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I. INTRODUCTION

Hybrid systems are one solution in order to decrease emissions and fuel consumption in personal transport [START_REF] Khaligh | Battery, Ultracapacitor, Fuel Cell, and Hybrid Energy Storage Systems for Electric, Hybrid Electric, Fuel Cell, and Plug-In Hybrid Electric Vehicles: State of the Art[END_REF]- [START_REF] Chrenko | An energy and power based approach toward design of power split for urban hybrid vehicle[END_REF]. Even though the electrification has increased in the automotive industry [START_REF] Chan | Modern Electric Vehicle Technology[END_REF], [START_REF] Zhang | Hev powertrain fundam[END_REF], electric vehicles still suffer from the lack of autonomy due to the limited density of their energy storages [START_REF] Watrin | Multiphysic lithium-based battery pack modelling for simulation purposes[END_REF], [START_REF] Thirugnanam | Mathematical modeling of liion battery for charge/discharge rate and capacity fading characteristics using genetic algorithm approach[END_REF]. Furthermore, they are object to the phenomenon of capacity fading due to different effects that are still under investigation [START_REF] Thirugnanam | Mathematical modeling of liion battery for charge/discharge rate and capacity fading characteristics using genetic algorithm approach[END_REF], [START_REF] Bourlot | Investigation of aging mechanisms of high power li-ion cells for hybrid electric vehicles[END_REF]. Nevertheless empiric approaches in order to describe those phenomena are existing [START_REF] Thirugnanam | Mathematical modeling of liion battery for charge/discharge rate and capacity fading characteristics using genetic algorithm approach[END_REF], [START_REF] Erdinc | A dynamic lithium-ion battery model considering the effects of temperature and capacity fading[END_REF], [START_REF] Watrin | Multiphysical lithium-based battery model for use in state-of-charge determination[END_REF]. Hence, internal combustion engines are still of interest as primary energy source in combination with electric components to build hybrid systems [START_REF] Lajunen | Development of energy management strategy for plug-in hybrid city bus[END_REF]. Hybrid systems can meet at the same time the demands of daily commuting, mostly limited to a distance less than 20 km [START_REF] Zhang | Hev powertrain fundam[END_REF], and the demands of exceptional long distance trips which remains of high interest for consumers. Plug-in systems even allow to integrate the car into the electric grid and to run electrically for a certain distance [START_REF] Berthold | Offline and online optimization of plug-in hybrid electric vehicle energy usage (home-to-vehicl and vehicle-to-home)[END_REF], [START_REF] Denis | Range prediction for a three-wheel plug-in hybrid electric vehicle[END_REF].

In order to correctly evaluate the fuel consumed and the power provided by an internal combustion engine, an engine description is needed. Asus et al. [START_REF] Asus | Simple method of estimating consumption of internal combustion engine for hybrid application[END_REF] proposed two simple methods to evaluate the fuel consumption of internal combustion engines; the approach proposes furthermore an approximation between engine weight, volume and maximum power. Finally, the energy demand has to be evaluated correctly. A statistical approach to simulate driving cycles which have the same characteristic as measured driving cycles has been proposed [START_REF] Chrenko | Artificial driving cycles for the evaluation of energetic needs for electric vehicles[END_REF], this approach has been refined to simulate the driving cycles over the vehicle life. Several approaches toward the sizing of components are available mostly for hybrid systems including fuel cells, but they are either limited to specific missions [START_REF] Ravey | Energysource-sizing methodology for hybrid fuel cell vehicles based on statistical description of driving cycles[END_REF], [START_REF] Fish | Simulation-based optimal sizing of hybrid electric vehicle components for specific combat missions[END_REF], or based on non representative driving cycles [START_REF] Schwarzer | New opportunities for large-scale design optimization of electric vehicles using gpu technology[END_REF]. In the next section, the modeling basics are introduced namely, the simulation of driving cycles over system life (II-A), the ICE modeling to evaluate fuel consumption but also ICE weight and volume depending on power (II-B) and a zero dimensional description of lithium-ion batteries including capacity fading (II-C). The sub models are linked to form a series hybrid vehicle using heuristic control(II-D). Modeling results are presented and discussed thereafter(III). The paper closes with conclusions and perspectives(IV).

II. MODELING OF SERIES HYBRID VEHICLE OVER LIFE TIME

A. Driving Cycle over Life Time

A statistic method to simulate driving cycles has been presented by Chrenko et al. [16]. This method allows to create artificial driving cycles, which correspond to real driving cycles with respect to mean velocity, mean positive acceleration, number of stops per kilometer and stop time for the different types of driving cycles (table I) that have been studied by the Artemis project [START_REF] André | Real-world driving cycles for measuring cars pollutant emissions -part a: The artemis european driving cycles[END_REF]. The method is based on normal distributions of velocities (figure 1) as it has also been described in [START_REF] Ravey | Energysource-sizing methodology for hybrid fuel cell vehicles based on statistical description of driving cycles[END_REF], other approaches of driving cycle based on Marcov chain [START_REF] Schwarzer | New opportunities for large-scale design optimization of electric vehicles using gpu technology[END_REF], [START_REF] Souffran | Simulation of real-world vehicle missions using a stochastic marcov model for optimal design purposes[END_REF], [START_REF] Ivanco | Energy management strategies for hybrid-pneumatic engine studied on an markov chain type generated driving cycle[END_REF]. Some of them superpose parts of measured driving cycles, which may not be representative. The approach has been developed further in order to reproduce all driving cycles over a vehicle life using a random distribution of driving cycles types with given length that add up to give the predicted profile. Table I gives the distribution.

An example of a series of artificial driving cycles is given in figure 2. The motorway driving cycles can be clearly distinct by their higher mean velocity. However, the distinction of urban and extra-urban cycles is not that easy with regard to the mean velocity, but it can be observed that extra-urban cycles show much less stops. 

B. Weight, Volume and Fuel Consumption of Internal Combustion Engine

The evaluation of the ICE weight and volume as well as the fuel consumption is based on the work by Asus et al. [START_REF] Asus | Simple method of estimating consumption of internal combustion engine for hybrid application[END_REF]. The fuel consumption in function of the displacement (V d in cm 3 ) and rotational speed (N in rpm) can be evaluated using equation 1.

ṁf = P e + (f + f p N ) VdN Rc60 η f,i (η c0 -A B+N )LHV (1) 
with ṁf the mass flow of the fuel in kg s -1 , P e the usable power in W, f the friction factor assumed to be 100 kPa, f p the friction factor of 20, N the rotational speed of the motor in rpm, the factor R c equal to 1 for two stroke motors and 2 for 4 stroke motors, η F,i the fuel indicated efficiency-a factor that is assumed to be constant, in reality this factor is varying due to operating point -, the combustion efficiency evaluated using the constant term η c0 assumed to be 0.98 and A/(B + N ) with A equal to 300 and B equal to 2 000 respectively and LHV the lower heating value of the fuel used. This approach is amongst the most basic approaches to describe the consumption of an internal combustion engine with displacements that vary between 600 cm 3 and 4000 cm 3 , but it is useful for a first evaluation. For more detailed evaluations, more sophisticated models have to be used [START_REF] Asus | Simple method of estimating consumption of internal combustion engine for hybrid application[END_REF].

In the case of series hybrid vehicles, the ICE will be used at one operating point only, in order to minimize the fuel consumption of the overall system this operating point is chosen to be the point of maximum efficiency (P opt in kW). Evaluations showed that the maximum efficiency can be calculated as linear function of the displacement using equation 2.

V d = 0.0376 • P opt + 68.34

(2)

T = 0.07879 • V d -0.72527 (3) N = 3064 ( 4 
)
The torque is linear with regard to the displacement (equation 3) and the rotational speed at optimum working point does not vary with regard to displacement (equation 4). A representative consumption map for V d = 1000 cm 3 is presented in figure 3. Furthermore, the weight and volume can be approximated for such a motor using: 

M ice = 0.002 • P opt + 3.64 ( 

C. Lithium-Ion Battery Modeling including Capacity Fading

The lithium-ion battery is modeled using a simple approach containing an internal resistance depending on current and SOC, as it has been used by [START_REF] Watrin | Multiphysic lithium-based battery pack modelling for simulation purposes[END_REF], [START_REF] Erdinc | A dynamic lithium-ion battery model considering the effects of temperature and capacity fading[END_REF], [START_REF] Watrin | Multiphysical lithium-based battery model for use in state-of-charge determination[END_REF], [START_REF] Sen | Battery pack modeling for the analysis of battery management system of a hybrid electric vehicle[END_REF]. The usable 

C usable = C initial (1 -(CyLL + CaLL)) (8) 
1) Calender life losses: The phenomenon of calendar life losses, governed by the growth of SEI layer. The description is derived from the work of Boursseley et al. [START_REF] Broussely | Aging mechanisme in li ion cells and calendar life predictions[END_REF] for a storage temperature of 30 • C.

CaLL = 0.016159 • t + 1.1157 (9) 
with t the usage time in days.

2) Cycle Life Losses:

Recent studies propose different approaches for the cycle life losses. Li et al [START_REF] Li | Modeling the capacity degradation of lifepo4/graphite batteries based on stress coupling analysis[END_REF] did an isolated analysis on the five most important factors that affect battery degradation, namely the temperature, the end of discharge voltage, the end of charge voltage, the discharge rate and the charge rate and adds up all influences. Zhang and Wang [START_REF] Zhang | Cycle-life characteriztion of automotive lithium-ion bateries with linio2 cathode[END_REF] propose an empiric approach in two parts based on EIS measurement of automotive Lithium Ion Batteries over more than 5000 cycles. Both approaches lead to comparable results over a wide range of cycles. The approach of Zhang and Wang [START_REF] Zhang | Cycle-life characteriztion of automotive lithium-ion bateries with linio2 cathode[END_REF] is chosen in our case because of its better description of the end of life conditions.

CyLL =    9.01×10 -4 √ Ncycle-1.74×10 -5 Ncycle 0.783 , N cycle < 2681 9.01×10 -4 √ 2681-1.74×10 -5 Ncycle 0.783 , N cycle > 2681 (10) 
with N cycle the number of deep discharge cycles effectuated.

D. Heuristic Control Strategy

The control strategy is based on a simple heuristic approach, where the ICE works on its nominal maximum efficiency operating point (II-B) in order to recharge the lithium-ion battery every time its SOC drops below a minimum level (SOC min = 0.2) and the recharge is maintained until the SOC reaches a maximum level (SOC max = 0.9). Every time SOC min is reached the cycle count N cycle is incremented.

E. Simulation Approach

The goal is to evaluate the fuel consumption over life time, therefore the nominal ICE power and the number of battery cells is chosen and their influence on system weight is considered. Due to a random approach a driving cycle is created and for every step inside the driving cycle the battery SOC, the battery aging effect and the status of ICE are calculated. The instantaneous fuel consumption is integrated until a total distance of 100 000 km is reached. The mean consumption varies in function of engine size, number of cells and battery aging.

III. RESULTS OF LIFE CYCLE MODELING

The model is based on the hypothesis of a commuter car with a life time driving distance of 100 000 km and a yearly driving distance of 20 000 km, the characteristics of the vehicle are shown in table II. The batteries used inside this system are rechargeable Kokam SPLB100216216H lithium ion batteries with a nominal capacity of 40 Ah. The influence of the ICE weight and also the electric systems are taken into consideration in the evaluation of power needs and thus consumption of the system. Therefore it is assumed that the entire electric system has a weight of two times the battery weight. The results in figure 4 show a region where the mean fuel consumption over vehicle life time is minimized. According to the described model, a series hybrid commuter vehicle can reach a mean fuel consumption of 5.1 L 100km -1 over its life time. This value is reached using an ICE providing 40 kW and 25 battery cells. In comparison analysis have been made for a car which accomplishes urban driving cycles only (figure 5) and a car which accomplishes motorway driving cycles only (figure 6) have been made. It can be seen clearly that the point of minimum fuel consumption for urban cycles only can be found at combination (ICE: 30 kW, 25 cells) but the minimum fuel consumption is bigger than for the representative driving cycles (5.3 L 100km -1 ) and the variation of fuel consumption over the tested range is bigger. On the other hand, if only motorway driving cycles are analyzed, power train configuration varies considerably, here higher ICE power of 50 kW are required, while the number of battery cells stays constant with 25 cells. For a lower ICE the batteries reach their end of life before the end of the vehicle life defined by 100 000 km. The mean fuel consumption over vehicle life stays at 5.3 L 100km -1 . For the all purpose car the region of minimum fuel consumption can be found using around 27 battery cells and thus a total battery capacity of about 5 kWh and an internal combustion engine with a nominal power output at maximum efficiency of 40 kW, which corresponds to a displacement of 1570 cm 3 and a total weight of 84 kg. The battery based electric system would have a weight of 60 kg. Therefore, the weight entire propulsion system of the vehicle is assumed to be 143 kg. More evaluations will be needed to have a more precise view on the weight and volume of each component, including transmission, electric motor and power electronics.

The simulations show that during the life time the battery capacity will decrease from 4 kWh to 2.2 kWh. This result is surprising, due to two aspects. First, the battery end of life capacity is considered to be 80% of initial capacity [START_REF] Zhang | Cycle-life characteriztion of automotive lithium-ion bateries with linio2 cathode[END_REF]. This limit is reached at the end of the studied life cycle. Second, as shown in figure 7, the calendar life losses dominate in this case. This can be explained by the choice of the description of the calendar life losses, as described in section II-C1. Considerable effort has been done in order to understand the phenomena of calendar life losses, as for example the SIMSTOCK project [START_REF] Lui | Study of graphite/nca li-ion cell degradation during accelerated aging tests -data analysis of the simstock project[END_REF], still the influences are not fully understood, especially with regard to the conditions occurring in a vehicle.

IV. CONCLUSION AND PERSPECTIVE

This paper presents the sizing of ICE and Lithium-ion battery for series hybrid vehicle over life time including battery aging. The results show that a series hybrid vehicle can operate during its life time using an ICE with a nominal power of 40 kW and a lithium ion battery with initial capacity of 4 kWh. During its life time the battery is foreseen to have a degradation of 45%. These results are obtained using artificial random driving cycles over a vehicle system life of 100 000 km, equivalent to 5 years. This results provide additional information that help to size the components of a series hybrid vehicle. In the following the presented method has to be refined, namely regard to the power control strategy used and the weight and volume connected to the representative parts of the drive train. The use of an upgraded control strategy would also impose the need of refined ICE modeling. The ongoing research on the aging effects of lithium-ion batteries, especially with regard to description of calender life losses, will lead to improved modeling methods of aging. Finally, it would be interesting to adapt the method of parallel hybrid vehicles, as those vehicles represent the majority of hybrid vehicle on our roads.
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Table II CHARACTERISTICS

 II OF A COMMUTER VEHICLE TYPE PEUGEOT 207, 1.6 L

	Weight	Surface	Cr	Cd	nom. Pow
	(kg)	(m 2 )			(kW)
	1194+100	2.31	0.01	0.31	67
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