters that are most appropriateahi@mselves before their
vehicles are converted, thereby reducing both ts of such projects and
the weight of their electric vehicles.

Nowadays, almost every automobile manufacturergfédectric vehicle
prototypes, yet, their purchase is presently probke in Latvia, as not all
dealers in Latvia are ready to meet the requiresnehthese manufacturers

11



owing to the small number of electric vehicles sdldw-speed electric
vehicles can be bought in Latvia, yet, their pricempared with similar
internal combustion vehicles, is very high, whichntpers their wide
introduction.

An extensive research on battery charge parametess conducted
within the project. Most simple charging devicesr (électric bicycles and
electric mopeds) operate based on a similar algari upon reaching a
certain battery voltage, the electric current iadgrally reduced and the
charging process stops. An average charging timgesawithin 6-8 hours.

12



ECONOMIC EFFECT OF ELECTRIC VEHICLES

Dainis Berjoza, Inara Jurgena
Latvia University of Agriculture
dainis.berjoza@llu.lv, inara.jurgena@llu.lv

Abstract. Due to the decrease in fossil energy resourcehenworld and the
increase in their consumption, new sources of gnarg searched for. One of such
kinds of energy is electricity. A methodology fasassing the economic effect of
electric vehicles was developed. The methodology agprobated by computing
economic effects for various types of electric eéds. The electric vehicles were
compared with analogous internal combustion engmi@cles. The expenses on
charging a battery of electric vehicles are thiews$ lower than the expenses on
fuel for internal combustion engine vehicles. Thkeanses depend on the type of
vehicles and exploitation conditions.

Keywords: electric vehicles, internal combustion engine glgs, economic effect,
cost, fuel consumption.

Introduction

More than 800 million automobiles are presentlylexed in the world.
On average, 55-75 million automobiles are produndtie world every year.
Mostly fossil fuels are used in automobiles. Thanmands of liquid fuels
produced from non-renewable resources and usedhitles are diesel fuel
and petrol. Liquefied petroleum gas (LPG) and casged natural gas
(CNG) are also used. Renewable energy sources, $tanice, biofuel are
used as well. In several countries in the world,eéoample, in Brazil, pure
bioethanol or flex fuel E85 — a mixture of bioetbhand petrol in a ratio of
85:15 — is used. Biofuel and rapeseed oil are atm,ubut their use in
vehicles that are not specially adapted for theprablematic, especially in
winters when surrounding environment temperature$alow -5 °C.

One of the kinds of energy that is little used &hicles is electricity.
Electricity is extensively used in public transpant cities — trams and
trolleybuses. Yet, due to the heavy weight and redatively low energy
capacity of batteries, electric vehicles with bt are not popular. Such
vehicles are mostly used in the USA. In most casglsicles are individually
converted, replacing their internal combustion eagvith an electric engine.
Automobile manufacturers have designed several lmadelectric vehicles,
however, so far they are not widely available ie tharket. The sale prices
of such automobiles produced by the large auto faatwrers are high,
which will limit purchases of such kind of vehiclesd their fast spread.
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Let us compute the economic effect for various telecvehicles
compared with analogous internal combustion engafecles.

Materials and methods
Distribution of motor vehicles by type of fuel indtvia

Automobiles using various types of fuels are expbbiin Latvia. Of
liquid types of fuels, petrol and diesel fuel ased. The largest consumer of
diesel fuel is lorries. Cars use both petrol andsaliduel. Automobiles
running on liquefied natural gas are also used -stimacars with Otto
engines. Due to the closure of all compressed alagais stations in Latvia in
the spring of 2010, the use of such automobildignised, and such vehicles
can be fuelled up only by means of individual loapacity gas equipment
installed for private needs. Such equipment cdrafil automobile up with
compressed gas within 8-10 hours. The amount offitled up within this
period is enough for driving as far as 250-300 kowever, 1-2 automobiles
can be fuelled up at such a filling station simudtausly. The price of such
equipment is high, therefore, they have not becpapilar. The distribution
of motor vehicles by type of fuel as of 1 Janua®lP is summarised in
Table 1 [1-3].

Table 1
Distribution of motor vehicles by type of fuel in Lavia
Liquefied
Petrol Diesel and Electri-
Kind of vehicle Total engine engine | compressed city
vehicles | vehicles | gas engine
vehicles
Cars 636664 402136 210075 24453 -
Lorries 71575 7063 62771 1741 -
Motorbikes and
18325 18320 - - 5
quadrocycles
Mopeds 19486 19486 - - -
Buses 5377 194 5143 40 -
Trolleybuses 346 - - - 346
Trams 315 - - - 315
Total 752088 447199 277989 26234 666
As percentage 100 % 59.46 %| 36.96 % 3.49 % 0.09 %

None of the types of fuel is produced in Latvianc® electricity is
produced in Latvia, the exploitation of vehiclesuibnot be related to using
energy resources of other countries.

14



Consumption of various types of fuel in Latvia

The total number of automobiles and their distitruby the type of fuel
is only one indicator showing the consumption afsibenergy resources in a
region. Yet, it has to be taken into considerattbat lorries and cars
consume different amounts of fuel, besides, thifeidince could be even
five times; therefore, it is of great importanceattalyse the amount of fuel
consumed. The amount of fuel consumed can be dstintyy two methods:
according to the data of the Central Statistical Buref Latvia or according
to the average annual fuel consumption and kiloagetiof automobiles. The
data of the Central Statistical Bureau usually do spécify the fuel
consumption for motor transport; therefore, the potation method that is
based on several assumptions will be more precise.

In computing the amount of fuel consumed, it isuassd that a car
consumes on average 8 | of petrol per 100 km, Hiesé — 6 |-(100 km},
and liquefied gas — 10 |-(100 kim)It is assumed that the average annual
kilometrage of a car is 20000 km.

For lorries and buses, the average consumptionedfi$ 32 |-(100 kn)
(buses with petrol engines — 40 |-(100 Kjn)and the average annual
kilometrage is 100000 km (lorries with petrol eregr- 20000 km).

For motorbikes and quadrocycles, the average caopsumof fuel is
51.(100 km)* (2.51-(100 kmi} for mopeds) and the average annual
kilometrage is 10000 km (5000 km for mopeds). Tompgutation includes
only automobiles that have passed their technit&ckup. The annual
amount of fuel consumed for a particular type oton@ehicles is computed
according to formula:

LngOOkm
= , 1
Q ="1oc 1)
where Ly — annual kilometrage of a vehicle, km-y&ar
Qioam — consumption of fuel of a vehicle per 100 kilorast of

travel, |-km®.

The expenses on fuel are computed according toularm
Coa X L X Qio0um (2)

I p—ry
° 10¢
where Cp_q — expenses on purchasing 1 litre of fuel, LVL;
L — total kilometrage of vehicles during the peraicexploitation,
km.

The data of Table 1 were used for the computafidgre computation
result is presented in Table 2.

15



According to Table 2, one can conclude that alm@®& thousand
millions LVL are spent on fossil fuels a year. Bytroducing electric
vehicles, these costs could be reduced, and fessilgy resources could be
replaced with renewable energy sources owing togudor instance, solar,
wind, or hydro energies in generating electricity.

Table 2
Average amount of fuel consumed by various types
of motor vehicles a year

(72} © =

. € [ E c wE |qg 0

) - %) - . - C - |C 5 )
o w c c o < o C S |Sad 3§ -~
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Q)> > o un = 3 = O ju Jpen ) S5 X 0 — )
o @ s c Qo 0 g g2 |8%cgl © <£
= c C =) =)

= o [)) o » _|o | >

o A O () O L

Cars 521168.3469051.4| 204192.9 183773.6/39613.917826.2 670651.3
Lorries 34716.1| 31244.% 15426601L888394.18022.5| 3610.1| 1423248.7
Motorbikes,

guadrocycle{ 7116.5 6404.9 - - - - 6404.9
and mopeds
Buses 3069.1 2762.2 130179.617161.7| 506.2 | 227.8| 120151.6
Total - 509462.9 - 1689329.4 - |21664.22220456.4

Algorithm for computing the economic effect

An algorithm was developed to determine the econoeffect. This
algorithm can be used for any types of motor velsiclThe main types of
vehicles with electric drive are cars, motorbiked guadrocycles, as well as
various low-speed four-wheel and two-wheel electgbicles, for instance,
low-speed tourist bicycles and mopeds.

Only the costs that can change depending on whttihee vehicles have
an internal combustion engine or electric driveamaken into account in the
computation. The total expense on exploiting vasidrom the moment of
their purchase is computed according to formula:

| =g+ la+ g +1p +1¢, (3)

where lieq — purchase cost of vehicles, LVL;
l+o — maintenance cost of vehicles, LVL;
Itr — repair cost of vehicles, LVL;
Ip — fuel cost of vehicled,VL;
|c — cost of vehicles participating in traffic thatiudes technical
checkup cost, taxes, and other payments, LVL.
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Instead of the fuel cost for electric vehicles, tust of electricity used
for charging an electric vehicle has to be inclugtethe computation. Due to
the specifics of exploiting electric vehicles, whnigs based on limited
availability of the related infrastructure in Ladyielectric vehicles are mostly
intended to be exploited in urban areas, for ir#amo go to work. In this
case, a daily distance of travel will not usualkgeed 50-6&m. Therefore,
it is preferable to use relative indicators, fostance, per 100m of travel
for an economic comparison of electric vehicles amdrnal combustion
engine vehicles. The costs per 100 kilometres ofirdy are computed
according to formula:

100
|100km:(|ieg+|TA+|TR+|D+|c)T, (4)

where L — total travel distance of vehicles during thedpleitation, km.

The purchase costs are computed according to farmul
lieg:|3p+|reg’ (5)

where |, — vehicle purchase cost, LVL;
leg — Vehicle registration codtVL.

The maintenance costs are computed according riaufar
lta = ltaro + las s (6)

where Ita.rp— COSt Of spare parts used in maintenance of keshicVL;
I+a-;— labour cost for maintenance of vehicles, LVL.

The repair costs are computed according to formula:
ITR—RD + ITR—J ’ (7)

where lgp — cost of spare parts used in repair of vehitlgs,
ltr.;— labour cost for repair of vehicles, LVL.

ITR

All types of vehicles do not incur the cost of takipart in traffic, for
instance, electric bicycles and electric mopeds rave required to pass
technical checkups. The owners of vehicles incgrsach cost have to pay it
once a year. Therefore, this cost is related to dheation of vehicle
exploitation:

l. =TxC¢, (8)

where T — total duration of vehicle exploitation, years;
Cc — costs of technical checkups, road tax, and otrerual
payments.
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By integrating Formulas 2 and 5-8 in Formula 4, ¢bet per 100 km is
obtained as follows:

| _ (I oot ez Hlraro tlras +lrrro + 11y +TXCe )]-OO"‘ Coa X L X Qyom (9)
100km — L

Results and discussion
Economic effect for various types of vehicles

The economic effect will be computed for 9 compeletss cars that
might have a 1.2-1.4 | Otto engine or a 1.4-1.kebel engine, for instance,
Renault Clio:

e new standard automobile with an internal combustito engine
(N-Otto);

e new standard automobile with an internal combustmsel engine
(N-Di2);

e new standard automobile with an internal combustimmpressed gas
engine N-LPG);

e 5Syear old standard automobile with an internal lsostion Otto
engine §Y-Otto;

e 5year old standard automobile with an internal loostion diesel
engine bY-Di2);

e Syear old standard automobile with an internal costion
compressed gas engireY(LPG;

e 5year old standard automobile converted to antreteautomobile
individually (5Y-Conving

e new serial electric automobil®l{Electro;

e 5 year old automobile converted to an electric muatoile industrially
(5Y-Electrg.

The computation was done by applying Formula 9 asidg Latvian
statistical and other informative materials [4; Ah Excel table was used, in
which not only the relative data (cost per 100 kivdiaving), but also the
total costs were summarised and computed. The c@atnpu result is shown
in Table 3.

Several assumptions were made for the computatidiable 3, the result
of which will be analysed. If an automobile is cerned by oneself, it is not
purchased and its internal combustion engine itaced with an electric
engine. Instead of lithium-ion batteries, anothgyet of batteries (cost less
than 3000 LVL) are installed both on an automobib@verted by oneself
and on a 5 year old automobile converted to antregdeautomobile at a
factory. Batteries are replaced after 100000 kmrimrdy. It is assumed that
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batteries are rented from their producer for a eéetric automobile. Such

an activity will not be possible in Latvia in thearest years, as it requires
large government subsidies. In case of the autdmabinverted by oneself,

its conversion registration cost, too, is includedhe registration cost [6].

The labour cost for maintenance and repair is asdutm be 15 LVL-H.
Repairs do not include automobile body repairs. dbst of replacement of
batteries for electric automobiles (except a newectekc automobile) are
included in the cost of repairs, but the cost ofjiea repair significantly

decreases owing to the simple design of electrignenand a small number
of its units. It is assumed that the cost of techincheckups for an electric
automobile is the same as for an analogous Ottmergitomobile. It is also
assumed that the road tax for an electric autormadipaid only for its mass,
but not for its engine capacity. An accumulatedadise of travel over the
lifetime of a vehicle for a new electric automobile assumed to be
300000 km, but for a used automobile — 150000 khe Gost of electricity

consumed per 100 km of travel for a new automolsl@assumed to be
1.40 LVL and 1.50 LVL for used automobiles owingthe effectiveness of

batteries.
Table 3
Main automobile costs per 100 km of driving
= - o 17 -
. 3 olgn 8|2 o 8|8 | o
s g | SE|cE|SE|28E  2E|2E 4E
g2 S Q S © G X © S .| 3
52 | ¢ | 2S|ES|KS|8-S 83|22 |8
0 ¢ 8 | 6% | B> :(Y'LE)%Y 9= |25 5%
> 5 | 25|25 |Fs |52 |85 s
5 - x = - | o | -4 | QO -
o — S
LL
N-Otto 8300 2.77 0.01] 0.42 0.18 6.84 82.2 10(22
N-Diz 9600 | 3.20 0.01] 0.53 0.19 4.7 82.2 8.f0
N-LPG 8800 2.93 0.01] 0.43 0.19 3.60 822 7.16
5Y-0Otto 3000 2.00 0.02] 0.61 0.18 6.84 82.2 9.65
5Y-Diz 4500 | 3.00 0.02] 0.72 0.19 477 82.2 8.f0
5Y-LPG 3500 2.33 0.02] 0.67 0.19 3.60 822 6.[/6
5Y-Convind| 5000 | 3.33 0.11] 3.13 0.32 150 274 8.39
N-Electro | 20000| 6.67 0.01| 0.15 0.32 1.4( 274  8.55
5Y-Electro| 7000 | 4.67 0.02] 3.15 0.32 150 274 9.66

To demonstratively show a comparison of costs, rilative costs,
measured in LVL-(100 kri) were computed (see Table 3). The relative
costs are summarised and shown in Fig. 1.

19



N
12.007 | N
S 2 3
S,lo.oo— ™ = = 8 B =
1 V. (o] Z— @©
2  8.00+ ™~ ;
- S
k]
£ 6.00-
a4
o
o
' 4.001
(O]
o
2
S 2.00-
0.00 ~ ~ -
@] ~ N (@]
E o e 2 A g = B %
2 2 2 3 %5 3 8 & ¢
o % O I"-J H
> Z 3
6 [Te}

Type of motor vehicles

Fig. 1.Total relative costs for various types of motor veicles,
LVL-(100 km)™

Owing to the relatively low price of liquefied gabe most efficient is an
automobile of such type, besides, the lowest co6t#46 LVL is obtained for
such used automobile. Among electric automobiles highest efficiency or
the lowest cost is obtained for an automobile caede by oneself. In
general, the cost of replacement of batteries asae the costs for all electric
automobiles.

If lithium-ion batteries are replaced after 1006®0 of driving for a new
automobile, its efficiency is very low and reach50 LVL-(100 km),
which is twice as much as for internal combustiogiee automobiles. The
cost of a used electric automobile is relativelyghhdue to its shortage in the
automobile market, and the prices of 5 year oldmuoabiles usually range
within 7000-8000 LVL [6].

The analysis shows that automobiles converted lagelhare the most
prospective among the analysed electric motor Vehid’he owner of such
an automobile can individually select the specpgmrameters for power,
travel, and batteries that are directly relatedhi® use of automobiles. For
instance, if a daily travel by such an automolsl80-40 km, one can choose
cheaper and lower capacity batteries designed faaval of only 50 km. In
this case, no special infrastructure is requiredyatteries can be charged at
home.
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Conclusions

1.

By introducing electric motor vehicles in Latviaskil energy resources
can be saved, and electricity can be domesticalbdyred without
consuming oil products.

The largest consumer of fossil fuels in Latvia asries, more than
1.4 thousand millions LVL are spent on fuel annuddr the fleet of
lorries, however, the introduction of electric moteehicles in lorry
transport is problematic due to the present tecuies.

The algorithm for computing the economic effectules all automobile
exploitation costs per 100 km of travel. The altfon was approbated by
using the data on compact class automobiles angnésed as functional
in comparing costs of various types of motor vedgdh an independent
way.

Of automobiles using fossil fuels, the lowest ars$.76 LVL-(100 kmni}
was obtained for a 5 year old automobile runningcompressed gas
owing to its low purchase and fuel costs.

Among electric motor vehicles, the highest efficgn or
8.39 LVL-(100 km) was obtained for a 5 year old automobile that is
converted to electric power. Purchasing a usedtredleautomobile is
relatively expensive due to its high price excegdf00 LVL.

An economic effect of 8.55LVL for a new electriciteamobile is
possible only in case if its batteries are rented #here is no need to
replace them during repair, however, such a sewiltenot be available
in Latvia over the next years due to a need fogdagovernment
subsidies.

Electric automobiles in cities and urban areas @ampete with fossil
energy automobiles, especially in cases when thedasigned to ensure
certain parameters of exploitation.
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ECOLOGICAL EFFECT OF ELECTRIC VEHICLES
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Abstract. New solutions to the use of various alternativergies are searched for
in the sector of transport owing to the fast insee@ the consumption of energy
resources. One of such alternative energies istrieleenergy used in electric
vehicles. The use of electric vehicles is not adgnomically beneficial, but it also
ensures fewer emissions as well as localises tleamessions outside the
exploitation site of these vehicles (outside cjtidslectric vehicles produce less
C0O,, CH, NQ, and CO emissions, and in some conceptions theumtmof

emissions is even considered to be 0. The presmgmrpanalyses the potential
effect of the increase in the proportion of electrehicles on the ecology of Latvia.

Keywords: automobiles, electric vehicles, exhaust gasesgctogmponents, and
calculation algorithm.

Introduction

The overall ecological situation in Latvia, commhreith other European
countries, is not very problematic. Yet, it is ofteelated not to the
introduction of the newest technologies protecting environment, but to
the poorly developed industry. One of the fieldfeeting the ecology is
transport. Transport mainly consumes imported gnesgources.

It is presently stipulated in Latvian legislatidmat conventional fuel is
mixed with up to 5 % biofuel — petrol with bioetlmhrand diesel fuel with
biodiesel fuel. Thus, the requirements of the Etéaive regarding the use
of 5 % biofuel in the transport sector are compieth.

When exploiting electric vehicles, it is possibteuse domestic energy
sources — electric energy produced in Latvia. Bssideé % of this energy in
Latvia is generated from renewable energy sourdes, instance, at
hydropower plants. The remaining 30 % of electmergy is produced at
thermal power plants [1]. Based on these principl€¥) % of the energy
consumed by electric vehicles would be generatddatria, as well as this
energy could be produced from renewable sources.

The main kinds of production of renewable electmergy in Latvia are
as follows:
e hydropower (up to 71 % of the electric energy pamtl in the
country in 2011);
e wind energy;
e electric energy generated from biogas.
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The production of electric energy from biogas hasetbped fast over
the recent years. If having a special contract whn JSC Latvenergo, it is
possible to charge electric vehicles with eledlyigiroduced particularly
from renewable sources, i.e., a producer of renamvabergy is paid for it.
Thus, consumers may be convinced that they receleetricity from
renewable sources.

To reduce emissions from vehicles, electric dries kb be installed in
vehicles in which the combustion engine may beasgd with an electric
motor. Vehicles having no motor, but in which aaoctlic motor is installed,
for instance, bicycles have no positive effect bie ecology. From the
viewpoint of environmental protection, a positivBeet is obtained if a
consumer, when purchasing a new vehicle, buys ectred bicycle or an
electric moped instead of an internal combustiopeao

The research aim is to design an algorithm, basethe standards for
vehicle emissions and the number of vehicles irviaatfor identifying the
type of vehicles, the exploitation of which as #liecdrive vehicles is useful
from the ecological viewpoint.

1. Distribution of vehicles by type in Latvia

Various types of vehicles are exploited in Lat#ectric drive is mainly
used in vehicles with a gross weight of 3.5t @s)eyet an analysis will be
performed for also the vehicle group with a grogsght from 3.5 to 12 t, as
the exploitation of such vehicles with electricvérimight become possible in
the future due to the progress in technology. Adiogy to the CSDD (Road
Traffic Safety Directorate) data [2] as of 1 Jayua@13, the distribution of
vehicles by type is presented in Table 1.

According to Table 1, mainly electric drive care among vehicles with
electric drive, yet there are also electric driweries, motorbikes, and
mopeds. Electric bicycles with a motor capacityrafre than 250 W have to
be considered mopeds as well. Auto manufactureve lafready designed
hybrid lorries, for instance, Volvo FE Hybrid. A 4 January 2013,
12 electric automobiles were registered in LatViable 1 also summarises
the average annual kilometrage for each type oiclesh

According to Table 1, the number of vehicles sigaifitly decreased in
2011, whereas the next year a slight increase Wwsasreed. The significant
decrease in the number of vehicles may be explaiyethe fact that they
were massively written off in 2010, as a vehicle tex was introduced for
all automobiles regardless of their use as welthasrules for writing off
vehicles were simplified.
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Table 1
Changes in the number of vehicles registered in Lai
that may be exploited as vehicles with electric dve

© © © © )
0 D 0 0 D - o £
CBo | 88| BB | 88 T <
(@] . = — = — = — = — o
= Type of vehicle LSco | Pco| So| @2co O g
ESN|ESN|ESNIESN] B
S S S5 - S = ©
4 pd 4 4 X
1, | Lomies with agross weight 50,07 | 143> | 10549 9996 40000
from 3.5t0 12t
p. | Lorries with & gross weight 51 ea1 | 37897 | 38955 42341 40000
of 3.5t orless
3 Cars with a diesel engine 227282 210075 221085 144 20000
" | Cars with a petrol engine 676984 426586 391229 (G489
4. | Busses with a gross weight ¢ ¢ 962 807 704 | 4000¢
of 3.5t or less
5. | Motorbikes and tricycles 3359( 17188 17385 178795000
6. | Mopeds 18373 19486 21238 23209 2000
7. | Quadrocycles 1477 1137 1142 1096 2000

Further analysis will be performed in relation ke thumber of vehicles
in 2013, based on an assumption that by 2020 imid,al0 % of vehicles
will have electric drive, while the expected numbéautomobiles and their
percentage distribution will not significantly clggn

2. An algorithm for assessing the ecological effeof electric vehicles

Based on the present electric energy accumulationntdogies, it is
difficult to imagine that an electric automobileght be the only vehicle in
the family. There are various infrastructural sioing — fast charging when a
battery is charged up to 80 % of its capacity witBD minutes as well as
battery change stations where a robot changes dkteryp within a few
minutes. Yet, in order that these expensive infuasiire systems can
function at full capacity, such systems have tcabailable in all countries
where electric automobiles are exploited. It metiwas if such systems are
introduced in Europe, it is possible to travel gsrthe entire Europe and fast
charge the automobile or change its battery wheessary. Unfortunately,
such an infrastructure presently is not availabie the introduction of such
a global system is not expected over the nearastefuTherefore, one has to
conclude that the exploitation of an electric autbite is useful mainly in
towns and cities where the average daily kilometrdges not exceed 120-
150 km. In the case if the kilometrage is greaiters advised to use an
internal combustion engine automobile.
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Over the nearest future, no mass transition totredeautomobiles may
take place in Latvia owing to several factors:

users of vehicles are not ready to limit themseltes small

kilometrage or impose self-control by choosing tight mode of

vehicle driving in order to achieve greater kilorage;

relatively little information is available on eleict vehicles, no
reliable information on the lifespan of electridwae batteries as well
as their exploitation specifics;

users of vehicles are not morally prepared for @kply electric

vehicles without a network of charging stationdidi#nt charging of
electric vehicles, if no charging infrastructuraséx, is not possible
only at private homes. Separate charging statioage hto be
established for electric automobiles at public agt parking lots,
which requires additional electric capacity, aneé thwners of the
parking lots might not be ready for it;

supply of electric vehicles is still limited in ha&, especially in the
case if the supply of some brand is associated \adhditional

requirements, for instance, battery rent;

prices of electric vehicles, compared with analabidnternal

combustion engine vehicles, are very high, whickerde potential
buyers. The potential buyers are doubtful about leeanomical an
electric vehicle is, as a primary investment iniraernal combustion
engine vehicle is smaller, whereas the exploitabpportunities of
such a vehicle are greater.

Based on the previous analysis, one can conclude ahéest, we can
hope that the share of electric vehicles might wel@ %, assuming that it
will take place by 2020.

The main gains if introducing electric transport:

if electricity is produced in Latvia, for instanad,hydro power plants,
domestic energy sources are exploited to powertraegehicles,
besides, these sources are renewable;

even in the case if electricity is produced fronm-menewable sources,
for instance, coal, electric vehicles ensure tlodiupon is localised at
the site of electricity generation (at a thermalvpoplant);

electric vehicles produce no gas emissions;

structure and maintenance of electric drive vebi@ee simpler, the
motor has fewer wear parts;

electric vehicles are not noisy, electric vehialeay be exploited in
zones where noise is not recommended,;
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e electric vehicles need no fuel that causes a basl sm well as the
amount of such materials as oil is less consumedpaoed with
internal combustion engine vehicles;

¢ net efficiency of the motor of electric vehicleshigher, power and
torque curves are more effective and appropriatedbicle driving;

e owing to the limited kilometrage, the driver of afectric vehicle
sometimes has to choose a steadier mode of dritings saving
resources.

When calculating the ecological effect, it has te baken into
consideration that two types of engines — Otto megiand diesel engines —
are mainly used in the analysed vehicle groups.

There are different emission standards for eachese vehicle groups,
and it has to be taken into account in calculatidie general algorithm for
calculating the emission amounts for the entirefleat of Latvia has already
been analysed in other research papers publishethéyuthors of the
present paper [3].

To identify the vehicle group, the introductionaléctric drive in which
is the most beneficial, calculations are perforniedeach vehicle group
according to Table 1. The calculations are focumedhe forecast for 2020.
Owing to the fact that automobiles with an average of 10-12 years had
been exploited in Latvia over the recent 10 yeais,assumed that a similar
trend will continue in the period of analysis. Rbrs reason, the emission
standard being effective for the period 2008-2G&L0sed for comparisons of
internal combustion engine automobiles. The emmsstandard Euro 5 was
in force in this period. Yet, the factor of depe®mn for automobiles the
kilometrage of which exceeds 80000 km has to bentakto account. The
values of the emission standard Euro 5 and th@dadftdepreciation [4-6]
are summarised in Table 2.

Annual amounts of emission components for intecoahbustion engine
vehicles are calculated by the following formula:

Sl :%, t-year, (1)

where A, — number of internal combustion engine automobileshe
corresponding vehicle group;
l;— annual kilometrage of automobiles in the coroesing
vehicle group, km;
Mim — amount of the n-th component of automobile eghgases
in accordance with the standard Euro 5, g-km
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Table 2
Emission standards (gkm™) and their corrections used for calculations

Vehicle characteristics Components of exhaust gases
O = p
L8 0
g £ |$52 :
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o [} — @) BcE |z y S
4 - g o] < 28 |64 g O =
S T O + 55 |wSc| Z S
1) 50 Z O @® o
o © 2o |2L5 )
= = 5 |%acT =
> S CE 3
e
1 Lorries with a gross D 15 i 0.46 i 20 0.02
' weight of 3.5-12 t ' ' ' '
Lorries with a gross B
2. weight of 3.5 t or less D 0.74 0.35 - - 0.28| 0.005
3 Cars P 1.0 - 0.10 | 0.068 0.060 0.005
' D 0.50 | 0.230 - - 0.18| 0.005
4| Motorbkesand | 5| 4941 _ | 0017 - | 0009 -
tricycles
5. Mopeds P 0.1 - 0.063 - 0.01)7 -
6. Quadrocycles P 0.19 - 0.073 - 0.017 -
7 Depreciation rate |+ 13 - 1.3 1.3 1.3 -
' P D | 1.3 i 11| 11| 11| 10

" Direct injection engines

According to the formula (1), the amount of emissianay be calculated
only for vehicles, the test of which can be perfedion a roller power test
bench in accordance with the standard Euro 5 [4ktS of lorries with a
gross weight of 3.5 t or more are performed onaigtary engine test
bench, and, in accordance with the standard, titeotimeasure is g-(kWh)
! The amount of a component of gas emissions fesethvehicles may be
calculated by the following formula:

zl Vo Al IVIkWh—km

where A, — number of mternal combustion engine automobileshe
corresponding vehicle group;
lg— annual kilometrage of automobiles in the corresiotg
vehicle group, km;
Mwwvhkm— @amount of the n-th component of automobile eghau
gases in accordance with the standard Euro 5 fanabiles
tested on an engine test bench, converted into'g-km

, t-yeal, (2)
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To calculate the amount of exhaust gases emitted lpem for
automobiles to which the emission standard, g-(KWwig applied, the
following formula is used:

Neav t ~
M wh-km = = My g'kml’ (3)

S

whereN. .,g— average vehicle engine power in the calculatead r
section, kW,
t, — vehicle movement period in the measured roatiosed;
s— length of the road section, km;
Mawh— amount of the n-th component of automobile exhgases
in accordance with the standard Euro 5, g-(KWh)

By inserting Formula 3 in Formula 2 and given thetfthat velocity may
be expressed by the formula s-t*, the following formula is obtained:

' Aklg Ne.vid mkWh 0
| = XK Tevd kWt yaqit 4
z G 1CGV y ( )

Results and discussion

The calculations are focused only on the toxic comemts of exhaust
gases. The analysis of G@@missions, which directly relate to fuel
consumption, requires a separate and profound exdiomn.

Formulas 1 and 4 are used for the calculations. ddleulations are
based on the emission standards and depreciates fram Table 2, and it
is assumed that that electric vehicles will accofant 10 % of the total
number of vehicles in Latvia, their average anrdl@metrage is assumed
according to Table 1, the average capacity ofdsrwith a gross weight of
3.5 t or more while moving is 70 kW, and the averageed is 50 kmi'h
The calculation results on emissions are summainsédble 3.

Data on the exhaust gas components CO ang &® summarised in
Fig. 1. These components are set as standardh floe analysed vehicles.

As Fig. 1 shows, the greatest part of CO pollutioLatvia arises from
cars. The annual CO emissions produced by cars avigetrol or diesel
engine amount to 1289.73t, which is almost twoesmmore than from
lorries. Due to the wide use of diesel engine ésrin the automobile sector,
the total annual NOQemissions from these automobiles are 14.3 % greate
than those from cars.

The total emissions produced by such vehicle caiegoas busses,
motorbikes, mopeds, and quadrocycles in Latvia ramr@imal due to the
small number of such vehicles.
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Table 3
Calculation results for the toxic components of exdwst gases for 10 %
of Latvian automobile fleet

No Type of vehicle CO CH+NQ | THC | NMHC NO, PM
Lorries with a gross
1. weight of 3.5-12 t 109.16 - 28.32 - 123.15 1.12
o, |LoOmeswithagross | 155 931 5908 | - - | 5216| 085
weight of 3.5 t or less
3. | Cars, petrol 972.00 - 97.20| 66.10 58.32 3.74
4. | Cars, diesel 317.73 112.43 - - 96.79 2.44
Busses with a gross
5. weight of 3.5 t o less 2.08 0.99 - - 0.79 0.01
6. | Motorbikes and 1.02 i 015 - 0.08 i
tricycles
7. | Mopeds 0.46 - 0.29 - 0.08 -
8. | Quadrocycles 0.04 - 0.02 - 0.004 -
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Fig. 1.Annual CO and NO, emissions from 10 %
of the vehicle fleet of Latvia

The emission standards for other exhaust gas coemp®iGCH, NQ and
PM) are not set mainly for motorbikes, mopeds, quadrocycles, therefore,
they are not presented graphically (Fig. 2).
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Fig. 2. Annual CH, NO, and PM emissions from 10 %
of the vehicle fleet of Latvia

The annual CH emissions from lorries are 3.2 tinreatgr than those
from cars. The emissions of solid particles fromscare 3.1 times greater
than those from lorries.

According to the calculation results, the largestytion in the emission
balance of Latvia arises from cars. As regardstlad components of
emissions from cars, they exceed emissions fromerotiehicles by even
several times. Only NOemissions from lorries are slightly greater. Based
these calculations, one can conclude that from thewpoint of
environmental protection in Latvia, it is partictjabeneficial to use electric
drive cars. If 10 % of the conventional cars wesglaced with electric drive
cars in Latvia, it would be possible to decreaseddissions by 1289.73 t,
CH+NO, emissions by 112.43t, total hydrocarbon emissibns97.20 t,
NO, emissions by 115.11 t, and PM emissions by 6.48 toyear. It has to
be noted that another positive aspect is that arloise level is specific to
electric vehicles, which reduces the overall ndeeel; it is especially
important in cities.

The use of electric drive in motorbikes, mopeds] gmadrocycles is
beneficial; yet, their effect on total emissionsrisignificant, especially if
compared with the emissions produced by lorriescansl.
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Conclusions

1.

At the beginning of 2013 in Latvia, the number efjistered cars is
almost 12 times greater than that of the lorrig wigross weight of less
than 12 t.

The calculation method of automobile exhaust gasipoments was
approbated and recognised as useful both for asgetise effect of
certain vehicle groups and for comparative analyget®oxic emissions
from various vehicles depending on their kilomegrag

The total CO emissions from cars — 1289.73 t per yeare 4.74 times
greater than those from lorries.

Regardless of the wide use of diesel engine loemektheir large engine
capacities, NQemissions from these automobiles are only 13 %tgre
than those from cars.

If 10 % of conventional cars were replaced withcele drive cars in
Latvia, the following ecological effects in relatido emission reductions
would be achieved: 1289.73t of CO, 112.43t of CH{N@r.20 t of
CiHm, 155.11 t of NQ and 6.18 t of PM a year.

The use of electric drive in motorbikes, mopeds] gonadrocycles can
reduce noise in cities, yet, their ecological efesre small in Latvia due
to the small number and the small annual kilometi@igsuch vehicles.
The calculation algorithm approbated in the pregesearch may be
employed for calculations of GCemissions and other exhaust gas
components.
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Abstract. At the beginning of automobile development eletibbiles successfully
competed with internal combustion engine motor elelsi But with the
development of internal combustion engine constastautomobiles were widely
used outside cities and electromobile mileage witloharging turned out not to be
competitive. The beginning of the 2&entury can be considered as rebirth of wider
application of electromobiles when hybrid automebilere started to be used and
also modern electromobiles and other electric ‘ebiwere constructed. One of the
most essential advantages of electric vehiclesws dpplication costs. The most
important part of the application costs is fueltsdsr internal combustion engine
vehicles or charging costs of electric vehiclese Hiiticle presents the methods of
determination of electric bicycle, slow pace pusihg electromobile, slow pace
electromobile and electromobile charging parameteds the analysis of the costs
as well as a comparison with analogical internahloostion motor vehicles.

Keywords: electromobile, electric bicycle, slow pace -electobile, costs,
charging.

Introduction

A new stage of electric transport development hastesl with the
beginning of the 21 century. The first modern electric automobiles aver
hybrid automobiles the pioneer of which producti@ing the Japanese auto
producerToyota Also other producers started to develop electitules.
Several modern technology constructions withouterimél combustion
engines only with electro motors and accumulatdtebas were elaborated.
Charging of these automobiles is planned from damesctric nets.

The cheapest charging of electric transport isomé conditions. For
promotion of the development of electric transpogeveral charging places
in Latvia charging is free. Nevertheless, such gingyis oriented to either a
short charging period, for instance, 0.5 h, or &ectric transport for
charging of which a large amount of electric eneilgyot necessary, for
instance, electric bicycles.

Calculating the consumption of electric energy flectic vehicles per
one kilometer mileage the trends can be differemimf the internal
combustion motor vehicles. For instance, in citgdsctric transport can
consume less energy for one kilometer mileage thdraffic outside cities.
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Besides, sometimes the mileage of the same transgtitles is very
different from the traffic regime, especially frotime speed of traffic. The
covered mileage with one complete charging cared#ten two times.

The longest mileage with one complete chargingleftac vehicles can
be achieved at the speed 50 — 70 % of the maxItmalpositive that for this
reason using electric vehicles we should rementiefdct that we need to
get to the charging place. Due to this more comatdemovement regime
will be chosen that will ensure saving of the sunding environment even
more.

From the ecological point of view surely it is ess@ from what energy
source the electric energy is obtained. There aleulations that in Latvia
up to 70 % of electric energy is “green”, obtairiemm renewable resources
but other electric energy is obtained in thermadetstations working in the
process of cogeneration [1]. Due to this, charglegtric transport in Latvia,
this transport is one of the most ecological in #d. For this reason
introduction of electric transport in Latvia is ye¥ssential from the point of
view of environment protection.

Materials and methods
1. Analysis of electroenergy tariffs

Depending upon the country where the electromolsilapplied the
charging costs can be different; it depends oretbetroenergy tariffs in the
definite country. Besides, the electroenergy taefien in the EU countries
can differ to a greater extent than the pricesntérnal combustion motor
fuel. In Latvia the basic electroenergy tariff is1@74 LVL-kWH' or
0.1528 EUR-kWH. This tariff occupies the i“ZpIace among the European
Union countries and is higher than in the neighlmgucountries. In Estonia
itis 0.1141 EUR-kWH and in Lithuania — 0.1309 EUR-kWh

If electric transport is intensively applied, espélg in case if it is high
power, at least with 2 — 3 kW motor, it can be saged that the tariff will
be exhausted already after 3 — 4 months as fogeigaof electric transport
5 — 20 kWh of electroenergy will be used per dayede costs depend on the
intensity of electric vehicle application. Due tost using electromobiles in
Latvia it would be better to transfer to T3 tatiffat envisages subscription
cost for this tariff 41.66 EUR per year and the sdst the amount of the
protection apparatus current is 1.68 LVL:per year. The T3 tariff provides
for 0.0993 EUR-kWH electroenergy start tariff on week days from 23®0
7.00, but the basic tariff 0.1193 EUR-kWhbut during day time from 7.00
to 23.00 the tariff correspondingly is 0.1220 EURKWbut the basic tariff
0.1572 EUR-KWH [2]. More precise calculation and the possiblécifhcy
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of choosing the tariff for different groups of moteehicles will be analysed
below.

Considering that in Germany the costs of 1 kWh dd exceed
0.25 EUR-KWH, but in Norway and Denmark approach 0.30 EUR-RWh
the electromobile application costs increase isal@untries.

The above analysed electroenergy costs are givengicly at home. But,
charging at charging places the electroenergy aastde higher depending
on what the owner of the charging place has detexthi In Latvia on
16.02.2012 there are 9 charging places operatingngnwhich at six
charging is free [3]. Free charging is meant forvelgpment of
electrotransport application, but with the increaf¢he number of electric
vehicles and with this also the increase of theatahfor charging services it
can be envisaged that it will be necessary to pagtiarging.

The possibilities to charge electric vehicles dtedent charging places
depending on the price of electric energy are sunzein Figure 1.

Charging of electric vehicles

Purchasing
electromobiles

Electrobicycles and
electromopeds

Slow pace
electromobile

Charging at Charging at closed
home enterprise
Start tariff T

Public slow
charging place

Basic tariff T,

Electromobiles

/

Public fast
charging place

. T~

Charging price in
private teritory Cy

Service price at
public fast charging
place Cy

Service price at
public slow charging
place Cs

Service price at
closed enterprise C,

Fig. 1.Formation of charging price

Depending on the status of the charging place therging price is
formed. In any case the charging price will be kigthat the electroenergy
tariff, even at a private house. Usually in suchkesait is assumed that the
priceC; (See Fig. 1) approaches the electroenergy taeffertheless, in this
price the costs of building of the charging place iacluded, especially in
cases if the automobile is stored in open stororglitions and this charging
place is to be built especially for an electromebih this case building of a
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simple charging place, including the electricitypleaand charging box, does
not exceed 40 — 60 EUR, including the work if insti@édn is done by the
owners themselves.

The priceC,> C; as in private territories charging vehicles thatrobt
belong to the enterprise will usually be of higlpeice than for the local
users.

In public charging places this price can be eveghéi and the
correlationCs; > C, will be valid. In relation to the high costs of laing of
fast charging places the depreciation costs oktpésces should be included
in the service price. Due to this, based on thevalamalysis the correlation
will be valid:

01£C2£C3§C4:TXE+IA+IO+IN+I%, (1)

where T, — corresponding existing tariff — start or basi¢];
| o — service costs, LVL;
lo— servicing operator or system costs (system tfesgents
costs), LVL,
In — costs for taxes, LVL;
I_p — charging place building costs, LVL;
t — charging places exploitation time or numberladrging cycles
till replacement of the charging place equipment;
E — amount of electric energy consumed for chargihglectric
vehicles, kWh.

Special cases are possible when the price canr difben the above
analysis as it is determined also by the geograppiasition of the charging
place, its exclusiveness, operator’'s salary (p@seh automatic or manual
registration system).

2. Methods of calculation of electric vehicle chaigg costs and internal
combustion motor vehicle fuel costs

The costs necessary for charging of electric vekialepend on the
charging place. In Latvia charging is for paymentyoin three charging
places, besides, mainly bicycles are charged. Aloogrto provisional
research 0.05 LVL:hare charged for charging of a bicycle.

The direct charging costs can be calculated acecgitdi the correlation:

IU:TNxE+I%, )
where Ty — charging tariff at the corresponding chargiracpl
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If electric energy is not recorded in the chargpigce but payment is
done for hours of charging, the following corredatis valid:

I =Cite, (3

where C,, — charging price, LVL:h;
t, — time consumed for charging, h.

In case if the charging current does not exceed.l16is not necessary
to build a special charging place in home cond#jdhen using the existing
garage power pointp= 0.

Let us analyse the costs of electric energy or faexl coverage of a
definite distance. Electric vehicles consume W-latectric energy, but for
internal combustion motor vehicles the fuel constiompis |-kmi'. The
internal combustion motor vehicle fuel costs carcakeulated according to
the correlation:

Iy =CyxQ, (4)

where C4 — price of the corresponding fuel, LVL;
Q — consumed amount of fuel, I.

Relating the obtained correlations 2 -3 to the pmvemileage a
correlation for energy (electric or fuel) costs en is obtained. As most
often in practice values per 100 km mileage aredusalculations for
electromobile 100 km mileage costs, if registratmnelectric energy is
applied, are performed according to the correlation

_1,x100_100T, xE 1001, 5)

I
. | | tx|
wherel — mileage with the corresponding amount of enekgy,

Calculations for electromobile 100 km mileage costthe payment is
per hours, is performed according to the correfatio

, I, x100 100C,t
le = | = | nL (6)

Using internal combustion motor vehicles the follogv correlation is
obtained:

l,x100 100C, x
o =R - ™

If it is necessary to determine the energy costs p&m, in the
correlations 5 — 7 the coefficient 100 is not used.
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Results and discussion

In order to state the energy consumption for cimar@f electric vehicles
experimental investigations with different motor higdles have been
performed.

In the experiments the electric vehicles are opérat the city or mixed
movement regime until charging the battery by @5-%, determining the
mileage with the GPS data logger. The experimentse lbeen performed
with five different electric bicycles. For drivirifpe electric bicycles 180 W,
250 W and 500 W motors have been used. The aveuageng speed 20 —
25 km-H' has been maintained depending upon the riding tondi After
the test the batteries are charged with the chgrggquipment provided for
every electric vehicle. The charging equipment usdtie tests switches off
automatically ensuring the optimal battery charginge.

The driving and charging tests are performed snhyilavith the slow
pace electric automobilévielex 963 DSand electromobileFiat Fiorino
Elettrico HC-S offered for the experiments by the stock company
Latvenergo

The experiments determining the consumption ofrivate combustion
engine fuel are performed with electric mop&¥50QT and internal
combustion engine automobilRenault Cliowith 1.2 1 Otto motor. The
moped is operated similarly as the electric bicycetaintaining the possible
higher speed 5015 km*h For the automobileRenault Clio the fuel
consumption tests are performed on the roller skdnstang-175@oing the
IM-240 driving cycle. The automobilRenault Cliohas been chosen for the
tests due to the reason that its internal combustingine will be replaced by
electric motor and in further research comparaginergy consumption data
will be necessary.

As there is not an automobileiat Fiorino with internal combustion
engine at disposal of the research group, theatatael consumption of this
automobile are taken from the technical data on démsount of fuel
consumed in the European driving mixed cycle [4].

During charging for registration of the consumedctic energy the
electric energy meteisS-T9162are used. The experiments are repeated five
times. The parameters for electric vehicles statede experiments:

electric vehicle mileage, km;

electric energy consumed during charging, kWh;
maximal charging capacity, W,

charging time, h.
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The parameters for internal combustion vehiclestedtain the
experiments:

e volume of consumed fuel, ml;
e mileage;
e output parameters — fuel consumption, I-100'km

The average values for different vehicle groupsaioletd in the
experiments are summarised in Table 1. The tabtersarises the data from
the experiments with electric vehicles as well iasutaneously performed
experiments with internal combustion engine velicle

Table 1
Experimental data of charging
= I3 = >

2 = 2c|l 8| 25 E - | £ <

3) 2 E| > QO - )

2o 2|82 |22 |5t | = | E| S=| ¢

[ORN] =) Q - < X [N ) - - g}

o > 5 =2 co| J < 3X3 D 59| g -t
Z Q. o5l QL £ = Ego L o < = £
o Cc C 8| S5 752 7= = 2 S| Ea| =

o 25|85 82| £5 g w|l x| &

= |g°| 8|8 O = &)
1. ER61 42.0% 0.99 | 23.45| 2344.94 0.00360.36 | 115.3| 7.5
2. Le Velec 18.86 0.38 | 20.28| 2028.10 0.00310.31| 905 | 7.5
3. Easy Bike 15.50 0.36 | 23.23| 2322.58 0.00350.35| 85.0| 8.0
4. EMR750 24.78 0.53 | 21.47| 2146.89 0.00330.33| 63.8| 7.4
5. Giant 27.32 0.61 | 22.25| 2225.48 0.00340.34 | 96.4| 7.0
6. | MELEX 963DS | 33.93 7.59 | 223.56 22356.48| 0.0342 3.42 | 1855.4 7.8
7. | FatFonno 1 gq 0850 55 213.68 21368.38| 0.0327 3.27 | 2908.6 9.0

Elettrico HC-S
Internal
8. |combusibn mopeq - - — 2.57 0.0365 3.65 - -
YY50QT
9. | Renault Clio1.2] - - - 6.41 0.0910 9.10 - -
Fiat Fiorino
10. Combi 1.4 | - - - 6.90 0.0981 9.81 - -

For transparency of the data graphical comparidoelectric vehicle
mileage, km and consumption of electric energy, R has been
presented in Fig. 2. According to the data in Bighe largest mileage is for
the electric bicycl&ER61- 42.05 km. Still, this mileage is not correspaodi
to the given in the technical specification andedi by 30 %. The mileage
of other electric bicycles is in the range from tb827 km and in total it
corresponds to the bicycle specification data.
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Fig. 2.Mileage of electric vehicles and consumption of al&ic energy

The electric energy consumption data differ esaéinti The lowest
electric energy consumption — 20.3 W:knis for the electric bicycle
Le Velec This is the only electric bicycle for which thée@ric motor is
activated afterwards when it is treadled. Due ts tite movement cannot be
started and the inertial mass cannot be overcorhelbynmeans of electric
motor and the consumption of energy in the acceteraegime is minimal.
This electric bicycle conception ensures the chetap®torised movement
possibility.

The largest energy consumption, 23.4 Wkiis for the most powerful
of the experimental electric bicycles (500 W moteiR61

The largest energy consumption, 223.6 Wkrns for the automobile
Melex 963DSIt could be explained by accumulator batteries régmaining
resource of which could be about 40 % that doesemsure the average
exploitation mileage — 50 km. For increasing théeage it is necessary to
operate the electric vehicle in the speed that doé€xceed in the average
70 — 80 % of the maxim al movement speed.

According to the amount of energy consumed duringrging and the
mileage the energy costs are calculated for 100nkeage (See Fig. 3). The
lowest costs are for electric bicycles and theyiarthe range from 0.31 to
0.36 EUR per 100 km. The highest costs of elecughicles are for
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electromobiles, but they in the experimental regn@#o not exceed
3.50 EUR per 100 km. It is interesting that thesinal combustion moped

energy costs 3.65 EUR per 100 kamne higher that the costs for the
electromobiledMelexandFiat Fiorino.
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Fig. 3.Motor vehicle energy costs

The energy costs of the internal combustion motaoraobile Fiat
Fiorino Combiare exactly three times higher than the coste®fanalogous
prototypeFiat Fiorino Ellectrico— 9.81 EUR per 100 km.

This research has been performed based on tharidednergy prices in

Latvia in February, 2012. In other countries thessts and their relation can
be different due to other energo resource prices.

Conclusions

1. The electric vehicle electric energy costs dependthe kind of the

charging place and the price for electric energyitaffhe cheapest
charging is at home conditions.

2. From the point of view of energy costs the cheapsestelectric bicycles
without exceeding 0.36 EUR per 100 km.

3. Using bicycles with electric motor activisation definite speed of
pedalling the lowest energy costs can be obtained®0 km mileage —
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0.31 EUR, that can be explained by overcoming oftimeresistance
starting movement using the power of muscles ahevieg the electric
motor.

4. The costs of the internal combustion motor autoteobiat Fiorino
Combiare three times higher than of the analogousnatezombustion
motor automobild-iat Fiorino Ellectrico— 9.81 EUR per 100 km.

5. The energy costs depend on the tariffs in the eguantd fuel prices and
they can essentially differ from the research tesuolLatvia.
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AUTOMOBILE TECHNICAL SOLUTIONS AND SELECTION OF
PARAMETERS FOR REBUILDING INTO ELECTROMOBILE
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Abstract. Developing an electromobile or rebuilding it fran automobile with an

internal combustion motor selection of its unit heical parameters is very
important. The article analyses the possibilities rfiebuilding electromobiles, a
calculation algorithm has been developed for seleatf electromotor parameters.
The main technical solutions are analysed basedheninternal combustion

automobile Renault Clio 1.2. For the automobile k80 alternate current

electromotor and Lithium ion batteries have bedacsed. The planned technical
characteristics: mileage with one charging at 1486t km, battery energy capacity
25 kWh, maximal speed 120 krit:h

Keywords: rebuilding of automobiles, rebuilding parameterdectromotor
capacity, speed, mileage.

Introduction

With the decreasing oil resources the issue on ldpreent of new
industrially produced electromobiles as well as rebuilding of internal
combustion engine automobiles into electomobilesob®es more topical.
Development of such individually built electomolsilehas got wide
application in the USA and starts to become popalso in the European
countries and unavoidably also in Latvia. Althouigh.atvia at present there
is no registration of official rebuilding of inteeh combustion engine
automobiles into electomobiles there are a lotndiiesiasts in this field.

In order to rebuild internal combustion engine aubbiles into
electomobiles sevaral aspects should be consid@rsslof them is the needs
of the clients related to the expected technicedmpaters. The main of these
parameters are:

maximal elctromobile speed;

motor technical parameters — power, torque, ratdtiequency;
mileage with one charging depending on the battapacity;
automobile mass and carrying capacity, correct ladd.

Also the constructive aspects are important thatelated to legalisation
of the rebuilt electromobile for road traffic. Fbre rebuilt construction the
basic units have to be chosen that have the CE camapl certificate. The
choice of only such units can ensure successfuistragon of rebuilt
electromobiles in Latvia.
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Further in the analysed calculation algorithm wd wse dependencies
on all kinds of resistances working on the autoreoand the power curves
given by the electromobile producers.

Calculation of electromobile parameters

In order to state the power for electromobile whdeVve the power
balance for an automobile with mechanical transiomswill be used [1]:

N, = N, +N, +N, +N,, (1)
where Ny — power for overcoming of rolling resistance, kW;
N, — power for overcoming upgrade resistance, kW,

N,, — power for overcoming air resistance, kWi,
N; — power for overcoming inertia resistank@y.

The motor power is higher than the power for thee@h as there are
losses in transmission. The motor power and theepdar the wheels are
related by correlation [1]:

Nk = NenT ! (2)
where 1 — transmission efficiency coefficient.

Considering the efficiency coefficient the motor mows calculated
according to the correlation [1]:

N; +N,+N,+N,
N, = :
M

3)

Splitting the necessary power for overcoming evdnd of resistance
the power for overcoming all kinds of resistancebgained:

N, = (1‘Ga cosav + G, sinav+ kFv? + m, (1.04+ 0.0025k2i02)jv), (4)

wheref — automobile rolling resistance coefficient;
G, — automobile weighty;
a — road upgrade angle, in degrees;
v — automobile speed, knih
k — air resistance coefficient;
F — automobile forehead area®;m
m, — automobile mass, kg;
Ik — gear box gear number;
ip — gear box gear number;
j — automobile acceleration, rit:s
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Automobile movement speed can be calculated acupridi correlation
[2; 3]

N_I
Vi, = 0104725k (5)
I
where n, — electromotor revolution frequency, iin
r, — wheel kinematic radius, m;
i+ — transmission gear number.

Transmission gear number is calculated accordimngtelation:
i =iy o, (6)

The automobile moving speed changes depending erchiibsen gear.
For electromobiles due to the efficient torque gralver characteristic
curves not always all gears are necessary, thoogbstg the parameters it
is useful to analyse movement in all gears.

Inserting the correlation 5 in the expression 4get

2
N, = 0.10472”;*“[ fG, cosa + G, sina + om:m{”;ﬂ +m,(104+00025,% %) j} 7)
T T
When the automobile has reached the maximal sgeetves evenly
without acceleration, due to this the part of therr@ation 7 that
characterises the power necessary for overcomimgntirtia resistance will
be equal to 0 and:

2
N, = o.1o472”fi(f(3a cosa + G, sina + ooum{ﬁj } (8)
= it
Most of automobile rotating components, such asguasteering pump,
air condition compressor and heater fan are poweyedternal combustion
engine, in the direct or indirect way.

Direct drive uses mechanical link, for instancelt b@ connect power
steering pump or air condition compressor pulleyetmyine crankshaft
pulley.

Indirect drive is realized by using alternator, @thicreates electrical
power, and electrical motor for powering mechanicamponents, for
instance, windscreen wipers or heater fan. In oasige electrical vehicle, all
such components will not be powered directly frohectical motor.
Necessary amount of energy will be drawn from eleait batteries. It means
that batteries will be loaded additionally.
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Energy, used to supply additional components oftetal vehicle can
be calculated as follows:

Ny = Ng + Ng + Ny + N+ N, (9)

Apg

where Ns;— power necessary for the driving steering boo&iaf;
Ng; — power consumed for driving the electric brakeuan
pump, kW;
Nk — power necessary for the system ensuring theatdinm the
salon, kW,
Napg— power necessary for the lighting system, kW;
N; — power necessary for other electrically drivestems, kW.

In order to determine the electromobile maximal espewith the
corresponding resistance parameters it is adviséblehoose at least
2 movement conditions.

In the first case the planned easiest operationditons can be
considered at which the maximal speed will be agdefor instance, for the
case when the road resistance coefficient0.015 [2; 4] that characterises
asphalt concrete road cover in good condition.

In the second case hard movement conditions carobsidered when
the road resistance coefficientys= 0.1 [2; 4] that corresponds to movement
on naturally trodden road. In that case maximal eneent speeds will be
obtained for both conditions and it will be possibto choose the
corresponding gearbox gears.

Other gears can be dismounted from the gearbox ewredse the
influence of the gearbox mass and rotating mass.

Calculating the possible electromobile mileage thiecteomotor
efficiency coefficient is very essential.

With the electromotor operating depending on thatien frequency in
the mechanical rotation energy it can transformed#int amounts of energy
that are characterized by the efficiency coeffitien

In literature several algorithms can be found haw chlculate the
electromotor efficiency coefficients, but in praetiit is easier to use definite
motor characteristic curves that can be obtainedth@ electromotor
specifications.

This way it is possible to determine what autonm®liharacterizing
indices can be obtained with electromotors of déife capacity.

Simplified scheme of calculation algorithm is showvrkig. 1.
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"

Calculation of definite electromobile parameter

v

Power for overcoming kinds of resistance acting on
automobile is calculateld,

\/

At least 2 different resistance power curves are
constructed depending on the planned movement
conditions

\/

Ele_:ctromotor is ch_osen to ensure movement at
nominal motor rotation fre_q_uency in the necess
road conditions

v v v

Electromotor power | Electromotor power | Electromotor power
too high optimal too low

\/

Electromotor power curves are constructed at
different automobile gears

\/

Maximal electromobile speed is determined at the
necessary minimal and maximal rolling resistance
coefficient values

v

One or two gears are selected in the gearbox Aor
electromobile operation

\/

Necessary battery capacity is calculated to ensure
the desired electromobile mileage

\/

Batteries are selected according to their capacit
necessary kind of connection to ensure the
electromobile mileage and necessary operatign
intensity for the motor

Fig. 1.Simplified scheme of calculation algorithm
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An automobile with the average driving spegd can cover a definite
distance s in corresponding movement time. In¢hse the movement time
or the time for discharging of the batteries candbegermined according to
correlation:

tiz =T (10)
Vyid
where s — desired mileage of electromobile, km;
Vi — average movement speed of electromobile, Km-h

The average movement speed can be calculated augdoccorrelation:
Viig = K/Vpiel’ (11)

wherek, — driving speed correlation coefficient that eweaés the
movement regime;
Voig — Permissible average movement speed mentionedad
traffic regulations.

In cities in the Republic of Latvig,y = 50 km-f, but in traffic outside
cities Vyig = 90 km-A. The driving speed correlation coefficient shows b
what the average driving speed is lower than themgsible. This
coefficient can be assumed for city trafkic= 0.5 — 0.7, but in traffic outside
citiesk, = 0.7 - 0.9.

The current consumed by the electromotor and aghestric units in a
definite moment of movement is calculated accordingorrelation:

| =Nt Nog (12)
100U

where N, — electromotor average momentary power, kW,

U — voltage fed to electromotor, V.

The battery theoretical capacity, Ah, considerirge telectromotor
efficiency coefficient is calculated according wrelation:

tiz'I

*~36:10° (13)

Results and discussion

In order to analyse more deeply the calculatioromtigm should be
verified. It is done using the technical data aanchmeters of the automobile
Renault Clio. The technical data necessary for Rédial calculations:

e m, = 1425 Kkg;

e k=0.23;
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e body-size widthB = 1.377 m, body-size height=1.417 m, forehead

areaF = 1.58 n;
e tyres 165/70R14, = 0.283 m;
e gear numbers i, =3.364; 1, =1.864; i, =1.321; iy =1.029;

The power graph of the electromotor used in theutations (AC
induction motor M2-AC25/4-A/L) [5] is shown in Fig@. The nominal
power of electromotor M2-AC25/4-A/L is 25 kW at 5500n". Doing
calculations the transmission efficiency coeffitigp should be considered,
a part of the electromotor power is used for opemadf transmission units.
Due to this the power driven to the wheldjswill be lower.

30
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Fig. 2.Primarily selected electromotor characteristic cures:
AC induction motor M2-AC25/4-A/L

For calculations two rolling resistance coefficenare assumed
f; = 0.015 and, = 0.1. Calculations are done also for the thircdecaen the
automobile will move along a good quality asphaharete cover with, and
ascend with 5° upgrade angle. In calculations fasugang uniform
movement of the automobile correlation 8 is usedcating the power
driven to the wheels according to correlation 2 titemsmission efficiency
coefficient is considered that is assumed tojpe 0.96. As a result of the
calculation s the graph in Fig. 3 has been develope

In Fig. 3 it can be seen that moving along a horialbgood quality road
with gear 4 or 5 it is possible to develop the malispeed ~130 kmi'h
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In the first gear the maximal movement speed ikm@i", in the second
gear — 84 km-h, but in the third gear — 119 knt-hDepending on what the
desired maximal speed is, it is possible to seleximost appropriate gear. In
order to ensure the necessary maximal speed fdratvean conditions, it is
possible to choose the gears 3, 4 or 5 dependinghether the automobile
is planned to be used in the city or in trafficsadé cities. Choosing a lower
gear we will get better dynamic characteristickoatand average movement
speeds, but lose at the maximal speed (120 KmSelecting the highest
gear we will get higher possible maximal speed el & improved dynamic
characteristics of the automobile at the maximaksp

Ny (= 0150=5) Ny (w=0La=0) N,,, (¥ = 00150 =0)
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Fig. 3. Automobile power balance

Power, kW

Nevertheless, considering that in the Latvian cotains there are also
many hilly areas as well as lower quality road cage it should be forseen
that for driving along these roads the most parthef power developed by
the motor will be consumed. It can be seen in Bithat with the gear 5 it is
not possible to drive along low quality roads whigh road resistance
coefficient (¥ = 0.1), in turn, with the gears 3 and 4 it is jploiesto drive but
the maximal speed possible to be developed wittégkm-i'. Selecting the
gear 3 in this situation we will get better autom®ldynamic characteristics.

Considering that the automobile will have to ascapdto 5°, also the
gear 4 is not exactly appropriate. In this gear #uwomobile dynamic
characteristics are very limited as well as the imak mov ement speed
does not exceed ~36 krit-ht higher road resistances.
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Due to the above considerations, for the automotmleshow good
dynamic characteristics on low quality roads andrages as well as to
develop the necessary maximal speed and dynamitsghtspeed, it is
useful to select a gearbox with two gears. In deBnite case it is efficient to
select the gears 2 and 4. The gear 2 will enswgeattomobile movement
possibilities on upgrades that exceed 5° but tear gt will ensure a
possibility to drive with higher speed at the sammee maintaining good
dynamic characteristics at average and high speed.

Besides the above mentioned, it must be considdrat the power
developed by the electromotor and with it also diggamic characteristics
depend on the battery discharging level. At lamjectromobile mileage and
more empty batteries the dynamics of the automaetilevorsen.

In case if the car owner need electromobile only dsage in city
conditions, it is possible to choose an electrometh lower power, for
instance, 10 — 15 kW. In this case the electroreomibximal movement
speed will not exceed 80 knit:hbut a smaller number of batteries will be
possible to choose this way decreasing the elecibden mass and
rebuilding costs.

Conclusions

1. The elaborated electromobile motor selection aligorihas been verified
with calculations and approved as able to operate.

2. The input parameters necessary for calculations ®dea found in the
technical data of definite automobiles and electtmmpower curves at
the producers or dealers of these components.

3. The electromotor selection algorithm can be coegend specified after
actual rebuilding of the definite electromobile arekperimental
investigation.

4. For the chosen prototype Renault Clio it is optinsattioose the gears 2
and 4 driving it with the speed up to 100 kih-tn case if the automobile
is planned for operation also at higher speedgydaas 3 and 4 can be
selected.

5. To simplify the construction the gearbox can beaskembled and the
non-used gear couples can be dismounted. This ey possible to
reduce the influence of the revolving masses in precess of
acceleration and increase the transmission effigienefficient.

6. In the planned construction it is possible not $e the standard clutch
and flywheel so decreasing the revolving masses.

7. In separate operation cases also usage of thetigatesl prototype only
with one gear, for instance, the gear 3, is possilol this case the total
gearbox mass and the inertial masses decrease.
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ELECTRIC VEHICLES FROM CAR MANUFACTURERS AND
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Abstract. Nowadays, the electric vehicles are used more mate often. The
spread of such vehicles is clearly facilitated bg tise of fossil fuel prices and
environmental pollution resulting from the use bége fuels. In recent years all
major automakers are seriously resorted to thigeids/ including in their model
range also electric vehicles. Different solutions applied in the design of electric
vehicles that generally affect the overall chanasties of the vehicles. The aim of
the present study is to analyze the technical cheniatics of electric vehicles
available already in the market and the performarfi¢beese vehicles depending on
the technical parameters. The published technidatmation from electric vehicle
manufacturer was used as source information instiidy.

Keywords: electric vehicles, performance, technical charasttes.

Introduction

During the development of motor vehicle market ¢hleave been several
attempts to put into production and sale the peaiseghicles, which energy
source is an electric battery. Starting from 20080st every car producer
has presented conceptual models of their own eecthicles in the world’s
largest motor shows. In 2010, some carmakers begaffer in the market
commercially available electric vehicles.

Now it is possible to buy many newly designed eleatehicles from the
car manufacturers, for example, “Mitsubishi i-MIEV'Nissan LEAF” and
“Tesla Roadster” (Figure 1).

There are also many companies in the world whidiuilé new and
second hand internal combustion engine cars teldatric cars.

Several of the newly designed electric vehicleslabie in the market
from the largest car manufacturers are coverethisigtudy. More detailed
three of them are studied Mitsubishi, Nissanand Tesla Motors.The
following data were summarized using different &alde information
sources:

e car body parameters;
e technical data;
¢ electrical battery structure and arrangement.
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Fig. 1.Electric cars “Mitsubishi i-MIEV” , “Nissan LEAF”
and “Tesla Roadster”

Materials and methods

The automakeMitsubishi Motors Corporatiorpresented a conceptual
model of the electric car “i-MIiEV” in Yokohama exXtiiion in October, 2006
[1]. The name is an abbreviation of “Mitsubishi twative Electric
Vehicle”. The electric car is designed on the bafsthe micro car Mitsubishi
“I". The Mitsubishi Motors Corporationn collaboration with the French
carmakerPSA which produces and distribut@®gugeotand Citroen brand
cars, distributes this electric car in the Europesrket also with the titles
Peugeot lonand Citroen C-Zero The Mitsubishi i-MIiEV is produced in
Japan and the product distribution has been lawhirtheeveral countries in
America, Asia and Europe as well.

The Nissan Motor Companig one of the first car makers, which started
production of electric vehicles on a large scafte.tHis initial phase one
model of electric vehicles is availableNissan LEAF The first delivery of
the electric vehicl&issan LEARo the customer was to the U.S., California,
San Francisco in December 11, 2010. Starting freoelhber 13, the car is
available in limited numbers, also in Southern @atifa, Arizona, Oregon,
and Tennessee States [2]. Since 1992 the autorhMakean does research
and develops the lithium-ion battery technology k2007, by establishing
a joint venture withNEC—- “Automotive Energy Supply Corporation”
(AESC), it has developed a new type flat layerdddin-ion battery with a
manganese-containing positive electrode [3]. Tierkd structure provides
a better temperature mode and a simple composifiom battery is shown in
the Figure 2.

-

'Al/

Fig. 2.Battery and its element
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The “Tesla Motors” is a relatively new American quany, but its name
is already quite well known in the world with redatio its electric street
sports carTesla RoadsterThe company “Tesla Motors” was founded by
Silicon Valleyengineers in 2003 [4]. With this model the compé&nhgsla
Motors” has shown that electric cars can be ecoocalmiecological,
attractive and fast. The method of analogous comsgais used in this study
by which conclusions are made on the design siityilaf electric vehicles
and technical specifications, which include charastics of separate
components.

Results and discussion

The body is a separate technical unit of the cdrichvincludes all
interior and exterior equipment of the vehicle. THogly usually is fastened
to the vehicle frame. There are also bodies wittdtame, monocoque,
which fulfil also the function of the frame. Theose mentioned electric cars
have monocoque bodies, to which all aggregatesasseimblies are fixed.

The compared electric vehicles have similar bodiesording to the
mass, but other technical parameters are diffebatause the body of each
model has its own design solutions, which provid#ecknt technical
functions. For example, built-in solar panels aregrated in the rear wing
of electric cardNissan LEAEFwhich provide 12 V car battery charging [5].

The study of electric car bodies and chassis shibvas independent
suspension and disc brakes are mostly used inriel@etrs, but their size
depends on the number of the carried passengersthBuwheel size and
clearance are approximately the same size bechese électric vehicles are
expected to operate on paved roads. The speadiaif the bodies and
chassis design are summarized in the Table 1.heorehicle to start motion,
it is necessary to ensure conditions when theitra¢brce acting to the drive
wheels exceeds all resistance forces of the motiba.traction force on the
drive wheels is expressed as the engine torqumgtakto account the main
gear and gearbox ratios, as well as power trangmisssses and the wheel
radius. In order to analyze all the factors thdedfthe performance of
electric cars, it is necessary to have additioeahnical information, which
Is not published by the manufacturers. Therefoehld 2 summarizes only
the main technical parameters that provide an Imsigo the dynamic and
operational characteristics of electric vehiclesie®f the most important
operating parameters of electric vehicles is th&mam speed and cruising
range per charge. According to Table 2, these atdis for the caifesla
Roadsterare significantly higher, but for thditsubishi i-MIiEV andNissan
LEAF at a similar level.
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Table 1

Specifications of bodies and chassis design [6 10

Electric vehicle
Parameter Mitsubishi i-MIiEV | Nissan LEAF | Tesla Roadste
Length, mm 3474 4445 3947
Width, mm 1475 1770 1852
Height, mm 1608 1550 1127
Wheelbase, mm 2550 2700 2352
Front track, mm 1310 1540 1466
Rear track, mm 1270 1535 1499
Ground clearance, mm 150 160 N/A
Minimum turning radius, m 4.5 5.2 N/A
Kerb (dry) weight, kg 1100 1520 1235
Gross vehicle weight, kg 1608 1795 N/A
Seating capacity, persons 4 5 2
Drivetrain layout RWD FWD RWD
Front suspension Independent Independent Independen
Rear suspension 3 link Torsion springindependent
Front brakes Disc Disc Disc
Rear brakes Drums Disc Disc
145/65/R15 175/55/R16
Tyres 175/55/R15 205/55/R16 | 595/45/R17
Table 2

Dynamic and operational characteristics [6 — 10]

Electric vehicle

Parameter Mlltl\s/ll:gl\‘j'h' Nissan LEAF | Tesla Roadster
Maximum speed, kmh 130 145 201
Power plant maxoutput,, |\ 45,5500 _ 8000 | 80/ 2730 — 9800  182/5000— 6000
kW/rpm
Power plant maxtorque, | ;44,5 _ 9900 280/0 — 2730, 374/0 — 5400
Nm/rpm
Power planrtprrrrl]ax frequency, N/A 10390 14000
Electric range, km 150 175 400
Traction battery / V Lithium / 330 Lithium Lithiurh375
Full charging time, h 6 7 3.5

The main component defining the dynamic charadiesisof electric

vehicles is the electric motor. According to théade Table 2, the electric
motor of Tesla Roadsteis about 100 kW more powerful, and it has a higher
torque and a higher maximum speed, thus ensuriaghiphest dynamic
performance between the selected cars.
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The charging options for the selected electric elekiare different. If for
the caraMlitsubishi i-MiEVandNissan LEAFRa full charge can take a similar
mode, then Tesla Roadster is intended only fordiagtging, which takes up
a half shorter period.

The characteristics, which are related to the batwarameters, weight
and location, are very important for every electrghicle. They directly
affect the capacity of the vehicle and its dynaméformance. All three
electric vehicles have batteries containing lithilom cell elements in a
metal casing.

Totally 22 battery modules are located NMitsubishi i-MiEV, each
containing four elements. The battery module cotnpamt layout is shown
in Figure 3.

Fig. 3.Mitsubishi i-MIEV battery compartment

The battery compartment is positioned in the lopwart of the body.
Such a battery arrangement provides a low centgrapfity and it does not
reduce the car interior and trunk volume. The bptt®@mpartment location
in the car is shown in Figure 4 [1].

Fig. 4.Battery compartment location in Mitsubishi i-MiEV: 1 — motor;
2 — lithium-ion battery compartment; 3 — inver#ér- charger
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The main parameters dflitsubishi i-MIiEV, Nissan LEAFand Tesla
Roadstematteries are summarized in Table 4.

Table 4
Comparison of main parameters of battery compartmets [6 — 10]
Electric vehicle
Parameter Mitsubishi . Tesla
i-MIiEV Nissan LEAF Roadster
Type of the battery Lithium-ion Laminated-type Lithium-ion
lithium-ion
Cell weight, kg 1.8 N/A N/A
Battery weight, kg 158 N/A N/A
Battery compartment weight, kg 230 N/A 450
Number of cells 88 N/A N/A
Number of modules N/A 48 11
Number of cells in module N/A 4 69
Cell capacity, kWh 0.187 N/A N/A
Cell voltage, V 3.75 N/A N/A
Cell min voltage, V 2.75 N/A N/A
Cell max voltage, V 4.1 N/A N/A
Total capacity, kwWh 16 24 N/A
Total voltage, V 330 360 360
Max power, KW N/A 90 90
. - 6 h, AC230V,| 7hpie230V/
Slow charging characteristics 15A 16A (25 °C) N/A
30 min, DC, 30 min, DC,
Fast charging characteristics | 330V, 150 A | 480V /125 A 35 h7é)2A40 v/
(up to 80 %) (25 °C)

Totally 48 battery modules are locatedNissan LEAF-each containing
four elements.

The battery compartment is positioned in the lopest of the body. The
cross-section of the body is shown in Figure 5.hSaibattery arrangement

provides a low center of gravity and does not redtie car interior and
trunk volume.

Fig. 5.Battery compartment layout
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The battery module compartment layoutTiasla Roadsteirs shown in

Figure 6.

Battery
compartment

Fig. 6. Tesla Roadstebattery compartment layout
The battery compartment is positioned in the baak pf the body. Such

an arrangement of the battery compartment doesrethice the interior
volume and provides extra load on the car driveelhe

Conclusions

1.

The largest carmakers of the world are paying awireg attention to the
development and production of electric vehiclesritgoducing the latest
technology and various other improvements in orgerimprove the
operating parameters of electric cars closer to pleeformance of
vehicles working with internal combustion engines.

One of the most important factors for successfldrafpon of electric
vehicles is the design of the body shape in orderirmhprove
aerodynamics, as well as the body use for solarggnnversion into
electrical energy.

The electric motor has an important role for imgment of the dynamic
properties of electric cars. The study shows thahgu higher power
electric motors, both dynamic and operational pemnéoce is better.

The location of the batteries in the electric caalso important, because
it affects the interior and luggage space size elbag the location of the
car center of gravity.

The battery capacity determines the distance thatdar can make
between charging. The battery charging time is ingm. Therefore,
continuous studies are carried out on battery weiglduction and
capacity increase.
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Abstract. During the recent years interest about electricickehuse on public
roads is increasing. One of the most important andolved topics is about
infrastructure creation for electric vehicle chagilt is not clear how much and
what kind of connections to electricity network Moe needed. In this study there
is a practical research about Fiat Fiorino EledtridC-S automobile — about its
needed connections and ability to charge battdres household electricity
connection 230 V, 16 A and AC 50 Hz. The experinrestilts show that there is a
need to carefully reconsider the options for urted electric vehicle battery
charging from household electricity connectionstheiit disturbing the whole
electricity connection operation. It was establéshthat for the researched
automobile in 7 hour charging cycle with voltageO28 AC, the current from
electricity network was 12 — 13 A, which is a rekadile part of the connection
maximal value. At the beginning of the chargingriniy the first 60 seconds, the
current from the electricity network was increasgrgdually before reaching its
nominal value 12 A, avoiding from the protectiorugument interference.

Keywords: charging, batteries, electric vehicle.

Introduction

The world’s population and standard of living idyogrowing, so there
is an increase in energy demand. Fossil fuel praceshigh, but alternative
fuel implementation is slow and fragmented. Electehicles seem to be the
next direction or trend, and are slowly gainingemnet also in Latvian
society. Most popular electric vehicles are bicgclaars, scooters, senior and
golf carts. Electric vehicles have 2 major disadagas — the driving range
and charging time. The range depends on the vehieteain, weather,
performance of the driver, weight and battery cé@padhe electric vehicle
charging time depends on many factors — the batygxy, capacity, charger
power, charging program, temperature etc. The amgutgne can range from
30 minutes to 20 hours or more depending on theders. Development of
compact and efficient electronic power convertellsws some electric
vehicles to be fitted with on-board chargers, tocbenected directly to the
electricity network, greatly improving the flexiliy for the vehicle. Some
chargers are also designed to maintain batteridsllirworking condition
during storage. Electric vehicles need to be tessedit is important to
develop methods for gathering the characteristia dacharging.
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Using modern equipment and data loggers, it isipesso measure the
charging characteristics continued and withoutssasce.

Every electric accumulator battery can be descrivéhl: voltage (V),
capacity (Ah) (describes indirectly how much eneigggtored), current (A)
(depends on the capacity and load regime), elgtéralensity (g-ci) (ratio
of the weight of a solution to the weight of an alquolume of water at a
specified temperature), internal resistan@@ (all resistance sum from the
active mass, electrolyte, connectors, temperaturé eharge rate) and
temperature (°C).

Most chargers in use today use the so-called |-&Wattteristic, where the
constant current | is used for the main chargethadconstant voltage U for
the final charge (see Fig. 1).

LU

e

t
Fig. 1.Accumulator I-U charging characteristics
The charging mode can be described with:
e charging time, h;
e charging voltage, V,
e charging current, A.
The charging mode consists of:

e main charging phase, where the bulk of energydharged into the
battery;

¢ final charging phase, where the battery is conadétand balanced.

IEC61851-1 is an international standard for a sedleftrical connectors
and charging modes for electric vehicles and it ina®duced 4 different
charging modes [1]:

e Charging mode 1 - slow charging from a householdketocThe
electric vehicle is connected to a single-phasehoee-phase AC
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network with a standardized socket. This chargingdenis not
permitted in few countries due to that the requieadithing is not
present in all domestic installations;

e Charging mode 2 — slow charging from a householketowith a
cable protection device. The electric vehicle iarmrted to a single-
phase or three-phase AC network, with a chargingrebfunction,
with an in-line module in the charging cable. Tise wf this charging
mode requires both, an overcurrent protective @ewitd a residual-
current circuit breaker on the network side. Usa @lurge arrester is
recommended;

e Charging mode 3 — slow or fast charging using aipesocket with
monitoring and protection controller. The elecur@hicle is connected
to a single-phase or three-phase AC network, withaging control
function, via an electric vehicle on-board chargidgvice and a
control module in the charging installation. Thes wd this charging
mode requires both, an overcurrent protective @ewitd a residual-
current circuit breaker (RCCB) on the network side. Oka surge
arrester is recommended,;

e Charging mode 4 — fast charging with external chargbe electric
vehicle is connected to a single-phase or thresgh& network with
a rectifier. The use of this charging mode requiegs AC/DC-
sensitive RCCB on the network side, as well as ovezntiprotective
devices for AC and DC. Use of surge arresters ismacended.

Materials and methods

The experiments were carried out on Fiat Fiorinettito HC-S
automobile (see Fig. 2).

Specifications: 2 passenger vehicle, full mass K{)Oengine power:
30 kWh (nominal) 60 kW (peak), maximum gradient: %84 batteries:
lithium 31.1 kW, motor: asynchronous three-phasekibng: regenerative,
charger input: 230 VAC/16 A/3 kW, maximum speed k80H", maximum
distance 100 km [2].

For electrical characteristics measurement and dateage a Pico
Technologies PicoLog ADC-24 data logger was useecfications: 24-bit
resolution, accurate to within 0.1 %, up to 8 tdiféerential inputs, up to 16
single-ended inputs, fast conversion time, digitatibut for control, galvanic
isolation from the PC to eliminate noise pickup, emsions
135x184x36 mm, power supply 100 mA (max.) from USB port, giei
approx. 505 g.
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Fig. 2.Experiment object during charging

The inertial rolling stand operates with the autbiteo driving wheels
proportionally to the driving speed, imitating dng conditions and in this
case it was used for discharging of the electrigsiale. Our tested vehicle
was equipped with a battery safety feature thas ¢ let the batteries to go
bellow certain voltage, thus making sure that thddies do not lose their
capabilities during exploitation time by switchin§ power supply from the
batteries. It can happen on a road, so it is safase a dynamometer for this
purpose. The Mustang MD-1750 chassis dynamometersists of
mechanical, electro-mechanical, and electronic riesuhat simulate actual
road loads to get data not only for performance,diso for emission and
driving cycle tests. Specifications: maximum powet283 kW, maximum
absorbed power — 294 kW, maximum speed — 100.58, rRentium-based
PC controls, MD-7000 control platform. The vehichst be fixed on the
chassis dynamometer with straps from front and baok keep the
automobile straight and in place.

REV digital energy measuring tool (190 -276V, 28m 16 A, 5-—
3680 W, +0.01 kWh) was used for measurement ofctiresumed energy.
The electricity characteristics were measured Wittsecond intervals during
the charging measurements. PicoLog ADC-24 dataedoggas used for
gathering the experiment results. The data loggas wquipped with a
current converter A1 and current transformer Tle (Bgy. 3.). The actual
power, current and voltage values were controllgdRIEV digital energy
measuring tool P1, which also was registratingtttal consumed electric
energy.
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Results and discussion

Charging current increase is very important at tlegiining of the
charge, there should not be any high peaks that@ase overloading of the
power source.

The experiments were carried out 5 times, in whiah total consumed
electric energy curves were similar, the chargingetdiffered because the
automobile batteries could not be discharged absglusimilarly. The
consumed electricity current value and change entiine was very similar.
When the batteries were fully charged, the eletyrivetwork current value
decreased to 1.86 A. Then it increased to 6.2%én ecreased to 1.86 A,
after that increased to 4.47 A and again shortlgreesed to 1.86 A. The
final increase was to 3.12 A, which followed by dEse to 1.86 A and
switched off (Fig. 4).

The average total consumed electricity energy duite charging cycle
was 20.02 kWh, averaging 98 km driven distance. iMakcharging power
2923 W was registered by the energy measuring RiBY. After the
charging cycle ended, the current decreased to A.1Bhe electricity
network voltage was average 230 V during charge.
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Fig. 4. Full charging cycle current characteristics

The experiment results confirmed that the Fiorinlmarging type
corresponds to mode 2 and can be used in housgthl sockets with
ground wire. The standard household one phaserielgctconnection is
230 V and 16 A inlet fuse. This kind of electricitpnnection can provide
electric vehicle charging on condition, that theus$shold consumed
electricity does not exceed 4 A. That means, otimrsehold electricity
consumer loads need to be reduced to guarantde staimection operation.
The remaining theoretical usable power reache®30 =920 W. That
means, no electric kettles, washing machines, imnsater boilers can be
used during charging, the remaining power coulcduged for lighting and
computer use, or there is a need that more effidd@me appliances are
introduced.

Precisely planning the electrical power consumptidhe vehicle
charging can be coordinated with home appliance Tise simplest solution
Is to charge the electric vehicle during the nighiten home appliances are
not in use. A more advanced and expensive soligitm increase the power
of electricity connection. There is also a solutiti:n introduce a smart
electrical load distribution system, determinin@ tbriorities for electricity
consumers and vehicle charging. The worst impacgféective connection
use is given by short time big loads, for examplegtric kettles, ovens and
water flow heaters.

During the study of the charging results, we esthbd that at the
beginning of charging, the current value is steiadyeasing before reaching
its nominal value in 60 second time. This techngmution provides a stable
connection to the electricity network. The expemmeesults are given in
Table 1.
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Table 1
Charging current increase at the beginning of charimpg

Time, s 0 10 20 30 40 50 60

Charging current, A 0 1.867 1.904 3509 8.4p5 19.p41.586

The Fiorino automobile charging current gradualreéase is a very

important factor for the occasion when there iseadhto use alternative
energy sources, where for current transformatiorel@atronic inverter is

used, which has protection for a short period @astl This can be related
also to portable autonomic internal combustion eagienerators used for
battery charging in urgent situations.

Conclusions

1.

From the study results it is clear that the Fiagttico Fiorino HC-S
automobile battery full charge needs 7 hours, widcttricity connection
that can provide 12 — 13 A, 230 V, 50 Hz altermgattrrent, that means
that a regular household connection is used na#s toaximal current.
Charging electrical automobile at home means redusther household
electricity consumer total power used simultanepusl

In case of automobile charging, it is worth expigrinew technical
solutions for creation a smart charging systemiddig the electricity
consumer connection priorities in a household.

With growing of the electric vehicle popularity,etie will be increased
electricity network load expected, that can leadthe necessity for
household connection power upgrade.
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3. EXPERIMENTAL RESEARCH OF ELECTRIC VEHICLES

The exploitational characteristics and parametdrslectric vehicles
under the climatic conditions in Latvia may consaddy differ from similar
parameters in warm climatic zones. In Latvia, tindeanperature can fall up
to -25°Cand even -30°C. Electric vehicles might not be asthpd such low
temperatures and their cabin heating system as agelbattery protection
system may also be unsuited, which can prevent fhem being exploited.
Road conditions may also significantly differ frorhose under which
electric vehicles were tested. The following essénexploitational
parameters may differ: kilometrage per charge, @afg in the winter
period, as well as acceleration parameters. Ferrdason, the experimental
research of key exploitational parameters of aleewhicles was carried out.
The experiments were performed on general roadslgava district, taking
into account the motion regimes characteristicastipular electric vehicles.

In electric vehicles, batteries of various types ased, ranging from
lead-acid batteries, which are well-known for méman a century, to the
latest generation lithium iron batteries. Each gaten of batteries can
differently react on low temperatures as well agpoar road conditions, for
instance, gravel roads.

So far a research of similar nature and scope babeen conducted in
Latvia. Informing the public about how various gpsuof electric vehicles
and particular vehicle models are adapted to lexploitation conditions can
reduce the doubts of potential owners regardinghmasing electric vehicles
and expose the key advantages of these vehicles.

Within the project “Usage of Electric Energy in MotVehicles of

Physical Persons”, the electric vehicles subjectexperiments may be
classified into several categories:

e electric bicycles and electric mopeds;

¢ |ow-speed electric vehicles for shopping;
e low-speed electric automobiles;

¢ high-speed electric automobiles.

Thus, almost all categories of electric vehiclesjolw are and will be
exploited in Latvia in future, are encompassed. @ eriments were carried
out to determine the following key exploitationaarameters for each
category of electric vehicles:

e average kilometrage per charge at various motigimes and at
various air temperatures;
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e average cost per 100 km of travel;

e battery charge curves;

e effect of using solar batteries placed on the wian electric vehicle
in Latvia;

e power of electric vehicles established on a r@l@wer test bench;

e exploitational parameters of electric vehicles atiaus loads and at
various performance regimes;

e research of the effect of the regenerative systieateatric vehicles;

e research of kilometrages of electric vehicles wtrtially charged
batteries.

Some of the experimental results are discussdudrchapter.
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DYNAMICS OF SLOW-MOVING ELECTRIC VEHICLES
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Abstract. Slow-moving electric vehicles that are availabiethe Latvian market

were ascertained. A methodology for determiningpheameters of dynamics for
slow-moving electric vehicles was developed. Theximam speed, acceleration
time and distance were determined for various etecehicles. An electric moped
had the best acceleration characteristics amongedhieles chosen. By using the
graphs of acceleration intensity, an optimum sdeedhe electric vehicles tested
was determined to achieve their maximum distanaiging.

Keywords: electric energy, electric motor vehicles, electobites, acceleration
time, acceleration, distance of driving.

Introduction

Deposits of fossil energy are gradually running muthe world. The
extensive use of fossil energy in motor vehicleupes the environment
with such toxic substances as CQHG, and NQ as well as promotes global
warming due to C@emissions. Therefore, possibilities to use otloerees
of energy, which are environmentally friendly, int@mobiles are searched
for. One of such sources of energy is electridit can be used for cars and
slow-moving motor vehicles.

The first electric vehicles have been known siroe year 1830. Yet,
their exploitation was limited. A more extensiveeus electric vehicles was
observed only in the beginning of the"™@entury when electric taxis
appeared in New York. Even in those times, eleotgbicles had a few
advantages compared to internal combustion engamécies, for instance,
they did not have to be started up by spinningdhgine by means of a
crank, as electric starters were not available ;tliegy were not noisy, no
gases were emitted, and no fuel smell was felth\Wl@veloping the internal
combustion engine designs, their use in motor Vehisharply increased,
whereas electric motor vehicles were used quitelyain those times, the
main problem in exploiting electric vehicles wa® ttame as today — no
light, cheap, and relatively capacious batteryailable that could ensure a
large distance of driving, especially in non-urlbaific [1].

Every vehicle is suited for specific conditions e{ploitation. Electric
vehicles, irrespective of their disadvantages, @zoupy a market niche and
find their own use. This use can be related tosihecifics of this type of
vehicles — pollution localisation at the site oféattic energy generation and
noiseless operation.
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One of the types of electric vehicles is slow-magvielectric motor
vehicles [2].

Slow-moving vehicles include electric bicycles agldctric mopeds as
well as electromobiles for shopping, golf, and temr and other types of
electromobiles, the driving speed of which doesaxaeed 50 kmh

Since such vehicles can be used in urban traffier/ttheir dynamics
can play an essential role in traffic safety, apesimental study on the
dynamics of slow-moving electric motor vehicleslwi conducted.

Materials and methods

1. Slow-moving electric motor vehicles and their types
Slow-moving vehicles can be classified into twougs:

¢ vehicles that can take part in road traffic — eledbicycles, mopeds,
single-seat electric shopping cars, and certiftenlist automobiles;

e vehicles that are not certified for road traffiayelf electric cars,
hearses, electric trucks for closed territories.

The engine power of four-wheel slow-moving electriotor vehicles is
within a range of 1-5 kW, and their distance ofvihg is 40-75 km. These
vehicles are usually equipped with lead deep digehbatteries. In Latvia,
10 slow-moving electric motor vehicles producedli Melex company are
presently used for tourist transportation in Sigudehd drmala.

Electric bicycles are two-wheel vehicles the engamsver of which is
usually within a range of 0.18-0.35 kW, maximumegpef driving is 20 to
30 km-h', and distance of driving per battery charge ist®®30 km. Lead
deep discharge batteries are most frequently useeléctric bicycles, but
lithium-ion batteries can be also used. The engingectric bicycles can be
activated in two ways: by means of a traditionalederator handle or at the
moment of engine start-up when the driver spinsajsedt certain spin rate.
Electric bicycles can be quite popular, as theireis within EUR 300-700.
One of the main advantages of electric bicycleabaspossibility to get home
by spinning pedals in a traditional way after tla¢tdry is fully discharged.

Electric mopeds are usually more powerful thantalebicycles and no
pedals are available. The power of mopeds is withh5 kW, their speed of
driving is up to 40 kmh and their distance of driving is up to 60 km. Due
to a larger engine power, mopeds require more dapmdatteries that
ensure sufficient dynamic characteristics [2].

2. Methodology for determining the parameters of dynes
Slow-moving electric motor vehicles are not inteshder fast driving,
yet the ability of electric motor vehicles to adapturban traffic can be
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analyzed by determining their parameters of dynamas well as the
optimum speed of driving to achieve the maximuntadise of driving per
battery charge can be determined according to #oeeleration curves.

Before the tests are started, the air pressure resuby the
manufacturers was provided in the tyres of eleatrator vehicles. All the
electric motor vehicles were tested with fully ajed batteries. The
measurements of the electric motor vehicles wemedan a 200 m long
section of road in the suburbs ofigR, Sigulda, and Jelgava. The road
surface was asphalt in a good condition, the mliesistance coefficient was
0.018-0.020, and the slope of the road did not excé %. The air
temperature during the experiments was 15°C aedwimd speed was
2-3 m-§.

A scientific radar Stalker ATS placed on a tripodswused for the
measurements. The radar measures the speed, ileher parameters —
distance and acceleration — are computed. The psmmeters of the radar
are as follows:

accuracy +0.1 km-h

speed range 1-480 kni:h

time of capturing a vehicle 0.01 s;
weight 1.45 kg;

operation distance up to 2500 m [3].

To conduct the research, 5 various electric mogéticles were chosen —
an electromobile Melex 963DS, an electric moped d@&io M37, an
electric bicycle ER61, an electric shopping car Hawand an electric
shopping car City-Liner. The technical charactesssof the vehicles used in
the experiments [4-7] are presented in Table 1.

Table 1 presents also the specific power of thettemotor vehicles.
This indicator can characterise dynamic qualitievehicles if the vehicle
power is not too large and the adherence of wheisensure full use of its
maximum power. The power of slow-moving electrictamovehicles is not
large, therefore, it is expected that no slippihgvbeels will be observed on
asphalt with an adherence coefficient 0.7 for all the vehicles mentioned
in Table 1.

Larger specific power indicates larger potentiadederation dynamics.
According to this parameter, the largest potemtceleration dynamics will
be observed for the electric moped eGO Helio M3TiJerthe smallest one —
for the electric bicycle ER61. The correctness alsthassumptions will be
verified by conducting an experimental study.
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Table 1

Technical characteristics of the electric motor velules
used in the experiments

. Model of electric motor vehicles
Technical Melex eGO Helio Hawaii
characteristics 963DS M 37 ER 61 TM4401DX City-Liner
Driving distance at 65 40 65 40 35
full charge, km
Largest driving
speed, km-h 25 37 32 6 6-8
Batteries 8 units, 2 units, 4 units, 2 units, 2 units,
12V 12V, 34 Ah|12 V, 12 Ah 12V, 40 Ah|12 V, 40 Ah
Voltage.of electric 48 o4 48 24 24
engine, V
Power of electric | 5 4 1.75 0.35 1.00 1.00
engine, kW
Ca”y'”ggcapac'ty' 450 114 115 159 150
Gross weight, kg 1135 173 150 255 245
Spelc('\‘;'\f e 344 10.12 2.33 3.92 4.08
Specific powerin | g o 12.50 2.80 5.12 5.37
experiment, kWt

Technology of the experiments

Any measurement is done by experiment operatorse Operator
accelerates the electric motor vehicles, while gheond one operates the
scientific radar. The electric motor vehicles aftacpd in the front of the
radar at a distance of 1-2 m. The height of thearasl adjusted, so that it
operates at the best angle of reception.

After the start signal is given by the radar oparathe mode of filming
Is activated on the radar and the electric motdricke starts moving. The
data were registered in a computer connected toaitier. Any acceleration
of the electric motor vehicle is done at maximuntemsity, pushing the
accelerator handle to the utmost position.

The acceleration is performed until stable maximspeed is achieved,
keeping this speed for at least for 2-3 secondgerAhe maximum speed is
achieved, the radar operator stops filming ands#we data. The operator of
the electric motor vehicles turns the vehicles adto drive them in an
opposite direction and places them at the staitiposn front of the radar.
In the same way, three measurements are repeated.
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Results and discussion

3. Results of the experiments

One of the significant indicators in vehicle dynasiis acceleration until
certain speed is reached. For cars, this is thedspé 100 km-fi, and
modern street automobiles can usually reach suebdswithin 6-15s. The
slow-moving electric motor vehicles, which were cs&a, have various
maximum speeds of driving that vary within 6-37 kh-Due to this reason,
the acceleration dynamics were compared for speedso 5km-H and
15 km-h'.

Based on the research methodology, the measuremergsdone for the
electric bicycle ER61, the electric moped eGO H&I®7, the slow-moving
electromobile Melex 963DS, and the electric shogpioars Hawaii
TM4401DX and City Liner. After completing the expegnt, the data were
processed and the average data were obtained fime theasurements.
Based on the measurement data, calculation was dodethe result is
presented in Fig. 1.
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Type of slow-moving electric motor vehicle

Fig. 1.Acceleration time for slow-moving electric motor ehicles:
1—upto5kmT 2 —upto 15 km-h

The best acceleration dynamics both at a speedou$ km-h and
15 km-h* was observed for the electric moped eGO Helio M8&3pectively
0.49 s and 1.77 s. Since the maximum speed of ldatrie shopping cars
does not exceed 8 kmththe cars are not shown in the right side of the
graph.
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Among the vehicles studied, the poorest resulteching a speed of
15 km-Hh was gained by the electric bicycle ER61. It cang@ained by its
relatively weak engine — only 0.35 kW. In accordandth EU legislation,
the engine power of electric bicycles is limiteddashould not exceed
0.25 kW. The electric bicycle ER61 can also be uasda moped by
operating the accelerator handle. It is possiblat tthe engine power
mentioned in normative documents may not be inecdsie to this reason.

The engine power of the electric motor vehiclesrsller compared to
analogous internal combustion vehicles. The onlgepkion is the electric
moped, the engine power of which is approximatély same as for an
internal combustion moped. Irrespective of the tneddy small engine
power, the electric motor vehicles showed suffitiergood dynamic
characteristics owing to their excellent engine poand torque curves.

To compare the acceleration parameters more phgcasgraphv = f(t),
which is shown in Fig. 2, was constructed.
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In case if the vehicle power is not sufficient tchigve good dynamic
characteristics, the speed curve is steep. At lageeds of driving when the
engine power reaches its maximum, the acceleratiove becomes flatter.
As regards the electric motor vehicles studied, daeve bending point is
reached at (0.7-0.8)ax

According to provisional studies, if this speeddaliing is exceeded, the
engine of the electromobile is overloaded and coresumore electric energy
accumulated in the battery. Therefore, the distariakiving of vehicles per
battery charge decreases. Among all the electritomeehicles, the most
explicit bending point is observed for the electodmie Melex 963DS, which
is reached at approximately 15 kim-tr after 3 second acceleration. Further
acceleration, until the maximum speed is reaclsast place very slowly.

A fact has to be noted that sometimes produceisatellarger speeds of
driving for their electric motor vehicles than € in reality. The maximum
speed of driving (6 km, which is shown in the technical characteristiss,
reached only by the electric shopping cars.

As in the acceleration analysis of a speed of up5t&m-H, the fastest
acceleration at the full range of speed was alssewied for the electric
moped eGO Helio M37. It reaches the maximum spekediriving in
7.49 seconds. Such acceleration is quite convefoenirban traffic and for
merging into the flow of traffic. Given the relagly small speed of driving
and the large size of it, the electromobile Mel&8DBS is not well suited for
urban traffic. It, according to the producer recoamaiations, can be better
used for entertainment trips in streets withoutvgdeaffic and outside urban
areas when the nature can be enjoyed owing tatedf engine noise.

The dynamics of the electric shopping cars is th&ekt among the
vehicles studied. Yet, taking into account the #pmec of using these
vehicles — on sidewalks, in shops, and on pedestaassings — the
maximum acceleration is achieved in less than twoosds, which is
absolutely sufficient. These vehicles can compeatha pedestrians and are
even faster than an average pedestrian, taking eotwsideration their
distance of driving of up to 40 km and their maximspeed of driving that
exceeds the average speed of walking of pedestrians

The acceleration distance (see Fig. 3) was analgebdfor the electric
motor vehicles that run faster than 10 kih-fihe acceleration distance for
the electromobile Melex 963DS is 28.8 m, but theclc moped needs a
distance of 47.39 metres to achieve its maximumedpelhe largest
acceleration distance or 59.28 m was observed&elkectric bicycle, which
can be explained by its small engine power.
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Conclusions

1. Various slow-moving vehicles are available in thatvian market, yet
their popularity is limited by the high price ofetbe vehicles.

2. The largest specific power or 12.50 kWktelongs to the electric moped,
which ensures the highest indicators of dynamicstfe the acceleration
time to reach a speed of 15 kimi& achieved in 1.77 s.

3. The longest acceleration time or 4.62 s is requioedhe electric bicycle
ER61 to reach a speed of 15 kih-tlue to its low specific power
indicator.

4. Irrespective of the relatively small engine powtre electric motor
vehicles showed sufficiently good dynamic charasties owing to their
excellent engine power and torque curves.

5. The optimum average speed of the electric motoincleh studied is
(0.7-0.8)vimax Which ensures the largest distance of driving tloe
electric motor vehicles.
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6.

In the technical characteristics, the producerslofv-moving electric
motor vehicles have showed on average 10 % langeedsof driving
than it was achieved in the experiments.

The best indicators of dynamics were observed Her dlectric moped
eGO Helio M37; it reaches the maximum speed of imigivin
7.49 seconds.

The dynamics of the electric shopping cars is th&ebkt among the
vehicles studied, yet, given the specifics of usihgse vehicles, the
maximum acceleration is achieved in less than tewosds, which is
sufficient.
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Abstract. Use of electric cars have several potential benhefompared to
conventional internal combustion automobiles, faaraple, a significant reduction
of urban air pollution, less dependence on foradretc. Despite these benefits,
several problems limit widespread application dadcélic cars. Electric cars are
significantly more expensive than conventional iné&& combustion (IC) engine
vehicles due to the additional cost of their batfmck. However, battery prices are
coming down and expected to drop further. Othetofacdeterring the adoption of
electric cars are the lack of public rechargingrasfructure and the driver's
unfamiliarity with the electric car dynamic chamxtstics compared with vehicles
powered by IC engines.

This article deals with the electric ckrat Fiorino Elettrica HC-Sacceleration
characteristic studies testing the car on real.rd&e car's acceleration intensity
was determined using the scientific radalker ATSon 1 km long road section
with fully charged batteries without load, with arpally (25 — 30 %) charged
batteries without load and with fully charged bage and a 500 kg load. A time to
run the car from 0 to 95 km per hour, and from 6090 km per hour was
measured. Speed curves according to the traveitédnde were obtained. It was
found that without load electric car accelerationet with 30 % charged batteries
was only 1.9 — 2.5 % higher than with fully chardedteries. Loading the car, the
time increases by approximately 34 %. Acceleratistance was even greater and
reached 39 %.

Keywords: electric car, acceleration run, acceleration isitgnscientific radar.

Introduction

World energy resources are limited, but environmlemollution is
increasing. One of the major energy consumers afidt@rs of environment
is the road transport. According to different scesaworld energy resources
may be sufficient for only next 40 to 60 yearsZL;

Consequently, there is a need to introduce new le=hithat are
environmentally friendly and consume less fossdlfuDne of such vehicle
types is electro vehicle. Using of them may loalithe production,
utilization, and exploitation pollution, as well &ss possible to use various
forms of energy:

e electricity produced from renewable resources -arsolind, and
hydro energy;
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energy derived from renewable resources by energgsfer to
electricity — biogas or biofuels produced electyian cogeneration
plants;

energy from non-renewable natural resources orremvientally
harmful resources — nuclear, coal or oil energy.

Depending on the type of energy, i.e., on how thetacity is produced,

electric car will be more or less environmentatigrdly.

Significant electric vehicle exploitation parameter the dynamic

behaviour that allows to judge about the followfagtures:

electric cars fitness for road traffic, the ability integrate into the
traffic flow;

identification of the most cost-effective drivingpeed to ensure
maximum mileage per charge;

ability to safely perform dynamic manoeuvres, sashhe run-up and
overtaking.

Materials and methods

Investigation of electric car acceleration chamasties was carried out in

cooperation with the public limited compamyatvenergo ASusing their
electric carFiat Fiorino Elettrica HC-S

Fiorino is conceived for build-up urban environments amalscities. It

combines performance, agility and comfort with tbhad capacity, ease of
loading and unloading, reliability and productivibf a light commercial
vehicle. The car’'s main technical parameters [3]:

category — M1;

motor — asynchronous, nominal power 30 kW, maxipwaver (peak)
60 kWw;

brakes — energy recovery;

recharging socket — 230 VAC — 16 A — 3 kW,

battery — lithium up to 31.1 kWh;

grade ability — 24 %;

transmission — direct drive;

maximum speed — up to 115 kni:h

distance of run with a single full charge (range ETH cycle) 100
km;

coupe heating system with a fossil fuel.

The car’s acceleration intensity was determinedgisihe scientific radar
Stalker ATYSee Fig. 1) on 1 km long road section.
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Fig. 1.Electric car Fiat Fiorino Elettrica HC-S
and scientific radar Stalker ATS

The Stalker Acceleration Testing Systé8TATS is the combination of
the Stalker ATS Professional Radar Gamd the powerfulStalker ATS
software program. It is a portable and accuratdesysfor testing and
analyzing vehicle performanc&TATSprovide a detailed picture of the
dynamics of acceleration. It is the ultimate taml facers and manufacturers
to test and tune products for maximum performambe. ATSgun measures
the speed of the vehicle at precise intervals, thieth sends those speed
samples to the computer.

The Stalker ATSsoftware program saves the speed data, assiges tim
information, and then calculates distance and acagbn rates for each data
sample. This data is then saved as a file on theguater’'s hard drive. Since
speed, time, distance and acceleration are matieathatelated, having any
two of these measurements means the other compgocemtoe derived with
absolute accuracy.

The radar’'s main technical parameters [4]:
e speed range: 1 — 480 krit:h
e accuracy+1.069 km-H;
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e target acquisition time: 0.01 s;

e maximal range for cars: 1.82 km;
e weight: 1.45 kg;

e RS-232 communication system.

Before the experiment a full battery charge was queréd under
laboratory conditions. Experiments were carried oota flat and straight
asphalt road surface with an average rolling rasc coefficient from 0.018
to 0.020. Road surface was dry, ambient temperatlie®C. Wind speed
didn’t exceed 2.8 m% Going to the experiment site, the car travelled
12 km.

Starting the experiment the radar was placed 5 mnhdtehind the car.
Two operators participated in the experiment. Omeked with the radar,
which is connected to a portable computer, the reed@ms driven the car.
Operators communicated through portable radioAdfétr the radar operator
commands, the car driver started the car's sharpup) pressing the
accelerator pedal all the way. Experiment was peréal from 0 km-i until
maximum speed was achieved. After the test carmetlto starting position
and the next experiment repetition was carried out.

The experiment was repeated to determine the dridymamics from 50
to 90 km-H. Driving started 100 — 150 meters before the rastarthat
crossing the radar detection area a steady spe&@ kin-h* was reached.
After that the run-up to 90 kmi*twas performed.

Each experiment was repeated 5 times. If duringtés¢ another car
appeared on the road and disturbed the radar negasnots, the experiment
was repeated. From all five repetitions three wsalected with the closest
data, i.e., with the highest correlation betweempeexnental series data
points. Average values were calculated from at tléasrepetitions if
correlation between the series data points wasagt0.995, i.e., above
99.5 %. After that curves=f (t), s=1 (t), v =f (S) were constructed.

Experiments were carried out with fully chargedtéats without load,
with a partially (about 25— 30 % of maximal capgcicharged batteries
without load and with fully charged batteries arisD@ kg load.

The block diagram of experiments is shown in Figuré&lectric vehicle
tests were carried out in two stages, because aviiingle charge is not
possible to provide a full cycle of the experimemid come back to the
laboratory. In the first stage experiments withlyffutharged and partially
charged batteries were performed, in the secomy staecharging batteries
and loading the car with 500 kg weight, thus adnig\a gross weight of the
car.
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Investigation of electric car'sFiat Fiorino Elettrica HC-S
acceleration characteristics

Experiments _Experiments
without load with load 600 kg)
A
Charging the car Charging the car
at laboratory at laboratory
A
Driving to the Loading the ca(500 kg weight
experiment site (12 km) in baggage compartment)
A
Tests withfully charged Driving to the
batterieswithout load experiment site (12 km)
A
Discharging the batteries Tests withfully charged
to 30% of max. capacity batterieswith load
A
Tests withpartially charged Returning
batteriesvithout load to laboratory
A
Returning
to laboratory

Fig. 2.Block diagram of experiments

Results and discussion

Acceleration characteristics, testing the car vitity charged batteries
without load, are shown in Figure 3. As the maximgpeed of 100 km+hin
any of the tests was not achieved, the speed 95'kmvas chosen for
comparison, which was reached also driving with lib@d and partially
charged batteries. Data processing showed thaspgked of 95 km:his
achieved in 24.13 seconds, this time driving 42nE%ers long distance.

Figure 4 shows the acceleration characteristicstingge the car with
partially (25 — 30 %) charged batteries withoutloa

The speed of 95 kni*his achieved in 24.58 seconds during 431.45
meters long distance.
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Acceleration characteristics, testing the car vttty charged batteries
and a 500 kg load, are shown in Figure 5. The sp&88 km-f is achieved
in 32.90 seconds during 588.00 meters long distance
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Fig. 5.Acceleration characteristics, testing the car witHully charged
batteries and a 500 kg load

Due to the fact that the acceleration is reguldtgdthe Electronic
Control Unit of electric vehicle, the run-up (speedl distance) curves in the
covering range of speeds accelerating from O tkr@%er hour, and from 50
to 90 km per hour are very similar and differ bydehan 3 %. All the above-
mentioned test mode results are summarized in Table

Without load and with 30 % charged batteries eleatar acceleration
time from 0 to 95 km-h and from 50 to 90 km*hwas accordingly only
1.9 % and 2.5 % higher than with fully charged dxas, but acceleration
distance — in average 2.4 % longer. Loading the tba time increased by
approximately 34 %. Acceleration distance was egsrater and reached
39 %.

For comparison, petrol-powereéfiat Fiorino Combi 1.4 Euro 5
(1368 cm, 54 kW) from 0 to 100 km-haccelerates in 16.6 seconds, while
gas-powered — in 17.5 seconds [5; 6]. Of courssuoh view electric car is
much less dynamic, but that comparison is not yeadirrect, since the
maximum speed for the petrol car is 155 Km#ind accelerating to
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100 km-F" is far from the maximum speed, while for the aiectar this
speed is close to maximum. Therefore, more objectieuld be to make a
comparison, for example, accelerating up to 80 Kmitis was confirmed
by additional experiment, in which the c&enault Trafic 2.0 DClwas
tested. Although the car's engine is 3 times moosvgsful than the
Fiat Fiorino Elettrica HC-S Renault up to 80 km-fi accelerates in
14.05 seconds, b#iat — in 15.72 seconds, i.e., the difference is ngtehu

Table 1
Summary of acceleration parameters in all test mode

Test results
) = Q S
g n | € E_ o g n | € Eq-
o, | S8t | g5 | Ze|ogk
No. Test mode '%Osé g g £ 5 & '%S'E g 8§
= ES | © < T X SEX | ©0ES
QL o Q © o)) QO = @ o O o O
o+=W | On v ®© o =2 | o
g 2| <52| 8 | §7°2 | I55
< © < o)
1, | Fully charged batteries| », 13 | 451 15| 97.67| 1385  283.95
without load
Partially (25 — 30 %)
2. | charged batteries 24.58 431.45 97.55 14.21 290.79
without load
3, | Fullycharged batteries| o, o4 | 5gg 00| 9210 1837  377.21
and a 500 kg load
Conclusions

1. In experiments with a fully charged batteries withdoad carFiat
Fiorino Elettrica HC-S shows enough good dynamic performance,
accelerating to 95 km*hin 24.13 seconds, to 80 krit-k in 15.72
seconds, and to 50 knt:ffthat is important for driving in the city) — in
7.07 seconds.

2. Electric car's dynamics with partially dischargedttbries is close to
fully charged batteries. Acceleration time fromo09% km-H and from
50 to 90 km-H was accordingly only 1.9 % and 2.5 % higher thaifn w
fully charged batteries.

3. Loading the car, the acceleration time increasedpproximately 34 %,
but acceleration distance — by 39 %.

4. Considering that the tested electric car's maximyeed is close to
100 km-F, for comparison with the internal combustion eegirehicles
it's recommended to choose a lower speed, for elgrBp km-H, when
the entire vehicle dynamics has not yet been spent.
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RESEARCH OF RUNNING DISTANCES OF ELECTRIC VEHICLES
IN URBAN AND EXTRA URBAN REGIMES

Janis Laceklis-Bertmanis, Liene Kancevica, Janis Misis
Latvia University of Agriculture
janis.laceklis@llu.lv, liene.kancevica@llu.lv, jamistris@llu.lv

Abstract. In order to research the running distance of actedal vehicle in urban
and extra urban regimes in dependence on the eelviall Fiat Fiorino Elettrico
HC-S was used. The car running distance was detetmising the scientific data
logger HOLUX GPSport245The maximal driving distance of the electric védic
with full charged battery in urban regime withooadl reached 99 km and the
average driving speed 30.69 km;Hut with load the driving distance reached
90.7 km and the driving average speed 28.03 knfrhe maximal driving distance
of the electric vehicle with full charged batteryaxtra urban regime with a driver
and one passenger reached 95 km and the averageydipeed 63.72 kmi*h The
running distances of the electric vehicle largegpehd on the battery type, its
condition (new or used), vehicle load and driviagime.

Key words: electric vehicle, running distance.

Introduction

Nowadays, a great part of manufacturers offer ttwim range of electric
vehicle models. As of March 2012 series productioodels available in
some countries include the Tesla Roadster, REVAI, Budditsubishi
MIEV, Tazzari Zero, Nissan Leaf, Smart ED and oshé&ars with internal
combustion engines can be considered to have mtefiange, as they can
be refuelled very quickly almost anywhere. Elecitars often have less
maximum range on one charge than cars powered 4yl foiels, and they
can take considerable time to recharge. Runningarmss of electric
vehicles largely depend on the battery type, iteddmn (new or used),
vehicle load and driving mode. This is a reason wgny automakers
marketed electric vehicles as "daily drivers" sulgafor city trips and other
short hauls. The technical information of the mawctdrers is often of
electric performance parameters indicating a cat th not loaded with
passengers or load. In addition, the distance petexmiare obtained under
laboratory conditions, which correspond to the rgalation on the road.
These parameters are obtained under laboratoryitmorgdthat are not fully
compatible with the realities on the road. In timgestigation a small duty
electrical truckFiat Fiorino Elettrica HC-Swith a gross weight of up to
3500 kg was used. The main purpose of the expetsmgto determinate the
electric vehicle running distance in urban andaexitban regimes.
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Materials and Methods

The investigation in electric car acceleration eltgristics was carried
out in cooperation with the public limited compabgtvenergo AS using
their electric car Fiat Fiorino Elettrica HC-S. R is provided for build-up
urban environments and small cities. It combinedopmance, agility and
comfort with the load capacity, ease of loading antbading, reliability and
productivity of a light commercial vehicle. The expnents have been
performed in urban and extra urban regimes of Jalgia order to research
the running distance of electrical vehicle (Fig.id)urban and extra urban
regimes in dependence on the vehicle load FiatirféidElettrico HC-S was
used. The experiments were carried out with fuligrged batteries in urban
regime without load and a 500 kg load, but in exirban regime without
load.

The main technical parameters of the car [1]:

e category — M1;

e motor — asynchronous, nominal power 30 kW, maxipwaler (peak)
60 kW;

brakes — energy recovery;

recharging socket — 230 VAC, 16 A, 3 kW,

battery — lithium up to 31.1 kWh;

grade ability — 24 %;

transmission — direct drive;

maximum speed — up to 115 kni:h

distance of run with a single full charge (range EXDE cycle)
100 km.

Fig. 1.Experimental electric vehicleFiat Fiorino Elettrico HC-S
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The experiments were performed on asphalt roadsaivith an average
rolling resistance coefficient from 0.018 to 0.022d with a fully charged
battery. The experiments were carried out at tirhewthe road surface was
dry and the ambient temperature +10 2Q0Wind speed did not exceed
3m-§'. The electric driving experiments are carried dutthe center of
Jelgava, which is more heavily loaded.

The experiments were carried out continuously, edthsignificant car
stop, except when required by the traffic condgiolRor the electric vehicle
battery discharged level illustration the indicator the vehicle dash-board
was used (Fig. 2).

Fig. 2.Charging position of electric vehicle battery indiator:

1-7 — vourious charging position of battery indaza8 — minimum volume
of battery charge level; 9 — batteries fully disgjeal; 10 — warning lamp;
11 — battery warning lamp; 12 — battery voltage.

If the charge indicator has reached the red zoee ffse ¥ Fig. 8), the
average electric remaining mileage is 15 milestrid moment, the yellow
light illuminates, this shows some remaining mikealj the electric vehicle
was used further the vehicle speed reduction oaiyn parameters did not
decrease. When the batteries are fully dischargedndicator is in the red
area at the bottom line (see tH& Rig. 9), the yellow warning signal turns on
and the electric vehicle stops to work. Chargingeteetric vehicle batteries
approximately for 2 hours the batteries can begdthto the extent when the
electric vehicle can take 30 — 35 km mileage.

The urban route of the experiment was incorpord8aontrollable and
3 uncontrollable junctions. The urban route distéant the experiment was
14.6 km, but the extra urban was 45 km. The urkbaurter is shown in
Figure 3. The experiment route contains differentinlg intensity where the
driving speed changes from 50 till 70 ki:h
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Using the universal data collection and procesdmgger HOLUX
GPSport2452], the electric car running distance, speed am@ tn urban
and extra urban regimes of Jelgava is measure@r Atie experiment the
mileage is compared with the odometer values.

The logger technical parameters [2]:

e weight — 72 g with battery;
memory — RAM: 64KB,;
display — 128« 128 dots;

IO interface — Mini-USB charging;
adaptor — input 100 — 240 VAC, 0.5 A max, DC outpu¥/5 A
thought Mini-USB;

e function — save log data and 200,000 waypointswshpeed, time,

routes, log, G-finder;

e environment temperature — operating temp. -10 °60t6C, storage

temp. -20 °C to 70 °C.

Each measurement was repeated three times [3juliyf discharged
batteries. From all three repetitions the averagjaes were calculated if the
correlation level between the series data points wah least = 0.95,
P=0.05t = £ 30).
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Results and Discussion

Changing the electric vehicle load and the expertmaute different
driving distances and average driving speeds ayeit@d. The electric car
different driving speed and load changes duringettgeriments in urban and
extra urban regimes are shown in Figure 4.
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Fig. 4.Driving speed diagram of electric car:
a — driving speed in urban regimeslolriving speed in extra urban regime

Fig. 4a describes that the most cases of the erpatispeeds did not
exceed 50 kmhin urban regime. At one stage of the experimenterdhe
driving speed increased till 70 krit-hFig 4b describes the average speed in
extra urban route and movement and stops of tiotrieleehicle.

The odometer average value indication compliandh wie discharge
indicator at urban and extra urban mode is summarin Table 1. If the
electric vehicle batteries are fully charged tr@immary voltages do not

exceed 300V, but if the batteries are dischardesl Summary voltage
decreases till 250 V.
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Table 1

Odometer value indication compliance with the discarge indicator

Urban running regime Extra urban running regime
Position of di Running Voltage _Running Voltage
NoO Indicator istance from accordin distance from according to
: beginning of 9 beginning of 9
(Fig. 2) : to dash- : dash-board,
experiment, board. \V experiment, Vv
km ’ km
1. 1. 0.0 296.9 0.0 293.4
2. 2. 115 283.9 12.3 285.9
3. 3. 25.0 276.5 24.3 276.0
4, 4. 37.0 272.4 36.7 268.4
5. 5. 50.5 264.7 52.0 260.7
6. 6. 61.0 261.5 64.3 258.2
7. 7. 72.5 259.1 76.7 257.2
g | 8 light 815 256.4 86.7 252.4
illuminate
Experiment
9. finish 90.5 254.3 95.0 2514

In all experiment replicates the batteries chargedicator marks
achievement of the mileage is not differing by mdénan + 1 km, which
allows a sufficiently accurate assessment of timeaneing electric vehicle
millage.

In Table 2 the parameters of all three experimempaétitions and their
average values are shown. After the complete safethe experiments
conducted, data were collected and compared wéleiperiments in other
mileage modes.

Summary of exploitation parameters

Table 2

Urban running regime (with load) Extra urban runnin g regime
Running Running
distance, km |Average . distance, km | Average .
No : Driving : Driving
accordingto | speed, time accordingto | speed, time
odometer/ | km-h* odometer/ km-h*
logger logger
3h 1h
1. 95/91.9 28.13 . 100/97.27 68.24 .
10 min 25min
2h 1h
2. 86/83.3 26.27 54 min 92/88.36 60.06 30 min
3. 91/81.1 20.68| N 93/90.40 62.87| N
15 min 26 min
3h 1h
Average 90.7/85.4 28.03 6 min 95/92.01 63.72 27 min
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The average running distance and average speetiseofwvo routes,
testing the electric vehicle with fully chargedteats with load and without
it, are shown in Figure 5. According to the imagdsi seen that in the
experiments at different movement modes with loadll in extra-urban
traffic the electric vehicle has similar tendencassthe internal combustion
engine vehicle. The only difference — in the urlraffic the electric engine
vehicle has a little more mileage that is not cbimazed to an internal
combustion engine vehicle.

120 -
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99.0 95.0

100 90.7

80

63.70
60

40

30.69 28.00

running distance, km;
average driving speed, kmh

20

Urban running regime  Urban running regime  Extra urban running
without load with load regime

W Running distance, km O Average driving speed, km-h™*

Fig. 5.Electric vehicle parameters of running distance
at different route regimes

The maximal running distance of the electric vehidtiat Fiorino
Elettrica HC-S with full charged battery in urbaagimme without load
reaches 99 km and the average driving speed 389 kbut with load the
driving distance reaches 90.7 km and the drivirgyage speed 28.03 krit:h
The maximal running distance of the electric vehiglith full charged
battery in extra urban regime with a driver and passenger reaches 95 km
and the average driving speed 63.72 kin-Bue to the fact that the
exploitation parameters are regulated by the EaatrControl Unit of the
electric vehicle the average running distance ef eékectric vehicle at all
experimental modes was within 90 to 100 km.

Because of the full electric vehicle load, the nule&as decreased about
8.4 % in comparison with urban mode without loadvi and passenger —
150 kg). This is due to the resistance of inemiat¥ercome in the vehicle
run-up mode with the load that reduces the elee#lacle mileage.
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A similar trend should be observed with heavietdyas, for example,

lead-acid batteries.

Conclusions

1.

In the experiments with fully charged batterieshwiit load the car Fiat
Fiorino Elettrica HC-S shows enough good dynamicfgumance in
urban regime and the electric car dynamics withtigdgr discharged
batteries is close to fully charged batteries.

Loading the car, the running distance decreaseapbyoximately 8.4 %,
but the average speed — till 8.7 %.

The maximal running distance of the electric vehidtiat Fiorino
Elettrica HC-S with full charged batteries in urbesgime with load
reached 99 km and the average driving speed 3®m68'%kbut with load
the driving distance reached 90.7 km and the dyivaverage speed
28.03 km-H,

The maximal running distance of the electric vehieith a full charged
battery in extra urban regime with a driver and passenger reached
95 km and the average driving speed 63.72 Km-h
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STUDY OF ENERGETIC BALANCE OF REGENERATIVE
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Abstract. The article describes the research of electrigatesn for the electric
vehicle Melex 963 of city driving cycle. Vehicletemded for use in airports and
aerodromes, national parks, hotel complexes, tourips and for passenger
transport in manufacturing areas. The lead-acitebas (nominal voltage 48 V)
and electric motor (nominal power 3.9 kW) with all@ear and specific power
3.44 kW-t" are used. The battery charge and discharge cutvesnatant current
and the load were measured for three city drivéesyche speed and acceleration
were logged with the GPS data logger device.

Keywords: electric vehicle, regenerative braking, city cyala.

Introduction

With the more stringent regulations on emissiond &rel economy,
global warming, and constraints on energy resourttes electric, hybrid,
and fuel cell vehicles have attracted more and ratiention by automakers,
governments, and customers. The need to redudéfiesconsumption and
emissions in automobiles and other vehicles predately powered by
internal combustion engines is well known. If fu=ll vehicles go into
production in the near future, their degree of idibation will significantly
impact the vehicle price due to high manufactuang material costs of fuel
cells and batteries. Vehicles powered by electratans attempt to address
these needs. The global optimization of energy m@ment systems are
based on knowledge of the future driving conditjoas provided by
scheduled driving cycles. In this approach, twomMmeonstraints must be
accounted for:

« very limited a priori knowledge of the future dmg conditions is
available during the actual operation;

« the charge of the reversible energy source mususined without
external sources, but based only upon fuel conmeIsi regenerative
braking during the vehicle operation [1].

For many hybrids and electric vehicles the regdinerdattery charging
iIs used, when the braking energy is converted elgetrical energy and
therefore recharges the battery.
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In literature it is noted that up to 60 % of brakienergy can be
recovered, it depends on the total mass of vehligjle Similarly, in city
modes, at low speeds, significantly more energy lbarrecover, the less
iImpact on the aerodinamic properties and more brake used [3].
Regenerative braking is the energy recovery bepéfitybrid vehicles. The
former is strictly through regenerative braking lhthe latter uses the
energy recovered through regenerative braking deddg speed driving
when vehicle energy conversion is optimal [4].

In the experiments electric vehicle Melex 963 wasdj which has such
a regenerative energy recovery method implementedSepEx motor
controller. The vehicle has lead-acid batterieshwiominal voltage 48 V,
190 Ah at 75 A discharge rate, 3.9 kW electric matith a 16:1 gear and
3.44 kW-t" specific power. Total mass of the vehicle during &xperiments
was 912 kg.

Materials and methods
Fig. 1. shows the main power components and therawpntal setup on
the test vehicle.

Pico Log |USB [—5
ADC-24 |:|m
)

A
Ubatt Ibatt
Controller
R
R2 | |

Fig. 1.The main power components and the experimental
setup on Melex 963

During the test runs battery voltage and currentewmeasured. The
current measurements were performed using Hall-typeent transducer S1
placed at the positive lead before motor controdlad other consumers;
voltage was measured at the leads of batterieg wsitage divider R1-R2.
APPA32 was used as a current sensing device witiage output, 100 A
measurement range was set, accuracy (2 % + 2 Ax4-A, which
corresponds to 0...1V x40 mV voltage output. Coeétiof the voltage
divider was (46.99 +0.027(X¥/(1.178 +0.0027 ) = 27.35.

98



Error of resistor values in the voltage dividerpuitwas neglected. The
measured data were acquired using Pico ADC-24 logge a portable PC.
The measurement voltage range of the data acquinngdor current was set
to -1250...+1250 1.3 mV and for voltage -2500...+2%90 mV,
conversion time of both signals 60 ms. The totakimam measurement
error for lpae Was 4.1 A or 4.1 % of measurement range (inclugiagial
errors of the current transducer and logging dgvioaximum error fotJya
was +0.15 V or 0.3 % of nominal battery voltagec(aacy of the logging
device and voltage divider). The data logging wvaefor both signal was set
tols.

GPS data (current coordinates and speed) were doggkpendently
using Holux GPSport245 logger based on MediaTek BAB3GPS chip,
which provides 3 m position accuracy. Speed isutaled from the time and
coordinate difference by the GPS logger device.e8paccuracy is not
specified, but it can be evaluated from error défee of two concurrent
position measurements. The Holux GPSport245 log#ipn and speed data
with 1 s interval. The ambient temperature duritigtests was 5 — 8 °C.
Batteries were charged to 51 V open circuit voltagtore each test. Three
test runs were performed in Jelgava on a route shiowig. 2.
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Fig. 2.Route of the performed test runs:2 laps, total distance: 30.94 km

As the electrical and GPS signals were logged udiffgrent devices
and consequently they have different time basis dhechronization is
required. Taking into account comparatively largegding interval,
synchronization was done by visually aligning theeesd and current
consumption curves.
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Results and discussion

Electricity is being considered as an alternatv@etroleum fuels as an
energy source. A pure battery electric vehicleassidered a more efficient
alternative to hydrogen fuel propelled vehicle lzeré¢ is no need to convert
energy into electricity since the electricity stia the battery can power the
electric motor. Besides an all electric car is gaam cheaper to produce
than a comparable fuel-cell vehicle. The main leasrito the development
electric cars are the lack of storage systems ¢apztbproviding driving
ranges and speed comparable to those of convehtvehiles. The low
energy capacity of batteries makes the electricless competitive than
internal combustion engines using gasoline. Yetieabnology improves,
cost effective batteries will become available.

Fig. 3. shows the overview of the test run 1 incilgdnomentary speed,
distance, voltage and current of the battery.
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Fig. 3.Overview of the test run 1

As the voltage and current measurements were peefibdirectly on the
battery total consumed energy is calculated and #is energy acquired
from electrical braking and used for the battergrging can be evaluated.
The idle current with the vehicle control electiesiand low beams turned
onis 1.4 — 2.4 A, which is within the limits of amurement error. Total time
of the run is 5346 s, at the end of the run opecuttivoltage of the battery
was 40 V. Changes in voltage correspond to a typeadl-acid battery
discharge curve, and consequently the momentagdspecreases as well.
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Table 1 summarizes the main statistics for all runs

Table 1
Statistical summary of three test runs
Distance,| Total Average Energy Energy Energy
Run Kkm time. s speed, consumed, | regenerated, | regenerated,
’ km-h™ kWh kWh %
1 5346 20.84 3.88 0.06 1.6
2 30.94 5738 19.41 3.66 0.06 1.6
3 6121 18.20 3.47 0.07 2.1

The energy flow in the battery was calculated usiognula (1) by
taking into account that measurement interval rsstant.

— S U batt (t )I batt (t)At

t=0

where W — energy, kWh;

Ubatt -
I batt —

measured battery voltage, V;
measured battery current, A,;

36-10°

At — measurement interval, 1 s.

1)

Energy inflow and outflow were calculated sepasateding positive and
negative l,,w. The calculations show that only 1.6 — 2.1 % ohstoned
energy is regenerated during electrical brakingws®tl for battery charging.

Typical start-stop cycles are shown in Fig. 4. Toadtery discharge
current (o< 0) increases with positive acceleration. Duringvelling at
constant speelj,;: changes insignificantly, but at the braking poihtand 2
battery current becomes positive and begins charge.
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Fig. 4.Battery current dependence on acceleration

The histogram of battery power for the three tassris shown in Fig. 5.

As the period of observation is 1s, histogram &afar each point at
horizontal axis shows the time in seconds whencthreesponding power
was applied to the battery for charge and discharge largest value is for
idle state of the vehicle (low beams and elect®aie turned on).
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Fig. 5.Histogram of battery power

The most of the travel time the vehicle consumedgraclose to motor
nominal. Battery power ranged from 3.1 to 3.9 kWiecifrom 25 to 37 %
depending on the run. There was no load appliedatteries for 15 % of
total time due to stops during the run. Battery ghmy with the braking
energy (positive power on the graph) occurred amly % of the total time
for the run 1 and 3 and 4 % for run 2.

Conclusions

1. Three city-cycle test runs were performed on thdedM&©63 electric
vehicle on the same route in order to determindiguoiof regenerated
energy during the electrical braking. Total disemt the test run was
30.94 km. The experimental data was logged with idterval; both
electrical (battery voltage and current) and moviggeed, absolute
position) parameters were measured.

2. Experiments show, that regenerated energy fradtioreased with the
drop of the average speed.

3. Battery charging with the braking energy occurretyam4 — 5 % of the
total city-cycle drive time and 1.6 — 2.1 % of tbensumed energy was
regenerated. The same percentage of total tragetlistance can be
expected.

4. More tests with different factors that can affebe tperformance of
battery, regenerative braking controller and dre/g. varying mass,
ambient temperature, relief, different average dpeedisabled
regenerative braking etc. should be performed.
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INVESTIGATION OF DYNAMICAL AND EXPLOITATION
PARAMETERS OF SLOW MOVING ELECTRIC CAR ON CHASSIS
DYNAMOMETER

Vilnis Pirs, Zanis Jesko
Latvia University of Agriculture
vilnis.pirs@llu.lv, zanis.jesko@llu.lv

Abstract. Because of extinction of fossil fuels and incregsipollution of
atmosphere scientists and authorities are morenam@ searching for how to
decrease the dependency on fossil fuels. As kndoasjl fuels make hazardous
emissions. One of the ways how to decrease thecingmaenvironment is to make
more efficient internal combustion engines (lessiscmnption; less emission).
Another way is to establish alternative fuels (b&i§) or alternative drive (electric
drive) of vehicles. A number of regulations haverevorked out to increase the
specific weight of alternative fuels of total congution in transport. Electric
energy in commercial vehicles is used already fdorgy time (trolleys, trams,
trains) but exploitation of electric vehicles aangport of physical persons is
coming more and more topical during the recents/ealectric motor vehicles are
more expensive than conventional internal combaostiegine vehicles due to the
costs of batteries. Expenses of batteries are asag and recharging
infrastructure is progressing. If amortization soate ignored then direct driving
costs with electric motor vehicle are frequentlwéo in comparison with internal
combustion engine vehicles. The article deals \hin low-speed electric motor
vehicleMelex 963DSIynamical and experimental parameter studies erptwer
standMustang MD1750 The dynamical parameters - power, torque, acatber
time and acceleration distance up to 30 kimatere determined. The exploitation
parameters to determine are autonomy, driving ticherging time and charging
energy. All parameters, except spin-up curves, wletermined with different load
regimes and with fully charged batteries. The maximobtained electric motor
power is 5.02 kW at 1858 rpm and maximum achiewedue is 34.54 N-m at
1132 rpm. Acceleration time and distance changdls avioad and is from 102 to
155 seconds and from 666 to 1146 meters without soal with 150 % load. The
results show that load has no considerable impath® exploitation parameters of
the vehicle driving it on power stand and the dédfece in autonomy driving the
vehicle without load in comparison with overload 10 % is only 2.623 km,
difference in driving time is 00:01:20 h, differenm charging time 00:00:40 h and
difference in charging energy 0.03 kWh.

Keywords: slow-moving electric motor vehicle, acceleratiomd, acceleration

distance, charging energy, charging time, drivinget power curve, torque curve,
chassis dynamometer.
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Introduction

Emission standards for vehicles in many countries kmsed upon the
United Nations Economic Commission for Eurofi¢gN ECE) standards
commonly referred aguro standard. Current emission standards in the EU
countries are referred to Bsirol up toEuro5 wherea€kuro5 comprises the
strictest emission standard. Internal combustiogiren vehicles produce
such hazardous gases as nitrogen oxides,)(Nfarbon oxides (CO, G
hydrocarbons (HC), charcoal fumes, smuts, sulfuxide (SQ), benzene
and lead. In Fig. 1 Euro limits for diesel fuelledmmercial vehicles are
described, wheredsuro5 comprises the strictest emission standard [1]. The
Euro6 standard is worked out and it is planned thatstasdard will become
effective in September, 2014.
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Fig. 1.Past and current emission legislation broken dowto more
relevant emission categoriedPM — particulate matter; NG- nitrogen
oxides; CO — carbon monoxides; HC — hydrocarbon

One of the ways to decrease air pollution by trartsig to make more
stringent desires anent on emission standards UgmolEurol to Euro5
Euro6), that makes engine manufacturers to work out mamd more
effective and environment friendly engines. But, kasown, each new
product requests for investments and permanenanasel he second way to
decrease air pollution by direct operation of tpors is to exploit electric
motor vehicles.

As the electric motor vehicles during direct ex@@bon make no
hazardous emissions (exhaust gases) exploitatiotheyh is one of the
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alternatives to decrease air pollution in urbaraangities, agglomerations).
Besides that, electric motor vehicles make no nths¢ is important, for
example, in crossings, parking-places, resideatids etc.

The above mentioned reasons to exploit electricomethicles are
connected with direct impact on humans. Anothesarao exploit them is
connected with resources of fossil fuels.

At present the combustion of coal, natural gas @nde oil gives about
90 % of the total amount of energy consumption. @atons have shown
that resources of coal will be enough for 250 yeargde oil for 40 years
and natural gas for 65 years. The next lack ofilfds®ls (coal, peat,
petroleum products, natural gas etc.) is hazardomissions [2].

Depending on the way how the energy is obtainesttet transport is
more or less environmentally friendly, especialty urban areas (trams,
trolleys, trains, buses, taxi, operative transpbif transport and private
transport), and makes no hazards, such as emisammhaoise made by
internal combustion engines.

Electricity as a transport fuel could [3]:

e decrease the oil dependence, as electricity is delysiavailable
energy vector that is produced from several pringsagrgy carriers;

e improve the energy efficiency through higher e#fimty of an electric
drive train;

e decrease the GQOemissions of the transport sector along with the
expected continuing increase in the share of reblenenergy sources
in the EU power generation mix, supported by erarsstapping
through the EU Emission Trading Scheme,;

e provide for innovative vehicle solutions requiritegss resources and
allowing better vehicle utility optimisation.

Significant electric motor vehicle exploitation pareters are the
dynamic behaviour and exploitation parameters.

Materials and methods

The experimental research was made on a slow—maieairic motor
vehicleMelex 963DS

Slow-moving electric motor vehicles can be classifinto 2 groups [4]:

¢ vehicles that can take part in road traffic — eledbicycles, mopeds,
single-seat electric shopping cars, and certiftenlist automobiles;

¢ vehicles that are not certified for road trafficgelf electric cars,
hearses, electric trucks for closed territories.
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In Latvia, 10 slow-moving electric motor vehiclesoguced by the
Melex Company are presently used for tourist trartggion in Riga, Sigulda
and Jurmala and are certified for road traffic. 8lew moving electric
motor vehicleMelex 963DSnain technical parameters are [5]:

e category — L7e;

e motor — asynchronous, maximal power 3.9 kW at 300, 48 V,
SepEx;

weight/gross weight — 762/1212 Kkg;

specific power — 3.22 kW't

brakes — hydraulic, energy recovery up to 5 %;
recharging socket — 230 VAC; 16 A;

battery — heavy duty deep cycle lead acid up t@ BWh;
transmission — direct drive;

maximum speed — up to 32 krit:h

distance of run with a single full charge — up Fokén;

Investigation of slow moving electric motor vehictiynamical and
exploitation characteristics was carried out on @tegssis Dynamometer
Mustang MD-1750at the Scientific Laboratory of Biofuelef the Motor
Vehicle Institute of the Faculty of Engineeringlgda, P.Lejina Street 2).

r_

Fig. 2.Slow—moving electric motor vehicleMelex 963DSon power stand

Mustang MD-1750is a stationary chassis dynamometer that allows to
perform tests of technical diagnosis of light grdumotor vehicles with
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single axis drive. The power stand is equipped wWithnecessary additional
tools to determine the engine speed as well as @ftation speed of rollers
the actual driving speed of the vehicle and oveeadri distance are
determined. In parallel with the above mentionethpeeters a line of other
parameters can be registered, for example, amteemgerature, air relative
humidity and air pressure, engine power and torqeeeleration intensity
etc. [6].

The stand management is provided by MD 7000 maneagepilatform.
On the stand it is possible to perform the follogviasts: power test, constant
load test, constant power stand, constant spe&x] teanual load test, road
simulation tests, acceleration test, emission tg&irter mile test etc.

The chassis dynamometgtlustang MD1750main technical parameters
are as follows [6; 7]:
speed range: 1 — 360 krit:h
maximum power: 1286 kW (1750 HP);
maximum absorption power: 294 kW (400 HP);
rated accuracy of the load cetl0.1 %;
maxium load on rollers: 4540 kg;
diameter of rollers: 1.27 m;
width of rollers: 0.7112 m;
air requirements: 5.5 bar.
power requirements: 230 V; 60 Hz; 40 A.

Before the experiments a full battery charge wadopmed under
laboratory conditions. The roller surface was dtgmperature in the
laboratory was +17 to +18 °C.

The slow-moving electric motor vehicMelex 963DSests were carried
out in a number of stages that could be divided taio groups: dynamical
and exploitation parameters. If the first paransetauld be established with
a single charge of batteries, then the exploitaparameters take a lot of
time, because with fully charged batteries one oresmsent could be taken
and batteries have to be recharged. The experitchgation occurs till the
driving speed drops down by the speed of 5 Km-h

Dynamical parameters

The experiment was repeated to determine the dyigymamics from O
to 30 km-H, i.e., acceleration time from 0 to 30 km:-lgseconds) and
acceleration distance from 0 to 30 kfh-fmeters) in the following load
regimes: without load, with 50 % load, with 100 &&dl and with 150 % of
load.
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Exploitation parameters
The exploitation parameters to determine are auwmgnavith fully

charged batteries (km), driving time (hours), chaggtime (hours) and

charging energy (kWh). These parameters were detednn the following

load and speed regimes: maximal starting speedy (fuessed accelerator

pedal) without load, with 50 %, 100 % and 150 %dl@nd with starting
speed 20 km+h (partially pressed accelerator pedal) with 1000¥dl The
last regime was selected to determine if ther@isesimpact of the driving

speed on autonomy.
Load regimes

The experiments were carried out with the followiogd regimes:

e without load (762 kg);
e 50 % of load (987 kq);
e 100 % of load (1212 kg);
e 150 % of load (1437 kg);

Investigation of slow moving electric motor car’s MELEX 963DS
dynamical and exploitation characteristics
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Fig. 3.Block diagram of experiments

109



According to literature [8], each measurement wageated 3 times
(¢ =0.95;p=0.05;t = + ). If some of the measurements are too originate,
they were repeated one more time. After that eeotiotor spin-up curves
and acceleration columns were constructed. Thekbldiagram of the
experiments is shown in Figure 3.

Results and discussion

In the first stage the dynamical parameters oflthnemoving electric
motor vehicle were determined. As seen from Fighd,maximum power of
the slow-moving electric motor vehicle is 5.02 kW angine speed
1858 rpm. Because of the specific character of twep stand it is not
possible to determine the maximum torque of thetetemotor. As known,
electric motors expand their maximum torque alrefxdyn small revs, but
because of power stand delay, it is determined toiy 1000 rpm and the

maximum obtained torque registered by the powardsteere 34.54 N-m at
1132 rpm.
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Fig. 4.Electric motor spin-up curves

Figure 5 shows the acceleration dynamics testing slow-moving
electric motor vehicle with four load regimes.

As seen from Figure 5, the speed 30 kinwithout load is attained in
102 + 3 seconds, with 50 % load in 117 + 10 secondidh 100 % load in
133 + 9 seconds and with 150 % load in 152 + 19136s.
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Fig. 5.Acceleration time up to 30 km-F speed

Figure 6 shows the acceleration distance duringsgeed 30 km-his
attained. From Figure 6 it is seen that the spekln®Hh' without load is
attained during 666 £ 29 m, with 50 % load durirggl 2 24 m, with 100 %
load during 922 + 45 m and with 150 % load duriig@ + 49 m.

In Figures 5 and 6 there are also error bars dapittiat, according to
Gauss (normal) distribution, characterize + 3 stadekrrors.

£ 1200

Acceleration distance

Without 50 100 150
load

Loadlevel, %
Fig. 5.Acceleration distance up to 30 km-f speed

During determination of the exploitation parametafshe slow-moving
electric motor vehicle intraday one drive was perfed. The results are
summarized in Table 1.
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Summary of exploitation parameters

Table 1

Load level Distance, km | Driving time, h | Charging time, h erg:(arlg;?llr(l\?vh
Without load| 47.820 + 0.0852:12:00 + 0:04:35 7:44:40 + 0:20:53 9.09 + 0.47
50 % 46.859 + 0.4752:02:40 + 0:14:00 7:34:00 + 0:17:33 7.67 +0.63
100 % 45.364 + 0.0952:02:40 + 0:02:00 7:37:00 + 0:18:09 8.68 + 0.36
100%, 1 50,071 + 2.147 3:10:40 + 0:15:43 8:39:00 + 0:22:31 9.50 + 0.51
Vo= 20 km-H
150 % 45.197 + 0.78112:10:40 + 0:03:36 7:44:00 + 0:18:44 9.06 + 0.28

As seen from Table 1, the exploitation paramet@&rsadt differ much
depending on the load regime. If we compare thdogation parameters of
the low-speed electric motor vehicle operating wattireme load regimes
(without load and with 150 % load), it is seen thhe difference of
autonomy is 2.623 km (2.09 %), of driving time QDZ0 h (1.01 %), of
charging time 00:00:40 h (0.14 %) and of chargingergy 0.03 kWh
(1.33 %). These results stimulate to suppose, dhathe power stand load
does not have so big influence on autonomy thathemoad because of the
specific driving regime on the road (crossing, [siden crossings, traffic
lights, wind etc. conditions) that allows changthg driving speed.

In order to clarify what impact on the exploitatiparameters the starting
speed has, several drives were carried out witeréifit starting speeds. If in
general research the exploitation parameters weterrdined with maximum
possible speed and different loads, than for cormsparthe starting speed
was selected 20 kmi*hand load 100 %. As it is seen the reduction of the
starting speed of drive to 20 krit-hallows to increase autonomy for
4.707 km (9.40 %), but wherewith the driving tinmeneases of 1:08:00 h
(35.66 %), charging time of 1:02:00 h (11.95 %) asirging energy of
0.82 kWh (8.63 %) in average.

Conclusions

1. The maximum power of the slow-moving electric motghicle is
5.02 kW at 1858 rpm and maximum achieved torqu&4i$4 N-m at
1132 rpm. Having regard of the power stand dela&yabhieved torque
could not be considered as veritable.

2. The acceleration time up to 30 krit-iepending on the load varies from
102 + 3 seconds (without load) to 152 + 19 sec@hf® % load).

3. The acceleration distance up to 30 kindepending on the load varies
from 666 + 29 m (without load) to 1146 + 49 m (%0doad).

4. The driving distance till full discharge of batesi varies from
45.197 £ 0.781 km (150 % load) to 47.820 £ 0.085(krthout load).
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The driving time till full discharge of batteriegaatically does not
depend on the load and is within 2:02:40 to 2:1200rs.

The charging time also does not depend on thedodds within 7:34:00
to 7:44:40 hours.

The charging energy depending on the load varas #.67 (50 % load)
to 9.09 (without load) kWh.

Decreasing the maximum starting driving speed t&r@ei', the driving
distance increases for 4.707 km (9.40 %), drivimgetfor 1:08:00 h
(35.66 %), charging time of 1:02:00 h (11.95 %) ahdrging energy of
0.82 kWh (8.63 %) in average in comparison with shene data when
the starting speed is selected as the maximumlpessi
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MELEX 963DS ELECTRIC VEHICLE DRIVING RANGE WITH
PARTIAL CHARGE

Uldis Putnieks, Gints Birzietis
Latvia University of Agriculture
uldis.putnieks@llu.lv, gints.birzietis@llu.lv

Abstract. A slow moving electric vehicle Melex 963DS is mddecarrying up to
6 passengers. It is equipped with 8 six volt a@ttdsies and outer charger. With
full charge, the vehicle has a range of approxiiya@4.91 km. In this study, partial
charging regimes are studied. It is important tovkithe range from a half an hour
and other partial charging modes, because thene igption to fill batteries like
internal combustion engine with fuel and towing thehicle can damage the
electric motor. The experiments were carried out aorthassis dynamometer
Mustang MD-1750 for road condition simulation andasuring the distance, REV
logger for measuring the consumed energy from agenaand a data logger
GRAPHTEC GL-220 for measuring the energy consumptiiom batteries. Melex
was driven with maximal speed, Melex was stoppe@mwthe batteries reached
voltage 40 V and a partial charge was done. ARat, tthe vehicle was driven again
in the same conditions. Each experiment was regeatémes. The vehicle on
average managed 6.39 km with 30 min, 12.24 km Wikth 24.97 km with 2 h and
47.32 km with 4 h charge.

Keywords: partial charge, driving range, electric vehicle.

Introduction

Electric vehicles are getting more popular butl dtilere are many
unanswered questions. Despite, electric automolide® been in use for
over a century, their popularity has experienced pepularity and decline
waves. Also the battery technology has improved oke last decade, but
still it cannot satisfy the internal combustion gregusers with driving range.
The most popular electric vehicles in Latvia areybies, then slow moving
vehicles and 12 electric automobiles [1]. This aesk is about a scenario
when the electric vehicle has drained its batteaigs$ needs a partial charge
to reach the destination. There are 11 charginpe&in Latvia that can
charge 45 vehicles simultaneously [2]. Most statiare with free charging
but paid parking space. This limits the driving gan but private house
owners can charge their electric vehicle at homeadvantage compared to
fuel users.

The test object Melex 963DS is a slow moving eiectvehicle
constructed to carry up to 6 passengers and is fesesightseeing tours in
Sigulda, Latvia. Because of hilly environment ba¢teiare drained faster and
a charge is being done as soon as possible, tblbe@continue tours all
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day long. The only reference point is an on-boatldny gauge that shows
energy left into the batteries. Because tours aréopeed in the Gauja
National Park, Latvia, the electric vehicle is editfor work with no
emission gasses, quiet operation, high torque asg maintenance.

The charging mode can be described with: chargmg (h), charging
voltage (V), charging current (A), charging typargoal/full), charging phase
(main/final) and consumed energy (kWh). This vehicharging is done by
an external charger that is connected to a starifdarsehold socket.

Materials and methods

The experiment object is a slow moving electricigieghMelex 963DS
which is made for carrying up to 6 passengers ameitified for road traffic
(see Fig. 1).

Fig. 1.Melex 963DS on a chassis dynamometet:— control platform,
2 — charger, 3 — REV logger, 4 — chassis dynamomeiisr
5 — experiment object, 6 — straps
Specifications of the vehicle [3]:

first registration 03.07. 2008.;

8 six volt acid batteries and external charger 480\A;
maximal power 3.9 kW,

maximal speed 8.9 m's

mass equipped 762 kg;

gross mass 1212 kg;
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direct drive transmission;

length 3.66 m;

width 1.335 m;

wheel base 2.5 m;

double A-frame with springs suspension;
vehicle body — plastic.

The Mustang MD-1750 chassis dynamometer consistsaxfhanical,
electro-mechanical, and electronic modules, thaukite road loads to get
repeatable and valid data for road simulation, gperdnce, emission and
driving cycle tests. The roller surface was drynperature in the laboratory
was +18...+19 °C. Specifications of the chassis dymaeter [4]:

maximal power 1750 hp;

maximal speed 100.56 rif:s

roller diameter 1.27 m;

face length 0.71 m;

maximum absorption power: 294 kW;

maximal load on rollers 4540 kg;

Closed Loop Digital Controller with WindowsXP basedftware
controls.

The automobile must be fixed on the chassis dynasbemwith straps
from front and back, to keep the automobile in plg§see Fig. 1). Inertial
rolling stand operates with the automobile drivimbeels proportionally to
the driving speed, imitating driving conditions.eThir and rolling resistance
sum must be entered in the chassis dynamometerotguatform. The
control platform also allows changing the vehiclass and road grade.
Because the wheel inner diameter was smaller theanhhassis dynamometer
inner track width, flanges were made to increaseatilth and fit on rollers.

REV logger (190-276 V, 20 mA-16 A, 5-3680 W, +0.0&/k) was used
for total consumed energy measurement in a charge.

GRAPHTEC midi LOGGER GL220 was used to gather the data
when charging and driving. This device allows maoritg measurable
values during experiments. Specifications of tha ttagger [5]:

10 analog input channels;

built-in Flash memory (2 gigabytes);

display size 4.3 inch TFT colour LCD (WQVGA: 48®72 dots);
display formats - Waveform + Digital, Waveform, Qabttion +
Digital, Expanded digital;

e operating environment 0-45 °C, 5-85 % RH;
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e power source- AC adapter (100 to 240 V, 50/60 HL),(B.5 to 24 V
DC, max. 26.4 V);

e external dimensions (WxDxH) approx. 194 x 117 xf;

e weight approx. 520 g (Excluding AC adapter and bafpack).

Block diagram of the experiments is given in Fig. 2.

Melex 963DS experiment
I

Charging*parameters — Driving ;arameters
Time, h < > Time, h
Energy, kWh < > Distance, km

Battery voltage, V |« > Speed, km-h

Current from/to
batteries, /

A

A 4

30 min charge

h 4

1 h charge

2 h charge

A 4

A 4

4 h charge

Full charge

A 4

Fig. 2.Block diagram of experiments

At first the electric vehicle was placed on a cies$ynamometer,
strapped, attached loggers and tested. Then aelfaitbe was done. After that
the vehicle was driven with maximal speed (fullyegsed acceleration
pedal), monitoring the battery voltage. When thédg voltage reached
40 V, the experiment was stopped, all data weredavthe loggers. Then a
partial charge was done. After defined time, chaygivas stopped and the
vehicle was driven again with maximal speed urti¢ tbattery voltage
reached 40 V. Each partial charge experiment wpsated 3 times. After
that the vehicle was fully charged and left tofgit24 hours. Then the next
partial charge regime was carried out. The experismevere carried out with
the lights switched on- mandatory in Latvia all y&ang. Partial charge was
always done after draining batteries with voltageV4 this value was
obtained in on-road experiments.
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Results and discussion

The experiment results are summarized in Tablellpdtial charging
points have linear relevance.

Table 1
Experiment results for Melex 963DS
Battery voltage
Charge type Distance, km Consumed Drive time bgfore k
energy, kWh .
experiments, V
65.00 9.90 2h 17min 50.90
Full charge 62.42 10.37 2h 13min 51.09
67.31 10.12 2h 32min 50.90
Average 64.91 10.13 2h 21min 50.96
8.14 0.72 19min 50.40
30 min charge 5.80 0.71 14min 49.80
5.23 0.71 13min 49.50
Average 6.39 0.71 15min 49.90
14.37 1.39 32min 50.20
1 h charge 11.23 1.29 27min 49.80
11.12 1.26 26min 49.92
Average 12.24 131 28min 49.97
26.72 2.58 58min 51.00
2 h charge 25.20 2.58 59min 50.80
22.99 2.67 53min 50.90
Average 24.97 2.61 57min 50.90
51.13 4.93 1h 53min 51,00
4 h charge 47.16 5.03 1h 44min 51,20
43.67 4.86 1h 39min 50,88
Average 47.32 4.94 1h 45min 51.03

The charging characteristics for a full charge ah®mwn in Fig. 3.
Drained batteries without load have 43.88 V, maxivudtage was 61.86 V.
The current at the start was 34.49 A and was sloddgreasing until
reaching the lowest value 8.76 A. The current dagsncrease gradually at
the start, like for the electric automobile Fiabfino [6], even contrariwise —
the first 11 minutes the current is noticeably leighout the average power

output 769 W (charger power 1440 W) is not enough dverloading
household electricity connection.

The characteristics for a drive with fully chargeaktteries are shown in
Fig. 4. Voltage drop is noticeable at the end & dnive and has a similar
tendency as speed in Fig. 5 (both charts are ®rsdme drive). Maximal
voltage at start is 50.9 V. Maximal current fronttbaes was 104.54 A at
the start and lowest 31.2 A at the end. Averageeatiwas 47.96 A. At the
same point when the voltage starts to drop, theenurvalues become
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discursive, what can be described as vehicle atetopmaintain maximal
speed.

70

60 I a s "

° 0 5(?;00 10600 15600 20(500 25(;00 30600 35600 40600 45000
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Fig. 3.Characteristics for a full charge
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Fig. 4.Characteristics for a drive with charged batteries
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Fig. 5 shows the screen from a chassis dynamongetdrol platform
program for a full charge drive. The chart line §peed shows the maximal
value of 8.06 m’§ speed at the end is 6.67 th-Shese speed characteristics
are the same for all drives, also with partial gearThe graph also shows
steady regime — there are no spikes.

Distance |Speed (K GraphbyTime| Graph by MPH | Graph by RPM ‘ Plev| Next| ¥ € | €3> ‘ e | « > | 33>

87.310 28

= —— T
£0.582 26 /(_ 7S A
53.853 23 * | &
Y
v Y

Y

47.125 20 =

Show All

40.397 17 Distance (KM)

Speed (KPH)

33.668 14

26.940 12

20.212 8

13.483 &

B.755 3

0.026 o
0.206 870.225 1740.245 2610.264 3480.284 42350304 5220.323 6090.243 6960.362 7830.382 B8700.401

Fig. 5.Mustang Dynamometer PowerDynePC screen

Compared to other full driving range experiments anchassis
dynamometer [7] with Melex 963DS, the values diffecause of the battery
state: previous tests were done with batteriesrbetdilization, but this
experiment with new batteries, also the level stdarge differs.

By the international standard IEC61851-1 for eleefriconnectors and
charging modes for electric vehicles that has duoed 4 charging modes
[8], Melex 963DS charging regime complies with giag mode 1 — slow
charging from a household socket.

Conclusions

1. Full battery charge takes around 11 hours, 10.18 k#d costs
1.58 euro. Full charge gives driving range of 64282 km.

2. For Melex 963DS 30 min charge after batteries Haen drained, gives
driving range of 6.39£1.78 km or 10 % of full range

3. For Melex 963DS 1h charge after batteries have lkamed, gives
driving range of 12.24+2.13 km or 19 % of full rang

4. For Melex 963DS 2h charge after batteries have lramed, gives
driving range of 24.97+2.17 km or 38 % of full rang
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For Melex 963DS 4 h charge after batteries haven lkained, gives
driving range of 47.32+2.31 km or 73 % of full rang

Onboard battery gage shows empty batteries even &ftour charge
that gives 73 % of full driving range.

Without battery resting and normalizing, each pértharge gives less
driving range, for 30 min and 1 h charge around@@ecrease, and for
2hand 4 h-10 % decrease.

Obtained driving ranges on a chassis dynamomegebigger than on-
road values, because of constant load and speededigat rarely can be
achieved in on-road conditions.
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INVESTIGATION OF ELECTRIC BICYCLE ACCELERATION
CHARACTERISTICS
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Latvia University of Agriculture
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Abstract. This article deals with five different electricclgcle (power from 0.2 to
1.0 kW) acceleration characteristic studies testimgm on real road conditions.
The measurements were carried out using the sterddar Stalker ATSon two
various flat and straight 300 m long asphalt roadtisns with fully charged
batteries under different test modes dependinghenetectric bicycle type. The
investigation results show that the maximum speedran-up dynamics of electric
bicycles are mainly determined by electromotor powet they are also affected
by the weight of the bike, the gear ratio from thetor to the wheels and other
parameters. If the electric bicycle has severatgyehe character of acceleration in
the first seconds is similar, only the maximum aghble speed for each gear
differs. Pedalling at the beginning of the run ioes the acceleration of the bike,
but not the maximum attainable speed.

Keywords: electric vehicle, electric bicycle, acceleration rscientific radar.

Introduction

During the last few decades negative environmeimtadact of the
gasoline and diesel fuelled vehicles has led teweal interest in an electric
transportation infrastructure. Electric vehiclesvglr are vehicles that are
equipped with electric motors for propulsion.

The main types of electric vehicles are: recharigeéhttery vehicles,
hybrid vehicles, and electric vehicles that carrdfeelled using fuel cells.
Rechargeable battery vehicles can also be dividéal several different
categories. For example, there are electric bisyolee-bikes, the low speed
vehicles that form a class of vehicles with maximspeeds up to 40 knith
and conventional road vehicles using rechargeaditeries [1; 2].

The main barriers to the large scale deploymei\ are:

high cost of the vehicle, batteries and service;

limited driving range on a single charge;

very little or no public charging infrastructureasiable;

limited number of EVs currently on roads and helimo#ed data and
experience regarding their performance [3].

Electric bicycles are probably the most popularetygf rechargeable
battery vehicles. It is estimated that there angr@pmately 150 million e-
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bike users in China and nearly 1 million electricyioles are sold in Europe
each year starting from 2010. China is also the tgumhere the most of
researches concerning electric bicycle evolutienwall as the common e-
bike user gender, age, income level and daily baivé carried out [4; 5].

There are many different electric bicycle manufeatsiand types, with a
very wide range of power methods: hub motors inftbet or back wheels,
and drives on the pedal cranks are the most convaodations. In most
European and North American countries it is becgnairstandard regulation
that these bikes must be of the “pedal-assist”.tyfeés means that they
cannot be powered by the electric motor alone. Hewethe regulatory
situation is very changeable and depends alsoaat tegulations [1].

A significant electric vehicle exploitation parametis the dynamic
behaviour that allows to judge about the followfagtures:

e electric vehicle fitness for road or walkway traffi

¢ identification of the most cost-effective drivingpeed to ensure
maximum mileage per charge;

¢ ability to safely perform dynamic manoeuvres [6].

The purpose of this study is to compare the diffengower electric
bicycle run-up dynamics, performing measurementsdiffierent modes
depending on the electric bicycle type, for examplgng different gears,
with or without a passenger, with or without theisignce of pedals.

Materials and methods

Five different electric bicycles were used durihgg tinvestigation. They
are named accordingly EB1, EB2, ..., EB5, adding threinal motor power
(See Table 1).

Table 1
Main technical parameters of electric bicycles
Conventional . Bicycle E_ncycle_ Power-to-
. Nominal : . weight with .
name of electric weight with ) weight
No. : . motor . batteries
bicycle in batteries, factor,
experiments | POWeE" w kg and a W-kg™
driver, kg
1. EB1-1000 1000 39.5 121.5 8.23
500 68.5 150.5 3.32
2. EB2-500 500 68.5 230.5 2.17
3. EB3-250 250 31.0 113.0 2.21
4. EB4-200 200 35.8 117.8 1.70
5. EB5-200 200 37.5 119.5 1.67

" — electric bicycle EB2-500 was tested also with sspager

123



The acceleration intensity of electric bicycles vdgtermined using the
scientific radarStalker ATSon different calendar days and on two various
flat and straight 300 m long asphalt road sectwith an average rolling
resistance coefficient from 0.018 to 0.020. Thedrsarface during the
experiments was dry, ambient temperature +23C, wind speed did not
exceed 2.5 m“s Before the experiments a full charge of batteres
performed under laboratory conditions and the atecbicycles were
transported to the experiment site by a van.

The scientific radar main technical parameters [7]:

measurement speed range: 1 — 480 Km-h
accuracy:+ 1.069 km-H;

target acquisition time: 0.01 s;

maximal measurement range: 1.82 km;
weight: 1.45 Kkg;

RS-232 communication system.

The Stalker ATSoftware program saves the speed data, assigtisiine
information, and then calculates the distance amelaration rates for each
data sample. These data are then saved as a fireaomputer hard drive
in .RAD format with speed, acceleration, and distancetiirastep after
every 0.03 seconds (See Fig. 1).

B E6-1-2gear01.RAD |

1 STALEEFR WVersion 4.500 s
2 TRIALL NAME : EEl-Zgear-01

& 1

4 EBl1-Zgear-01

5  SAMPLE RATE : 31.25

&  SALMPLES : 721

7 LATL TYPE H 0 : acceleration run

S5 UNITS i 2 i+ METRIC

a Speed Units : kph
10 Aeeel Units @ g
11 Dist Units : meters

1= Sample Time Speed Locel Dist
13

14 a a.00 a.00 0.14 a.00
15 1 0.03 a.16 0.14 a.00
16 2 0.06 0.3z 0.14 0.o0o0
17 ) 0.10 0.45 0.14 0.01
18 4 0.13 0.64 0.14 0.01
19 5 a.16 a.80 0.14 0.0z
20 6 0.19 0.96 0.14 0.03
21 7 0.2z 1.12 0.14 0.04
22 =] 0.26 1.28 0.14 0.05
z23 =] a.29 1.44 0.14 0.06 w

Fig. 1.Example of electric bicycle acceleration
measurement data storing
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Starting the experiment the radar was placed strdaghind the e-bike
(See Fig. 2). Two operators have participated éenetkperiment. One worked
with the radar, which is connected to a portablemater, the second rode
the bicycle.

: R

et S

Fig. 2.Electric bicycle acceleration measurement usin
Stalker ATS

After the radar operator commands, the bicycleedrstarted sharp run-
up, holding the accelerator throttle in maximumipos all the way. The
experiment was performed from O kml-tunti maximum speed was
achieved. After the test the bicycle returned ® sharting position and the
next experiment repetition was carried out.

Each experiment was repeated at least 5 timesantesat day. If during
the test a car or any other vehicle appeared onaae and disturbed the
radar measurements, the experiment was repeatadreddy in the radar
Stalker ATSsoftware distortion of curves was seen, thesetitepes also
were discarded. An example of discarded repetis@nown in Fig. 3.

From all repetitions in each test mode three tongxe selected with the
closest data, i.e., with the highest correlatiobween experimental series
data points. Average values were calculated fronteast 3 repetitions if
correlation between the series data points wasagt10.995, i.e., above
99.5 %. After that the curves=f (t) ands =f (t) were constructed.
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Fig. 3.Raw radar data and example of discarded repetition

The experiments with electric bicycles EB1-1000, and EB5-
200 were carried out performing simple run-up,,ienly holding the
accelerator throttle in maximum position all theywa@he bicycle EB4-200
additionally was tested using pedal assistance ¥ &aturn starting
acceleration.

EB2-500 electric bicycle run-up studies were periimsing 3 different
gears or driving modes and additionally, accelegatin the 3 gear, also
with a passenger.

Results and discussion

Acceleration characteristics, testing all bicyclase shown in Fig. 4-6.
As the maximum speeds and acceleration times oléwtric bicycles were
different, the two different points were chosendomparison — the time and
distance until the bicycles reach the speed ofri%ik and the achieved
speed and travelled distance during 15 secondsecaatien.
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Fig. 5.Acceleration characteristics testing EB4-200
and EB5-200 electric bicycles

127

] 250
s ;- EB1-1000
| | s~ EB1-1000 15.00|sec Vo =(42.00 kmh" A
—— v-EB3-250 38.52/km b’ 555
———— 5-EB3-250 —_— P
/ ‘/‘
7 150
/ e
i 107.57 m | o Vo =[22.04 kmbh'
15.00 kmh"' e s — 100
2.94 sec 15.00 km h™ /0, //’
9.42 sec P 15.00sec /"—/
P 19.00|km IL’,/’
P ’f\/’ 50
AT =" [s321m
6.77 ~ T
g——\—-_—— 2\492 m I ! L I L ! I L 1 O
0 A 10 15 20 25
Time ¢, sec
Fig. 4.Acceleration characteristics testing EB1-1000
and EB3-250 electric bicycles
100
15.00 sec
20.12;20.22kmh'| V... =21.60 km h’
7
z" &
15.00 km h’ 7 50
7.42;8.51; 10.56 sec 7
v d
sl
<o 60
2 58.81 m
o0 > 5348 m
//// //// 4971 m 40
s /Z/
<" | mm—y - EB4-200
# 5 - EB4-200
24 | —— v-EB4-200pedal | | o
———= s - EB4-200pedal
——— v-EB5-200 |
——————— s - EB5-200
—t % f — 0
0 5 10 15 20
Time ¢, sec

Distance s, m

Distance s, m



0

15 sec 33.04

E32.12kmh’

-
e w — N —
"’

15.00 km h'' r
3,36 3.33;3.20 * PR i 1
sec . /4// N Vo =|31.31 km b’
s | f7 AL v 2480kmy
9130 m-N\” "
#1500 km 1" & /‘./ g EBL000, Sur
/ 6.14 sec p % = - EB2-500 3gear
. i P Pl v - EB2-500 2gear
J |pBnm # 7 |\81.62m| ———— 5-EB2-500 2gear
/ TT3m BT e 65.97 m v - EB2-500_1 gear
7.71 m g . =
o B s - EB2-500 1gear
/ /‘,/" == == ) - EB2-500 3gear+pass.
. 220 55 s 5 - EB2-500 3geartpass.
— S : — —
0 5 10 15 20 25 20
Time ¢, sec

210

180

150

120

O
(=]

Distance s, m

T
D
(=)

- 30

0

Fig. 6.Acceleration characteristics testing EB2-500 electribicycle

All the above-mentioned test mode results are sumedhin Table 2.
Table 2

Summary of acceleration parameters in all test mode

Test results
5 o o
d En c EHE. o & @ £
Q. " ow QO Q0|0 S o S
| oy |5e.|BEE 581|588
No. Test bicycle and mode £ < S22 59 E LT c L 0E
SE |[SCC | GEn|B2E| S
Ex |SEE | 888 |o8x| 85
K 82T | 220188 |2 8
= 2 o|& ©
1. | EB1-1000 22.00] 294| 677 3852 1076
2 | EB2-500 T gear 24.80| 320 7.71| 2450  8L6P
3. | EB2-500 ¥ gear 31.31| 333| 7.73] 2997 913D
4. | EB2-500 § gear 3438| 336| 813| 3304 945D
5, | EB2-500 ¥ gear and 3212 | 614 | 1255 2710  65.97
passenger
6. | EB3-250 2204 942| 2494 1900 5371
7. | EB4-200withoutpedal | 3 o5 | g51 | 21.05| 2012  53.4¢
assistance
g. | EB4-200 with pedal 2160 | 7.42 | 2081| 2022 5881
assistance
EB5-200 16.13| 1056] 2943 1618  49.711
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Even before starting the tests, it was clear thateiectric bicycles with
higher motor power will develop higher maximum speed starting driving
will be more dynamic. In general, it was also con@d in the tests, but there
were exceptions.

For example, the same motor power electric bicyEB4-200 and EB5-
200 develop a top speed with a 34 % difference. lISmdoff can be
described by differences in the bicycle weight, ssgjuently by the power-
to-weight factor (See Table 1), but in this casekby factors were different
gear ratios of the bicycles from the motor to thieewls (for example, the
bicycle EB5-200 was with a smaller tire size), EB®28ectric motor
depreciation and thus lower efficiency.

Differences in gear ratios and tire sizes were #t®main cause that
explains EB3-250 and EB2-500 (running at first gesanmilar maximum
speeds. At the same time, the highest EB2-500 npawer ensures that the
speed of 15 km*hwas reached about 3 times faster and in a sharéet
section, compared to EB3-250.

According to the Latvian law regulations bicyclegupped with an
electromotor with a power higher than 250 W or deveg greater speed
than 25 km-Hi, are classified as mopeds. The experiments shatstich a
distinction is correct, because the electric biegclike the tested E1-1000
and EB2-500 driving on sidewalks (that is alloweddalinary bicycles) can
be dangerous for e-bike drivers themselves andspeales, as well as for car
drivers when the road intersects with walkways. Bliey that during 15
seconds can reach speeds up to 30 knobvering this time almost 100 m
distance, may surprise other traffic participamtprepared.

Analyzing the electric bicycle EB2-500 run-up dynasiit can be
concluded that at the first 5 seconds it accelsratpially regardless of the
used gear, reaching the speed about 20 knThe following nature of run-
up curves is different because each gear ratioesigded for another
maximum speed.

Accelerating at the third gear and with 80 kg pagee up to 15 km-h
the e-bike speed increase takes 83 % longer tirdebdr?o longer distance.
By increasing the speed, the acceleration differescot so perceptible, and
the maximum speed difference is only 7 %. This $et@dthe conclusion that
also without a passenger a heavier cyclist at -sfarwill accelerate
significantly slower. The EB4-200 test results shibvat using the pedals
assistance as much as half a turn at the begimfitige run-up, the bike is
about 15 % more dynamic, but the maximum speedtigffiected.
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Conclusions

1.

The maximum speed and run-up dynamics of elecicigchkes are mainly

determined by the motor power, but they are aléectdd by the weight

of the bike, the gear ratio from the motor to tHeeels and the efficiency
coefficient of the motor and transmission.

Driving bicycles equipped with an electromotor Erghan 250 W along

the walkways is undesirable because their high mlynaharacteristics

may endanger cyclists, pedestrians and car drivers.

If the electric bicycle has several gears, the attar of acceleration in
the first seconds is similar, only the maximum aghble speed for each
gear differs.

Heavier electric bicycle cyclist has to considethwihe reduction of

dynamics, particularly in the first movement secgmat he has to buy a
more powerful e-bike.

Pedalling at the beginning of the run improves &lceeleration of the

bike, but not the maximum attainable speed.

References

1.

2.

Larminie J., Lowry J. Electric Vehicle Technologydained. John
Wiley & Sons Ltd, 2003, 296 p.

Berjoza D., Jurgenal. Ecological and economicaleeisp of electric
motor vehicle exploitation. In: Agricultural Engieeng: Proceedings of
the International Scientific Conference “Mobile Maws”, September
23-24, 2010. Kaunas: Lithuanian University of Agitare, pp. 43-54.
Philip R., Wiederer A. Policy options for electricehicle charging
infrastructure in C40 cities. MPP Class, Harvard KatynSchool, 2010,
95 p.

Yang C.-J. Launching strategy for electric vehiclesssons from China
and Taiwan. Technological Forecasting & Social Cleamdy. 77, 2010,
pp. 831-834.

Cherry C., Cervero R. Use characteristics and modeehmhavior of
electric bike users in China. Transport Policy, Nk, 2007, pp. 247-257.
Berjoza D., Dukulisl., Ceple Dz. Investigation of eElric Car
Acceleration Characteristics Performing On-Road Sesn: 11"
International  Scientific  Conference  “Engineering  forRural
Development”. Proceedings, Volume 11, May 24-25120Jelgava:
LUA, pp. 318-323.

Stalker ATS (Acceleration Testing System) (S.a.) &aports [online]
[08.03.2012]. Available at: http://www.radargunsat®m/Stalker-ATS-
(-Acceleration-Testing-System).html.

130



4. ALTERNATIVE ENERGY FOR CHARGING ELECTRIC
VEHICLES AND THE RESEARCH OF INFRASTRUCTURE

In Latvia, the infrastructure for electric vehicles limited, which can
hinder the wide introduction of such vehicles. They elements of
infrastructure for electric vehicles, which contrié to the popularity of
electric vehicles and ensure a convenient usedf gehicles, are as follows:

a firm or dealer selling electric vehicles;

possibilities to buy electric vehicle units;

quality maintenance and repairs of electric vebicturing the
warranty period,;

charging points at locations of electric vehiclesl gublic charging
points;

battery replacement stations, possibilities for thplacement and
maintenance of batteries;

recycling of batteries and possibilities to buyteaes.

To charge electric vehicles, alternative sourcesenérgy may be
exploited, for instance, solar and wind power. Sadfattery charging station
powered on solar and wind energy was designed atableshed at the
Faculty of Engineering of Latvia University of Agulture. An examination
of the parameters of this battery charging stationning on alternative
energy was carried out.

At the battery charging station, electric vehichath an electric capacity
of less than 1600 W can be charged.

Besides, the first electric vehicle charging pomdelgava was opened in
the yard of the Faculty of Engineering. The reswultsresearch on these
infrastructural elements and their parameters amgarised in this chapter.
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COMPOSITION OF ALTERNATIVE ENERGY BATTERY
CHARGING STATION
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Abstract. The paper focuses on the composition of a batteayging station. The
proposed charging station can be used for chargattgries of electric bicycles,
using solar radiation as the main source of enefide station contains 10
photovoltaic panels with total maximal power up2000 Watts. The harvested
energy is accumulated in local batteries (24 VV 88Q During a regular summer
day it is possible to charge up to 19 (12 Ah 36e\éxtrical bicycle batteries. The
key features of the proposed battery chargingastaire an adjustable photovoltaic
panel angle for efficient use of solar energy amotgetion of parked bicycles
against precipitation. The paper contains detaitédrmation about the already
built prototype of the proposed charging statiolme Tonstructed alternative energy
battery charging station is completely autonomous.

Key word: photovoltaic modules, alternative energy, poweatieh, battery
charging station.

Introduction

The photovoltaic panel optimal operating mode ipetglent on the
position to the sun. Optimal position of photovat@anels to the sun is
when their surface is perpendicular to the sunraysrder to make the panel
surface perpendicular to the sunrays, an adjustgiéovoltaic panel angle
is needed, which varies depending on the seasofn[summer time, when
the sun is higher above the horizon, the photomolpanels need to be
adjusted in 45° angle, but in winter time, when $oe position is lower
above the horizon, the photovoltaic panels neebet@adjusted from 45° to
90° angle. Generally in the autumn and springtihee ghotovoltaic panel
pitch angle matches with the latitude, in our cag®e We need to add 10-15
degrees (67-72°) in wintertime, but take 10-15 degr(42-47°) in summer.
In order to locate the photovoltaic panels perpaundr to the sun rays, the
panel alignment should also be changed in the eowfsthe day, to
compensate variation of the height of the sun édnibrizon.

The solar charging station construction is usetvtmways.
e Stations those are intended for the cities. Thiedess are mostly set
as an architectural object to align in urban artaban area is highly
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dense and it is very complicated to equip phot@aolpanels with a
system which follows the sun. In general these @luaitaic panels are
equipped with a system where only the pitch angle loe changed
when the seasons change.

e Stations that are created to produce electricitgcefely. These solar
stations are equipped with a system that follovesgtin. In general,
these stations are created in areas with low mgldensity and other
objects that cast shadows.

From the description above, it can be concluded fitvathe optimum
solar energy production, the construction shouldwiitt moving parts, to
which attach photovoltaic panels, and it must b#isently strong and
stable to withstand the local climatic conditioi$ie key features of the
proposed battery charging station are an adjusfaiéovoltaic panel angle
for efficient use of solar energy and protectionpafked bicycles against
precipitation.

Materials and methods

The alternative energy charging station had to laeeal in the yard of
the Faculty of Engineering of the Latvia Universai Agriculture. It was
necessary to determine the optimal placement ofsthAgon within limited
area. Conformity to the existing infrastructure gualential shadowing by
the buildings and trees had to be evaluated.

There were carried out experiments in March of 2Gi#ut the
shadowed areas of the faculty yard green area.s ltimportant for
determination of the alternative energy batteryrgimg station position on
the green area, to receive as much possible radiatbm the sun during the
whole year, thereby improving the efficiency of gtation.

The lengths of the shadows are shown in Fig. Mamch of 2012 at 9
o’clock the shadows from the buildings 1, 2 andedch the center of the
green area 5. In March of 2012 at 12 o’clock thadsiws from the building
4 and trees do not reach the center of the gresan&ar

To consider the sun height changes and increasaytime, lengths of
the shadows from the west in the afternoon are showrig. 2. In March of
2012 afternoon the shadow lengths from buildingsd 4 and trees do not
reach the centre of the green area 5.

Earth is doing 1 rotation around the sun in a yand its axis direction
remains fixed in universe by 23.45 degrees at nbagainst the rotation
plate [2]. The degree between the direction towadhngssun and equatorial
plate is called declinatiomand is a seasonal change measure [3].
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Fig. 1.Shadow measurement on March 23 (in the morning)lL — old
building, 2 —new building, 3 — garages, 4 — worknsp5 — green area

Fig. 2.Shadow measurement on March 23 (afternoon)
In the northern hemisphedechanges from + 23.45° on July 21 (summer
solstice period), to — 23.45° on December 21 (wistdstice period) [2].

The highest point of the sun at midday can be detated using the
following equation:

a,=90°-p+75, Q)

where a, — degree of sun position at midday;
¢ — degree of latitude (Jelgava 56.39 lat. degrees);
0 — declination.
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Using the equation (1), it is possible to determihe sun altitude at
midday for every season:

e in summer (on June 21)

an=90° — +0 =90 — 56.39 + 23.45 = 57.06;
e in winter (on December 21)

an=90° — —0 =90 — 56.39 — 23.45 = 10.16;
e in spring (21.03), in the autumn (21.09)

an=90%— +0 =90 -56.39 + 0 = 33.61.

Fig. 3 a schematically shows the movement of the and the station
location, Fig. 3, b shows the solar height of thmmier solstice (at midday).
Choosing the location of charging stations shouke tato account the fact
that the time of the so-called solar time doesceatcide with the local time
zone respectively, standard time (recorded clasklifferent from solar time
[4]. This difference is defined as the time equatio

a)

Fig. 3.Position of the sun:a— position of the sun during the solstice;
b — highest point of the sun at midday; 1 — sumroéstice;
2 — autumn solstice; 3 — winter solstice

The time equation value is constantly changing bseeahe sun motion is
not constant during the year. These irregulardiesdue to the Earth motion
in the orbit with variable speed, and solar motbaracteristics. Because of
these two reasons, the time equation value canhrd&cminutes [5].
Therefore, several authors allow displacement t&#rgquhotovoltaic from the
south a few degrees.

The recommended position of the alternative endrgtgery charging
station is shown in Fig. 4. Because the alternativergy battery charging
station was designed as canopy and only one ptaregulated, the station is
located 10-15 degrees to the west, to absorb tlme radiation more
effectively during summer time.
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Fig. 4.Position of alternative energy battery charging sition

Results and discussion
The prototype of the photovoltaic energy batteryarging station
contains 10 photovoltaic panels. The total arethefpanels is 15 M The
construction weight without solar panels (photoaiglt panels) is about
380 kg. The frame is fixed to the central beam,clwhis hinged on two
vertical stands. The vertical stands are secureddiis to the concrete
foundation. The solar station frame is shown in 519

Fig. 5.Frame of alternative energy charging station

The frame and the central beam are made from squafiée steel tubes,
sized accordingly 5B0x3 mm and 12080x4 mm, steel standard S235JR.
The vertical stands are made from square profileelsttube, size
120x120x6 mm, steel standard S355J2H.
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The dimensions of the solar station are the folhguwi

e width —5.02 m;

¢ height — 3.04-3.60 m (depending on frame positig@ngle);

e depth — 0.97-2.02 m (depending on frame positioaimgje).

The angle adjustment mechanism (Fig. 6) contairs sguare profile

levers, which are hinged to the frame and fixedhe vertical stands. The

angle is being adjusted using threaded rods andehkiged position secured
by bolts.

Fig. 6. Angle adjustment mechanism of the solar station

The panels are fixed on the frame by metallic claniig. 7). The
charging station is designed to adjust from 27-68rées. If necessary, the
adjustment mechanism can be equipped with an atitbaragle adjustment
mechanism.

Fig. 7.Photovoltaic module attachments

137



The solar station design was guided by the follgwaniteria:

¢ ability to withstand wind and snow loads;

¢ allowing simple adjustment of the inclination an@te photovoltaic
panels;

e architectonically fit for the location.

The constructed battery charging station is madéh vadjustable

photovoltaic panel angle for efficient use of sataergy and protection of
parked bicycles against precipitation.

Conclusions

1.

The alternative energy battery charging stationgbype can be used for
efficient use of solar energy and protection ofkpdr bicycles against
precipitation.

It is important for stations located in city yarts be constructed in
places where there is less shadowing from buildangstrees.

The charging station turning angle depends largelythe season and
location latitude, in summer time when the sun ighér above the
horizon the photovoltaic panels need to be adjusieéde angle 45°, but
in winter time when the sun position is lower abdlve horizon — in 45°
to 90° angle.

Because the alternative energy battery chargingstatas designed as
the frame and only one plane is regulated, theostas located 10-15
degrees to the west to absorb the sun radiatiore rféectively during
summer time.
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ENERGETIC BALANCE OF AUTONOMOUS HYBRID
RENEWABLE ENERGY BASED EV CHARGING STATION IN
WINTER CONDITIONS

Vitalijs Osadcuks, Aldis Pecka, Raimunds Selegovski
Faculty of Engineerging, Latvia University of Aguiture, J. Cakstes
blvd. 5., LV-3001 Jelgava, Latvia; Correspondenck@wnet.lv

Abstract. The paper presents an experimental research ogegitebalance of an
autonomous hybrid renewable energy based eleatiche (EV) charging station.
The experimental charge station is located in #mral part of Latvia in Jelgava
city. The station is built using standard smallkscdybrid power system
equipment: 24V 300 Ah lead-acid battery, 2 kW phottaic array, 300 W wind
generator, hybrid charge controller and 1.6 kW rtere The station is capable to
perform mode 1 EV charging (220 V, 50 Hz, up to K\$). The aim of the
research is to evaluate the operation possibiliteshnical self-consumption and
overall energy balance of the renewable resouressd station during a winter
period. Analysis on available power for EV chargirgglf-consumption and
affecting environment factors during a 6-day pei®g@erformed. The time period
was chosen to include days with temperatures belogvabove zero and various
levels of solar irradiation. Conclusions about flméses and usefulness of winter-
period exploitation are given.

Key words: renewable resources, electric vehicle chargingiostatwinter
conditions.

Introduction

Recent developments and overall cost reduction oéwable energy
equipment allow considering autonomous renewabkrggnbased power
supply systems as an alternative to a power gmection. One of the cases
where such autonomous power systems can be etfctiged is the electric
vehicle (EV) charging infrastructure in remote @aowithout power grid
coverage or with low quality connections e.g. iaitgr roads, remote rural
places, tourist sites, national parks etc [6]. Tecdl and economical
effectiveness of renewable energy generators ect&ifl by annual weather
conditions. In winter months in central part of Wiataverage minimum air
temperature is —6 °C [3], and additional heatinglettrical equipment may
be necessary. A crucial part in every autonomowgepsystem is energy
storage equipment or batteries. One of the mosteftective energy storage
technologies for stationary backup and standal@weep system applications
nowadays is lead-acid chemical battery technologth v cost of 50—
150 EUR per kWh and lifespan up to 2,000 cycles wi@% depth of
discharge [4, 5]. It is well-known fact that opéngt lead-acid batteries at
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higher temperature will reduce the life and operptat lower temperature
will reduce the efficiency [1]. Also there is akisf electrolyte freezing for
VRLA batteries at low discharge rates when spegfavity of electrolyte
can become less than 1,100 and the electrolytdredize at approximately —
6.7 °C [2]. Therefore operating conditions shoukbabe taken into account
for the batteries. The aim of the research is t@luate operation
possibilities, technical self-consumption and ollezaergy balance of small-
scale autonomous hybrid wind-solar EV chargingiataiduring winter
period in Latvia by using only of-the-shelf equipmavailable currently on
market.

Materials and methods

The experiments were performed on standalone sualé electrical
hybrid power system (HPS) designed for off-grid lpewer EV charging. A
simplified electrical circuit of the experimentatsp is shown in Fig. 1.

. ()
PA” .| Steca Power Tarom
g 214C £
paz [« (24 V, 140 A) Fpa
PV
PV array 200 W x 10 T ‘78"2‘ ‘70”' 24V, 100 Ah ‘
— ‘ ‘ T bat
'n, [ [ "
: 1 S 1 U™
HCOI"I
U
Sz F1100A bat
EE—— o —
E4 s -
T E2 Him
A | PA
| F216 A S2 ¥ Inverter, 220 V
‘ ~ AL n" L] 50 Hz, 1600 VA
~ — U U >_DPA2 . -
Jr C /T»lm —_— —O
300 W wind U [ ~L —©
turbine

Fig. 1.Experimental setup, measured parameterd, — current from
photovoltaic arrayt,,; — battery current (below 0 — discharge, above
0 — charge)l,, — current from wind generatdg,, — current to inverter;
Upat — System voltagel.on, Thar Tiny — temperatures in enclosures;
Hcon Hbat, Hiny — heater states in enclosures

The system uses the central DC bus topology withllehaiconnection of
generator, load and battery with nominal systeniaga 24 V. The main
components of the system are 2 kW PV array (10 KikPV 195 PE
modules) positioned to the South at 62.88° tiltthe horizon, Senwey
Energy 300 W wind generator with 3-blade turbinernpanent magnet
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synchronous machine and dedicated charge cont(eterFig. 2 and 3), two
series-connected ABT TM12-510W 12 V 100 Ah VRLA (valRegulated
Lead Acid) batteries, hybrid solar charge controllteca Power Tarom
2,140 and MeanWell TN/TS-1500 sine wave inverteaxivhum system
output for EV charging is 1,600 VA.

L

Fig. 3.Vaisala weather station MAWS201 and 300 W wind gemator

The equipment is arranged in 4 enclosures. E1 Isohgbrid solar
charge controller; E2 contains inverter, circuiedters and energy meters
for AC 220V EV charging and current sensors for tingrid charge
controller; enclosure E3 is for battery placemeBg contains charge
controller for wind generator. The enclosures amdenof 1.5 mm steel
sheets, sizes of the enclosures<@¥¥D) in millimeters are 36& 330x 190
(E1), 650%x 450x 200 (E2) and 708 550x 450 (E3).
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The enclosures are placed in a closed yard undem&iules array and
thus effects of solar radiation and wind are mini(eae Fig. 4).

E1 DI .|

E2

E3 E4

Fig. 4.Placement of enclosures of electrical equipmenEl — solar charge
controller; E2 — inverter; E3 — VRLA batteries;
E4 — dedicated wind turbine charge controller

A number of parameters of HPS are used for datlyzing. Along with
the electric measurements meteorological datagd.us our case a portable
Vaisala weather station MAWS201 is used to get theteorological
information (see Fig. 3).

The Vaisala weather station is a real-time datacgothat is used in a
variety of weather observation activities. In tharent experiments wind
speed, temperature and irradiation measurements usem. Station
communication interface to other devices is RS-Z32connect station with
PC in a long distance (approximately 60 m) a RS-28R$-485 interface
converter was used. The RS-485 to USB converterasedl between RS485
terminal and PC for virtual serial port connectiohiet in its turn can be
easily used in software for data acquisition. Teeadrom weather station is
obtained every minute and stored in database semrech is in the same
LAN where PC stands. For the data transferring amdlse interfacing
purposes special software was developed. Experahdata flow diagram is
depicted in Fig. 4.

T T T T N - ——- ~
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Vaisala (weather) ! {PC - | Station
| ( Ml ) i : IiLAN
| | | w block
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( Irradiation measure J | |
UsSB
N —— t__ ! '| o8 WEB
measure device

RS-232
RS-232 to
RS-485 Converter RS-48 m . (I,U, T)
o

Fig. 4.Experimental data flow diagram
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An embedded device for HPS current, voltage andpézature
measurements (IUT) was developed. The device isdbam PIC24F
microcontroller can read data from sensors and igesvcommunication
with master PC. For current measurement HTFS 20Biddl-effect
contactless current transducer with current depeadelog voltage output is
used. Voltage divider directly connected to voltagarce is used for voltage
measurement. The electrical measurements arestiligsing moving average
filter with 1 s period, thus it is possible to diittransients caused by load
switching and solar charge controller switching ulagon, which is
performed at 20 Hz. Integrated digital sensor TSIG6F used for
measurement of temperature (see Table 1).

Table 1
Accuracies of sensors

Source Measurement Accuracy +/- Unit
temperature 0.3 °C
Vaisala station wind speed 0.3 m's
irradiation 0.2 W-n

voltage 0.1 \%

IUT device current 0.2 A
temperature 0.1 °C

Three IUT devices are placed in enclosures. Theepi@nt of electrical
measurement sensors is shown in Fig. 1. In adddimwiosures E1-E3 are
equipped with heaters for temperature regulationmaintain operating
conditions of the housed equipment. One relay obrdevice with three
outputs is used for heater management (executingnamds from PC and
turning on and off the relays); this device is pldcin enclosure E2.
Temperature sensors are placed in the center bfeatosure to get average
readings, but heaters are installed as close asibpwso lower part of
enclosures in order to achieve better convectioshduld be noted that due
to sizes of E1 and E2 it was not possible to falpid the effect of direct
heater radiation on temperature sensor reading$. dbd relay control
devices are interconnected with master using RSré8lork. A RS-485 to
USB converter is used at the PC side. All measuresneata is stored in
database server with one-minute interval synchrsiyowith meteorological
measurements. Power and energy for further datysisas calculated by
integration of product of system voltage and cusgen various parts of the
circuit. The master PC also runs a control algorjtiparforms current
monitoring and relay switching. Progress of expenis and data logged on
server can be accessed trough WEB.
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The self-consumption of the power system equipmemsists of
electrical self-consumption and energy needed dgulation of enclosures
internal temperature. In this research heating amsidered as only
temperature regulation option in winter period fdimatic conditions of
Latvia.

Consumption needed for heating is expressed in less per K
according to (1).

A -1
a{l+5-ldfl+a,;l WK, @)
where A — total area of walls of enclosure®m
o; — internal surface conductance for the wall, 8. KWm;
o, — external surface conductance for the wall, 28 W%
0 — thickness of walls, m;
A — thermal conductivity of walls, W (K i)

The calculated heat loses per °K are 3.15 W fortroblar enclosure,
6.47 W for inverter enclosure and 11.96 W for battenclosure. The heat
loses are significantly larger than self-consumptod electrical equipment
(less than 1 W for controllers and inverter).

Heaters and internal temperature control mode &mwhesnclosure was
selected taking into consideration heat lossesopedation conditions of the
housed equipment.

According to datasheets Power Tarom 2140 should beotoperated
below —15 °C, but TN/TS-1500 inverter — below 0 °G, keeping these
temperature levels in enclosures is mandatory formal operation of
equipment. For batteries minimum charge temperaiare-15 C, but
discharge temperature —20 °C.

Operating conditions, calculated temperatures ateiced heaters are
summarized in Table 2.

Temperature control algorithm is performed from teaPC (Fig. 4). For
the temperature control in all enclosures thermesiee used with setpoints
shown in Table 2.

Additional temperature control logic was added batteries. As in
Fig. 5, battery capacity at different dischargeesatlecreases by 0.7-1.6%
with ambient temperature decrease by 1 °C. In absakrms for the case
study it is 1.1 Ah per degree or approximately 26 With nominal battery
voltage at 1 h discharge rate. The temperaturetedie lead-acid batteries is
studied in more detail in [1].
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Table 2
Operating temperature in enclosures,
selected heaters and thermostat setpoints
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E2 TN/TS-lSOO 0..60 Incandescent 90 9 1/3
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AB;B'\\;'VQ' -10...60 -14.8
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Fig. 5. Temperature effect on capacity of TM12-510W expressdn
relation to nominal capacity at 20 °C
(information from manufacturer’'s datasheet)
The control algorithm is shown in Fig. 6.

In order to maximize capacity of the battery theperature the control
algorithm turns on heater in enclosure E3 when sx@&nergy is available
from photovoltaic array and/or wind generator.
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Fig. 6. Temperature control algorithm

If heater Hyy IS not turned on yet, available power expresseth wi
currents (voltage is constant for all system corgts)l,, + Iy, —lch — liny IS
compared against calculated current for batteryeh&a,,; to find if there is
enough current to turn the heater ¢, for given voltage is calculated
using heater’'sU-l1 curve. If Hyy is already on, the algorithm checks if
available current is more than reserved curtggfor self-consumption of
the rest of the equipment.

If available current decreasds,,; is turned off.l,.s was set to 0.5 A for
the experiments. Maximum temperature allowed idcsuee is 20 °C as it is
nominal ambient temperature for the selected hattevdel. No heating is
performed in any enclosure, if battery voltage drbplow 20 V.
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Results and discussions

The experiments were performed continuously in @ag-period from
February 8 to February 18 Experiments were started with fully charged
battery. Operating temperature in enclosures wastaiaed according to
algorithm in Fig. 6 during the period of experimenéxcept day 3 when
experiment on heating transient process was caouéedvVieteorological data
affecting operation of HPS during the period of esments is shown in
Fig. 7. Average ambient temperature was —0.6 °@) swlar irradiation on
horizontal surface was 6 kWhnbut average wind speed — 2.5 fy which
according to manufacturer’s datasheet is the capéed or the wind turbine.
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Fig. 7. Temperature, wind speed and solar irradiation
during experiments

The wind charge controller used in the experimestsperating as a
switch and has no voltage step-up function. Therotler begins charging
only when rotation speed of the wind turbine isegioto raise the output
voltage to level required for 12 cells lead-acittdéxy charging (27-28 V). In
conjunction with proportionally greater power ottkolar panel array this
results in a decrease of the effectiveness of vgaderator in the hybrid
small-scale standalone power system. This is degspitfact that special
hybrid solar charge controller with a remote ser{Seeca HS200) was used
for external current sources. Fig. 8 shows theafiseind energy for battery
charging during various meteorological conditiofile scenario shown in
the figure confirms the main idea of using wind getor in a solar power
system — with a decrease of solar radiation in &yoconditions as a rule
wind speed increases yet overall low wind speesltedd in minimal wind
generator output (<0.1 kWh) during the period gerxments.

Before the period of experiments a test was perfdrineevaluate the
real performance of heaters under changing operatoitage conditions,
when the batteries are constantly discharged. Aféersient process the test
showed that difference between ambient and inteteabtperature of
enclosures was 7.3 °C for E1, 12.7 °C for E2 and@.8r E3.
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Temperature difference for E3 confirmed the thacaétalculations, but
E1l showed 2.3°C and E2 — 3.7 °C greater temperatwiegh can be
explained with relatively small sizes of enclosurasd close distance
between heater and sensor. It should be notedwimak effect during the
tests was minimal. Performance of heaters alloveately use the system for
EV charging at temperature down to —10 °C, but af@n of controlling
equipment (without using inverter for charging) aowo —20 °C. Total
power consumption for heating (including batterglesure) will be 123 W
or 3 kWh of energy per day at nominal system vaidmt if heating is used
to keep operating temperature for controller anegeiter only — 69 W and
1.7 kWh respectively. This can be decreased bytiaddi heat insulation of
enclosures.
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Fig. 8.Use of wind energy for battery charging during varous
meteorological conditions

Available instant solar horizontal irradiatiohy)( ambient temperature
(T,), system voltageUpa) and dynamic of internal temperatures of each
enclosure for a day with average temperature -&.8re given in Fig. 9.
Experiments in daylight confirmed that temperature enclosures is
significantly affected by indirect solar irradiatiowith the heaters turned off
it was 3-10 °C above ambient temperature dependimgthe size of
enclosure and solar irradiation.

During a night temperature in enclosures E1 andvB& controlled by
thermostat, but during daylight battery enclosuBewias additionally heated
using excess energy from photovoltaic panels whewas available. Thus
temperature in E3 was 8.1 °C (10 °C above ambiehgmwthe heater was
turned off with decrease of solar irradiation and @ (0.5 °C above
ambient) at its closest point to ambient tempeeataHowing to save up to
0.8% of battery capacity in the worst case.
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Fig. 9.Daily temperature parameter dynamics

Total produced energy during the period of expenitmavas 19.7 kWh,
1.8 kWh of which was used for heating of equipmeifitich was mandatory.
In addition 2 kWh of total 17.9 kWh excess energgswised for heating
batteries. Energy used for heating depending dy daerage temperature is
summarized in Fig. 10.
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Fig. 10.Heating energy depending on daily average temperate

Assuming the worst-case energy amount needed fatimigecontrolling
equipment (1.7 kWh per day) it can be concludetl discussed HPS can be
operated at temperatures down to —10 °C, but it takke approximately a
half of total energy produced for self-consumptidmring typical winter
weather conditions. For longer period of time aergehding on EV charging
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intensity this will lead to negative energy balantshould be noted that the
same controlling equipment with the same self-consion can be used
with up to 3.5 kW PV array, thus optimal sizingggerating equipment can
improve the energetic balance.

It should be noted that only standard enclosurelsont heat insulation
were used and arrangement of electrical equipmegmertling on its function
was chosen: DC controlling and AC power equipmersejparate enclosures
and dedicated enclosure for chemical batteriegrAditively in order to save
the heating energy, electrical equipment could dlsoplaced in common
enclosure, but batteries due to necessity of \aiutii and different heat
regulation algorithm should be operated only inepagsate enclosure in all
cases.

Conclusions

1. Proposed small-scale autonomous hybrid power sy&termff-grid low
power electric vehicle charging using off-the-shedimponents can be
fully operated at temperature down to -10°C, buerapon of
controlling equipment (without charging functiorgwan to —20 °C.

2. Total worst-case power consumption for maintaimogmal operational
conditions for controlling and power conversion ipguent is 69 W or
1.7 kWh of energy per day at nominal system voltaDeis can be
decreased by additional heat insulation of enckxsubut ventilation,
electrical and fire issues should be considered.

3. Excess energy can be effectively used for additidrgting of main
lead-acid batteries thus increasing efficiency e batteries, which is
strongly affected by ambient temperature, but lorgeriments with
full charge/discharge cycles of batteries are neewefully evaluate
effects of environmental conditions, schedule argg usage for electric
vehicle charging and overall economical reasortgbili

4. Mutual sizing of power generating equipment is eBakfor small-scale
hybrid power systems. Output of smaller generadorlze used fully only
in periods with significant decrease in primary gi@tor output as it was
in our case with primary 2 kW photovoltaic arrayd@300 W generator.
Besides optimal power sizing of the generators tablpm could be
partially solved by using power converters with maxm power point
tracking and voltage step-up functions.
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Abstract. The paper contains a review of electric vehiclergimg infrastructure in
Latvia. Electric vehicles are only gaining popuiain Latvia, but it is essential to
develop the exploitation infrastructure, becausthouit it, users can rely only on
individually available resources. In March of 20#fZere are only 10 public
charging points in Latvia, 8 are in the capital ®ighe other two are within 50 km
range from Riga — in Jelgava and Jurmala. Choosirey best exploitation
infrastructure for Latvia will mean lower costs,ldreced charging points, bigger
electric vehicle independence, security for newrsisd# technology and faster
integration. Before the development of the electebicle market in Latvia has
gained speed and serious infrastructure has bedn there is still time to learn
from success and mistakes made in other countnéschoose the most suitable
way of creation of charging infrastructure. Sigraince of a unified marking
standard for equipped parking spaces and chardmtiprss is discussed. The
authors review the necessity of simple and stréoglvard user interface.

Keywords: charging point, electric vehicle, infrastructure.

Introduction

Use of electrically powered means of transportatioatvia predates
hype that started around the year 2009 concernimgva generation of
electric passenger vehicles. Electric trams wet®diniced in year 1901. In
1914, there were 14 lines of electrical trams inaRigith the total length of
50 km, carrying 52.1 million passengers yearly Rff course, a tram does
not need a charging infrastructure but it is a gdesnonstrator of the use of
electrically powered means of transportation. Téwhhology demonstrates
comfort, reliability, ecological and economical pis. In 1980’s the price for
tickets for public transportation was the following bus 5 kopecks,
trolleybus 4 and tram only 3 [2].

Electrical forklifts were widely used in factoriés warehouses since
their introduction in 1906 [3]. With zero emissioihss an irreplaceable tool
in closed areas and a great demonstrator of teapynoElectric motors and
controllers, used in forklifts are a popular sourock components for
enthusiasts of internal combustion vehicle (ICE) vesters to electrical
vehicles [4].
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The industrial charging infrastructure for forkdifin Latvia exists for
many years. The experience obtained by its maietsiand users should be
used when developing a new charging infrastructaremodern electrical
vehicles.

More and more strict laws are introduced for emisglasses and waste
water. Cities are struggling with smog and nois@piReare used to personal
transportation for longer than a century, but thisr@always a prediction
ahead, that oil resources will run out despite @xpy new reserves. The
Earth’s population and wealth are growing, so thexethe need for
transportation. The political situation and oil derd causes the fuel prices
to grow. That leads to more activity in fuel altatine field.

In 2010 almost 60 % of the electric energy, produbg the largest
electricity supplier “Latvenergo” in Latvia camedfn renewable resources -
mainly from hydroelectric power stations [5].

Electric energy can be considered as a naturabresof Latvia. If an
atomic power plant in Lithuania will be built, itay have a major impact on
the energetic independence of the Baltic States treturrent supplier. To
increase the economical independence of Latvia,swoption of oil
products and natural gas should be replaced byrieiec In the field of
transportation it means replacement of the curi€t, powered fleet with
electrical one. Currently the demand for electrioghicles in the Western
world exceeds the production capacity. Only fewdpiers are ready to
supply EV’s. Currently they are Mitsubishi, PSA aRénault-Nissan. To
give the best experience to the customers, oniyntci@s with developing
charging infrastructure are served. It is a jobN&O, municipalities and
government institutions to show that a specific toy has strong and
serious intentions for developing of charging isfracture.

Current situation of charging infrastructure

Development of a public EV charging infrastructuire Latvia is
beginning. At the moment, there is not much to ghaCurrently, there are
only two officially registered M1 and N1 class dlex vehicles in Latvia.
Around 500 electrical bicycles and 25 slow moving's used in the Zoo,
hospitals and golf courses are charged in priviadeging points [6].

The NGO “BIMAB” — Zero Emission Mobility Support Saty was
founded in 2009 to develop sustainable mobility atvia [7]. In cooperation
with the local producer of electrical power “Latezgo’ on September,
2011, a map and list public charging points weesented [8].

The public charging points in Latvia on April, 204 listed in Table 1.
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Public Charging Points

Table 1

Address Parking Charging | Connections
Brivibas gatve 299, Riga Free Paid 1
Jomas iela 4, Jurmala Free Free 4
Eksporta iela 3a, Riga Paid Paid 1
Stacijas laukums 4, Riga Paid Free 10
Z. A. Meierovica bulvaris 8, Riga Paid Free 10
Elizabetes iela 55, Riga Paid Free 5
Baznicas iela 20/22, Riga Paid Free 5
J. Cakstes bufiris 5, Jelgava Free Free 4
Dzirnavu iela 67, Riga Paid Free 2
Lielgabala iela 4, Riga Paid Free 2

In total 10 public EV charging points so far ar¢raduced in Latvia.
Most of them are located in the capital Riga. Orergimg point is located in
the city Jurmala (25 km from the capital), nearddeninistrating building of
“Latvenergo”. It has a free charging and parkingcgp This charging point
is the only one with IEC-62196; 32 A/230 V/50 HA (W) type connector,
used for electric automobile fast charging. Thawe sockets for 4 electric
vehicles. The other charging point outside the teqg located in the city
Jelgava, at the Faculty of Engineering of the Laatyniversity of Agriculture
(45 km from the capital Riga). It is capable to seBsbicycles and 1 car
simultaneously. Parking and charging are for fied, this service is not
available twenty-four hours a day because of theed territory during the
night time.

The first public charging point in Latvia was opdne October, 2010, at
the petrol station “Kursi”, Brivibas street 299, shoin Figure 1 [9]. It was
developed by the local producer “Eltus” [10].

1 &

Fig. 1.Charging point at Brivibas street 299, Riga [9]
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There are 6 charging points in Riga. One is nearQle Gertrudes
Church for 5 vehicles. Free charging, but parkingunes payment. The
second is not far from the city center, in Old RiGaarging is for free, but
there is a parking fee. Ten vehicles can be pattkec. The third is near the
Riga Passenger Port, it can serve one vehicle athd ddwarging and parking,
are not for free. Another charging point is near lthatvian National Museum
of Art. It has free charging, but paid parking sgmor 5 vehicles. Another
big electric vehicle charging point for 10 vehicles near the Central
Railway Station. Here also there is paid parking faed charging.

Currently, there are no agreements for unified nmarlof the charging
points in Latvia. An example of marking at Europgdrking is shown in
Figure 2.

Bezmaksas
elektromobilu
uzlades punkts

Free of charge
electric vehicle
charging point

(' +371 67324508
Euro[dark www.europark.Iv

Fig. 2.Marking of charging point at Europark parking [11]

Future development

The public limited company “Latvenergo” is the bégt) energy power
supply enterprise in Latvia. It has been estimé#tatithe first level extension
could consist of 50 charging points in the biggases (12 in the capital
Riga) and could cost around 2.5 million EUR [12]. Tpwssible locations
are shown in Figure 3. Charging points could be tetanear malls, state
enterprises, housing estates, the city center, cetaring establishments and
along highways. There is a commitment to developta@b00 charging
points in Latvia till 2020 [13].
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Flg 3. Plans for location of charglng pomts by Latvenergc[lZ]

If the market will develop successfully, many caruafactures will offer
EV’s via the local dealers. To fulfill their contts, the dealerships will
develop their own public charging points, includitng designated ones for
fast charge with direct current.

In the middle of 2012 financial support from thetdian Government
program KPFI will be available for development dfetEV park and
charging infrastructure. The total amount is 3.8iom LVL.

The KPFI program is funded by selling €Quotas, according to the
Kyoto protocol [14].

There was an immediate public reaction after thisoancement, in the
form of willingness to purchase EV at few dealgoshof the current EV
producers. Unfortunately, in Latvia there is no coencial offer of EV from
the world’s leading producers. Probably, it camlige to direct the available
funding in the development of the charging infrasture.

Local production of charging equipment

The first public charging point in Latvia, located the petrol station
“Kursi” at Brivibas street 299, was equipped witlcdly manufactured
charging equipment. It was supplied by the compé&ifiys”.

The charging device type M2 Universal is showniguFe 4.

156



GSM antenna

5 line backlit LCD display

- . EVSE Status LED Lighting

Rear ventilation-valve

3-Phase, IEC 62196-2 Type 2 plug,
IEC/EN 61851-1, Mode 1&2

Stainless steel body

RFID identification

Single - Phase, 16 A outlet,
IEC/EN 61851-1, Mode 1&2

Control unit with GPRS

Rear cooling fan

Emergency stop button

Rear service door with lock

Remote control unit

Overcurrent Protection unit

Residual Current Breaker

Support pad options,
Indoor or outdoor base

Digital energy meter

Heater for cold weather

Fig. 4.Charging device Eltus M2 Universal [10]
The main features are listed in Table 2.

Table 2

Technical Characteristics, Eltus M2 Universal

AC Power Input

400 VAC, 32A Max, Three Phase

AC Power Output

Three Phase, 400 V, 32 A (22 kW)

Single Phase, 230 V, 16 A (3.7 kW)

Charging Connections

Three Phase according IEC-62196 (Menneke

n

Single Phase — Country Specific (Schuko)

Overcurrent Protection

Cut-off 40A per phase

Leakage Current Protection

30mA, optional progratvimauto retry

Cable Type Detection

Yes, on IEC-62196

Energy metering

Class 1, resolution 0.1 KW-h

Local Area Network

RS-485, Ethernet

Wireless Local Network

Zig-Bee, according 802.1(®gdtional)

Wide Area Network

GSM/GPRS commercial network

RFID Smart Card Reader

1ISO-14443, 1SO-15693 or fmyttional)

Electrical Compliance

2006/95/EC (Low Voltage directive)

2004/108/EC (EMC directive)

Operating Temperature

-30 °C to +50 °C

Operating Humidity <95 %
Dimensions 1400 mm x 180mm x 120 mm
Weight (including packaging) 25 kg
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The company “Eltus” was founded in 2010 in collaimm with the
Kurland Business incubator in Latvia and a privaiestor. The company is
located in the city Liepaja.

The project launched electric charging point prgiet and test unit
development for electric and plug-in hybrid electrars. After finishing the
pilot project in 2011, the manufacturer is now ttgr serial production of
the charging points [10].

In northern Europe countries a lot of cars are mupd with engine
heaters with external power supply. In some parkilages there are sockets

\‘ \
Fig. 5.Sockets for engine heating in town Nokia, Finland
Currently, there are more than a million engine ingastations already
in place [15]. These engine heating stations aesl der a short period of
time and are not planned for big electrical loatk A fuse), so only slow
charging is available. If the owner of those pagkplaces allows free long-
time charging, then there will already be a simpfeastructure for charging
electric vehicles. But there are very few electrehicles in Finland- the
Finns do not believe they would survive their hanshters. Latvia should
also encourage companies for a simple electricclelmfrastructure nearby
their social buildings.

Conclusions

1. All 10 electric vehicle charging stations are lechtiensely in the central
part of Latvia, but are not well recognizable amaatyians.

2. All charging stations are different, because of ldek of standards for
marking and charging.

3. The infrastructure is developing at a moderate datto social activists
despite the lack of governmental support.
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The main supplier of electrical power “Latvenergbas announced
commitment to develop a large network of chargiomts till 2020.
Financial support for charging infrastructure depashent from the
Government funded program in the total amount 6frillion Lats will
be available in 2012.

Latvia has the technology for creation of a modamd complicated
electric vehicle infrastructure.

A basic charging infrastructure can be createdgusimple solutions and
equipment.
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SUMMARY

. By introducing electric motor vehicles in Latviaskil energy resources
can be saved, and electricity can be domesticalbdyred without
consuming oil products. Electric automobiles inesitand urban areas
can compete with fossil energy automobiles, espigaia cases when
they are designed to ensure certain parametepgtdigtion.

. Using of fossil fuels in automobiles, the lowest sicoor
9.62 EUR (100 knmi) was obtained for a 5 year old automobile running
on compressed gas owing to its low purchase andciss. Among
electric motor vehicles, the highest efficiency1dr.94 LVL (100 km)
was obtained for a 5 year old automobile that wasverted to electric
power. Purchasing a used electric automobile &ively expensive. An
economic effect of 12.17 LVL (100 kfh)or a new electric automobile
Is possible only in case if its batteries are rérard there is no need to
replace them during repair, however, such a sewiltenot be available
in Latvia over the next years due to a need fogdagovernment
subsidies.

. The total CO emissions from cars in Latvia — 1289.p8r year — are
4.74 times greater than those from lorries. Regasdid the wide use of
diesel engine lorries and their large engine caigaciNQ, emissions

from these automobiles are only 13 % greater thase from cars. If
10 % of conventional cars were replaced with eleatirive cars in

Latvia, the following ecological effects in relatido emission reductions
would be achieved: 1289.73t of CO, 112.43t of CHyN@y.20 t of

C.Hp, 155.11 t of NQ, and 6.18 t of PM a year.

. The electric vehicle electric energy costs dependtle kind of the
charging place and the price for electric energyitaffhe cheapest
charging is at home conditions. From the point iefwof energy costs
the cheapest are electric bicycles without excepdiB6 EUR per
100 km. The costs of the internal combustion matdomobile are three
times higher than of the analogous internal combastmotor

automobile — 9.81 EUR per 100 km. The energy cosfsnd on the
tariffs in the country and fuel prices and they easentially differ from
the research results in Latvia.

. From the study results it is clear that the electehicle battery full
charge needs 7 hours, with electricity connectibat tcan provide
12 - 13 A, 230V, 50 Hz alternating current, thatams that a regular
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household connection is used near to its maximakott Charging an
electrical automobile at home means reducing dibesehold electricity
consumer total power used simultaneously. With gngvef the electric
vehicle popularity, there will be increased elextyi network load
expected, that can lead to the necessity for haldeionnection power
upgrade.

6. The electric motor has an important role for imgnoent of the dynamic
properties of electric cars. The study shows thahgi higher power
electric motors, both — the dynamic and operatiggaaformance — are
better. The battery capacity determines the distémat the car can make
between charging. The battery charging time is intgua.

7. lIrrespective of the relatively small engine powtre electric motor
vehicles showed sufficiently good dynamic charasties owing to their
excellent engine power and torque curves. The aptimverage speed
of the electric motor vehicles studied is (0.7 8) 9,,ax Which ensures the
largest distance of driving for the electric motehicles. In the technical
characteristics, the producers of slow-moving eleamnotor vehicles
have showed on average 10 % higher speed of drithag it was
achieved in the experiments.

8. The electric car regenerated energy fraction irsgdawith the drop of
the average speed. Battery charging with the brakimgrgy occurred
only in 4 — 5 % of the total city-cycle drive tinaad 1.6 — 2.1 % of the
consumed energy was regenerated. The same pereeofagotal
travelling distance can be expected.

9. Full battery charge for slow moving vehicles witiettotal mass less
than 800 kg takes around 11 hours, 10.13 kWh asts do58 EUR. The
obtained driving ranges on a chassis dynamome&ebigger than on-
road values, because of the constant load and speéede that rarely
can be achieved in on-road conditions.

10. The maximum speed and run-up dynamics of eleciciches are mainly
determined by the motor power, but they are aléectdd by the weight
of the bike, the gear ratio from the motor to tHeeels and the efficiency
coefficient of the motor and transmission. Drivibgycles equipped
with an electromotor larger than 250 W along thelkways is
undesirable because their high dynamic charadteyishay endanger
cyclists, pedestrians and car drivers. Pedallinthebeginning of the run
improves the acceleration of the bike, but not itieximum attainable
speed.
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11.

12.

13.

14.

The alternative energy battery charging stationgbype can be used for
efficient use of solar energy. It is important giations located in city
yards to be constructed in places where theresis $adowing from
buildings and trees. The charging station turningle depends largely
on the season and location latitude, in summer tivhen the sun is
higher above the horizon the photovoltaic panekdne be adjusted in
the angle 45°, but in winter time when the suntpmsis lower above the
horizon — in 45° to 90° angles. If the alterna@vergy battery charging
station is designed as the frame and only one pisregulated, the
station is located 10 — 15 degrees to the wesbsora the sun radiation
more effectively during summer time.

The proposed small-scale autonomous hybrid powstesy for off-grid

low power electric vehicle charging using off-tHee§ components can
be fully operated at temperature down to —10 °C, tyoration of

controlling equipment (without the charging funajiadown to —20 °C.
Excess energy can be effectively used for additibreating of main

lead-acid batteries thus increasing the efficienicthe batteries, which is
strongly affected by the ambient temperature. Musimng of power

generating equipment is essential for small-scgl#ith power systems.
The output of a smaller generator can be used &uly in periods with

significant decrease in the primary generator dutpu

All electric vehicle charging stations are locatdzhsely in the central
part of Latvia, but are not well recognizable amdroatvians. The
infrastructure is developing at a moderate rate wusocial activists
despite the lack of governmental support. Latvia thee technology for
creation of a modern and complicated electric vehiafrastructure. A
basic charging infrastructure can be created usimgple solutions and
equipment.

In Latvia there are favourable conditions for depehent and usage of
electric vehicles. For promotion of the developmgowernment support
Is needed in the form of different projects as vesllunderstanding and
interest of the potential users in the specificsapplication, spheres,
sustainability and potential of electric vehicles.
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