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The development status of electric (BEV) and hydrogn (FCEV) passenger cars
park in the world and new research possibilities othese cars in real traffic
conditions

Major markets across the European Union (EU) arecamtrated on rapid development of electromobilliyis policy is demon-
strated — among others — by recent sales of etectirs: within the past 3 quarters of 2018 — 24.@uttand electric cars have been
registered in Germany, 20.3 thousand in France31Bousand in the Netherlands and 31.4 thousandoirwhly. Unfortunately, only
867 EVs have been registered in Hungary, 469 irCthech Republic, 468 in Romania, 411 in Poland &&li3 Slovenia.

Unit energy consumption of electric cars was oftefingd in NEDC cycle. In real conditions of road figfit may differ from val-
ues recorded in a drive cycle. The article preseassilts of a study on energy consumption of etecars in Poland along RDE (Real
Driving Emissions) testing route in terms of vehiehergy consumption per drive unit (km, 100 krhg Tse of fuel cells in cars may
bring a change in the type of used vehicles inldhg run. Both globally and in the EU wide-rangingtians are undertaken to imple-
ment fuel cell technology. Also, the infrastructafénydrogen filling stations is developed. At reisthe most rapidly developing coun-
try in this area is Japan. The article addresses igsue of energy consumption per drive unit by emuipped with fuel cells as both
type of vehicles, i.e. EV and FCV use electric n®tbhe article also discusses infrastructure dgwalent in the EU and Poland, charg-
ing and fuelling of the said vehicles, respectively
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1. Introduction

Since September 1st of this year certification efvn
type (Euro 6) passenger cars and light trucks e E
includes the exhaust emissions testing of thesileshi.e.
the Real Driving Emissions (RDE) procedure [1-7,19].

Road test specifications cannot be optional. Theero
must include a drive-in urban area, rural and drigaway.
Duration of the trip must be between 90 and 120utei
Setting the route for an RDE drive for the purpo$esx-

globally. The world fleet of such vehicles was redprely

16 thousand vehicles in 2010, 55 thousand in 20138,
thousand in 2012, 227 thousand in 2013, 420 thalgan
2014, 740 thousand in 2015 and over 1.2 millior2016,

of which 255 thousand in Europe (including apprb&0
thousand vehicles in the EU).

The largest fleet of BEV passenger cars was naied i

China (over 480 thousand vehicles), the US (aln3@
thousand vehicles), Japan (86 thousand vehiclesay

haust emission testing from light vehicles requites ful-
filment of numerous requirements, including thoskating
to ambient temperature, topographic height of test,t
driving style (dynamic specifications of the trigyjp’s
duration, length of specific sections of the tesbén, rural,
highway) etc. Setting such route for the purposeeséarch
work by the author of this article was the primahallenge
facilitating future certification testing related the assess-
ment of noxious substances in the exhaust emityelijbt
vehicles, but also in the development work relatimgfor
example, the estimation of energy consumption legtgt
and hybrid vehicles or those equipped with fuelscé@h

(100 thousand vehicles), France (67 thousand \ed)ieind
Germany (approx. 41 thousand vehicles). Poland itéth
fleet of several hundred BEVs has been outpacedifisig
cantly by countries such as ltaly or Portugal @18 about
1,3 thousand vehicles) [10].

Despite an over 70-fold increase of the world fleét
BEVs in years 2016-2017 electric passenger callsasti
count for just 0.1% of the total number of passerggs
registered in the world.

Table 1.Newly registered electric passenger cars (BEV)eiary
2010-2017, in thousands [8]

|Ight of the development of eIeCtromobiIity and hygeni- Description 2010] 2011 2014 2013 2014| 2015 2016| 2017
. ; Poland - 0 0 0 00 op of 04
zation of vehicle transport. EU28 05| 79 12.4 221 352| 542 635] 975
. . Norway 04| 18 42| 82| 181 27.8] 295 449
2. De\{elopment of electromobility — battery electi Swizeriant o 1ol 1o 33 33 4
vehicles (BEVs) Europe 09| 9.9 174 310 54.2| 853 96.3] 147.
In 2010 there had been just 16 thousand BEVs regjS=anada -] o2 o6] 16| 28] 44 52 14)9
tered worldwide (Table 1), of which 6 thousand wergis- | China 10| 47 96| 14.6] 48.9| 146.7 257.0 468.
tered that year (Table 2). The registration of eplr- ifg’:” 12;‘ 9127612-2 411‘71'3 ég-i %(1)'?) ég-g 125‘45:
chased electric passenger cars began to grow yajoadh n ol 641 38t 578 1121 1908 3254 4664 759 1

that moment to come to 39 thousand in 2011, 58stuod
in 2012, 112 thousand in 2013, 191 thousand in 2028
thousand in 2015, 466 thousand in 2016 and 75%#ral
in 2017 [8, 9].

The increased sales had been generated mostlyibg C
with a production of more than 60% of BEVs manuisaet

Electric vehicles (plug-in and battery electric)meo
prised 1.48% of all new car registrations in EU28017
11]. There is a significant variation across thd Eoun-
ries for example, in Sweden electric vehicle regi®ons
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are 5.5% of all new cars [11]. Outside of the EWyWay is along sections where road construction work is dp&ion-
a clear leader with 39.2% of new car registrati@ing ducted. If, for practical reasons, another testusage is

electric vehicles [12, 13]. justifiable, the sequence of use in urban areal area and
on a highway may be changed upon permission ol bl
Table 2.Registered fleet of passenger BEVs in years 201620 issuing the certification [15].

In thousands [8] The use in urban area is characterized by vehpeeds

Description 2010 2011) 2012] 2013] 2014] 2015| 2016] not exceeding 60 km per hour, in an rural area ckehi

EU28 1.9 93 213 443 742 12481613 speed ranges from 60 km per hour to 90 km per aondron
Norway 33 5.3 95 197 418 720 989 . o

Europe 571 121 281 500 1o7.ois2al 2514 @ highway above 90 km per hour (Table 3). Theitrghud-
Canada 0 02 0.9 2.1 5B 97 149 ed approximately 34% use in an urban area, 33%urial r
China 15 6.3 159 306 795 226.2483.2] area and 33% on a highway. The term ‘approximately’
India 0,9 13 2,8 29 33 4, 48 means a range of +10 percentage points from theeabo
éiﬂ?r? 85 163 296 443 605 709 864 nercentage values. However, the use in urban arest m
Korea 0 03 0.8 1.4 2.8 57 108 account for at least 29% of the total route drivéahicle

USA 38| 135 284 759 13932103 2970 Speed will usually not exceed 145 km per hour. fraexi-

In total 16.4] 55.1] 11209 226.8] 420.3 745.6 1208.9 mum speed may be exceeded by 15 km per hour for no

more than 3% of the duration of highway componkatal

In [9] is suggested that by 2030 battery electghigles speed restrictions remain in force during PEMS ttegard-
sales could be between 13% and 21% of total nevgadas less of other legal consequences. Exceeding lqueéds
in climate goal and regulation scenarios. Includiagge restrictions as such does not nullify the resutPEMS
extended electric vehicles increase is 34% and 51%st. Average driving speed (including stop periadsthe
According to one of the scenarios aims to achievd@ urban area should be between 15 km per hour arkhB0
g CO~eqv/km [9]. per hour. Stop periods, defined as time when velsicl

If Europe were to move to a zero — emission cagtfle speed is less than 1 km per hour, should accourt fieast
the share of new car sales which would have todye z 10% of the time of use in the urban area. Use lraniarea
emission (battery electric and fuel cell) would shé@e be includes several stop periods lasting at least édbrads.
around 20% in 2030, 40% in 2040 and 50% under a-medwvoid situations where a single excessively lorapsperi-
um forecast [9]. od would account for over 80% of the total stopiqur

In terms of total vehicles, there could be arouddrl- during the use in an urban area. Driving speed bigh-
lion electric cars on the road in Europe in 203@uad way includes range of 90 km per hour to at leaStkrh per
10% of Europe's car fleet. This is based on theiagol8 hour. Vehicle speed must exceed 100 km per houafor
million new cars sold in Europe [14] and assuming% least 5 minutes.
market share of new cars in 2020, a 17% marketesimar

2030 and linear growth between the years [13]. Table 3.Requirements for the drive [15]

The majority of life cycle analyses suggest thall-tee Requirements | Unit Urban Rural Highway|
well (WTW) GHG emissions per km driven of BEVs in| Speed km/h 0-60 60-90 90-130
Europe lower than ICEVs and hybrid vehicles. Basaed | pistance % (;1?6‘02) (+~1%§A)) (;1%:;’/0)
the carbon-intensity of the EU electricity mix i015, the —mimom = = =
WTW emissions of a mid-sized BEV were between 68 an distance km 16 16 16
76 g CQeqv/km. This is between 47% and 58% lower thanShare of trip % > 29 ~ B
the emissions of an average mid-sized ICEV passerage L Ccomponent

in 2015, at 143 g CLoeqv/km [13]. ] ) ]
The growth of electromobility observed at presenit i 17ip duration must range from 90 to 120 minutese Th
forcing a number of research efforts with respeatlectric  difference between the starting and end point ef tifip
vehicles. The main ones here are the determinafioheir May not exceed 100 meters in altitude above thdeseh
range, the power of engines implemented on thelsieles, Mlnlmum distance during the use in urban are_a,qumi
battery durability or the test of energy use bystheehicles. ©n the highway must reach at last 16 km (detaiézflire-
The latter issue is discussed in this article, wipcesents Ments are listed in Table 4) [15]. _
examples of the measurements of energy consumpgion !N the RDE studies, a A passenger car was usedJig
passenger cars on a route set for the purpose BftBf2s.

3. RDE test and testing energy consumption

by an electric passenger car

The trip sequence includes driving in an urban areh
then in a rural area and on a highway. The trip mament . = ‘
. . . . — - / (S
in urban area, rural area and on the highway islgcted in ’ Fjgekgr%m -,
a continuous manner. The use in rural area mayntes- i -
rupted by brief periods of use in urban areas ds¢hare
located along the route path. The use on a highmay be
interrupted by brief periods of use in urban oratwareas, : = S
for example while driving through toll collectiorobths or Fig. 1. Electric passenger car tested
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Table 4. Detailed requirements for RDE tests [15]

Specification
Ambient temperature
(T2)

Requirements

—normal range: @ T, < 30C

— lower extended range: %7 T,< (°C

— upper extended range:°80< T, 35°C

—normal: h 700 m n.p.m.

— extended: 700 <h1300 m n.p.m.

— cumulative altitude gain: below 1200 m/
100 km

— relative positive acceleration (RPA):
greater than RPA, (for all types of driving
conditions)

— a product of acceleration and speed
(V' &o9: less than v ayesmin (for all types of
driving conditions)

— cold start of the vehicle: coolant below
70°C,

— duration of at least 300 s

— emission from cold start not included in
RDE test

—not to exceed 180 s

Topographic test
height (h)
Assessment of the
impact of ambient
weather and road
specification and
driving style

Thermal state of the
vehicle prior to test

Duration of
individual stop

Use of exhaust
purification systems

=

— one-time regeneration of solid particle filtg
may cause a repeat of the RDE test; two
regenerations are taken into consideratior
RDE fume exhaust test results

—normal usage as intended (e.g. use of air
conditioning system)

— vehicle weight: driver (and the pagger)
plus test equipment; maximum load at
< 90% of the total of passenger weight an
vehicle payload
— duration 90-120 min

— 29-44% of the entire test length

— distance: more than 16 km

— vehicle speed (v): v 60 km/h

— average speed: 15-40 km/h

— duration of stops: 6-30% of the urban com
ponent

— 23-43% of the entire test length

— distance: more than 16 km

— vehicle speed (v): 60 km/h <90 km/h

— 23-43% of the entire test length

— distance: more than 16 km

— vehicle speed (v): v > 90 km/h

— vehicle speed in excess of 100 km/h for a
least 5 minutes

— vehicle speed in excess of 145 km/h for
a maximum of 3% of the trip

Use of driving
comfort systems
Vehicle load

Test requirements
Requirements for
urban test
component

Requirements for
rural test component

Requirements for
highway test
component

Designated trip route was shown on Fig. 2. It catsspf
urban, rural and highway components.

Fig. 2. Course of the designated RDE route

in

The speed of the car over time is shown on Fig. 3.

i)

Fig. 3. The speed of the car over time
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Energy consumption on this c. 92 km route was teste

using Yokogawa 1806E power analyser (which allokes t
measurement of energy consumption and energy regove
battery charging efficiency, etc.) and Semtech DB BPS
device (measuring the length of the distance ttestl

Tested electric passenger car had the followingcbas

criteria:

Overall length x width x height [mm]: 4140 x 1800 x
1593;

Wheel base [mm]: 2570;

Curb weight [kg]: (excluding a drivers with 75 kg)
1510;

Gross weight [kg]: 1800;

Electric motor (type: Permanent Magnet AC Synchro-
nous Motor), Voltage [V]: 360 V, Max. power
[kW/rpm]: 81.4/2730-8000, Max. torque [Nm/rpml]:
285/0-2730;

Gear reduction unit: final gear ratio (constant20®;
OBC (On Board Charger): Max. power [kW] 6.6;
High-Voltage Battery pack: Type: LIPB (Lithium lon
Polymer Battery), Voltage [V]: 360, Capacity [AW]5,
Energy [kWh]: 27, Power [kW]: 90, Weight [kg]: 277;
12V Battery: Capacity [Ah]: 45.

Test found to be carried out correctly (Table %)t &x-

ample:

Table 5.Confirmation the test has been carried out cogrectl

Test correctness

Test specification Result | Requirement | Correctness
Urban component [km] 30.0 > 16 Correct
Rural component [km] 28.6 > 16 Correct
Highway component [km] | 33.3 > 16 Correct
Total route length [km] 91.9 > 48 Correct
Urban component [%] 32.7 Correct
Rural component [%] 311 3310 Correct
Highway component [%] 36.2 3310 Correct
Average speed on urban
e ?km/ﬁ] 27.8 Correct
Duration of stops on urbar]
route [%] P 20.8 Correct
Trip duration at more than
108 km/h [min] 15.8 >5 Correct
Maximum speed [km/h] 125.1 < 160 Correct
Trip duration at more than
145 km/h during the high-| 0.0 <3 Correct
way component [%]
Trip duration [min] 106.9 Correct

146

COMBUSTION ENGINES, 2019, 178(3)



The development status of electric (BEV) and hyehd§CEV) passenger cars park in the world...

Table 5cont.
Cold start (t = 300 s)
Coolant temperaturéC] 0,0 <70 Correct
Maximum vehicle speed
[km/h] 47.7 <60 Correct
Duration of vehicle stops 20 <90 Correct
[s]
In neutral after ignition [s] 0 <15 Correct
RPA
Urban: data set no;=a0,1
m/2 964 > 150 Correct
Rural: data set no;a0,1
m/< 274 > 150 Correct
Highway: data set no;a
0.1 m/é 205 > 150 Correct
Urban: average speed
[km/h] 28.1
Rural: average speed
[km/h] 72.1
Highway: average speed
[km/h] 109.2
Urban: 95. percentile
V e [MS] 14.1 Correct Correct
Rural: 95. percentil®/ ayos
[m%s)] 19.5 Correct Correct
Highway: 95. percentile
V o [T 15.5 Correct Correct
Urban: RPA [m/§ 0.14 Correct Correct
Rural: RPA [m/§ 0.08 Correct Correct
Highway: RPA [m/§] 0.04 Correct Correct

Results of energy consumption tests by the eleptag:
senger vehicle tested on the route set for the gzarmf
RDE test was presented in Table 6.

Table 6. Energy consumption by an electric passerageon a route set
for the purpose of an RDE test

Item Unit Test 1 Test 2 Average
Energy KWh/100 km 18.9 20.2 19.6
consumption

Results of the tests of electrical energy consumnpiiy
the electric passenger car tested show that itois fthe
upper range of energy consumption at 15-20 kWhKiop
an energy use range by typical electric city cAssuming
the cost of electrical energy consumption at, feanaple
PLN 0.6/kWh, operating costs of such vehicle, aNPE12
per 100 km are modest. They can be reduced fuutiag
night time electricity rates and the cost of elieeirenergy
of PLN 0.3-0.4/kWh in that case [16]. Larger pagsen
electric cars use greater amounts of electricatggné&0—
25 kWh/100 km), but electrical energy consumptiosts
are in their case far lower than fuel consumptiostg by
passenger cars with conventional engines [16].

Electric cars include cars equipped with fuel cefs
present, the development of hydrogenization of alehi
transportation in a number of countries (e.g. Jaf@rma-
ny, Sweden) is very dynamic.

the serial production of fuel cell vehicles (FCEafd oth-

ers such as Volkswagen, Mercedes Benz, BMW, General

Motors also produce such vehicles. The start dalspro-
duction by those companies depends on the avatiabfi
expanded hydrogen refuelling network of HRS (Hydmog
Refueling Stations). In 2016 there were only c@0 2uch
stations available in the world. It is expectedt thwa 2020
the number of HRS should come to approx. 1000 and b
2025 —to c.a. 3500 (Table 7).

Table 7. Number of public HRS worldwide in 2016 dhelir projected
number in 2020-2025 [9]

Year USA Europe Asia Total
2016 60 100 103 263
2020 130 520 340 990
2025 600 2000 830 3430

Source: H2 Mobility, USDOE, Hydrogen Europe, Aiglid — cited
from: How hydrogen empowers the energy transititydrogen Coun-
cil 2017, p. 9.

This HRS in 2025 should provide service for approx.
2 million hydrogen vehicles. Currently approx. save
thousand vehicles fuelled with hydrogen are usedha
world, including more than 1000 in the US and 2000
Japan and several hundred in Western Europe. Antigna
growth of fleets of hydrogen vehicles is plannetbrex-
ample China expects to have 50 thousand hydrogbi ve
cles in 2025, to eventually exceed one million 3@,
whereas Japan will have a fleet of 40 thousand dgeir
vehicles in 2020 and approx. 300 thousand in 2@30.
cording to projections of 2014 — the European flaefehy-
drogen vehicles is expected to have 350 thousahitles
in 2020, the fleet in Japan — 100 thousand, in Koreb0
thousand and in the US — 20 thousand [9].

Also, the fleet of hydrogen-fuelled buses is todesel-
oped — in Europe it will have 1000 buses in 2026ijenvfor
instance in South Korea — almost 30 thousand bbges
2030.

In Poland, there are practically no vehicles egedbp
with fuel cells (for that reason, at present, iipossible to
obtain a vehicle of this type for energy consumptiests,
such research will be conducted at a later dateyveier, it
was developed by Motor Transport Institute “Circtens-
es of the national plan for hydrogenization of ra@hsport
in Poland”. In the first place taken into accoumr/[17]:

already existing refuelling opportunities in tmeighbor-

ing countries,

the expected future HRS locations in the Balticuo-

tries,

gradually increasing the area available for hygkao-

powered cars as a result of the subsequent locafion

new stations at distances up to 300 km from thstiexj

or sequentially from the newly-opened ones [17].

With the above criteria, the order of preliminarsop

4. Development of hydrogenization — cars equipped posals to build base HRS in Poland are as folldwsPoz-

with fuel cells (FCEV)

Area for practical use of hydrogen as a fuel carnse
transport, including in particular road transpadrt.recent
years 2 motor companies (Hyundai, Toyota) havedaed

nan, 2 — Warsaw, 3 — Bialystok, 4 — Szczecin, 5o0d2.
area, 6 — Tri-City area, 7 — Wroclaw, 8 — Katowiegion,
9 — Krakow (Fig. 4, Fig. 5) [17].

COMBUSTION ENGINES, 2019, 178(3)

147



The development status of electric (BEV) and hyehd&CEV) passenger cars park in the world...

Fig. 4. Map of Poland with marked sites of the jmsgd public hydrogen
refuelling station locations [17]

4. Summary

Development of electromobility and hydrogenizatafn
vehicle transport is determined by the developnoénin-
frastructure consisting of charging stations farcéic vehi-
cles and refuelling stations for cars equipped Vit cells
(HRS). This will generate an increase in the numbker
vehicles of that type in use. For example, at prese Ja-
pan there are 92 HRS stations and approximatel® 230s
equipped with fuel cells are in use.

It will also generate the need to solve a numbeeoi-
nical issues, research related to, for examplesraening
battery durability or the range of electric vehiclend the
associated consumption of electrical energy, whatdo
applies to electric cars equipped with fuel celiith re-
spect to the latter issue, the article presentsethod to
evaluate such consumption during an RDE test oeva n
research route in a real driving condition.

Fig. 5. Penetration area of cars using fuel celledd on 9 hydrogen refuel-

ling stations situated on the national TEN-T roativork by the 2030 [3]

a) when driving in one direction (diameter of lagieles — to approx. 600

km), b) when driving there and back (diameter oalnshaded circles — to
approx. 300 km) [17]

Nomenclature

BEV Battery Electric Vehicle NEDC New European Driving Cycle
EV Electric Vehicle RDE Real Driving Emissions
FCEV  Fuel cell Electric Vehicle
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