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Introduction: Current Challenges in Mobility
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Figure 1: Energy sources in transportation
for Germany
Source: (BMW1i, 2007)

= Greenhouse gas emissions / Global warming
— ca. 18% of total CO, in Germany

= Urban air pollution - Electric Mobility
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Introduction: Electric Mobility and V2G -

E.ON Energy Research Center

= Battery Electric Vehicle (BEV)
= Hybrid Electric Vehicle (HEV)

= Plug-in Hybrid Electric Vehicles
(PHEV)

= PVEV, FCV, etc.

= Vehicle-to-Grid (V2G) Tf

— Discharging energy stored in

battery to the grid ﬁ é e

(Kempton and Tomic, 2005)

fc n e C, Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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Introduction: Electricity Market

= Electricity market characteristics
— Demand = Supply!
— High volatility of the demand (seasonal, daily)

— Hardly any storage
e 7,000 MW (MWh/h) load and 40,000 MWh storage in Germany

— Base-load and peaking plants

marginal costs

[€/MWh]
GT
pumped storage
CC Gas
Y coal
lignite
, nuclear
water, wind
amount
fc n s C, Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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PHEV: A Challenge and an Opportunity for Electricity Producers
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S0000,00

4,000,000 PHEV-60km

MNet Load [MW]

R R IR I IR R RS B R
B No PHEV M with PHEV {Uncontrolled Charging)
= Controlled Charging / Morning Charging
— Prevent PHEV loading during peak hours
— Move loading to hours of low electricity demand
] Ve h i Cl e_to_G r‘i d Wind Power in 2008 / Germany [MW)]

25000

— Use of PHEV energy in peak hours l
— Replace peaking plants =
— Storage of excess energy (e.g. wind?) | - I T W

0

W Wind Power in 2008 / Germany [MW]

‘ 4,000,000 PHEV-60km (12 kWh) = 12,000 MW load
48,000 MWh storage

Energy Consumer Nieds
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Related Literature (on Daily load impacts of PHEVs)
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Short and Denholm (2006)

Kintner-Meyer, Schneider and Pratt (2007) — focus North America, generation mix

2002; into of PHEV-33, “load valley-filling” approach

Parks, Denholm and Markel (2007) — Off-peak charging optimizing grid utilization
at off-peak times (control by the SO)

Fernandez et al. (2009) — Spain, 2030, dumb vs smart charging (+V2G)

Sioshansi (2009), Sioshansi and Denholm (2009ab); Texas

-~ -~ 1H S ks YaYaYe ) ne mad ............ Al A~s .,. C enerev IA ...,.,\.JI ien ~F
Il I 1iC \LUuT) — I Idaxirnrsii C CLLIIL Clicigy Clidigcu/usc Ul

CL

Rotering an ast charging i

ng
the electric drive; Smart charging that maximizes profit from V2G
Clement, Haesen and Driesen (2009) — Uncontrolled charging with delay to
minimize electricity cost; Controlled charging minimizing power losses in the

distribution grid

C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany



State-of-the-Art (1/3) - e o

Table 2: Impact of V2G on Generation Costs in dependence of PHEV penetration

PHEV Penetration Generation Costs ($) Value of V2G ($)
With V2G  Without V2G

0% n/a 34,133,080 n/a

1% 34,117,191 34,153,689 36,498

5% 34,199,011 34,299,564 100,553

10% 34,353,691 34,492,594 138,903

15% 34,534,952 34.690,096 155,144

Source: Sioshansi and Denholm (2009a)

= Controlled Charging leads to lower generation costs

fc n stute for Futre. C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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State-of-the-Art (2/3)
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Figure 10: Impact of Controlled Charging and V2G on vehicle emissions

Source: Sioshansi and Denholm (2009a)

Effects of Controlled
Charging depend on
electricity generation
system

PHEVs reduce GHG
emissions at the tailpipe

Sioshansi and Denholm
(2009):
— Texas

— Coal-fired plants with
poor SO, treatment

fc n s C, Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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Figure 9: Overview over results in literature concerning emissions and penetration
Dowds et al. 2009

= Power from the electrical grid requires additional power
generation and causes additional GHG emissions from the
electrical sector.
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Aim and Scope of our Work

Focus of our study: Germany

What is the annual impact of PHEVs ...
— ...on the daily load in Germany?
— ...on generators deployment in Germany?
— ...0n generation costs in Germany?
— ...on GHG and pollutant emissions in Germany?

What is the influence of different charging scenarios, for instance Uncontrolled
Charging, Morning Charging or V2G?

What is the effect of different energy mixes?
— Current energy mix
— After nuclear power phase out
— ‘French’ energy mix

How are PHEV owners affected?
— ...in terms of fuel costs

C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH

June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany 14
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Overview

= |ntroduction
= Related Literature
= Aim and Scope of our Work

= Methodology

— The Model
— Activity Diagram of Matlab Code
— Charging Scenarios / Control over Charging

= Results and Findings

= Conclusions
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The Model -

E.ON Energy Research Center

Modeling and Simulating the Impact of Plug-in Hybrid Electric Vehicles and
V2G on Electricity Generation Costs and Emissions

— T
Modeling and Simulation of Power Modeling and Simulation of
Generation Infrastructure Vehicle Usage Pattern
* Real world power plant data * Determination of PHEV connected to
e Real world net load curve grid and energy stored in batteries
» Real world wind power production (based on Hartmann et al. (2009)
* UC model based on Sioshansi (2009)  Different Charging Scenarios
e Data for 2008 e ‘Mobility in Deutschland’ study (DIW
2003)

\ e Data for 2001
Pl—

Simulation with Matlab/lp_solve

Power generation costs Im pact Generation emissions
PHEV emissions / l N PHEV ‘fuel’ costs

Power plant deployment

fc n e C, Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH 16
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The Model

min Z(SiSQ,t +SPu;, +¢,q;, +Clinc;, +CDideCi’t)

€l S ... start-up costs; SP ... spinning costs; ClI, CD ...
marg. cost of increasing/decreasing power gen.

Zqit — |t + P, Load balance (supply = demand)
iel |
0<q;, <MQ,, Max. output (global gen. restrictions)
-R <q,-q,,<R Generation flexibility (gradient of load change)
1 — 1t t-1 — |
t
Z h,<1l-u, Minimum up-time
r=t—gd,
\ d
Minimum down-time
D S, Su
T:t—gui
f it forFuure C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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UML Activity Diagram

[llustration of Matlab Program \4}

Scenarios
*400,000 / 2,000,000 / 4,000,000 PHEVs
*PHEV-30km / PHEV-60km

Charging Scenarios / Controlled
Charging

*No PHEV

*Uncontrolled Charging
*Morning Charging

*Morning Charging + V2G

8760 periods p. a. / 24 cases

linear function f(x) to be maximized
with 1638 variables

and

problem constraint Ax=b with 1912
constraints

3 hours of simulation per year and
scenario

c
9
b
(2]
;S (Initialisation of Generator Data)(lnitialisation of Trip Data)(lnitialisation of Program Properties>
=
1)
©
a
(Simulation of period t)/
I
( Simulation of vehicles >
c
.% / \
g (Determlnltlon of vehicles Ieavmg> (Determmatlon of vehicles returmng)
=
ol >
&l 3|1 =
AR .
= é (Stored PHEV energy connected to gr|d>
[an ) | B |
S & . . i ——
& 3 (Slmulatlon of (Un)controlled with/without VZG>
=|| ~
o0}
IS (Determinition of Impact on net load demand>
=
9o
ks
>
.:% _E (Formalization of MILP with Ip_solver>
ks v
>
S Solving of MILP Increase of Calculation time
E C 9 = )
o
—
s Solution found/L No Solution found
All periods calculated Simulate next period with previous data

(Save data to Excel)
I
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and Bakai June 24th, 2010
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Charging Scenarios (1/2)
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Charging Scenarios (2/2)
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20000,00
85000,00
— 80000,00
3
E 75000,00
=
o
S 7000000
-
]
Z  55000,00
60000,00
55000,00
(=1 (=] (=1 [= =] [= =] (=1 (=] (=1 [= =] (= (=] o o o o o (= (=1 [= =] (=1 (=] (=1 (=] (=1 [= =] (=1 (=] o o o 2 o o o (=
(=] (=] (=] L= = | L= = | (=] (=] (=] L= = | (=] (=] [= R = | o o O (=] (=] L= = | (=] (=] (=] (=] (=] L= = | (=] (=] o o O o O (= = | (=]
M @ O o ™M Mmoo N 0 M~ 0 & O o MmO o o6 Mmow omn oW oo O oA MNoMmos I Do oo O o oM
[=] (=] — — — — — — — — — — ™~ ™~ ™~ ™~ (=] (=] (=] (=] (=] (=] (=] [=] (=] [=] — — — — — — — — — — ™~ ™~ ™ [}
® Uncontrolled Charging m Morning Charging m Morning Chargingand V2G
4000000,00
3800000,00
— P ,\ S
3600000,00
) — O /N VAN A
#, 3400000,00
" NS
¥ 220000000 |
=]
(]
— 3000000,00 "
S AN AN
E 2800000,00 \ \
2 2600000,00 \ ’
m
(0 2400000,00 \ /
2200000,00
2000000,00 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
(=] [=] = [=] = (=] = (=] [=] (=] [=] = (=1 = (=1 (=] (=1 (=] = = (=] [=] (=] [=] = (=] = (=] [=] (=] [=] = (=] = (=1 (=] (=1 (=] = =
(=] (=] = (=] L= = L= = (=] (=] (=] L= =] L= =] (=] (=] L= =] L= = (=] (=] (=] L= = L= = (=] (=] (=] = o o o (=] (=] L= =] =
M o O A o Mmoo Mmoo oM~ 0 @ 8 o oo Mm99 o of mog oWn oW o @ @ 9 A oMo o oo~ @ @9 o odom
(=] (=] — — — — — — — — ™ o~ ™ ™~ (=] o o L= = | (=] (=] (=] L= = ] — — — — — — 4 — ™~ [ ™~
= Uncontrolled Charging ——Muorning Charging = Marning Chargingand V2G
4,000,000 PHEV-60km
fc n Institute for Future C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWNTH 20
Energy Consumer Nieds . . . . .
and Behavios June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany UNIVERSITY



Ove rVi eW E.ON I:":?-?r;-sc arch Center
=" |ntroduction
= Related Literature
= Aim and Scope of our Work
= Methodology
= Results and Findings
— Generator Deployment
— Generation Costs and Emissions
— PHEV Costs and Emissions
— Impact of Other Energy Mixes
= Conclusions
f sttt for Futre C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
C n cree " June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany 21



Generator Deployment
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Mw

MW

MW

M

B Nuclear MWLlignite MCoal M Hydro(running-water) M Gas/oil mHydro(pumped-storage) = Wind

‘50000

No PHEV

80000 -
70000

60000

With Controlled Charging

50000 -SEREEE .
= Lower deployment of peaking plants
30000
20000
= Higher deployment of coal fired plants
2412345678 91011121314151617181920212223241 2 3 4 56 7 8 ©1011121314151617181820212223241 2 3 4 5 &
90000 n
80000 4 Uncontrolled Charging
70000
60000 |
50000 &
40000
30000 Table 20: Deplovment of generator tvpes depending on charging scenario
20000
10000 in comparison to case where no PHEVs exist (4,000,000 PHEV-60km)
0241 2345678 951011121314151617181920212223241 2 3 4 56 7
Deployment of generator types
20000
80000 | Mor - - Basic Scenario Uncontirolled . . Morning Charging
o000 Charging Scenario (No PHEVY) Charging Morning Charging and V2G
B Generator Distribution of |Distribution| Change in |Distribution| Change in |Distribution| Change in
40000 total output | total output | total output | total output | total output | total output | total output
o Lignite 26.1% 25.7% 0% 25.7% 0% 258% 0%
10000 Nuclear 255 % 251 % 0% 252 % 0% 252 % 0%
D241 2345678 91011121314151617181820212223241 2 3 45 6 7 C“nal 21_‘?% zl_s% +19% 24_1% +12.5 q_;’o 25_1% +lﬁ.g %
20000 Mormi Gas / 0il 149 % 154 % +4.5 % 13.7% 6.6 % 132% | -10.7%
80000 -
o0 _ Hydro 22% 21% +0.1% 21% 7% 21% 08%
60000 (running water)
50000 H‘Fdl’[}
40000 ) = . 290% 32 % +14.8 %% 2.4 % -13.6 %% 1.9 % 335
30000 {P'lll.'llp— storage)
20000 Wind Power 6.7 % 6.7 % +) 2 % 6.7 % +14 % 6.7 %% +13 %

10000

Source: own simulation

B Y LULLIL1I 181 I0L7 IOLY AV L4344 L L 3 4 D 0

o
2412 3456 78 9$1011121314151617181920212223241 2 3 4 5 6 7

Imstitute fof Fubure
Energy Consumer Nieds
ans] Behawins

C. Mazur, R. Madlener
June 24th, 2010
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Generation Costs and Emissions
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Table 19: Generation cost and emission depending on charging control and PHEV diffusion

Power generation cost [€MWh] Wlth Controlled Charging

. Mornin

Uncontirolled Morning Ch'; %

1 3 g =
Charging Charging

Charging Scenario

No PHEVs

Penetration and V2G = Generation costs l
No PHEVs 0% 3240 - - -
400,000 (1%) = 3243 3231 3829 [ Average Emissions t
2,000,000 (3%) - 3854 38.18 3812
4,000,000 (10%) - 3860 3803 37.80
400,000 (1%%) - 3844 3830 3822
2,000,000 (3%) - 3858 38.10 3781
4,000,000 (10%) - 38.75 3788 3749 I]

Source: own calculations
Table 21: Impact of PHEV diffusion and charging scenario on average electricity generation emission

Average emission per 1 MWh electricity generation output

Result U‘é_.h“‘::;].';]f;d Moming Charging Sl
Penetration CO, 50, NOx CO, 50, NO; CO; 50, NO;
kg®WWh| gdWfWh | gWWh |kg®WIWh (| gWWh | gMWh |kg®WWh | gW0Wh | gWWh
612 404 563 - - - - - -
400,000 612 404 363 613 406 563 613 406 563
2000000 612 404 364 616 410 365 617 411 365
4,000,000 612 403 565 620 413 567 621 418 567
400,000 612 404 363 613 406 363 615 408 363
2000000 612 403 364 618 413 366 622 418 367
4,000,000 612 403 364 622 419 368 627 423 369
Source: own simulation -
v C.Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH 73
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Overview

" |ntroduction

» Related Literature

= Aim and Scope of our Work
= Methodology

= Results and Findings

— Generator Deployment

— Generation Costs and Emissions
— PHEV Costs and Emissions

— Impact of Other Energy Mixes

= Conclusions
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PHEV Operation Modes

E.ON Energy Research Center

Table 24: Average annual ratio of driven distance in All Electric or CS Mode
depending on PHEV type and control over charging
Average annual ratio between All Electric and CS mode of PHEV

Uncontrolled - - Morning Charging
e R and V2G

CS Mode

CS Mode CS Mode

PHEV-30km 61 % 30 % 48 %% 52 % 45 % 35 %

PHEV-60km 77 % 23 % 70 % 30 % 64 0 36 %

Source: own simulation

With Controlled Charging:
= Not only the specific emission footprint of the energy changes,

but also ratio of driven kilometers in All-Electric Mode decreases

fc n s C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH

wisee - June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany =
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PHEV Costs

Table 24: Average annual ratio of driven distance in All Electric or CS Mode
depending on PHEYV type and control over charging
Average annual ratio between All Electric and CS mode of PHEV

Uncontrolled
Charging

Morning Charging

Morning Charging and V2G

All Electric

CS Mode

All Electric

CS Mode

All Electric

PHEV-30km

48 %

32 %

45%

35 %

PHEV-60km

70 %

30 %

64 %

36 %

Source: own simulation

Table 27: Annual fuel cost of PHEV in regard to range and charging scenario

Average annual fuel cost for 14480 km (electricity and petrol)

For comparison:
Conventional vehicle
€1368 p.a. and 14,481 km

Uncontrolled
Charging

Morning Charging

Moming Charging and V2G

Anmual Fuel Cost Annual Fuel Cost Annual Fuel Cost
€/a €/a €/a
PHEV-3km 780 49 863
PHEV-60km 696 731 T66

Source: own simulation

With Controlled Charging: Fuel costs increase

4,000,000 PHEV-60km

Assessing the Power Sector-Related Environmental and Cost Impacts of
Plug-in Hybrid Electric Vehicles in Germany

C. Mazur, R. Madlener
June 24th, 2010
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PHEV Emissions

E.ON Energy

Research Center

Table 24: Average annual ratio of driven distance in All Electric or CS Mode
depending on PHEYV type and control over charging
Average annual ratio between All Electric and CS mode of PHEV

Uncontrolled
Charging

Morning Charging

Morning Charging and V2G

All Electric

CS Mode All Electric CS Mode All Electric | €5 Mode

PHEV-30km 61 % 39% 48 % 32 % 45% 35 %
PHEV-60km 77 % 23 % 70 % 30 % 64 % 36 %

Source: own simulation

Table 25: PHEV emissions per kilometer depending on diffusion and control over charging

Average PHEV emission per 1 km

Result U‘&“‘:;‘;‘L“" e T e
Penetration CO, S0, NQ.. COy S0, NOy COy SOy NOx
ghm | mghkm | mghkm | glm | mghkm | mgkm | gkm | mglm | mglm
400,000 1311 356 1622 1342 470 1794 1349 452 1831
2,000,000 1311 335 1625 1345 474 1795 1352 457 1830
4,000,000 1311 354 1624 1340 480 1796 1356 464 1831
400,000 1275 66.1 1415 1202 620 13035 1308 378 1388
2,000,000 127 4 66.0 1416 1208 620 1506 1317 505 1586
4.000,000 1274 66.0 1418 1305 638 15090 1324 60.1 1593

Source: own simulation

With Controlled Charging: Average vehicle emissions increase

June 24th, 2010

C. Mazur, R. Madlener

Plug-in Hybrid Electric Vehicles in Germany

Assessing the Power Sector-Related Environmental and Cost Impacts of
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PHEV Emissions -

E.ON Energy Research Center

= Annual per-vehicle emissions in t per year and average travel distance of
14,481 km

— PHEV-60km
— Current energy mix

5 .
Annual Emission per PHEV:
4 CO2int
3 S02 and NOxinkg
2 " " " "
1 M Tailpipe Emissions
0 . B Generator Emissions
C0O2 502 NOx C0O2 502 NOx C0O2 502 NOx CO2 502 NOx C0O2 502 NOx
Conventional Vehicle HEV PHEV PHEV PHEV
Uncontrolled Chraging Morning Charging  Morning Charging
and V2G
fC n Vestitute for Future C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH )8
Energy Consumer Needs . . . . .
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Overview

" |ntroduction

» Related Literature

= Aim and Scope of our Work
= Methodology

= Results and Findings

— Generator Deployment
— Generation Costs and Emissions
— PHEV Costs and Emissions

— Impact of Other Energy Mixes

= Conclusions
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Impact of Other Energy Mixes (1/3)

E.ON Energy Research Center

= Germany in 2020 with nuclear power phased out

Table 31: Impact of phasing out of nuclear power in Germany on generator emission (vear 2020)

4,000,000 PHEV-60kms

Average emission per | MWh electricity generation output

Uncontrolled Morning Charging
Charging

Morning Charging and V2G

Current German
Energy mix

German energy mix
in 2020 without
nuclear power
Source: own simulation

Table 32: Impact of phasing out of nuclear power in Germany on PHEV emission (vear 2020)
4,000,000 PHEV-60kms
Average PHEV emission per kilometer

Uncontrolled Mornine Chareine Morning Charging
Charging orning LAargms and V2G

Current German
Eenergy mix

German energy mix
in 2020 without
nuclear power

Source: own simulation

C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany
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Impact of Other Energy Mixes (2/3)

E.ON Energy Research Center

= Germany in 2020 with ‘French’ energy mix

Table 35: Impact of high nuclear power diffusion on generator emission (French energy mix)
4,000,000 PHEV-60kms

Average emission per 1 MWh electricity generation output

Uncontrolled Morning Charging
Charging

Mormning Charging and VIG

Current German
energy mix

Germany with French
energy mix
Source: own simulation

Table 36: Impact of hich nuclear power diffusion on PHEV emission (French energy mix)
4,000,000 PHEV-60kms
Average PHEV emission per kilometer

Uncontrolled . . Morming Charging
Charging Morning Charging and V2G

Current German
ENergy mix

Germany with French
energy mix

Source: own simulation

C. Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
June 24th, 2010 Plug-in Hybrid Electric Vehicles in Germany
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Impact of Other Energy Mixes (3/3)

E.ON Energy Research Center

25 — |
' P ® Uncontrolled Charging
_— |
-, 2 : I B Morning Charging
g : : u Morning Charging + V2G
- |
15 |
H. : I |
: L I8
1 |
v I :
8 05 +!
o .
I |
0 -+t~
cv CurrentGerman Energy mix without French energy mix
Energy mix nuclear power

Figure 26: Impact of Charging Control on PHEV CO0, emissions in regard to energy mix.
(Annual average CO; emissions per PHEV for 14481 km)
Source: own illustration, based on own simulation

Institute for Future Assessing the Power Sector-Related Environmental and Cost Impacts of AACHFN
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Overview

" |ntroduction

» Related Literature

= Aim and Scope of our Work
= Methodology

= Results and Findings

= Conclusions
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Conclusions

With current energy mix
— Uncontrolled Charging leads to higher generation costs
— Incentives for electricity producers to control charging patterns & V2G
e Decrease of generation costs
* Increase of generation emissions
* Increase of PHEV fuel costs and emissions
= Energy mix without nuclear power leads to slightly higher emissions

— if nuclear power is substituted to a large extent by wind power
‘French’ energy mix is affected the most by controlled charging

= Scope for future research:
— Modeling of impacts of grid constraints
— Optimization 24 hours ahead

— More detailed modeling of power generation system
* by efficiency factor, age, size of plant etc.
— Simulation of individual PHEV usage instead of aggregated pools

fc n wwewnne — C, Mazur, R. Madlener Assessing the Power Sector-Related Environmental and Cost Impacts of RWTH
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= =)

Connected to Grid
Totalamount of vehicles
Total left energy storage

( Coming home

Work, Shopping,
Leisure, ....

Out of House
Totalamount of vehicles
Total left energy storage

Figure 14: lllustration of modeled PHEV Data. Left: Aggregation of PHEVs at home, connected to grid and their total stored energy. Right:

Aggregation of PHEVs out of house and their left stored energy.

Source: own illustration
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Amount of trips depending
on day of week

Amount of trips depending

on time of day 5:00-7:00

8:00-9:00

N o

Figure 15: Approach for modeling PHEVs flows
Source: own illustration
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4.000.000
3.500.000
3.000.000
2.500.000
2.000.000
1.500.000

1.000.000

Vehicles connected to home grid

\

~\ P - P A\ TN
\ / \ /SN £\ £\ 7\ /5y N
./ \ /N [ \ [

7/
VA U A U A W A W

v v v

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

s Ve hicles connected to home grid

Figure 16: Amount of vehicles connected to home grid (simulated 4,000,000 PHEV-60km)
Source: own illustration, results of own simulation, based on (DIW, 2003)
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Charging Scenarios
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