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 EXPLOITATION SPECIFICITIES OF E-BUSES IN WINTER CONDITIONS FROM THE ASPECT OF ENERGY EFFICIENCY
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Summary: The buses for public transportation with a pure electric drive (E-bus) are present in the last few years in many cities of Europe and the world.
Since, September 1st, 2016, 5 buses on purely electric drive work in Belgrade on the line EKO 1. This paper analyses aspects and specifics of E-bus exploitation in winter conditions, which is reflected in higher power consumption per unit trip, compared with the summer and transitional period exploitation.  
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1. INTRODUCTION

The Bus with a pure electric drive (E-bus) is characterized by significantly higher energy efficiency compared to diesel or CNG bus. This is due to a higher coefficient of efficiency which present in the work of the electric motor, compared to the internal combustion engines. Also, the bus with the electric drive during braking phase, while the electric motor is operating in generator mode, produces electrical energy that is stored in batteries or supercapacitors. Electricity consumption of E-bus, commonly expressed in kWh/100km, ranges from 110 kWh/100km to 140 kWh/100km, while conventional bus powered by diesel engine has a power consumption of 500 kWh/100km and bus powered by CNG reaches a consumption of 655 kWh/100km [1]. This consumption refers to the exploitation conditions typical for city operation, which involves the exploitation of low-speed 12-15 km∙h-1, high vehicle load during periods of peak load. Increase of energy consumption of the bus with a conventional drive and E-bus is noticeable in the summer period of exploitation as a result of an application of air conditioning system. Additionally, the increase of electricity consumption is presented in E-buses during  the winter period, due to the use of the heating system of the interior space of the E-bus.

2.  ANALYSIS OF ELECTRICITY CONSUMPTION OF E-BUS IN DIFFERENT                  PERIODS (SEASONS) OF EXPLOITATION IN BELGRADE

Generally there are three periods of exploitation: summer (includes months: June, July, August and the first half of September), winter (November, December, January, February, March) and the transitional period, which usually includes the months of April, May, the second half of September, and October. Regular exploitation of 5 E-buses in Belgrade started on September 1st, 2016 on the route EKO 1 (from Vukov spomenik to Belleville). The City of Belgrade bought E-buses "Higer" KLQ6, equipped with two asynchronous traction motors "Siemens" IPV5135, with 2x67 kW nominal power, a system for storing electricity by supercapacitor "Aowei" with the capacity of 20 kWh. Chargers for fast charging on the terminals have the power of 150 kW. (Figure 1) [2]
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Fig. 1 E-bus ''Higer'' KLQ6 on charging terminal
 The EKO 1 line (Figure 2) is planned to run diametrically and connect the left and the right side of the River Sava, i.e. the Old and the New Belgrade, while passing through the central city zone.
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Fig. 2 Line EKO 1
The line is 8.0 km long. In direction “A“ (from Vukov spomenik to Belleville) there are 14 bus stops and in direction “B“ (from Belleville to Vukov spomenik) there are 18 bus stops. [3] 
At the beginning of exploitation in the first week of September 2016, the outside temperature was over 30°C which required the use of air the condition system to cool the passenger area. Monitoring of power consumption of five E-buses, via charge changes of supercapacitor (SOC) and mileage,after direction ''A'' and direction ''B'' of 2nd September 2016,  are presented on the Figure 3 and Figure  4:
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Fig. 3 Distribution of consumption electricity, Direction ‘’A’’, ( 02/09/2016)
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Fig. 4 Distribution of consumption electricity, Direction ‘’B’’, ( 02/09/2016)


 The average power consumption is 1.12 kWh∙km-1, based on 69 measurements. The consumption in the direction ''A'' was 1.01 kWh∙km-1, while in the direction “B” amounted to 1.23 kWh∙km-1. Direction ''B'' a higher demanding direction primarily due to the configuration of terrain (terrain is consisting of more ups) and also there is a larger number of passengers. [4]

The following measurement was made on September 20th, 2016. The outside temperature was 20°C and the air conditioning was not used. These operating conditions correspond to the full terms of the transitional period of exploitation. The test consisted of 51 measurements by identical methodology and the obtained results are shown in Figures 5 and 6.
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Fig. 5 Distribution of power consumption, Direction ‘’A’’, (20/09/2016)
	[image: image7.png]SAMPLE
ORr N WE UGN ®

7 7
6
7
; I I I
||

0.6-0.75 0.75-0.9 0.9-1.05 1.05-1.20 1.2-1.35
Consumption electricity (kWh/km)





Fig. 6 Distribution of powr consumption , Direction ‘’B’’, (20/09/2016)


The average power consumption was 0.98 kWh∙km-1. In the direction of '' A '' was 0.92 kWh∙km-1 while in the direction of ''B'' amounted to 1.05 kWh∙km-1. Comparison of the data related to the days when air conditioning system is used (2nd September 2016) and the days when it is not used (20th September, 2016) are presented in table 1.
Table 1 Comparative review of power consumption of the E-buses with turned on and  turned off air conditioning

	Date, outside temperature, 
	02/09/2016 (30°C)
 AC-on
	20/09/2016 (20°C) 
AC-off

	consumption
	[kWh∙km-1]
	[kWh∙km-1]

	Direction ''A'' 
	1.01
	0.92

	Direction  '' B''  
	1.23
	1.05

	Total
	1.12
	0.98


Based on the data given in Table 1 the E-bus has 12.5% higher power consumption when using air conditioning in relation to the day (20th September, 2016)  when it is not used air conditioning. [4]
3. ANALYSIS OF POWER CONSUMPTION OF E-BUS IN WINTER                                   CONDITIONS  OF  EXPLOITATION 

 The winter period of exploitation is characterized by low outside temperature and phenomena of precipitation that affects the deterioration of the adhesion characteristics of tires and road, and an increase of the necessary power for overcoming resistance and rise. However, in winter conditions especially at extremely low temperatures, the greatest impact on the increase of total energy consumption of E-buses is in the use of a system for heating the passengers and driver compartments. This system consists of 9 heaters powered by electricity from the SOC. Maximum power output is 13 kW. Heating is achieved by heating liquid at 75°C, which is distributed in the system of pipe radiators arranged in the passenger and driver compartments. When the liquid temperature falls below 63°C, the system automatically turns the heater on to heat the liquid to 75 °C, thus achieving the necessary maintenance of ambient temperature. As the outside temperature is lower, the fall of liquids temperature is faster and therefore the engagement of electricity for the heaters is higher. In addition to this main heating system  of E-bus , heating may be achieved  using of the  air conditioning  in mode for heating, when the outside temperature is in the range of 2-10 °C.
The measurements results of power consumption of one E-bus (garage number 2104), which operated on January 13th, 2017, when the outside temperature was -13°C are presented in Figure 7. [4]
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Fig.7 Power Consumption  of E-bus (no. 2104) on January 13th, 2017
The average consumption was 1.97 kWh∙km-1. In the direction '' A '' it was 2.07 kWh∙km-1 while in the direction ''B'' it amounted to 1.88 kWh∙km-1. Although the weighting factors of exploitation in the direction ''B'' are higher, the result of consumption was lower in relation to the direction ''A''. The reason for greater consumption in the direction ''A'' consist that the heating system is engaged, all time while driving, while in the direction of ''B'' on most of the route was turned off. In the direction of ''B'',  heating by air conditioning is used more, given that the internal temperature was in the range 18-22°C, as a result of a larger number of passengers carried in this direction, which results in greater accumulation of heat in the passenger area. Power of the air conditioning heating system is 6 kW. In the period from December 26th, 2016 to January 22nd, 2017 daily electricity consumption of the E-bus (2104) and the outside temperature were monitored and recorded. Based on the processed results, correlation between power consumption and external temperature can be established and it is presented in figure 8 and figure 9.


[image: image9]
Fig.8 Power consumption of the E-bus (2104) versus the outside temperature in the period  from December 26th, 2016 to January 22nd, 2017,  Direction ‘’A’’

In the direction ''A'' , on the  Figure 8, are  results of the 13 measurements  which are grouped into 9-point. For days when the outside temperature was the same, taking the average value of consumption. Correlation of the power consumption and the outside temperature is described by a linear trend and y= -0.0311x + 1.594 with a correlation coefficient R2 =0.958, which shows a very strong mutual linear dependence of power consumption and external temperature. If  in the given  linear regression, put temperature of 20 °C, calculating consumption is 0.97 kwh∙km-1, which has a good correlation with the measured data of 0.92 kWh∙km-1, measured on 20th September,2016
In figure 9, the direction ''B'', there is greater distribution of the measured data and  significant lower correlation between power consumption and outside temperature R2=0.84. This is due to various proportions of the useing of the main heating systems and heating systems by air conditioners. The main heating system in the direction ''B'' was engaged to 30-50% of the time driving while heating with air conditioning was engaged 50-70% of time driving.

[image: image10]
Fig.9 Power consumption of the E-bus (2104) versus the outside temperature in the period  from December 26th, 2016 to Januaray 22nd, 2017,  Direction ‘’B’’
4. CONCLUSION
Based on the performed analysis of the E-bus electricity consumption in different periods of exploitation, using of the heating system in winter period significantly increases the total power consumption and decreases the energy efficiency of the E-bus. In comparison with transitional period of operation, power consumption in the winter period is higher two times. In relation to the summer period, power consumption in winter period is about 75% higher. The optimization of the heating system by application of multistage regulation the existing heating system, which has single-step regulation is a possible way to reduce power consumption. Using of multistage regulation of heating system is achieved that, depending on the outside temperature and the available electricity from the supercapacitor, may turn on an optimal  number of heaters for the heating system as opposed to the current situation where they are involved all the heaters . In this way it is possible to reduce the consumption of the heating system in winter and up to 30%.
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