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Project overview
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Optimized control of
powertrain and
battery system

Optimized control of
thermal system and
cabin comfort

Digital twin-based optimization of the
domain interaction supported by Al

Holistic User-Centric Energy Management System Control (HUC) ’n
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Objectives

O1: Achieve innovative and holistic user-
centric solutions to make EVs more
attractive for the mass market

alization to enhance

02: Use of Al and digit
ion of components and

design and operat
system

03: Reduced development time of highly
efficient vehicle components and systems

0O4:Technolo ¥de onstrated in relevant
enwronment% RL6S“

O5: Dissemination and exploitation of the
EFFEREST results
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Measurable improvements
Effect on_energy consumption oft HVAC, thermal management (ThMgt), HUC, photo-voltaic system (PV)

natural refrigerants adoption in the HVAC (NatRefr), compared to different baselines (see also the
Appendix below)

EFFEREST Basele dem ih
Virtual tor W
" Propalsion — Real demonstrator with HUC " .l:mftra »
realworld | Fropulsion ooy | TP HUCPV+Nat Refr.
¥ HVAC & TEME
consumption
p BT ke EWhi10Man | Enscgy savings %2 | Bangs increase %2 ) kWhlD0km | Energy sawvings % | Range mcrease %2
Hot !/ 30°C 15 21 18 16% 1995 15 28% 39%
Normal ' 13°C 13 20 18 1% 11% 17 15% 18%
Cold / 0°C 1% 22 19% 231% 21 21% 17%
Cold | -10°C 21 23% 30 T 5% 33%

—
T — —_—

— -
Further range increases at low temperatures will be enabled by pre-conditioning with the EV connected to
the orid
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ADTs and adaptive controllers: >60% reduction of the vanation of control performance with respect to

(w.r.t.) state-of-the-art (SoA) non-adaptive confrollers; 4ADTs: potential transferability of the ADT toolchain
verified for >3 EVs; ADTs: online model umplementation step size of <20 ms for powertrain, <50 ms for|
battery, <100 ms for HVAC, <100 ms for cabin, <250 ms for human thermal comfort DTs
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Streamlined co-design framework: -30% reduction of the overall development time within a transition

period of only a few project cycles (i.e., roughly 5% due to better understanding of requirements, 5% due to
faster decisions, 10% due to early implementation of functions, and 10% due to reduced testing with human!
subjects); ~30% reduction of associated development cost; MPOL: =15% reduction of the durability testing
tume
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Testing: Implementation of the EFFEREST solutions on 1 physical EV; data provision from further 3-5
ysical Evs

05

Website: =1000 unique visitors and =6 updates/year; Social media: =2 posts/month, >1500 views, =200
followers; Clustering activities: mvolvement of >5 EU projects of same/similar calls; Events: organisation
of 4 workshops/webinars (>>10 external attendees) and participation to =20 events; Scientific publications:
=10 conference papers =15 and journal papers; Fideos: 2 project videos produced; Patents: =5 patent

pplications submutted; Press releases/newsletters: =6 publications; PhD projects: 2 projects set up
1 dently from the project but still linked to its activity




EFFEREST Use Cases

» Real demonstrator with HUC = Virtual demonstrator with HUC,
Photovoltaic and Nat. Refrigerants
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Use Case Scenarios Vehicle Model EFFEREST

TR

CONFERENCE



IIIIIIIIIIIIIIIIIIIII

CONFERENCE



Real Driving Usage Pattern Analysis © BOSCH

Preselection of 4 distinct vehicle usage-profiles (,Short /
Long / Average Distance Driver / Commuter®) according to
daily and annual mileage and driving pattern identification
from vehicles monitored for ~1 year

Enrichment of base journals with vehicle simulation model
including stochastic parking data, charging models, and
climatic data from regions (cold: Helsinki / average: Paris /
hot: Athens)

+ Note: The combination of base journal, climatic region data, parking and
charging models can be fully factorial. An exemplary combination is chosen
for each base journal.

Visualization of exemplary week for two distinct usage-profiles:
i 1 1 ]
1]

e | - -

Saturday

Short Distance Driver

o Derivation of an exemplary week
of usage from the annual usage
profile to support fast simulation.

o Approach: exemplary week
extrapolated to complete year energy
matching closest to annual profile consumption
W..I”.t. energy consumptlgn, nr of charge et
distance, average velocity, and events oo ok Istance
number of trips and charging
events. nr of trips average
velocity
m I B8 = | oo Long Distance Driver
Tuesday | b | | | fl . ~ On-street-parking / Public Charging (AC/DC)
22 I [
E--_!ﬁ':sg—-_-. 1 A N N [

SE] rday

|
Sunday

Sunlday ! .. Garage parking/Home Charging (only AC)




Benchmark tests for efficiency and thermal
comfort on MAGNA chassis dyno

Benchmarking @ MAGNA Engineering Center Steyr

Chassis-dynamometer tests:

» 3 representative cycles from BOSCH and WLTC tested

» Testsin 0 °C, 20 °C and 35 °C ambient temperature conditions
» Cold start for all tests (vehicle soaked in ambient conditions)

» Same HVAC/cabin settings (22 °C Auto, no auxiliary heating)
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Benchmark tests for efficiency and thermal
comfort on MAGNA chassis dyno

WLTC Comparison of 3 Benchmarked BEVs: Key Findings:

100

80

60

40

20

BEV1 has low baseline energy consumption
(lighter vehicle), with minimal variation across
ambient conditions - stable range

=) BEV1 limits heating - cabin stays up to 4 °C
below target

6 BEV2 & BEV3 reach target temperature, but
with higher energy use

BEV2 35 q:@ % At 20 °C ambient temperature:
B @b + BEV2 & BEV3 reheat cabin air to maintain
o comfort

BEV1 mainly cools — results in lower
cabin temperatures

Significant differences in thermal management strategies identified




HUC - Holistic User centric energy
management system Control

Long-Term Energy Management

St nlenntiticn Thermal Management Strategy Module Driving condition
- “,

P Y
Route recognition
-Trigger preconditio ning_d

~,

Long Term Thermal Control
Included DTs:
* Cabin
* Thermal

Preparation for fast ] + Comfort

\

External inputs

Predicting battery/EDU
thermal derating

-

Powertain Components
Status Module

Preparation for fast

vac& | charging during standstill |

c2v

User centric battery/cabin
preconditioning

Mid/short-Term Energy Management layer

EFFEREST cloud Predictive health monitoring

& management

charging during driving Powertrain
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Route recognition
—trip prediction
—-starttime &
duration

ThermalSystem Control Module Powertrain System Control Module

cruise controller controller
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Mid/short term coordination strategy

[ Self-adapting comfort control Coolant!refrlgerant circuit control] [ Energy-efficient adaptive ] [ Adaptive anti-jerk

Driver

Increased controller time step

Vehicle plant
Human-machine P

interface

High-fidelity models
Realtime

[ Photovoltaics system ] [ Cabin ] [ Human comfort] [Powertrain ] [ Drivetrain ] [Vehicle dynamics] [Refrigerant& MT/LT coolant ]




One control example
SACC Self-adapting Comfort Control

o termpacature (K)

Thern']al Cab|n CFD 199402 392 293 294 295 396 297 398 399 300 301 302 300 304 305 dles0d Therma| Cab]n DT
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Y X

Long-Term Energy

Management Input LTEM from SACC
1.  Adapted DT
models
Long Term Thermal
Control
Included DTs:
* Cabin Input SACC from LTEM

1. comfort target
2 air conditioning
priority

* Thermal
* Comfort
* Powertrain

Vehicle plant

Passenger Cabin Environment Comfort system

HMI feedback sensor feedback sensor feedback

Adaptation algorithm

Adaptation algorithm

e

Adaptation algorithm

R——— 4

o
Human Comfort DT Thermal Cabin DT Thermal System DT

Iterative optimization algorithm

SACC

Mid/short-Term Energy Management layer

Control action



Demonstration

e Virtual Node

Contoller Plant _ VUB EPOWER's Open
Test Set ¥ o) okl vehicle powertrain platform
/ Testbench Illl Q i :Z:::I:rain M g gm’:‘fm ¥
Controller Plant A1 4 / _=
i:[::l} = Magna ECS thermal
- testbench

VIF‘s Demonstration

Testbench demonstration Platform [

Monitoring

of sub-systems / functions -

Demonstrator vehicle B w B s L g ECS™
' _ Magna's fast charger PG s chassis-dyno




Virtual Demonstration

Vehicle Integrated Photovoltaics

4\ MATLAB/Simulink

- SACC & HUC Control Software

T TN — h Novel thermal system architecture

* Complexity & cost reduction with focus on competitiveness
‘ *  Future proof due to the use of natural refrigerants

* Holistic heat management

The virtual demo vehicle enables: .
B %Z

» Realistic year-round usage simulation g g O
* Insights into long-term user behavior :
« Evaluation of Vehicle Integrated PV and o ol % '
natural refrigerants -
» Assessment of HUC efficiency as part of a ﬁ i %
combined system 3 %
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EFFEREST pathway towards zero-emission
roadmap

4 Regulation (EU) 2019/631

The 2027 target can be achieved with The project outcomes will contribute Contribution to zero-emission roadmap
technology on the market in 2025 to the 2030 targets 1. Strengthen European competitiveness
*  Better understanding of user
* Keeping pace with the EU Seasons
2. High market penetration especially in the B-
Segment of EVs across Europe
* Less price
* Better range
3. Support EU applied research activities
* Adaptive digital twins, model-based
design optimization for accelerated
component rightsizing, predictive
model-based control, and artificial
intelligence (Al), and benefit from
V2X, fleet-generated information,
and historical usage data.

Impact

Demonstrated all outcomes at

2023 2027 2030 2050

- MediumTerm Longer Term
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