HOW TO ADDRESS THE CHICKEN-EGG-PROBLEM
OF ELECTRIC VEHICLES?*

Introducing an interaction market diffusion model for PEVs
and charging infrastructure

Till Gnann, Patrick Plétz, Martin Wietschel
Fraunhofer Institute for Systems and Innovation Research IS|
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Motivation: Is there a chicken-egg problem
for plug-in electric vehicles?

® Low usage of public charging points in PEV

research projects (EV Project 2012, Bruce et al.
2012)

= Potential PEV-users wish for charging
infrastructure before purchase (Dutschke et al. ’
2012)

® Large deficit of current public charging
points (Kley 2011)

= Charging infrastructure may help to reduce

range anxiety (Tate et al. 2008, Kurani et al. 1996, I
Kalhammer et al. 2007)

= Users drive differently and have different ® Home charging possible for many users
purchase intentions (Plétz et al. 2013, Gnann et (Plotz et al. 2013) and sufficient for many
al. 2015a) potential PEV buyers (Kley 2011)

Models for co-diffusion of other alternative fuels available (Diesel, Gas, Hydrogen (Greene 1996, Sperling,
Kurani 1987, Yeh 2007,...)), but transferability difficult due to PEV specialties

= Higher charging duration and lower ranges of PEVs (currently ca. 100-150 km)
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Motivation: A model is built based on
requests

!

2>Request 1: Model the
demand/desire for charging

infrastructure I. '

“>Request 2: Consider the usage of
public charging points

->Request 3: regard the varying —“>Request 4: incorporate different
driving charging facilities

—2>Request 5: charging time and frequency should be taken into account

Development of an agent-based model grounded on driving profiles that covers the
interaction at public charging points and copes with PEV and charging infrastructure
specialties.
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Method: The model uses a feedback loop for
the PEV and public charging point stock.

t=t+1

Earlier model version*
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2. Determination
of PEV stock
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*As presented in Plotz, Gnann, Wietschel, Ulrich: ,How to foster EV market penetration?” and published in (Pl6tz et al.
2014, Gnann et al. 2015b)
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Model ALADIN

Alternative Automobiles
Diffusion and Infrastructure

" Model steps

Vehicle buyer agents

1. Individual PEV simulation
SOC; (T + Ar. 1)

_ SOC(7,t) — d(AT) - €f (1)
| min{SOC(r, 1) + A7 - B(7,t),Cpa(6)}

d(AT) >0
d(AT) =0.

Results: electric driving share PHEV,
| BEV substitutability

==

2. Individual determination of the
optimal vehicle

max uj,, (t) = —TCOZE" () — TCOEL () + WTPM,;, ()
m

Results: (PEV-)registrations on drive
\_ trains and user groups

CPO agent

4. Optimimal (de-) construction of
public charging points

f)_l){'(r) —Pe f(t)

Nep(t + 1) := a1 1)
cp

Results: public charging point stock

(. )
Framework parameters

)

PEV agents

3. Calculation of PEV stock and
joint PEV-stock simulation
Wye(t) = >, Wi,(t) and I =public.

Results: Amount of public energy

charged by location )

| Parameters I

= Techn.: battery sizes, consumptions
=fconomical: car prices, residual
values, O&M costs

=Policies: subsidies, taxes

-Energy and battery prices

| Charging Infrastructure I_

» Existing charging point stock
= Cost for charging infrastructure
= |nitial cost for public charging

| Vehicle market |

= Registrations per user group
= Stock parameters
= Future PEV availability

s o’

~

Data on user behavior

Driving profiles |

= All trips over at least one week: distance,
dept. & arrival time & -place

= Owner information: sex, age, income,
garage, city size

Favoring and limiting factors

= Willingness-to-pay-more by Rogers’
adopter groups

= Limited infrastructure availability

= Limited Brands availability

| Differentiation |

= 3 groups of vehicle buyers agents:
private, commercial, company car

= 4 drive trains: BEV, PHEV,
gasoline, diesel

= 4 accessibility types for charging:
domestic, commercial, work, public
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Data: 1.3 million vehicle driving profiles of
of Stuttgart are simulated as EV

the region

.
|W
£

Ludwigsburg

Rems-Murr

Stuttgart

Béblingen Y
Esslingen oppingen

Mobility panel of 5,000
households for one
week in the region of
Stuttgart (see map)

Transfer to all people in
the region of Stuttgart
based on socio-
demographic data and
trip matrices

2.7 Mio. inhabitants

and 1.3 million vehicles
(Hautzinger et al. 2013)
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Assumptions: Three scenarios are considered
for simulation.

Charging power in different scenarios

Scenario hame Home* Work Public
charging charging charging
Home-only 3.7 kW - -
Home-and-work 3.7 kW 3.7 kW -
Home,work and public 3.7 kW 3.7 kW 3.7 kW

Public charging with subsidies until 2030

Charging infrastructure unit value value

2015 2030
Annual cost for public charging point €/yr 800 450
Annual subsidized price €/yr 100 450

* Home charging means domestic charging for private vehicles and commercial charging for commercial fleet vehicles.
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Results: The PEV diffusion with home char-
ging can be increased with charging at work.

PEV stock

CP stock

10

Million

Lo L =L v =

home charging

= - =home and work charging

2015 2020 2025 2030
P
/
2015 2020 2025 2030

home, work and public charging

Many PEVs with home-only charging

Increase of PEV stock by 10-20% through
work charging

No increase with public charging

~70% PHEV independent of charging scenario
(but depending on costs assumptions)

CP stock equal to number of PEVs in home
only charging (precondition)

CP stock doubles with work charging
(precondition)

Small increase of CP stock for public charging
points

Charging with 3.7 kW in all scenarios and at all locations.
Annual cost for public charging point: 800€/a (2015), 450€/a (2030)
Annual subsidized price: 100€/a (2015), 450€/a (2030)

Initial public charging price: 0.40€/a (2015)
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Results: Public charging points have no
techno-economical influence on PEV diffusion

100,000

public CP stock

10,000

1,000 |
100,000 1,000,000 10,000,000
PEV stock

home, work and public charging

PEV stock independent of public charging
point stock

Number of PEVs has large influence on
number of public CPs

Public charging points only with
subsidies

Tipping point (saturation) when decrease
of subsidy is equivalent to increase of
energy charged in public (Aa,= AW, )

NcpQep

ppr:' = Pel + Pcp = Pei +W—pc

Charging with 3.7 kW at all locations.
Annual cost for public charging point: 800€/a (2015), 450€/a (2030)

Annual subsidized price: 100€/a (2015), 450€/a (2030)
Initial public charging price: 0.40€/a (2015)
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Discussion & Conclusions: Home charging is most
important for PEVs, then at work, then in public.

Discussion

Techno-economical analysis of
charging infrastructure,
psychological need (value for the
possibility) of public charging not
reflected

Data sets with limited
observation period, yet additional
calculations show no qualitative
differences

Only slow charging (AC) analyzed
with this approach, yet approach
not useful for fast charging

Conclusions

Charging at home is mandatory for PEVs!
Charging at work increases number of PEVs

Public slow charging without influence
from techno-economical point of view and
subsidies necessary

Differentiation of different charging
infrastructure access types is important.

Differering user behavior should be
addressed.

ABM is best solution for this complex system
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Further research

Currently working on...

= ..including the “psychological” cost for the “option
to charge” based on a survey

= ...analyzing the potential benefit of load shifting

= _..how to combine slow (“opportunity”) with fast
(“interim”) public charging

Other works on PEVs with the model:
= Include assumptions for fast charging

= Look at the potentials for first and second cars in
households

= |nclude rental cars for long distance trips

= More details on PEVs as commercial passenger
cars
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Regularity of driving of private vs. commercial
passenger cars, taken from (Gnann et al. 2015a)
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Thank you for your attention!

Further questions?

Dr. Till Gnann

Competence Center Energy Technology and Energy Systems

Fraunhofer Institute for Systems and Innovation Research ISI

till.gnann@isi.fraunhofer.de
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