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1 Introduction

The project ,SusTrans Sustainable and energy efficient urban tran$pads 3 years
long international project, supported by Visegradnd aimed at representing joint features
and common interests of V4 countries for a suskdénansport infrastructure in the region.
It target cooperation for transport and energyaisifructure. During the project lifetime the
team of international experts studied joint feasupé V4 countries related to socio-economic
impact and energy-consumption from transportatmtine region. One of main outputs of the
project is case study about sustainable and eneffgyent transport in selected cities of
Visegrad region countries.

This study for Slovak project partner — Universitly Zilina is presented on following
pages. It concludes the knowledge gathered fragnaliire, operational data and stakeholder
roundtable aimed at finding sustainable, energigiefit and optimized form of transportation
in conditions of providing urban transport in Slkiza

As the most appropriate object for this study weleated by University of Zilina the
public transport system of the city of KoSice, hesmit is one of two Slovak citiesith the
most diverse modes of urban transport - includingels (diesel and CNG), trolleybuses and
tram. Moreover tram system in this city is the mivatitional one with the largest history
within the country (it was established more thafl §@ars ago).

The case study is presenting basic information &apoblic transport system provided in
the city of KoSice, main characteristic of trangpmperator ,Dopravny podnik mesta KosSice"
(DMPK), its economic indicators, information abar#nsport infrastructure, vehicle fleet and
the most important factors related to the costpdration and energy efficiency of existing
tractions. The trends in all these aspects ardifadhand commented in relevant chapters.
Last part of the study contains conclusions baseg@resented information and findings of
other projects related to energy efficiency, innter of recommendation for future
development of sustainable and energy efficienamitibansport in the city of KoSice.

2 Characteristics of current situation

2. 1 The city of KoSice

The city of KoSice, with a population of 240.008, the second largest city in Slovakia.
KoSice has a strong economic background, and the@ates employment opportunities for
the population of the surrounding region as wellta®wn. Its advantageous location made
KoSice a key economic region and the centre of mapb trade routes that is supported also
by its position as an important railway junctiordanternational airport.

! The other city that is providing tram within its public transport system is Bratislava.
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2. 2 Basic parameters of public transport in the city ofKoSice

Transport Company of the town of KoSice (DPMK) pd®s regular public transport in
KosSice. It provides its services not only to theidents of the city of KoSice but also to
passengers from suburban areas. The company apdhate kinds of traction - trams,
trolleybuses and buses. Majority of public trangggstem consists of tram and bus transport
that are involved in the overall transport operaiavith more than 85.8 %. Other part
consists from trolleybus transport (the share perémce was about 9.1% in 2012) and
irregular ordered transport. Overall, in 2012 wé@nsported by DPMK 86 843 000 of
passengers of which 82 032 000 passengers wesptnded by regular public transport.

Public transport system carried out the city tramsgervice by 63 daily and 4 night bus,

trolleybus and tram lines in 2012, whose total tanggas 904,8 km. Number of routes

operated after falling down in 2006 was more léabibzed. The decrease was observed only
for buses while number of operated tram and trbllisylines remained unchanged. Despite of
very slight decrease of operated lines the notieedbcrease of traffic performance and
number of transported persons can be observedtoté@lelength of the routes operated has
decreased compared to 2008 by 40,5 km.

The above mentioned bus, tram and trolleybus hvesg operated by 196 buses (of which 64
are CNG), 117 trams and 27 trolleybuses in 2012irguhe night the transport service is
provided by 3 bus lines and | trolley line. In adzh, DMPK owns 5 buses which are used
for public transport (2 for touring transportatiomistoric bus, 1 bus for driving school and |
bus with beds).

In 2012 there were operational 15 tram lines wilerayth of 178,10 km. Trolley service is
currently operated only by two daily lines and amght line because the trolleybus network
consists essentially only from one line that is11@n long. Trolleybus lines No.71 and No.
72 in the opposite direction provide only transgmetween the eastern and western parts of
the city through its centre but they are not linkedthe railway station, which is a big
disadvantage, especially because the tram and linsssare linked to the railway station.
Originally it was planned construction of a trolexs network also in the north and the south
direction but for financial reasons it has not HsEkn constructed yet and it is a great
shortage for its wider use. The current lengthhef three lines is 25,30 km and it does not
changed over the last five years. Regarding theesbfavehicle-kilometres carried out this
increased from 5,74% in 2007 to 8,24% in 2012.

Showed a thickening of the frequency of connectionthe rush hour in the saddle, but the
number of passengers do not correspond. Capaa@tysusw due to the fact that in parallel
with the trolleybus route operates buses and pigrékso trams.

The bus system is the most developed one and tgeith tram constitutes a fundamental
framework of city public transport. The bus netwodvers the entire territory of the city of
KoSice and provides 32 daily lines, 3 night linesl 40 lines to the company U.S. Steel
KoSice. Main lines provide connections of westeant @f KVP through the railway station
to the southern part of the city. Similarly the thern part of the city has direct connections
with the centre and south part of the city (shogpoentres) by several lines. All city
neighbourhoods are also directly linked to thewayl station and the city centre, without
need of transfers, as an advantage compared twadlleybuses. Bus transport is therefore
the most important one of city public transportaneting the number of lines and the number



of passengers transported. In the year 2007 there operating 48 lines, but their number
gradually decreased to 45 in 2012. Introducing 84sMuses the proportion of performance
of diesel buses decreases from 61,63 % in 20043,@4% in 2011. Overall performance of
buses transport is about 61%.

Table 1 - Basic characteristics of public transpagrvice in KoSice (2000-2012)

Trams 2000] 2002| 2004] 2006] 2008| 2010] 2012
Number of lines 15 15 15 15 15 15 15
'('lfm”?th of public transportling 125 o0 17550 17250 172.5( 177.00 177.00 178.1
Transport speed in km/h 16.00 16.95 17.5¢ 18.23 17.0¢8 14.64 14.37

Traffic Operations — vehicle
kilometres (in thousands)

The number of transported d
passengers (in thousands) 33384 281471 26 07¢ 28729 27854 25374 2454]
Place kilometres (in thousand8§p6 434 501 413493 524 484575 484 247 473494 475 864

Passenger kilometres (in | 115 g7¢ 101 721 90004 93394 86241 79814 79821

4371 418§ 418§ 406( 401¢ 3837 3821

thousands)

Trolleybuses 2000 | 2002 | 2004 | 2006 | 2008 | 2010 | 2012
Number of lines 3 4 4 3 3 3 3
'(fm”?th of public transportlise g 40 25940 2080 2400 2510 251 25.34
Transport speed in km/h 13.83 14.64 15.1¢ 16.07 16.22 14.83 14.83

Traffic Operations — vehicle
kilometres (in thousands)
The number of transported | ¢ 231 5954 598y 6374 6301 7681 7518
passengers (in thousands)

Place kilometres (in thousand4)l6 31( 113 59(111 47] 107 67¢ 109 18¢ 142 91] 146 011

Passenger kilometres (in 22714 21574 20314 20896 1956 2415{ 24 55(

1031 999 97§ 916 936 1213 1 244

thousands)

Buses 2000 | 2002 |2004 | 2006 | 2008 2010 | 2012
I(_fmn)gth of public transport ling 44 47 45 51 45 46 45
Transport speed in km/h 649.0¢ 757.7( 722.0( 809.8( 743.2¢( 739.7( 701.4(

Traffic Operations — vehicle
kilometres (in thousands)

The number of transported | ga-4 15791 102458 1029] 1030¢ 10247 1005]
passengers (in thousands)

Place kilometres (in thousandsh2 854 51 16€¢ 4 9244 58 04( 56 037 5395 49 97¢

19.13 20.3§ 21.04 21.1€ 20.4( 18.67 17.53

Passenger kilometres (in 1 1013 ) ) ] ] )
thousands) 93515 354968 95¢ 979 08 975 351 975 35% 971 81
Length of public transport ling

178 38¢ 184 957 16500( 189 43] 173 74] 169 921 162 76]

(km)

Source: Annual reports of DPMK




Chart 1 - Evolution of the number of passengerstsported by buses (in thousands)
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Chart 2 - Evolution of the number of passengerstisported by trolleybuses (in thousands)
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Chart 3 - Evolution of the number of passengersnsported by trams (in thousands)
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Chart 4 - Evolution of passengers transported iflagon to vehicle-kilometres divided by tractions
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For the past 14 years is evident decrease in nindigrassengers transported. This fact most
significantly can be observed on the graphics edlab the trams, where the number of

passengers transported decreased by approximatay 800 of persons during mentioned

period (26 % decrease since 1998). Slight decreaserecorded in buses and trolleybuses
where, despite the decline of total performances thumber of passengers increased
comparing to the year 2000. Overall DPMK suffeneali regular services decrease of 10 940
000 passengers compared to the year 2000, whicasems 11,80 % decrease for 12 years
observed. At same time the traffic performancellahaee tractions decreased from 15 279 to
15 118 vehicle kilometres, what represents ,onl86 tlecrease.



Chart 5 — Evolution of transportation speed by ttans (km/h)
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All other relevant parameters (vehicle-kilometnglsace-kilometres, passenger-kilometres) of
the company are decreasing since the year 2000r(sez charts in the annexes) except for
trolleybuses and fail to stop the decline. Thedpamtation speed is continuously decreasing
for all the tractions from 2007 and in 2012 thertraaction becomes even be the slowest
one.

Economic indicators of the company are becomingitantly worse, reducing the number
of passengers and raising the costs, coveringpges$ by increasing subsidies. This model is
not sustainable. Revenues from transport activiegashed the amount of 12,2 million. EUR
in 2012, which is the same level as in 2000, wleMemues reached the level of 12,1 million.
EUR. Number of passengers transported by publinspart (not counting passengers
transported by irregular transport -touring) wa8&2000 in 2012, what is decrease of nearly
11 million. of persons transported compared to $fear 2000 (92 972 000 persons
transported). If we include also non-regular tpams (touring) decrease of passengers is
even more visible: 13,2 million passengers.

In addition to the loss of the passengers we caerob significant increase of operational

costs, which is mainly caused by the inability éstructure the company (despite job cuts)
and fleet renewal. Just obsolete infrastructure atucles are causing enormous costs of
maintenance and repairs while reducing the qualitgervices provided. The total cost for

the last 12 years has risen by almost 50 % and witly growing subsidies the company is

able to hold operate public transport in the citiKoSice.



Table 2 - Basic economic characteristics of pultiiansport in KoSice

Year

2000

2002

2004

2006

2008

2010

2012

Total number of
employees

1406

1418

1 294

1169

11272

1128

1 057

Revenues from
performances and
goods in EUR

12563 301

14102 501

13035 251

12572 49¢

14720 374

13329 49(

12 731 38

Revenues from
transport activity
in EUR

12125 871

13707 424

12 255 09

b

11671 944

13 687612

12620 114

12184 46

Operational
subsidy in EUR

6 843 059

7886 21

1 8962 02¢

13 160 094

113 942 44

V6212 14

D 16 700 00

Investment subsidy

from the city of
KoSice and the
state budget

5028580

6 140875

5 973 644

1

1251278

111 00(

Total costs in EUR

22311 354

26 687280

29 352387

31 678948

35 219246

33 827750

33 149354

\Vehicle-km (in
thousands)

16241

16991

16329

15982

16033

16072

15635

Passengers
transportedin
thousands)
(including touring
transport)

100 084

92 564

l 88612

99 354

1 96 814

91981

86 844

Revenues / 1
vehicle-km in EUR

0,75

0,81

0,75

0,73

0,85

0,79

0,78

Costs/ 1
vehicle-km

1,37

1,57

1,80

198

2,20

2,10

2,12

Costs/ 1
EUR of

revenues

1,84

195

240

2,71

2,57

2,68

2,72

Source: Annual reports DPMK

Chart 6 — Evolution of revenues, subsidies and sost EUR
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Chart 7 - Evolution of the number of passengers quaned to the vehicle-km travelled
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Chart 7 shows low flexibility of DPMK in response the behaviour of the traveling public.
Although in 2005 and 2006 the company was able aoage the restore of confidence and
the number of passengers transported significanttyeased, transport capacity was not
increase and since 2007 there is a significant drape number of passengers, which so far
failed to stop. In 2011 proved DPMK patrtially regpdo changing situation and offer slightly
corrected transport capacity.

From Chart8 it is evident that despite the attempt to pantgtructuring of the company,
mainly by reducing the number of employees, thescog vehicle kilometre keep growing,
even though it managed a dramatic increase inastedl years to slow dowihe problem is
clear inability to maintain the number of passesgegspincrease their number and increase
in costs of maintenance and repairs.

Chart 8 - Evolution of the number of employees, eewies and costs per | vehicle-km
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Comparison of evolution of costs (presented at CBarper 1 EUR of revenues clearly
demonstrates current unprofitability of public sport operation in the city of KoSice, where
the cost is approaching 3 EUR per 1 EUR of revenues

Chart 9 — Evolution of costs per | EURO of revenueem transport activities
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2. 3 Fleet

2.3.1 Rall fleet

Trams

For date 31.12.2012 DPMK has available 117 tranisdfLlthem not ready for use) - 67
pieces T3 (average age 26,67 years), | piece T3 NEB®5 years), 29 units T6A5 (20, 27
years), 11 pieces KT8D5 (22,99 years), 8 piecesDOIBN2 (22,55 years), | peace Vario
LF-01 (28,89 years). The last mentioned piece was fthe date of its purchase in 1992
KT8D5 subject of an extensive vehicles recovery tfue last 21 years. Trams run on 15
routes, of which 8 are urban and 7 non-urban (ltieeb.S. Steel company). In 2012 they
represented about 30% of transport performanceudnmaffic is long-term stable despite a
decline of the number of passengers transportedrgmesents about 3 821 000 vehicle-
kilometres. State of the fleet, however, is outdateancomfortable for passengers and
operationally very costly.

Currently DPMK owns 98 ultra short trams 15 metersy and 19 pieces of short tram that
are 30 meters long. These are the types T3, 6ABOSTand their modifications.

T3 model from CKD Tatra was first produced in 196@ to actual date it were sold more
than 14,000 units in 48 countries around the worlds is a world record, and so far it has
failed to overcome any other manufacturer of trafreum T3 is made of all-steel welded

construction with rounded shapes, large windows tanee folding doors. In interior there

are fiberglass seats mostly red coloured in thd tonfiguration. The tram is powered by a
voltage traction with 600 V and a maximum curreahsumption of up to 500 Amperes.

Drive procures four electric motors TE 022 withogat engine power of 160 kW, which are
serially ordered in two bogies of two engines. Tsaare fitted with manual Prague couplers,
allowing connections to a maximum of three setgsarhs, which are bonded auxiliary cables
along which signals are guided to control the @& athe first electric cars. However, these



cables cannot transfer traction voltage, so allvitacles must have to be connected to all the
pantographs.

T6A5 trams nicknamed for its boxy design "iron" weproduced by Czechoslovakian
company Tatra CKD between 1991 and 1998. 296 af trahicles are used only five cities
in the Czech Republic and Slovakia. T6A5 tram coaatly is mounted on two bogies and
four axles, each of them is connected to a traamator. Vehicle body is made of all-steel
welded construction, it has three large windows #oiding doors. At each door there is
a open button on the outside and the inside patrerior is lined with Formica, vicinity
windows are metal, floor tram in the rubber andsese leatherette, for newer vehicles with
plastic textile cover. Inside of each vehicle areumted markers for handle ticketing and
information panel. Driving cab is separated frone tpassengers. Tram is controlled by
electrical equipment TV3 thyristor. It has four siinronous traction motors TE 023 with a
total output of 180 KW series included, which ammected to the chopper. T6AS5 trams
have pantographs for taking power from the catenary

Tatra KT8D5 is bidirectional three section tram mm@actured by CKD Tatra. The tram
consists of three vehicles A, B, C, eight axles tmut bogies each of which has two serial
stored electric type TE 023 with a total output 38U and self braking mechanisms. It has
10 doors - 5 of them on each side. A and B areetitevehicles, C is the middle vehicle. On
A and B vehicles are the control cabins, pantogsagid roof fans. Vehicles are similar to
T6A5 trams. KT8D5 is possible to combine with artrKT8D5 with automatic couplers type
ESW, but were in all the cities of trams KT8D5 desitled considering its difficult operation
and replaced in sets of a manual couplers typeueragT8D5 is equipped with a thyristor
type TV3, which compared to the controlling resistelectric is a much more favourable due
to lower operating costs. KT8D5 is equipped by pemtographs, rail braking mechanisms,
electro-dynamic braking mechanisms and disc brakies.interior is identical to the T6A5
trams.

Table 3 -Overview of the trams age — after extensive ren@mtstatus on the date 31.12.2012

Rveech"’i‘ggl:;eed Vehicles | /... | Vehicles | Vehicles |Recalculated
Total (pc) up to 15 over 15 upto 15 | over 15 avgraged
years years years vehicle age

Tram type (pc) | Years (PO | Tgp) (%) (vears)
T3 67 3 64 4,48 95,52 25,74
T6AS 29 0 29 0,00 100,00 20,27
T3MOD 1 1 0 100,0( 0,00 10,19
Vario LF-01 1 1 0 100,00 0,00 1,01
KT8D5 11 0 11 0,00 100,00 22,99
KT8D5.RN2 8 8 0 100,00 0,00 6,39
TOTAL 117 13 104 11,11 88,89 22,46

Source: DPMK, Statistics of Division for equipmendintenance, 2012



Table 4 -Overview of trams age — after introduction service status on the dat81.12.2012

\Vehicle age Vehicles Vehicles Vehicles | Vehicles
Total up to 15 over 15 up to 15 over 15 | Real average
Tram type (pc) years years (pc) years years age (years)
(pc) (%) (%)

T3 67 0 67 0,00 100,00 26,67
T6A5 29 0 29 0,00 100,00 20,27
T3MOD 1 0 1 0,00 100,00 28,95
Vario LF-01 1 0 1 0,00 100,00 28,90
KT8D5 11 0 11 0,00 100,00 22,99
KT8D5.RN2 8 0 8 0,00 100,00 22,55
TOTAL 117 0 117 0,00 100,00 24,50

Source: DPMK, Statistics of Division for equipmemaintenance, 2012

The maximum designed value of the load of | axle¢hmrolling stock is currently from 6.8
to 8.2 tonnes per axle. Maximum designed constndbad of the lines for | axle is rated
to 11 tons. Total capacity calculation is basedwottlated standards - 8 passengers per m2.

Table 5 - Basic typological characteristics of opéing trams

Length Number Weight of BT OF
: vehicle Max
of the of |Quantity | non- :
Tram type body Number| Total |Number EEET occupied occupied | Number | load on
. of seats| capacity| of doors : ! on of axles| 1 axle
(in of pieces Vehicle ’ g
mm) motors (inkg) | XU e
(in kg)
Vario LF 15100 22 193 3 4 1 21 20¢ 33170 4 8 293
T3 14000 34 118 3 4 67 16 00( 27 400 4 6 850
T3MOD 14000 21 111 3 4 1 17 50¢ 31 500 4| 7875
T6AS 14700 30 165 3 4 29 38 00( 61 550 8 7 694
KT8D5 30300 54 337 10 8 11 18 70 30 300 4 7 5[5
KT8D5.RN2 | 30 300, 58 332 10 8 8 38 00( 60 620 8 7578

Source: DPMK, Statistics of Division for equipmemaintenance, 2012

2.3.2. Road fleet

Buses

Bus transport forms the most important part offteet of DPMK and is operating since

1961. DPMK operates 196 buses in total, of whiclp@tes are using fuel CNG. Buses
runs on 45 routes, of which 32 are urban lines Ehiéines goes to U.S. Steel company.
During the night the transport service is provided3 bus lines. In addition, DPMK

provides internal company transport in U.S. Steghgany. DMPK also owns 5 buses
which do not used for public transport (2 for togritransportation, | historic bus, 1 bus
for driving school and | bus with beds). The fireshused are buses with length from 11
to 12 meters and capacity to 102 persons. The daeomst used category are articulated
buses with length up to 18 meters and capacityoug04 persons. Bus traction operated
about 61 % of transport performance in 2012. b @iovided the main transport services



for densely populated neighbourhodfishanovce and KVP, where are other tractions
absenting.

Bus transportation has been sublimated to the sigatficant modernization of all the
traction, with gasification about 64 buses. Despitonger modernization of the buses a
significant part of the fleet in poor condition aally. The vehicles are mechanically and
technically worn-outed and also morally outdatednAjor disadvantage of the buses is
their technical and type diversity (18 types), t@sg in high maintenance costs. There is
because obsolete support infrastructure and apptegrarking capacity absenting.

Table 6 - Overview of length categories of buses

Length of vehicles N”r."ber of
pieces
8-10 m (midibuses) 1
11-12m 110
14-15m 35
17 -18 m 54

Source: DPMK, Statistics of Division for equipmenaintenance, 2012

Table 7 -Basic typological characteristics of buses operatlgdDPMK, status on the date

31.12.2012
Length Number :
Bus type ofg Number| of places Tota! O\A;I);;aglo(?ﬁl W;g;atll (in Number Kind

vehicle | of seats  for capacity of pieceq of fuel

(in mm) standing kg) kg)
Solaris Urbino12 12 000 30 70 100 10 300 18 000 3 diesel
Urbi no SOLARIS 15 14 590 40 104 144 13 300 25000 34 diesel
Solaris Urbino1l5 CNG 14 590 41 104 145 12 900 24 000 1 CNG
TEDOM C12 G 12 030 33 54 87 12 100 18 000 19 CNG
KAROSAB952.1714 11 320 32 68 100 10 200 17 800 11 diesel
KAROSA B 932. 1690, 16781 345 32 63 95 10 200 17 800 33 diesel
KAROSAB941.1962 17 615 43 118 161 14 400 26 000 11 diesel
KAROSAB741.1908 17 355 42 108 150 13 700 25600 4 diesel
KAROSA C 744.24 17 355 60 70 130 13 800 24 000 2 diesel
KAROSA B 732.20,
732.40, 732.1652, 11 055 31 63 94 9 500 16 000 22 diesel
732.1654
KAROSA 732 B NGS 11 055 31 55 86 10 050 16 000 15 CNG
IKARUS 435.18E 17 850 40 164 204 15100 26 300 6 diesel
IKARUS 415.30 11 440 26 76 102 10 600 17 600 5 diesel
IKARUS 208.87 and 08 16 500 33 112 145 13 500 22 500 2 diesel
MAN RHC 464 LIONS 13 800 57 0 57 16 200 24 900 1 diesel

ISUZU - BUS 31 .

'?URQUOISE 7670 | 28 0 28 6430 | 9317 1 | diesel
NOVOPLANC-12 11 585 31 66 97 10 090 17 800 3 diesel
IRIBUS CITEL1S 17 800 39 116 155 17 780 28 000 29 CNG

Source: DPMK, Statistics of Division for equipmendintenance for 2012



Table 8 -Age of the buses in regular public transpostatus on the dat81.12.2012

Real Recalculated
Type Nupl)wiwelzeersof average | average age after

age renovation
Ikarus435.18 6 15,65 15,65
Karosa B 74 1.1 908 4 20,94 9,22
Karosa C 744.20 2 22,73 9,96
Karosa B 941. 1962 11 11,89 11,89
IRISBUSCITELIS18m CNG 29 2,84 2,84
Solaris Urbino 15 34 10,15 10,15
Solaris Urbino CNG 1 7,87 7,87
Solaris Urbino 18 3 6,93 6,93
Ikarus 415.30 6 15,52 15,52
Karosa B732 16 23,82 23,82
Karosa B 932 32 13,64 13,64
Karosa B 952 171 4 10 9,80 9,80
Novoplan C 12 3 13,01 13,01
Karosa B732.CNG 14 22,48 9,12
Karosa B 952 171 8 1 8,08 8,08
Solaris Urbino 12 3 8,67 8,67
TEDOMC12G 19 5,01 5,01
IVECO - FIRST 2 2,00 2,00
TOTAL 196 11,76 10,44

Source: DPMK, Statistics of Division for equipmemaintenance, 2012

Trolleybuses

Trolleybuses were introduced in the public transggstem of the city of KoSice relatively
recently (since 1993) and during the period thas wasitive for the development of this
mode of transport was not fully develop. Curreritiylleybuses operate about 9% of the
total traffic of city public transport. The main alknesses of the trolleybus transport is
insufficient trolley network, obsolete fleet, higinergy consumption and dependence on
traction lines. All trolleybuses are on the bordeffe, their average age was 16,74 years at
the end of 2012. Their average transportation speexi14,83 km/h in 2012, so they were
slightly faster than trams.

Table 9 -Basic typological characteristics of operating tleybuses

LR Number | Standing . Total NloEs Number
Trolleybus type ai : of passenger Tota! Curp Gzl weight Of. of

\(/iﬁhrlr?:ﬁ) seats | capacity capacity (in kg) (in kg) tg‘g:gg pieces
15 TR 10/7 17 360 44 106 150 16 400 | 26 600 2 15
15TR10/7M |17 360 44 106 150 16 400 | 26 600 2 5
14 TR 14/7 11 300 29 53 82 10 350 | 16 000 1 7

Source: DPMK, Statistics of Division for equipmenaintenance, 2012



Table 10 - Age of trolleybusestatus on the dat81.12.2012

Trolleybustype Number of pieces Real average age
15 TR 10/7 15 19.31
15TR10/7M 5 13.77
14 TR 1477 7 13.35
TOTAL 27 16.74

Source: DPMK, Statistics of Division for equipmenaintenance, 2012

2.3.3. Reliability versus failure of vehicle fleet

Failure frequency of the tractions was stabilizeé tb the fixed fleet in recent years. More
significant variations are recorded in connectiothwhe weather. Increased failure trams
lives in days with snow (clogging electrical pars)d buses in early summer days with high
temperatures (engine overheating). Centralizedsacte substitution of failures (operator
dispatching department) is not replaced by timeimmahdowntime.

Table 11 -Vehicle-kilometres travelled per 1 failurie 2012

Vehicle-kilometres travelled
UEI g3 per 1 failure
T3 1250
T6A5 1427
KT8D5 1680
Vario LF 01 2169

Source: DPMK, Statistics of Division for equipmenaintenance, 2012

In 2012 DPMK recorded in the maintenance systen®2 failures. 976 failures occurred
directly during the service (on concrete lines) dhd rest was reported by drivers after
termination of the service respectively or found rhgintenance workers during the daily

control.

From the total overview is obvious that most fakihad a T3 oldest trams and the lowest
number of failures had trams Vario LF 01 with eleet equipment using IGBTS.

The most frequent causes of faults in rail tranispae failures in the interior (electrical faults

- talkie, cab driver, fuses, other electrical disances, mechanical failures - cab,
driver/passenger seat, other mechanical failurésdr failures (electrical failure - door

motor, settings, relays, other electrical fault&ctanical faults - wing doors, setting, other
electrical failures), fault body (electrical faullights, battery, other electrical disturbances,
mechanical failures - sander, mirror, other meateriailure), an electrical fault contactor

frames (skipping, other electrical disturbances),etectrical fault accelerator (15a, other
electrical failures), failures of brake unit (elécal failure - coil, control valve, mechanical

failures) and electric traction motor failures (gking , carbons, other electrical failures).

The most frequent types of failures in trams T3aperturbation function of the accelerator,
perturbation function of the contactors, run-codithons engines - generator and control



relay (electrical failures). On average, due tateieal failures are repaired about 2-3 trams
per week. Length of repair depends on the extettieflamage. In T6A5 trams defect is the
most common disorder regulator, inverter, statieveoters and chopper fan.

The most frequent types of failures in buses ingucklectric failures, failures in
cooling/heating, failures in pressure installatifaijures in communication system, blends
leaks (fuel, oil, coolant), followed by failure hfbrication, maintenance, faults in documents,
door failures, failures in recharging and air syste From the most serious failures there are
failures in transmissions, steering axles and lwake

The most frequent types of failures in trolleybuses faults identified as other electrical
failure, other mechanical failures, failures of whn air system, suspension and automatic
driving.

Table 12 -Vehicle-kilometres travelled per 1 failurand number of failures in the bus,
trolleybus and tram traction

Buses Trolleybuses Trams
Yeaf / Number |Vehiclekm| Number Vehicle-km | Number | Vehicle-km
traction of per of per of per
failures 1 failure failures 1 failure failures 1 failure
2010 24 723 447,09 2238 541,9 3797 1010,2
2011 24 051 439,02 2 408 538,3 3281 1170,7

Source: DPMK, Statistics of Division for equipmenaintenance, 2012

For the past 14 years we can observe significatitrgein number of passengers transported.
Most evident is this trend in trams, where the nembf passengers decreased for about
8 587 000 passengers over the period (decreasé @ 2ince 1998). Slighter decrease was
recorded in number of passengers transported bgsbasd trolleybuses, where despite
decrease the actual number of passengers trangpeibegger than in 2000. Overall DPMK
lost in all traction regular service from 2000 tctuality 10 940 000 passengers, which is
11,80 % decrease observed for 12 years. At same tiaific performance of all three
tractions decreased from 15,279 to 15,118 vehibberietres (I % decrease). The previous
years were almost identical - using same numbe&ebicle-kilometres DPMK is transporting
significantly less passengers.

Table 13 -Vehicle-kilometres travelled by tractions in theays 2011 and 2012

Item (pointer) 2011 2012
P Trams Buses |Trolleybuses| Trams Buses | Trolleybuses

Vehicle kilometres 3841 10 590 1 294 3821 10 051 1246
(thousands)

Place kilometres 471415 962 430 15188] 475864 971819| 146011
(thousands)

Passengers transported o5 141 53 503 8121 24541 49976| 7515
(thousands)

Source: Annual reports of DPMK for the years 204d 2012

Resulting transport performances show that desipestabilized transport supply the number
of passengers is decreasing. Loss of passengeng dloe last three years can be attributed to



poor transport conditions and quality of transporddequate time to harmonize the various
types of public transport, low mobility of citizefar work, the impact of high unemployment
(social situation), regional development dispasitietc. These and other reasons caused the
outflow of passengers to individual passenger parisand public bus transport.

Decisive share of the number of passenger trareppbids the bus traction, which in the total
transport volume in 2011 represented about 63 &b traction with 28 % and trolleybus
traction with 9 %. This corresponds to a share i place-kilometres driven. These
proportions did not significantly change in 201%thaugh the proportion of bus services
decreased to 61 %, in tram services increased% &t in trolleybus service remained at 9
%.

Chart 11 — Share of transport volume by tractions
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Chart 12 - The numbers of passengers transportedhgh traction
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Traffic and transportation performances of DPMK fioe years 2011 and 2012 are shown in
table 14.



Table 14 - Traffic and transportation performancdsr 2011 and 2012

“ i
4 f
*—e | |
30000+ g ¢ S
~4$ - —44 o ~——¢ w”w“""@”“%‘{
20000 1’
10000 -+ — g; e i S N
e s bt o
0 1T |
1998 2000 2002 2004 2006 2008 2010 2012

smlpeme Trams == Trolleybuses === Buses

2. 4 Transportation volume

Public transport in the town of KoSice is operabgdsubsystems of trams, trolley buses and
city buses. In addition to these services passeingesport is operated also by rail system,
system of suburban transport and long distancesbnsgces. But the use of rail or suburban
bus services for travels within the city is stilimmal.

2. 5 Lines operation - scheduling (concept, frequency,alay)

Service schedules are designed by the Departmentrarisport and Communications
Technology of DPMK. The basic mode of transpodiisded into three types, depending on
the relevant day:

« day of school classes,
- working day without school classes,
- free day.

This mode of transport is valid for the whole yetiigt means mode working day without
school classes is valid during summer holidays @hér school holidays. Free days are the
weekends and public holidays.

There are four basic transportation service
intervals:

IA - morning peak (6a.m. - 8a.m.)

IB - afternoon peak (1 p.m. -5 p.m.)
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II. -basic mode (6 a.m.—- 11 p.m., except IA, IB diyd |

lll. - edge mode (8 p.m.— 11 p.m. and during free dés5 a.m. - 8 a.m.)

Main characteristics of selected lines
Length of bus lines:

The longest lines: (No. 20 — 22,7 km) Kosicka N&&s - Saca hospital; (No. 54 — 24,9 km)
Madridska - Klastor; (No. 56 — 21,2 km) Madridsk&aca hospital; (No. RA 5 — 23,4 km)
Tahanovce - entrance area of U.S. Steel company.

Shortest lines: (No. 11 — 4,6 km) Lunik IX - NO;dN3 — 2,9 km) Nad Jazerom - Krasna;
(No. 14 — 5,0 km) Horny Bankov - Hastkova; (No. 23 — 3,4 km) Pri Hati - Railway
Station; (No. 26 — 3,7 km) Saca Hospital - entraarea of U.S. Steel company.

Lengths of tram lines:

The longest lines: (No. R2 — 17,6 km) Nad Jazerantrance area of U.S. Steel company;
(No. R3 - 16,9 km) Hauwkova - entrance area of U.S. Steel company; (Ne.12,1 km)
Nad Jazerom - Hawdkova; (No. 7 — 9,9 km) Nad Jazerom - Botanical @ard

Lengths of trolley lines:

The longest line: (No. 71 to 12.8 km) Lingov - Mstexy;
Average length of lines:

Bus Lines: 13,15 km
Tram lines: 7,83 km
Trolleybus lines: 10,62 km

Total length of lines operated in 2012:

Bus Lines: 701,40 km
Tram lines: 178,10 km
Trolleybus lines: 25,30 km

Performances are within 24 hours distributed unkgaamorning, saddle, afternoon,
evening and nighand are adapted to passenger demand for transpibetmaintaining basic
service operability of the city area.

Traffic performance on free days

During the free days all trams operates at routessingle interval of 20 min. from 5a.m. to
8 p.m., and 30 min. interval from 8 p.m. to 11 p.except electric R tram to U.S. Steel
company, which is operating in 60 min. interval.
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Traffic performance on weekdays and during school ays

Day service interval during the morning rush hofussn 6 a.m. to 8 a.m. and during the
afternoon peak from 1 p.m. to 5 p.m. is from 1A 2ominutes on the main lines. 15 minute
interval on the main lines is at time from 5 a.m6ta.m. and from 5 p.m. to 6 p.m. During
the rest of schedule the interval ranges from 280tainutes. Within these intervals the most
used are bus lines 10, 15, 16, 18, 19, 27, 34 (ib@ites), tram lines 6 and 9 (10 min) and
trolleybus lines 71 and 72 (12 minutes). Intervaltlee night bus is 60 minutes and is
provided by service of three bus lines NI, N2, M8 ane trolleybus line N71, which route is
identical to the daily line 71.

Chart 13 — Intervals overview during work days
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2. 6 Routes and circulation

Historical development of building tram rail caugbdt the rail infrastructure is adapted for
one-way traffic and the introduction of two-way fti@ would cause further additional
investment costs, which currently DPMK does notehawits disposal.

Actually the tram service is provided by one-wagffic tram T3 and T6 and bidirectional
trams KT8D5. In the case of need unidirectionainBaare assembled into kits. Weekend
operation is ensured with the exception of linen® dy rolling sets.

Ride facilities for cars and bikes

In the city of KoSice currently significantly abseide facilities P+R, K+R and B+R. DPMK
or city currently do not own this kind of infrastture. The city is currently trying to address
this problem finding suitable investors. The mupatity has a big problem with the increase
of individual automobile transport so the builditgs type of infrastructure has become a top
priority. The feasibility study of an integratedstgm of passenger rail transport in the region
of KoSice counts with introduction of the P+R imgilog tents for bicycles and specifically on
those works:



IKD Kosice, North Terminal - us. Peace Marathomiding no.2

« IKD Ko namely, us. Peace Marathon - the statiorasgjgonnected to the ZSR -

building No.3 )
« IKD Ko namely North Terminal Tahanovce housing estate - construction No.4

IKD Kosice, Sturova / Kuzmanyho - PP Peres - Aitpsice - building No.6

Under the first phase of ITS (building No. 3) i®posed total of 30 new jobs, including 17
vertical standing at the bus station forecourt3rsfiates for TAXI and K + R.

No strategic, conceptual development document ontyolevel, city or DPMK not currently
exist. Building routes going ad-hoc system andstystem is not developed. Most tramway in
terms of routes, more than 90% of the network, Itespin the middle of the road, which has
a positive impact on traffic safety, does not resulcollisions with cyclists. Within the
public transport takes place only at the individamlising routes, which is solved passages
(many but without traffic lights), on which the tngoriority.

Likewise, while there are at present in the citykpand ride, which building is planned.
Individual car transport is therefore apart frone thain square to fully access to the city
centre.

2. 7 Frequency

As well as the capacity offered intervals tramways no major changes. Coordinating
shortcoming is the absence of network-wide intervdlich is given the current level of
performance is not possible at present to chanige.blis and trolleybus from changes in the
suburban lines in 2008 distinguished lines suppgréind complementary. Supporting have
intervals at tram other purpose. Transportatiorie®to the steel plan are well targeted and
based on the times of rotation of shifts in U.&ebKosice.

2. 8 Delays

Failure frequency and associated delays in Trastia® given the finality fleet settled. More
significant variations are recorded in connectiathwhe weather. Increased failure trams
lives in days with snow (clogging electrical parés)d buses in the early summer days with
high temperatures (overheating engine). Centraliaedess to substitution of failures
(operator dispatching department) is not replagetinbe minimal downtime.

The less numerous causes of delay include the staggcongestion) - the bus and tram
transport. Problem with tram is that it is not essé to the intersections of giving

preference, so for example some of the electrizattjons give way to traffic, which can

sometimes take up to 5-7 minutes. Other causesmohlyde delays driver to work or sudden
incapacity of the driver, it takes some time tovwle it at him compensation.

The table presented below contains data relatéloeteotal time of delay for each traction in
2011 and 2012.



One of the key safety indicators of public transpsrthe accident rate, which is the
main assessment factor for evaluation of the quafiservice provided to the traveling
public and the level of each operator of publio$@ort.

Table 15 - Delays of the tractions

Number Total time No. of replaced Time
of failures of failures failures of delay
Buses 5843 6 613:19:00 5 961:00:0( 65:19:0d
Year 2011 |Trams 1543 1626:12:00 1 394:20:00 24:25:00
Trolleybuses 891 1 250:20:00 1 083:55:00 17:52:00
Buses 6 792 6 958:38:00 6 091:22:0( 68:01:0d
Year 2012 |Trams 1715 1842:70:00 1528:31:00 01:28:00
Trolleybuses 1147 1 499:07:00 1244:21: 00 04:34:00

Source: DPMK, Division of traffic management

2. 9 Unpredictable incidents

One of the key safety indicators of public transpsrthe accident rate, which is the
main assessment factor for evaluation of the quafiservice provided to the traveling
public and the level of each operator of publia$ort.

In trolleybus transport happened in total 32 tcaHiccident events in the year 2012,
what represents decrease of five cases compar2dltbh Number of traffic accident
events caused by drivers of DPMK decreased froo 13 (decrease of 15 %). In bus
transport happened in total 227 traffic acciderdres in the year 2012, a decrease on
117 cases compared to 2011. Number of traffic antiévents caused by drivers of
DPMK decreased by more than 20 %. In tram trandpappened in total 124 traffic
accident events in the year 2012, which is incredstl events compared to 2011.
Overall, the year 2012 presented a significantegdn in incidents from the past.

Table 16 - Incidents in the years from 2010 to 2012

Event /Year 2010 2011 2012

Typg o Buseg Trams [Trolleybuses n Buses Trams | Trolleybuses|in total| Buse§ Trams | Trolleybuses|in total
traction total

Unexpected

incident - 29 10 3 42 12 3 3 18 11 5 5 2
other

Traffic 24 | 12 0 36| 21| 17 5 43 7 6 2 1
accident

Technical 1| 14 3 18| 2 12 2 16| 4 13 2 1
accident

Collision 365 | 83 25 473| 309 81 27 417| 205 100 23 328
incident

Total 419 | 119 31 569 344 113 37 494 227 124 32 383
Number 24 | 11 2 37| 22 8 4 34 15 5 25

of injuries

Source: DPMK, Statistics of Division of traffic magement for the years 2010-2012




Unexpected incident — other: is an event when tmerepolice was called and it
resolves conductor of the vehicle itself. This niesy for example nausea of some
passenger and stop outside of predefined stops.sikhation is considered as an
incident because the vehicle is stationary.

2. 10Costs of providing transport

2.10.1 Total costs

In tram traction the largest share of the totalt gepresents item repairs and maintenance
(21,64 % of the total costs). 20,15 % of the tatadts represents the cost of operation and
18,17 % of traction energy. Cost of labour (dirsataries) represent 12,79 % of the total
costs of tramway traction.

In bus traction the largest share of the total cegtesent costs for fuel (24,08 % of the total
costs). The second most important item in busdkedabour cost of with a proportion of
19,88 %. Operating mode contributes to the total @ath 16,95 %. For buses, taking into
account certain renewal of the bus fleet in regeatrs, the cost of repairs and maintenance
represents "only" 8,14 % of the total costs.

In trolleybus traction the largest share of thaltabst represents the cost of operating (26,67
% of the total costs). Direct salaries represenff48% of the total cost, repair and
maintenance 17,40 % of the total costs and traemmrgy 15,91 % of the total costs.

Share of the costs within tractions has not changegificantly and has the same
characteristics: with almost the same transpoifopmance in terms of vehicle-kilometres all
costs are increasing.

Table 17 — Costs per traction for the years 201H&®06 in EUR

y

o

2006 2011
Item Traction Traction
Total Total
indi T Trolleybuse§ B e T Trolleybused B oe
Indicator rams rolieybuseq uses traction rams rollieybuseq uses traction
vehicle-km 4 06( 01§  1100{ 1598 3 841 120 10590  1572]
(thousands)
Place-km ]
48457  10767¢ 1037511 162976( 47141%  15188] 100610 1629 40
(thousands)
L Z:\’ggi”d raclom 1 61365 320718 485258 679595 182792 494624 476332 708587
2. Directmaterial | 48011  12786] 118688 179486] 58060( 132314 142576] 214768
3. Directsalaries | 95575  30790] 304374 430740{ 128691 58405 393477] 580574
4. Direct 68787| 51875 314226{ 434890 777641 3982 130357 212104
depreciation
5 Renovationand| a5, 400 36503 126113 369156 217776] 540810 161069 432926
maintenance
6. Otherindirec 36128] 123 24 126986 175439] 51396] 240120 173417| 248826
7. Directcostsintol 616318] 177341{14 756 48] 2269308 7 17382 203175 14 772 29| 2397787
8. Operation 177365 70271 298068 545704 202692  82901( 335337 620930
9. Performance cod 793683] 2476 13]17 737 17| 28 150 13] 920075] 2860 76] 18 125 66{ 30 187 18

= 0OJ) OT




10. Managementco§ 774 68( 23103 1755068 276077] 860 354 24729( 166223] 276988V
TOTAL COSTS 8711 51] 27 071 6]19 492 23{30 910 90] 10 061 10{ 3 108 05¢ 19 787 90! 32 957 068
Revenues fror N
transportatio 323839 728141 770540, 1167194 346586 113740 797378 12577 046
Subsidies 386798 120208 809002) 13160 09] 489335 151125 9 126 38] 15530 98P
Other revenues 1 08016 17901 452008] 577926 129024 21654 242673] 3933525
TOTAL REVENUES 8 186 55( 2109 24{20 315 50{ 30611 29{ 964945 286519 19526 89| 32 041 55p
Loss/profit 524 96] -59792] 82327( -29960{ -41164] -24285{ -26101( -91 5514

Total costs pe

vehicle-km in EUFR 2,145] 2,955 1,771 1,934 2,6194 2,3981 1 868! 2,0954

Vehicle-km 4 06( 916 1100 15 983 3841 1 296 10 59( 15 727
(in thousands)

Source: DPMK, 2012

From economical point of view DPMK during the ldste years generate a loss, despite
rising subsidies from public budgets. The onlytitag which was profitable in 2010 was the
bus service. Even though it came in a loss in 20Irbm and trolleybus transport
continuously generate significant losses, althotrigheybuses are doing gradually reduced
loss. The common denominator of generating the lIsssinconformity of passengers
traveling by public transport that is caused bydheolescence of the fleet and infrastructure.
The second factor is the rising costs, mainly eeldab maintenance and repair.

Chart 14 - Evolution of income and expenses by tians
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In 2011 DPMK generates a loss of traction tramrmoant of -411 647 EUR, of trolleybus
traction in amount of -242 859 EUR and bus tractroamount of -261010 EUR. In terms of
the cost of vehicle- kilometres is the most costiyisport trams traction (in 2011 was the cost
per 1 vehicle-km of 2,62 EUR. In trolleybus tractiv was 2,40 EUR/I vehicle-km and in bus
traction it was 1, 87 EUR/vehicle-km.

Obsolete rolling stock and rail lines makes tramsgared to other tractions the most costly.
At same time the cost of tram traction increasehegear and in just the last five years
increased by 50 euro cents per vehicle-kilometra. ilaportant factor influencing this
negative trend is the cost of maintenance and repai



2.10.2 Maintenance costs

Maintenance costs of the tram traction reached4400® EUR in 2011, which is 38 % of

total maintenance costs. Maintenance costs ofetrollses traction reached amount of
1 502 000 EUR, which is 12 % of total maintenancsts Bus maintenance costs reached
amount of 6 390 000 EUR, which represent 50 % ¢dltmaintenance costs. The total

maintenance costs were 12 686 000 EUR. From thebersmresented it is clear that the
highest maintenance cost has the bus traction,hndoes not represent highest proportion in
the overall numbers of the persons transported PYIR.

2.10.2.1 Maintenance costs in terms of the relialyilof various types of vehicles

In terms of cost of operation and maintenance efuéhicles operated by DPMK the
most costly type of traction constitutes trams waiitthin this category the most costly is

the vehicle KT8D5 where the cost of | km is 3,136RE The second most costly vehicle

is a tram T3 that costs 2,539 EUR/k@omparative costs of | km has articulated tram
and trolleybus T6The least expensive types of vehicles are shortrblength to 12m
(diesel) with cost 1,685 EUR/km and 18 meters myggred by natural gas (CNG).

Table 18 -The cost of the selected vehicles (in EUR per 1 kmthe year 2011

Buses Trams Trolleybuses
12 m 15 m 18 m CNG 12/CNG 18 T3 T6 | KT8D5 Solo | Articulated
Xaec(':”'gdkm 3713 9092 082 807|1 003 671 1 8418141 947 277|1 885 060|1 21 1338744 734 (192 449|1 103 834
gg:al' i‘rf'ts 1,6852 | 1,9803| 22678 1,9215 1,8485 2,5395 2,4131566| 2,2994  2,4148

Source: DPMK, Department of Marketing and Economn2€4 2

Within the repair and maintenance of the vehickesha cheapest type of traction seems to
be the bus service, which costs are around 8 0BOR/vehicle per year in the medium
term. Trolleybuses and trams are in repair costseasame level when the cost of repairing
one tram in the years 2010/2011 represented ab®uOQD, - EUR and in case of
trolleybuses were about 14 400, - EUR in the y&di02and 20 000, - in the year 2011. It is
more that obvious that the tram and trolleybust ftdeDPMK is significantly out of date,
which increases the cost of maintenance, repair gpetation itself. At the same time
obsolete fleet due to high frequency of repairs ar@intenance operation requires a high
percentage of reserve vehicles in the tram anteytmlis traction.




Table 19 - Cost of repair of vehicles, tram tracksd the power system in thousands of EUR

2011 2010

Trams | Trolleybuses| Buses Trams | Trolleybuses| Buses
Repair of vehicles - 1456 392 1611 1 404 230 1570
labour costs
Repair of tracks - labout 375 0 0 490 0 0
costs
Repair power subsystem - 347 149 0 371 159 0
labour costs
Repairs together 2178 541 161 2 265 389 1570
Number of vehicles 117 27 202 117 27 204
Total cost of 1 vehicle | g 5, 20,04 7.08 19,36 14.41 770
per year

Source: DPMK, Department of Marketing and Econoni2€4 2

2.10.3 Fuel costs and costs of traction energy

In 2011, the bus transport on diesel fuel consumedtotal volume of | 526 599 litres of fuel
(excluding from calculation inventories in tanks ttee date 31.12.2011 — 37 040 litres).
Specific consumption was 43,71 1/100 vehicle-km 418% 1/1000 place-km.

Table 20 - Diesel consumption in bus transport

Diesel consumption in litres

Year 2009 3798 420
Year 2010 3 540 564
Year 2011 2916 830

Source: DPMK, 2012

Buses with CNG drive 704 451 more km in 2011, simeddle of the year 2010 were
introduced into service 19 new articulated CNG wulds. Precisely because the
proportion of articulated CNG vehicles is alreadghler than proportion of short
vehicles, an average consumption kg/km increased.

Table 21 - CNG consumption in bus transport

. proportion

average vehicle-km v

kg 2 price travelled ko/ Vlfmh'de
Year 2009 1113 458 810 894 €0.728 2 689 217 0,414
Year 2010 1418509 | 1018181 0,71€8 3084 640 0,460
Year 2011 1829 357 1691121 €0.924 3789091 0,483

Source: DPMK, 2012

In 2011, the traction ED and TD consumed 16 594 I184h of electrical power in total
value of 2 320 409, - EUR.



Table 22 - Electricity consumption of trams and ti®y buses

_ place-km share share
Year KWh EUR average vehicle-km trav_elled KWh/vehicle- kWh/pI_ace-
price travelled (in km km (in
thousands) thousandg
Tram traction
2009 12909585 | 2077 473| 0.161 3862 797 464 998 3,342 27 763
2010 13468373 | 1809039 0.134 3832120| 473498 3,515 28 444
2011 12946 222 | 1827928| 0.141 3841132| 471415 3,370 27 462
Trolleybus traction
2009 3110279 | 478842 0.154 1081814 127525 2,875 24 390
2010 3516 277 444 577 0.126 1212723 142 911 2,899 24 605
2011 3648619 | 492481 0.135 1296 283 151 886 2,815 24 022

Source: DPMK, 2012

3 Impact of public transport in the city of Ko3ice onthe
environment

Impact of public transpomn the environment is well known, also the advaesagf public
transport. Even using conventional buses in carivatgnt quantity are compared to
individual transport reached significant savingsatal production of noise, gaseous and dust
emissions and fuel consumption. The highest eHadtimportance of public transport in the
cities consists in saving the space for movemeauuge traffic congestion on the roads) and
for the parking of vehicles.

Other environmental benefits have subsystems dftredal traction vehicles trams and
trolleybuses, which do not produce gaseous emissiommediately. When using modern
buses this effect is comparable, also in termbémbise burden but as DPMK bus fleet is not
the most modern one, this fact is not possiblegtdya

The main advantage of trolleybuses are better exat@n capability and driving under load
(uphill), so they are appropriate to use especiallyilly areas of the city.

Compared to diesel buses, trolleybuses do haveuple®f disadvantages. A trolleybus is

more manoeuvrable than a tram, but less so thaesaldus. If the road is being repaired or
rebuilt in a street where trolleybuses pass, clm@ace that the line has to be discontinued
temporarily. A diesel bus can easily be re-routgithilar to trams, trolleybuses also cannot
overtake each other. The most important drawbadkobtiéy systems is the need for overhead
cables. They are generally regarded as ugly and preeest. Especially at crossroads the
cable network can be dense and hard to ignore.l&itoi trams, the "tracks" of trolleybuses

have points, but the whole mechanism of these hantte air.

The main disadvantage of trolleybuses - a depemdendixed electric traction and need of
its maintenance - can be partially addresses by Didieybuses, which in marginal areas
and extraordinary diversions may leave trolleybuge and go to an independent drive using
a power generator (for liquid fuels) and in a dwgaspot to come back and link to electric
traction. This significantly increases the posg#yibf using these combined vehicles and
increase trolleybuses "attraction” area of transpenvice.



Basic PROS and CONTRA of all the tractions usederuly in DPMK are presented in the
table 22.

Table 23 — PROS and CONTRAS of vehicle tractiongigied by DPMK

traction PROS CONTRA
Trams « Long vehicles require - Still quite expensive.
fewer drivers. « Unable to drive around
« Vehicles can be obstacles.
connected together in « Overhead lines
trains for busy periods. regarded as an eyesore.
«  Non-polluting. » No posibility of
overtaking
Trolley-buses » Non-polluting and « Even double
quiet. articulated, they can
«  Much smoother ride only seat around 90
than diesel buses. passengers.
« Can leave overhead « More expensive than
lines to bypass diesel buses.
obstacles. « Overhead lines

regarded as an eyesore
* No posibility of

overtaking
Buses « Cheapest option. « Smelly, noxious
« Also the most exhaust is hazardous tp
adaptable. human health.
* Noisy.

« Lurching ride.
« Vibrations from the
engine.

Big environmental benefits have also buses on @a&¢G) that are actually operated by
KoSice public transport company in quantity of f@dces. It is recommendable that vehicle
fleet will be modernized this way because from #émironmental perspective, the CNG
option would reduce greenhouse gas and particatatssions particularly in comparison with
the diesel option. According to study published ZME science in 2013 "the natural-gas
option has a 65 percent to 100 percent chance iofydewer cost than the diesel option,
considering fuel price forecasts”.



4 Conclusion

DPMK is currently in high economic lost so its mgimal should be reduction of the total cost
of maintaining and operating its fleet. One of thggest parts of the total cost is fuel cost.
DPMK has already implemented limited number of CR@&es, which have a higher fuel
economy than a standard diesel buses, but conBlgdrigher capital costs.

On one handhe higher upfront cost and subsequent maintenanseof natural gas buses
must be considered. Both natural gas and diese¢ghave risen, but natural gas prices are
increasing at a faster rate. But on another hantewhpital (i.e. upfront) costs compared to
diesel are higher in the case of natural gas, tipee costs are less, due to the lower fuel
cost of natural gas, in comparison with rising pleaind diesel prices. Taking health and
environmental costs into consideration, when diesatiors operate on the most refined fuels
and are fitted with advanced filters, they costenbian natural gas vehicles to operate.

From the environmental point of view there can fi&ances in which natural gas is worse
than diesel for the environment. Natural gas prtdoccreates leaks of methane to the
atmosphere. Methane has 25 times more impact pratithan CO2, so even a small leak as
a much larger impact than the same volume of COBsoms at the tailpipe. When there is
more than 1% leakage — no matter how efficientvigtgcle is at the tail end — natural gas is
more polluting than diesel says a recent World Ress Institute (WRI) report. At a 2
percent leakage rate the impact is the equivale@0® emissions from 120 million cars. The
same WRI report states that the efficiency of usmagural gas in an engine is lower for
natural gas: “In the transport sector passengearfoailed by compressed natural gas are up to
10 percent less efficient than gasoline cars, ad@ @uses are up to 20 percent less efficient
than diesel-fuelled buses” (WRI report, p. 21). Alsndependent studies conducted in
London and Australia, have shown that the highaatity diesel, fitted with a special type of
filter can achieve lower emissions rates than a&yas.

But there exist also other studies, including ogpdhe International Association for Natural
Gas Vehicles, which criticize the methodology uasdoth isolated and difficult to replicate.
Moreover, we now have the technology capable oticed) methane leakage during the
extraction process to less than 1 percent.

What holds promise for diesel vehicles is the apion of state-of-the-art filters in
combination with diesel containing less than 5Qgpper-million sulphur. For natural gas to
achieve a net benefit to the environment, the proda process must be further refined to
capture escaping methane, at a great return ostmeat.

Because of the lower fuel price and pollution redug the CNG bus is considered to have
good potential as an alternative vehicle used iMRRehicle fleet. From the environmental

perspective, the more extensive implementationd&®uses in the fleet would also produce
less emission and provide benefit to the envirortroéthe local society. So the CNG option
is somewhat preferred from both a financial andrenwnental perspective.

Based on the findings presented in this study gassible to conclude that public transport
bus system running on natural gas (CNG buses) ige moonomically feasible and less
harmful to the environment than the diesel modai it currently mainly employed in DPMK

vehicle fleet. So the number of CNG buses shoutdease combined with trolley-buss and



trams system with because the dependence on & $ugjlfor a public transport system is not
desirable.

In long term the emissions reduction technologlesul be a key factor for public transport
vehicles. It is recommendable to consider and neieeghe various benefits of different fuels
in addressing local and global issues. It is mbam ta debate between fuel types, but rather an
understanding of the key role that emissions redmctechnologies and improved fuel
economy do for reducing emissions from all fuelspexially at the macro-level, when
governments take into consideration the emissiadscasts from the production process.
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