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Abstract

Start-stop systems are expected to gain prominence in US market in the next few years [1-2]. The extent of  

benefits of this technology is well demonstrated on standard test cycles, but the estimates on real world  

benefits have been largely inconclusive. Real world driving in US has longer idling time than the regulatory  

test cycles, hence it is widely believed that this technology will offer better fuel savings in real world driv -

ing conditions than on regulatory testing [3]. Wishart et.al [4] showed consistent fuel savings due to start-

stop systems in regulatory cycles from US and Europe, however the real world tests were termed inconclu-

sive in their report. Drive behavior, route selection were factors that prevented a conclusive real world ben -

efit estimation. This study uses vehicle simulation to eliminate those uncertainties, and quantify the fuel  

saving potential of the engine start-stop system in a mid-size passenger car. Real world cycles recorded 

from multiple locations in US are used to represent the driving conditions.
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1 Introduction
Real world driving offers a variety of challenges and opportunities to demonstrate the benefits of a vehicle  
technology. Fuel economy benefits from engine start-stop technology will vary depending on the factors  
such as driver behavior, idle time, distance, traffic conditions, ambient temperature, cabin cooling  
requirements etc.  This study estimates the maximum benefit that can be expected from an engine start-stop  
system, while assuming no change in driver behavior or driving patterns. Cabin cooling is assumed to be  
turned be off, and the vehicle controller can turn off the engine whenever the desired speed demand is zero.  

1.1 Approach

Vehicle system simulation will be used to quantify the impact of start-stop system across multiple  
technology implementations. Three midsize vehicle models were built in Autonomie [5] using the same  
component models to compare their relative fuel saving potential. The vehicles are identical except for the  
battery and electric machine specifications. 

1. The conventional vehicle has an alternator to keep the 12V battery charged and the engine idles 
when the vehicle is not moving. This vehicle is considered as the baseline. 

2. The micro-hybrid uses the same engine and other components as the conventional vehicle, but it 
turns the engine off when vehicle comes to a stop, and restarts the engine when the driver releases 
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the brake pedal. This vehicle uses the regular starter to restart the engine. There is no regenerative 
braking in this vehicle.

3. The third vehicle is a Belted Integrator Starter Generator (BISG) with a 7kW motor and li-ion bat -
tery pack. This vehicle can do regenerative braking and assist, but the smaller motor limits the hy -
brid operation.

4. The fourth vehicle is Crank Integrator Starter Generator (CISG) with a 15kW motor and li-ion bat -
tery pack.

These vehicles will help quantify the improvements due to idle reduction, regenerative braking and launch  
assist for engine.  

1.2 Vehicle models

The default vehicle and component models in Autonomie are validated against test data recorded at  
Argonne National Laboratory [6]. The various implementation of start stop technologies were modelled and  
simulated on UDDS cycle. The observed benefits vary based on motor power and battery size. Micro  
hybrids demonstrated a 4% improvement, BISG provided close to 7% improvement and the CISG system  
with a larger battery and motor provided 9% reduction in fuel consumption. This is close to the  
improvements observed during actual vehicle tests on UDDS cycle.

Figure 1. Test data showing the benefit of start stop systems on UDDS cycle

1.3 Drive cycles 

The real world cycles for this study were obtained from the Transportation Secure Data Centre (TSDC) [7]. 
Over 8000 daily cycles were recorded from 6 different locations. This data is from various transportation  
studies in cities and suburbs, it may not reflect the driving distance across United States. Some of the  
important drive cycle properties from these cycles are shown in Figure 2. The parameters that are most 
interesting for this study are driving distance and idle time in the real world cycles.
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not completely warmed up, or if air conditioner or heating loads are above certain threshold levels. Some 
drivers might even manually disable the start-stop systems.

Data provided by Mercedes Benz to EPA for off-cycle credits shows close to 23% idle time for the vehicles 
that were recorded under that program [12]. However that data shows 52% usage for the start-stop system. 
The annual distance travelled by the vehicles in that dataset was about 30% lower than the typical distance 
driven by vehicles in US, which might suggest that it had more city driving than the NHTS driving. This 
comparison is shown in Table 1.

Table1: Various estimates for the fraction of time spent during idling in real world driving

Idle % estimates Idle % Usage % Total (%)

EPA 2 cycle 10.7 67.3 7.2

EPA MOVES 13.7 67.3 9.2

Mercedes Benz 22.7 52 11.8

RWDC weighted average 12.1 100 12.1

In this study it is assumed that the start-stop systems can be effective at all times. Although the real world 
driving has higher idle time than the standard test cycles, a lower percentage reduction in fuel consumption 
is observed. 

4 Conclusions
This study estimates the maximum fuel consumption benefits of idle reduction technologies in a midsize 
sedan, when simulated over drive cycles recorded from various parts of US. While there is no doubt that 
quantify of fuel saved by a start-stop system could increase as idle time increases, the percentage reduction 
is computed by considering the total fuel consumed during the drive. Fuel consumption is determined by a 
lot more factors than just driving time or idle time. The parametric sweeps of fuel consumption reduction 
against idle time and driving distance gives a good estimate of the real world fuel saving potential of start-
stop systems.

A generic process is developed to estimate the real world energy impact of advanced technologies on a  
wide range of real world driving cycles. It is shown that the results are consistent across large number of  
drive-cycle samples. Real-world distribution for driving distances is considered to reflect the US driving 
behaviour. Based on this analysis, the real-world benefits of start-stop systems may actually be lower than 
the observed benefits on the regulatory drive cycles.
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