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27 JRC at a glance
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The Joint Research Centre is a Directorate General of the
European Commission.
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Institute for Energy
eVS 27 and Transport

Within the Sustainable Transport Unit
of the IET we do:

-Pre-normative research on HEV/EVs.

- Experimental testing in the Vehicle
Emissions LAboratories (VELA).

- Desktop research on mobility and
transport analyses.
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* Scope of the work

* Activity databases description
* E-mobility model features

 Results: Travel behavior
EVs usability
Impact on the electricity grid
GIS-based spatial distributions

* Conclusions
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b\/b 27 Scope of the work

* Large-scale implementation of e-vehicles is a topic of interest to be addressed;

* Despite the progresses done in the last decades, there are still many open issues,
e.g. limited range of BEV, life-cycle assessment of their parts and components,
long-term sustainability of Li-ion batteries and their integration within urban
environments and electricity grid.

* The DG JRC IET has initiated a new activity on electro-mobility, which includes
supporting standardisation, addressing the interoperability between e-vehicles
and smart grids, proving testing facilities for electric vehicles, smart grid, vehicles
batteries and related equipments.

* Among all these activities a new study targeted to large scale activity databases
analysis and EVs modelling has been initiated.
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Activity databases

6\/5 27 description

Activity databases <

databases of GPS
driving patterns

e Vehicle ID number (anonymous, private/commercial conventional fue
vehicles)

 Calendar date and time [sec]

e Latitude and Longitude (GPS accuracy)

 Engine and travel data (e.g. engine status, distance driven, etc.)

e Acquisition frequency variable (= 0.01 Hz, but it always ensures the

trips reconstruction).
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Population Province Population
(total) Area (density)
Province of — .
rovince o 706,509 2 2
Modena Modena G10T012) 2,688.7 km 262.77/km
Province of 1,002,831 > >
- Firenze G1/075011) 3,514.0 km 285.38/km
Province of
Regls.t ered 4 Surveyed ) /Analysed Sampl
Vehicles .
Vehicles per Vehicles (% of the
(1)
Person (% of the total) surveyed)
441,609 — 0.62
_ . G11212011) 52,834 (12.0%) 16,263 (30.7%)
e 684,005 — 0.68
% 1000 o068 1\ 40.450 5.9%)) | \12.478 (30.8%)

Modena Only

Urban
Vehicles

16223 EVs = 16-10° Records
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= 14.9-10°Kms = 2.6-10° Trips
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features

Database Importing Module

E-mobility model 7
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Patterns Reconstruction Module

OUTPUT

Statistical Mobility Processing Module

|:> - Travel Behavior

\ 4

EVs Simulation Module
(Parameterized vehicle & behavioral recharging models)

- JRC Test-Labs
- Literature =>

A 4

Spatial/Time Analysis Module
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- Usability Analysis
- Modal-shift analysis
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- Spatial/Time Mapping of the
Electricity Demand and
Distributed SOC

- Interface with grid model
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E-mobility model
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EV Simulation Model

*All the conventional fuel vehicles in the databases are replaced by EVs.
6 EVs models are implemented, the results of 2 of them are presented:

- Small size (4 seats) passenger car: 1080 kg - 47 kW Eng. - 16 kWh Batt. - 185 Wh/km;
- Medium size (5 seats) passenger car: 1520 kg - 80 kW Eng. - 24 kWh Batt. - 210 Wh/km;

*Each trip is considered as a discharge event and each parking as a recharge opportunity;
15 behavioral recharges models are implemented, the results of 3 of them are presented:

- Long-Stop Random AC (2 kW): Stop > 120 minutes AND Random threshold > 0.6;
- Short-Stop Random DC (40 kW): Stop > 20 minutes AND Random threshold > 0.6;
- Smart AC (2 kW): Stop within 4 hrs (+/-2 hrs) from the minimum

of electric demand peak load.
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Results:

e\/s 21  Travel behavior

Monday Tuesday Wed. Thursday Friday Saturday Sunday

Fleet share

e T S A S SR |
,°_°| | 71 77777 i 7777777 :7 ~ 7 77777 L 777777 1 7777777 : ssssssses Commercial Vehicles .
% "if\ﬂﬁ\d ———————— P - 3 peaks from Monday to Friday
-% 9 5':3:‘ 7:3: :i:: ':57:3:"' :i::‘::i::::: :> - 2 peaks on Saturday on Sunday
E LRV YL SV RV YA Y AA - private < 11.5%, commercial < 15.2%

Private vehicles (= 91%):

- trip between 5 and 20 km

- parking between 2 and 12 hrs
Commercial vehicles (= 9%):

- trips between 5 and 60 km

- parking between 2 and 16 hrs

Average trip
length [km]

Average parking
duration [h]

Week Average (May 2011)
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Results:

6\/5 21  Travel behavior

Probability Distributions
@ no. of trips @ trip length u parking duration
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Number of Trips per Day - (a) Cumulative Trip Length per Day [Km] - (b) Cumulative Parking Duration per Day [%] - (c)
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0 50 100 150 200 0 500 1000 1500 2000 0 20 40 60 80 100
Number of Trips per Week - (d) Cumulative Trip Length per Week [Km] - (e) Cumulative Parking Duration per Week [%] - (f)
more than 50% sample does:
- <6 trips/day AND <20 km/day = < 60 km/day (75%) > 70% cars are parked
. 0,
- <20 trips/week AND <200 km/week = < 300 km/week (75%) for more than 90% of
the time
9 % of the sample exceeds 100 km/day, reducing to 3% exceeding 150 km/day!
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U V D 27 Results: EVs usability

Small-size car
modal-shift
Sma“'Size Car Medlum'5|ze Car 80777:::::122:7::::::r::::; 77777 E
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- > 80% of the trips can be driven by EVs g TiTTTTiT
(19
_ 0 0 ; ;
between 10% and 25% of the vehicles can drive 10 11.30 31.60 >60
100% of the trips with an EVs ~ No.tripsfailed per month
50% EVs by shifting < 5 trips per month
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w7/ Results: Impact on the
eVS 27 electricity grid

No. of recharges per day/month
Strategy St;&\;eraged nu;r::e; of recharges
: . Str. 3
EV type Log,_gl;sctop Sh;){r_t]—)%top Smart-AC
Small size | @ | % 095 0.64 \ between % and 1 per day
car
m: | 1351 2931 19.60 - 15 and 30 per month
Medium d: 0.52 1.09 0.68
sizecar | il 1eas o . Energy stored per recharge
d: per day trategy Str. 1 Str. 2 Str. 3
m: per month EV type Data Lol;'iséol’ ShORr_tI')SCmp Smart-AC
| asoc| o0.173 0.144 0.189
between 8% and 16% SOC per recharge Smallsize [
<: car [Wh] | 2764.6 2304.4 3016.5
- 2.3 kWh and 3.8 kWh per recharge
ASOC | 0.159 0.133 0.160
Medium A
stze car [Wh] | 38160 3192.0 3840.6
o 2 > > 80% vehicles have a
3 2 2 0
5 : : SOC > 80%
o e SOC (% £
| I Before Crerging [ Afer Crerging|
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=\ - Results: Impact on the
eVS 27 electricity grid

Electricity demand of the sample [MWh]

Long-Stop - R-AC - (a)

Electricity demand scaled-up to Italy [GWh]

— Long-Stop - R-AC - (b)
z 92 g % \ { { \ { {
= 5 03 S 0 o A O A W e G,
1o to | AR
Long-stop R-AC go 3 | | | | | |
o Mon Mon Tue Wed Thu Fri Sat Sun Mon
Week Average (May 2011) - GMT + 2h Week Average (May 2011) - GMT + 2h
_ Short-Stop - R-DC - (c) Short Stop - R-DC - (d)
z3 { { { I { { < 50
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Short-stop R-DC 2, ‘ ‘ ‘ ‘ ‘ g, ‘ :
a Mon Tue Wed Thu Fri Sat Sun Mon on Tue Wed Thu Fri Sat Sun Mon
Week Average (May 2011) - GMT + 2h Week Average (May 2011) - GMT + 2h
- Smart AC - (¢ / Smart AC - ()
S I T L,,,,, {7”” {””” T = %
:> I N H T T R U B W d © 40
Saf i\ N LS A S ) W 3
Smart AC I ! b ft-——1 -t - %30
c I(\)/Ion ‘ ‘ ‘ ‘ ‘ 11 -2
Medium-size vehicle
Fleet share capable to
drive onl eIecF?cric Total demand between
Y 35 and 331 GWh (from 0.1% to 1.2%
of the national demand, i.e. 27 TWh)
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27

Results: GIS-based
spatial distribution

Small size vehicle — Smart-AC recharges
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Map of the events - (a)
45 ) )

“asalmageions Susaarn

Colams “siacans

448

+

=
i
[}
5:_!;;;
5
o

Yy

447 .

Caztelnuavn
et

I
Fenghidory

Cantelniowe

10.4

106 0.8 11 1.2 11.4

Longitude [deg]

65% of the events within 15 km from Modet

Organized by

avale
=

W

Fira Barcelona

Parking events [%]

Hosted by

5

30

25

200

Geographical distribution of the events - (b)

5-10
Dist. From Modena

10-15 15-20 20-30 >30

........

Latitude [deg]

441

AN TI™Tr— § Ajuntamentde |
AVERE Frehw

*
alale™
* *
F ¥
European
Commission

Joint Research Centre

7400 km? analysis terrain window

Circles placed at 5, 10, 15, 20,
and 30 km from Modena

Medium size vehicle — Smart-AC recharges
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Results: GIS-based

spatial distribution
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Small size vehicle — Smart-AC energy request integrated over 250 m/edge squared terrain tiles
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Results: GIS-based
eVS 27 spatial distribution

Medium size vehicle — Smart-AC energy request integrated over 250 m/edge squared terrain tiles
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GVD 27 Conclusions

e Large-scale analysis of travel behaviour has been carried out deriving:
— Fleet share in motion at the same time < 11.5 % (private), <15.2% (commercial);
— 50% of the sample < 20 trips/week, < 200 km/week. Only 3% > 150 km/day;

 EVs usability results show that 80% of the trips can be driven with a
small/medium sized electric vehicle and that a fleet share between 10% and 25%
can drive 100% of the trips by small/medium sized EVs, increasing to 50% by
accepting to shift < 5 trips/month.

* The impact on the electricity demand derived is rather limited, with no. of
recharges between 15 and 30 per month, and 2.3 kWh to 3.8 kWh of energy per
recharge, (max . 1.2% of the monthly demand of Italy).

e GIS-based analysis shows how the electric energy demand is distributed over the
province area, highlighting how to design/size recharge infrastructure network.
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