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 ANALYSIS OF RENEWAL BUS FLEET GSP''BEOGRAD'' FROM THE ENVIRONMENTAL AND ENERGY ASPECTS
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Summary: City Public Transport Company “Belgrade” (GSP“Beograd”) is the carrier of the public transportation function in Belgrade and  the biggest operator, during 2013, was performed the largest modernization of the bus fleet, in its long history, with 232 new articulated buses (Euro 5/EEV).

The introduction of the new buses in regular operation and the withdrawal from service of old, significantly is improved quality of passenger transport in all aspects.

This paper presents an analysis of reduced the harmful gases emission compared with the period before the renewal of the fleet, as well as the effects of reduced consumption of diesel fuels. The modernization of the fleet is contributed to the increase in overall energy efficiency and lower cost of exploitation.
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1. INTRODUCTION 
Public transportation system in Belgrade consists of 1272 vehicles with 1034 vehicles in operation within bus subsystem (app 81% from total number of vehicles). Respectively, from total number of buses in daily exploitation, 650 buses are from public operator – GSP “Beograd” and 386 buses from private transporters association. Belgrade bus subsystem transports approximately 75% of passengers. Extremely large involvement of bus subsystem in mobility of citizens gives the right to consider bus subsystem in Belgrade to be the most important mobility service. GSP ‘'Beograd'' is carrier of public transportation in Belgrade with three (3) transport subsystems: 

· tramway subsystem (130 tramways in operation per working day)

· trolleybus subsystem (97 trolleybus in operation per working day)

· bus subsystem (650 buses in operation per working day)

2.   MODERNISATION BUS FLEET IN  GSP “Beograd”
Considering the above mentioned in 2012  GSP “Beograd” and the City of Belgrade defined strategic plan for renewal of bus subsystem with 200 new articulated buses. After an international tender with the Solaris Bus&Coach S.A. as the awarded winner, 200 modern articulated buses Solaris URBINO 18 (Euro 5) were delivered in period of August - November 2013. Also during  April  2013, total  32 articulated buses IK-218M (EEV) were delivered. This was the largest renewal of bus subsystem in GSP “Beograd” within 121 years of existing. In addition, this was one of the largest projects of bus fleet renewal realized in Europe.   
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Figure 1  Solaris Urbino 18 (Euro 5)               Figure 2  IK-218M (EEV)
In 2014, we had effects of bus fleet modernization in GSP “Beograd”, particularly within:   

· Decreasing of harmful  gas emission  

· Optimization of  fuel consumption
· Increase of transportation quality level 
2.1     DECREASING OF HARMFUL GAS EMISSION
When analyzing extremely high weighting factor of exploitation on lines with city type buses we can conclude that with very complex dynamical traffic regime during peak period, in accordance with the Euro norms bus structure can significantly influence on level of greenhouse gas emission. Analyzing structure of bus in operation before renewal of bus fleet (2012 year), buses with Euro 1 and Euro 2 greenhouse gas emission standard were 53% of vehicle, which was extremely adversely in terms of greenhouse gas emission.  

Table 1. GSP Beograd-Number of buses in operation by Euro standards
	 
	2012 year
	2014year

	Euro 1
	20
	 

	Euro 2
	325
	143

	Euro 3
	185
	175

	Euro 4
	117
	100

	Euro 5
	 
	200

	EEV
	8
	32

	Total
	647
	650


With procurement of 200 buses Solaris Urbino 18 (Euro 5) and 32 IK 218M (EEV) realized during 2013, bus fleet structure was significantly improved. .
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Figure 3.  Structure bus fleet 2012 year      Figure 4.  Structure bus fleet 2014 year
During 2014 involvement of buses with Euro 2 norm an emission was decreased to 22%, while involvement of buses with Euro5/EEB standard 36%. Mentioned modernization decreased total emission of harmful gases generated in buses for 26,3% comparing to period before renewal (2012) shown in Table 2. Decrease of emission of micro particles (PM10) for 39,7%, which is extremly important for air quality.   
Table 2.  Comparasion of emmision of harmful gasses per year
	
	 Emission of harmful gasses (t/year) 
	%

	 
	2012
	2013
	2014
	2012/2014

	CO
	308.30
	278.47
	245.89
	-20.24

	NMHC
	95.39
	86.97
	76.22
	-20.09

	NOx
	721.90
	644.90
	508.48
	-29.56

	PM10
	13.80
	11.42
	8.32
	-39.70

	Total
	1139.39
	1021.76
	838.91
	-26.37


2.2     OPTIMIZATION OF FUEL CONSUMPTION 
One of the important criteria for procurement of 200 articulated buses was an optimal consumption of motor fuel for exploitation in Belgrade. Solaris Bus&Coach S.A. declared in procurement for articulated bus Solaris Urbino 18 average fuel consumption of 56l/100 km in city type exploitation according to the SORT 1 method. 
After delivering vehicles, Solaris Bus&Coach S.A. was obliged to perform controlled test of fuel consumption according to the SORT 1 methodology and to prove true declared fuel consumption stated in tender documents. Delivery of 200 articulated buses organized in period August-November 2013 in five (5) contingents and one vehicle defined per contingent in order to measure fuel consumption according to SORT 1 methodology. Difference in fuel consumption in controlled test and declared value in tender can be up to 5%.

Testing methodology SORT 1 (city cycles) was performed by accredited certification house Applus IDIADA, Barcelona at specially prepared training ground Santa Oliva from  February  until  April 2014.    

Table 3.  Measurement results of fuel consumption according to SORT 1 methodology               at Santa Oliva training ground
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Declared consum.

Mileage

Wind

Garage

on the test 

on the tender

Difference

%

Period

before test

speed

Temperature

number

(L/100Km)

(L/100Km)

(L/100Km)

( Km)

(m/s)

( C )

3002

57,2

56

1,2

2,14

18.02.2014

56193

0,6-1,0

12,1

3030

56,5

56

0,5

0,89

05.03.2014

46456

0,4-1,9

10,5

3110

55,30

56

-0,7

1,25

11.03.2014

42287

0,2-1,4

11,4

3099

58,2

56

2,2

3,93

31.03.2014

34819

1,4-1,5

13,1

3166

58,7

56

2,7

4,82

02.04.2014

32004

1,2-3,0

17,1


According to SORT 1 fuel consumption results, we can conclude that the consumption per tested vehicle was within authorized limits up to 5% compared to declared consumption in tender documents (56 l/km). Average consumption measured for all five vehicles tested with SORT 1 methodology is 57,18 l/km which is 2,11% more than declared figures in tender documents. Table 4 shows compared results of fuel consumption while testing and results in real conditions of exploitation, i.e. lines with vehicles operating in period March 1th – April 15th 2014. 

      
Table 4.  Compared results of fuel consumption while testing and in exploitation
	Garage Number
	Consumption while testing
	Consumption in exploitation 
	Difference
	%
	 

	
	(l/100 km )
	 ( l/100 km)
	(l/100 km)
	 
	Line number

	3002
	57,2
	54,12
	-3,1
	-5,4
	17

	3030
	56,5
	52,11
	-4,39
	-7,77
	88

	3110
	55,30
	57,66
	2,36
	4,27
	23

	3099
	58,2
	51,86
	-6,34
	-10,89
	85

	3166
	58,7
	55,85
	-2,85
	-4,86
	65


Table 5.  Average fuel consumption in GSP „Beograd“ for Solars Urbino 18 per months
	 
	Average fuel consumption (l/100 km)

	Months
	Solaris Urbino 18

	October 2013
	56,51

	November 2013
	54,45

	December 2013
	54,62

	January 2014
	55,41

	February 2014
	54,62

	March 2014
	54,45

	April 2014
	53,88

	May 2014
	55,75

	Average
	54,96


From Table 5 we can conclude an average consumption for Solaris Urbino 18 vehicles from October 2013 until May 2014 was 54,96 l/km. 

Fuel consumption results from test (57,18 l/100km), declared results from tender documents (56 l/100 km) and results from real exploitation consumption (54,96 l/100km) has very close values, i.e. small relative deviations. Compared with other groups articulated buses that operate on city routes, Solaris buses have a significantly lower fuel consumption (Table 6.)  which favorably affects the reduction of operating costs 
Table 6.  Average fuel consumption (l/100 km) different types of buses
              on same urban line
	Buses/ City Line
	17
	23
	65
	85
	88

	Solaris Urino 18
	54.1
	57.7
	55.9
	51.9
	52.1

	MAN SG 313
	64.5
	71.8
	66.8
	-
	65.2

	IK-218N
	61.8
	64.5
	60.3
	56.4
	57.3


2.3 INCREASE OF TRANSPORTATION QUALITY LEVEL 
Involving 200 new articulated city type buses Solars Urbino 18 and 32 articulated buses IK-218M in exploitation quality of public transport in Belgrade were significantly improved considering larger reliability and punctuality of planned timetable, comfort for passengers (air-condition, heating, available information in vehicles), accessibility for users with handicap, high ergonomically conditions for seats and equipment, lower level of noise. 
2.4  NEXT STEPS OF RENEWAL THE BUS FLEET
Renewal of the bus fleet is a continuous process. In 2015 , is planned to purchase 50 solo buses (Euro 5), of which 30 have already been agreed. In the period 2016-2019,  will planned of renewal with new buses (Euro 6) in the amount of 8-10% of the number of operating vehicles in traffic. The planned pace of reconstruction in the target year, we will have a completely renewal fleet which will dominate buses with Euro 6, EEV and Euro 5 emissions standard, which guarantees a high level of sustainability of the public transportation in Belgrade. In 2015, is planned to start using the buses with pure electric drive. The plan is to purchase 4-5 midi buses, will operate on a completely new line that will serve the central city zone.

3. CONCLUSION 

Introducing the exploitation of buses with high environmental performance is an important step in reducing the emissions of harmful gases, especially in the most frequent urban corridors. Continuous process of replacement of old vehicles with new that meet high environmental requirements is an important part of providing quality public transport especially from the environmental and energy aspects.Presented  SORT methodology is an important tool in the preparation of tenders for the purchase of new buses and the choice of optimal drive configuration in terms of fuel economy. Introduction of buses for city transportation with fully electric drive into regular exploitation presents significant qualitative move forward in public city transportation. Buses with fully electric drive as proved ecologically “clean” and energetically efficient vehicles, in the next period, will give growing contribution to sustainable development of the cities, with ultimate goal by the year 2050 to be primary means in the public transportation system.
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