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MANY CHALLENGES AHEAD 
1- CO2 Emissions
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01 MANY CHALLENGES AHEAD: CO 2 EMISSIONS

GFEI 2016 REPORT (COP21)
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WORLDWIDE VIEW OF CO2 / FC REGULATION
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CAFE STANDARDS EVOLUTION
01 MANY CHALLENGES AHEAD: CO 2 Emissions

Actual regulation

CAFE standards evolution

CAFE regulation 
forecast 
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MANY CHALLENGES AHEAD 
2- WLTP (Worldwide Light duty Vehicle
Test Procedure )

01
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01 MANY CHALLENGES AHEAD: WLTP

WLTP : REDUCE GAP BETWEEN HOMOLOGATION AND REAL WORL D
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01 MANY CHALLENGES AHEAD: WLTP

WLTP VS NEDC
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01 MANY CHALLENGES AHEAD: WLTP

CO2 / FUEL CONSUMPTION FOR INDIVIDUAL VEHICLE
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MANY CHALLENGES AHEAD 
3- Vehicle Electrification

01
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01 MANY CHALLENGES AHEAD: VEHICLE ELECTRIFICATION

HYBRID AND ELECTRIC POWERTRAINS ARE MANDATORY TO REACH
CO2 GOALS
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01 MANY CHALLENGES AHEAD: VEHICLE ELECTRIFICATION

DILEMMA OF HYBRID ARCHITECTURE

New 
Projects

CO2 ? 
Fuel Economy?

System Design ?

Energy Management 
Strategy ?
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SIMULATION OF FUEL CONSUMPTION 
AND CO2 EMISSIONS
Why, how, when

02
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02 SIMULATION OF FUEL CONSUMPTION

WHY SIMULATE FUEL CONSUMPTION ?

• Support early phase design : optimal technical defini tion
and architecture (cost, fuel efficiency …)

• Secure vehicle project development time

• Reduce project cost (avoid tests and late component 
change)

• Ability to simulate lots of combinations of vehicles / 
engine / gearboxes : upstream and development / 
validation phase

• Forecast CAFE Values (Product Planning)
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02 SIMULATION OF FUEL CONSUMPTION

HOW TO SIMULATE FUEL CONSUMPTION

Aerodynamic
Forces

Rear Axle Drag Force Front Axle Drag Force

Traction
Force

Vehicle Inertia

AxlearAxleFrontAeroTraction FFFF
dt

dV
MVehicle _Re_* −−−=

+ « Forward » Simulation from driver to wheels
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02 SIMULATION OF FUEL CONSUMPTION

WHAT IS NEEDED TO SIMULATE FUEL CONSUMPTION
Auxiliaries

Engine, e-motors

Gearbox
Tire friction

Aerodynamics

Battery (14V, 

48V, 400V,…)

Control

Driver model
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02 SIMULATION OF FUEL CONSUMPTION

REQUIREMENTS FROM ENGINEERING TEAMS

Flexibility

« Commonality »

Easy to use Interface 

Opened
Models

Ability to connect to other models, 
control, ..

Models re-usable for other
applications

Home made 
Models based on 
opened Software 

(Excel, 
Matlab,…)

Commercial 
Softwares with
standard GUI
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02 SIMULATION OF FUEL CONSUMPTION

WHEN IS IT USED IN VEHICLE PROJECTS ?

DevelopmentUpstream Phase Industrialization

- Hybrid Powertrain Architecture 
Definition

- Fuel Economy and CO2 
Requirements

- Subsystem and Components Early
Phase Design

- Fuel Economy and CO2 
Requirements Convergence

- Sensitivity / Robustness Analysis
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DEDICATED SIMULATION PLATFORM
GREEN

03
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03 DEDICATED SIMULATION PLATFORM

« GREEN » SOFTWARE ARCHITECTURE

Control : 

Matlab-

Simulink

Physical models : 

Amesim

Co-simulation

HMI : 

Python
Scripts : 

Several

code
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03 DEDICATED SIMULATION PLATFORM

GREEN USAGE

Choose powertrain architecture, 
Input data, pre processing

Air drag, tire resistance, ICE fuel 
flow map, ICE limits, GB losses, 

GB ratios, Control parameters, …

Associate technical definition with
drive requests / scenarios

Choose scenarios and design of 
experiment, run simulation

Outputs, Post processing

Temporal plots, energy
flow, energy repartitions, 

synthesis table, …
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02 SIMULATION OF FUEL CONSUMPTION

OVERVIEW OF MODEL ARCHITECTURE

Control

Driver model

Aerodynamics

Tire friction

Gearbox

Engine, e-motors

Battery (14V, 

48V, 400V,…)

Auxiliaries

For Simulation of Fuel Consumption: 
-> Mainly map-based models (« level A »)
-> Over 100 parameters (scalar or xD maps)
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03 DEDICATED SIMULATION PLATFORM

VALIDATION AGAINST EXPERIMENTAL DATA

1.2l Tce (Turbo GDI; 
Manual Transm.)

NEDC measurement : 
5,79 l/100 km

GREEN Simulation 
Result : 5,75 l/100 km
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APPLICATIONS
Conventional, Hybrid , E.V.

04
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04 APPLICATIONS

ENERGY SMART MANAGEMENT



27ALLIANCE TECHNOLOGY DEVELOPMENT -CAE & TESTING / D.MAROTEAUX SEPT.12TH 2017 PROPERTY GROUPE RENAULT

04 APPLICATIONS

HYBRID POWERTRAIN DESIGN

Study case : 
eAWD example

DC/DC

BAT

VEH

VEH 

details

BAT 

details

GB1

EMa

EM

Fuel :

9164,0
5747,5Accel loss :

9,2Decel friction :

4023,8

1502,31420,0

1032,9

382,6

311,3 240,159,5

1351,9

58,9 0,0

Details in 

table
125,0 10,9
Aux E LV :

0,0Aux M from fuel :

0,0

64,4

205,6

135,9

268,6

129,2

0,0 1094,0

1253,9

0,0

1195,5

9,23043,1

10,0

2800,5

72,3

190,4

1571,4

1624,7

0,0

Aux E HV :

All values in Wh

0,0

0,0

Cells : Cables :

5,7

BAT delta:

Road 

exchange : 0,0

INV : EM : RED :

199,5 0,0

INV :

EM :

RED :

110,7

0,0

0,0

0,0Aux M from decel :

ICE

0,0

GB

Fuel consumption gap = 
f (BAT energy in Cycle 

Sustaining) 
Artemis Highway
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04 APPLICATIONS

E.V. DESIGN

Architecture Energy Consumption Difference

Machine 1 16,1    kWh/100km reference

Machine 2 16,2    kWh/100km + 0,6 %

Machine 1 & 

Machine 2

15,9    kWh/100km - 1,2 %

WLTC Cycle
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04 APPLICATIONS

THERMAL PERFORMANCE

FTE

COOLING 
LOOP

AC LOOP

HVAC CABIN

CLIMBOX

POWERTRAIN

Q,TRad

Q,TCMO

Q,T,HR

TRad
out

TCond
out

Veh_V

14 V ELEC 

Evap_Temp

Refr_HP_Pres

Eng_Tq

Eng_NVeh_V

Eng_N

Q,TEvapo

Q,TAeroth

Q,T,RHvent

T,RHrecy

Incar_Temp

Incar_HR

Sun_Prad

Gmv_St

Qrecy

Veh_V

Ext_Temp

Eng_N

Alt_Tq

Eng_N

Veh_V

EXT Conditions

Dist, Recy

U_batt

I_HVAC
I_Refroi
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PERSPECTIVES & FURTHER STEPS
Multi Performance, Real World

05
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05 PERSPECTIVES & FURTHER STEPS

SUMMARY

31

One Alliance tool for fuel economy, 
and dynamic performance simulation

Dedicated 
database management

New tool adapted for new 
regulations

All architectures 
can be simulated

Flexible and easy 
to updateImproved workflow (pre/post 

processing, simulation time…)
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05 PERSPECTIVES & FURTHER STEPS

PERSPECTIVES

Multi attributes

Drivability

Performance

Thermal 
Performance

Fuel economy

Emissions

Currently covered
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05 PERSPECTIVES & FURTHER STEPS

PERSPECTIVE: REAL WORLD

• FE with ACC

• FE with sailing stop 
(traffic light, traffic jam, 
…)

• HMI test and validation 
(power display)

Driving
Simulator

Results shown in live 
from driving scenario

GREEN

Values from 
GREEN

Can be used for driver in 
the loop simulation




