
©2017 Published in 5th International Symposium on Innovative Technologies in  
Engineering and Science 29-30 September 2017 (ISITES2017 Baku - Azerbaijan) 

 

  

Fuel Consumption, Exhaust Emission and Vehicle Performance Simulations of 

a Series-Hybrid Electric Non-Automotive Vehicle 

 
 

 
1Halit Yaşar and 2Gökhan Canbolat 

1Sakarya University, Engineering Faculty, Department of Mechanical Engineering, 54187 Esentepe Sakarya, Turkey 
2Sakarya University, Institute of Natural Science, Department of Mechanical Engineering, 54187 Esentepe Sakarya, 

Turkey 

 

 

 

Abstract  
 

In the recent years, the studies on hybrid electric vehicles have increased in 

automotive industry. Particularly, the studies focused on passenger cars. However the 

studies conducted on Non-Automotive Vehicle (Vehicles are not suitable for standard 

driving cycles) are not adequate in literature. Because Non-Automotive vehicles are 

more complicated in terms of designing and their daily tasks therefore it is difficult to 

simulate these vehicles by using software. In this work, a series hybrid electric street 

sweeper is modeled and simulated by using AVL Cruise.  The main aim of this study 

is performing simulations on a hybrid electric street sweeper and presenting its fuel 

consumption, vehicle performance and exhaust emissions. Driving cycles are used in 

vehicle simulations in order to determine fuel consumption and exhaust emission. 

However the current driving cycles are not appropriate to simulate Non-Automotive 

Vehicles. Additionally, in this study an appropriate driving cycle is constructed by 

using Random Cycle Generator of AVL Cruise in accordance with the daily tasks of 

the street sweepers. The simulations are performed depending on this driving cycle. 

Vehicle block diagrams are also created by AVL Cruise. The mechanical, electrical 

and informational connections of hybrid electrical street sweeper are demonstrated in 

this study. Consequently, the fuel consumption, vehicle performance and exhaust 

emissions are presented depending on driving cycle. With this study, it is presented 

that a street sweeper can simulated as a series hybrid electric sweeper and its vehicle 

performance, fuel consumption and exhaust emissions (CO, HC, NOX and PM) can 

be determined by using AVL Cruise.  
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EM Electric Motor HESS   Hybrid Electric Street Sweeper 

HEV Hybrid Electric Vehicle SHESS Series Hybrid Electric Street Sweeper 

ICE Internal Combustion Engine 
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1. Introduction  

 

Owing to higher efficiency of electric motors, various studies performed on Hybrid Electric 

Vehicles (HEV). Due to current world order and conditions, automotive industry focused on 

hybrid electric vehicles before the transition to all-electric vehicle (only powered by electric 

motors). To sustain development of automotive industry with clean energy, electric driven 

vehicle have become a national consensus [1]. 

 

When the drivetrain of electric vehicles are compared to conventional vehicles, a more 

complicated structure is encountered. The designing of these vehicles is required more effort and 

experience. To simulate electric driven systems, simulation softwares such as AVL Cruise, Psat, 

Amesim, Msc Easy 5, Advisor, Adams , etc. is essential [2]. In this work, the simulations are 

performed by AVL Cruise because of its suitable structure for Non-Automotive vehicle. AVL 

Cruise is a simulation package that supports everyday tasks in vehicle systems and driveline 

analysis, from concept planning to vehicle design. Previous studies show functionality of Cruise 

[3-6]. 

 

In this study, an appropriate driving cycle is developed for series hybrid electric street sweepers 

and it is constructed as a series-hybrid electric driveline system. The main specification of 

components such as Internal Combustion Engine (ICE), Electric Motors (EM), generator and 

transmission are shown in Cruise.  As a result, the fuel consumption, exhaust emissions and 

vehicle performance data are presented according to changing driving cycle conditions.   

 

This study is also a theoretical part of an ongoing project. The project was supported by 

Scientific and Technological Research Council of Turkey (TUBITAK) and a prototype has been 

produced by our team. Additionally Research & Development studies on series hybrid electric 

street sweeper are in progress. 

 

2. Modeling and Simulation 

 

Electric driven vehicles are basically divided into all-electric and hybrid electric vehicles. All-

electric vehicle has only EM to drive vehicle. In case of hybrid electric vehicle, more than one 

power source is found. Two major configurations are used in HEVs and they are series and 

parallel hybrid cases [7].  

https://en.wikipedia.org/wiki/Scientific_and_Technological_Research_Council_of_Turkey


H. YASAR  et al./ ISITES2017 Baku - Azerbaijan  1439  

 

 

 

 
Figure 1. Series Hybrid Electric Vehicle Block Diagram 

In this study, only series hybrid electric configuration is modeled and simulated. In this case, 

vehicle is driven with only EM and the needed power can be supplied by directly generator or 

batteries. Figure 1. shows a basic block diagram of series hybrid electric vehicle. It is shown in 

the figure that wheels are driven only by electric motor.  

 

 

2.1. Modeling the Vehicle 

 

In the recent years, simulation has been a widely used tool in vehicle design. In this work, a 

series hybrid electric street sweeper is modeled using by AVL Cruise.  It is also created as a 3D 

model via Solidworks. In this section, the block diagram of the street sweeper and its 3D model 

are presented.  

 

 
Figure 2.  The 3D model of hybrid electric sweeper via Solidworks 
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Table 1. shows the basic specifications of Hybrid Electric Street Sweeper (HESS) and this 

parameters are used in AVL Cruise for the simulations.  

 
Table.1. Specifications of HESS 

Vehicle Mass (kg) 2500 

Frontal Area (𝑚2) 𝐴𝑓=2,2 

Drag Coefficient 𝐶𝐷=0,65 

Rolling Resistant Coefficient µr=0,01 

Vehicle Width(mm) 1400 

Vehicle Length(mm) 3700 

Vehicle Height(mm) 1650 

Wheel Radius(mm) 320 

Air Density (kg/𝑚3) 1,25 

Maximum Speed (km/h) 30 

 

The basic specification of vehicle presented in Table.1. are used in the AVL Cruise simulations in 

order to reflect the real vehicle performance. As well as these are the actual specifications used 

during the manufacturing of the series hybrid electric street sweeper. 

 

 
Figure 3. Block diagram of series hybrid electric street sweeper 
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It is shown in Figure 2. that blue and red lines connect components to each other. They represent 

mechanical and electrical connections respectively. The components such as ICE, generator, EM 

and auxiliary electric motors are configured in AVL Cruise in accordance with the test reports of 

manufacturers. It is seen in the Figure 3. that there are five AC (Alternating current) motors used 

in vehicle (numbered as 1,2,3 and 4.). The EM (numbered as 1) drives the vehicle, EM (2) is used 

for vacuum fan, EM (3) is used for water pump and EMs (4) are used for sweeping. Their powers 

are 15 kW, 7.5 kW, 1 kW and 0.75 kW respectively. The component (numbered as 5) is ICE and 

it is combined with the generator (numbered as 6). ICE used in this project runs at a constant 

speed (1500rpm) and its power is 36.8 kW/1500rpm. ICE is used in electricity generation with 

the aid of generator (6).  

 

2.2. Generating an Appropriate Driving Cycle 

 

Driving cycles are used in investigating the fuel consumption, exhaust emissions and vehicle 

performance. Many countries have developed a variety of urban driving cycles, such as Federal 

Test Procedure-72 (FTP-72), New European Driving Cycle (NEDC), Highway Fuel Economy 

Test (HWFET), Japan 10-15 Mode and highway driving cycles like US 06, etc. [8]. 

 

 
Figure 4.  Street sweeper driving cycle depending on vehicle speed 

Figure 4. represents the driving cycle generated by using Random Cycle Generator of AVL 

Cruise. During generating this driving cycle, especially the daily tasks, operating conditions and 

speed range of street sweepers were taken into consideration. It is shown in the Figure 4. that 

driving cycle consists of two driving mode ( Transport and Sweeping) and it is 1400 seconds. 

During transport mode, vehicle moves from one location to another location and the components 

used in sweeping are deactivate. In the following case, the vehicle speed decreases and the 

sweeping components (Fan, brush motors and water pump) are activated. As a result, the fuel 

consumption and exhaust emissions change during driving cycle according to driving modes 

(Transport and Sweeping). 
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3. Results  

 

Simulations were performed to analyze the vehicle performance, fuel consumption and exhaust 

emissions of series hybrid electric street sweeper. When the sweeping motors are active (during 

sweeping mode), the changes in fuel consumption and exhaust emissions are investigated. 

Additionally, the vehicle performance was also investigated according to changing driving 

conditions. 

 

 
Figure 5.  An example of simulation results obtained from AVL Cruise 

Figure 5. shows the fuel consumption results depending on driving cycle. These results were 

obtained from AVL Cruise simulations and presented with graphics. The graphics in this section 

are fully created from Cruise data.  
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Figure 6.  Variation of vehicle power for series hybrid electric street sweeper during driving cycle 

Figure 6. shows the needed power of street sweeper during driving cycle. During transport mode 

(0-400s) and sweeping mode (400-1400s), the average power requirements of vehicle are 10 kW 

and 18 kW respectively. During transport mode, the needed power is less than sweeping mode 

(400-1400s) because of the sweeping components are deactivate.  

 

 

 
Figure 7. The variation of fuel consumption for SHESS during driving cycle 

Figure 7. presents the variation of fuel consumption for series hybrid electric street sweeper. 

During the transport mode (0-400s), the average fuel consumption is seen approximately 3.8 Lt/h. 

Due to the series hybrid electric configuration, internal combustion engine runs at a constant 

speed (1500 rpm). ICE is used in driving generator. During the sweeping mode (400-1400s), the 

sweeping components are active and the fuel consumption increases to approximately 6 Lt/h. 

With the sweeping motors are active, the needed power from generator increases and the ICE 

starts to load therefore the fuel consumption during sweeping mode is higher than transport 

mode. 
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Figure 8. The variation of fuel consumption for SHESS during driving cycle 

Figure 8. shows the variation of exhaust emissions (NOx,  CO, HC and PM).  It is seen in the 

figure that especially there is a significant increase in the NOx emission. The average NOx 

emission is 25 g/h during transport mode and it is 48 g/h in the sweeping mode. On the other 

hand, the average emission values for CO, HC and PM are 38 g/h, 12 g/h and 14 g/h respectively.  

During sweeping mode, a fluctuation is seen in figure. Because during the sweeping mode, ICE is 

loaded with the sweeping motor so it gives rise to fluctuation in emissions values. 

4. Discussion and Conclusion 

 

In the literature, hybrid electric vehicle conversion studies on non-automotive are not enough. 

This study presents a simulation of hybrid electric non-automotive vehicle with AVL Cruise. 

Mechanical and electrical connections of vehicle are shown in software. In this work, a street 

sweeper is simulated as a series-hybrid electric vehicle and its components regarding sweeping 

function are also modelled in the software. 

 

Non-automotive vehicles are difficult to simulate by using software. Because these vehicles 

include different components from standard drivetrains such as lifting, sweeping, carrying etc..  

On the contrary, it is easy to simulate passenger cars therefore studies are focused on in this area. 

Additionally an appropriate driving cycle is needed to obtain reasonable results. Therefore we 

created an appropriate driving cycle according to velocity, daily tasks and driving conditions of 

street sweepers. Simulations are performed with this driving cycle in order to reflect the real 

situations. 

Simulations show that series hybrid electric street sweeper consumes approximately 3.8 Lt/h 

during transport mode (moves one location to another location without sweeping) and it 

consumes approximately 6 Lt/h during sweeping mode (sweeping motors, fan motor and water 

pump are activated).  When the results are analysed, it is seen that the simulation results matches 

with the technical values of the ICE. 
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