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2. An analogy between
transport and electricity
systems
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2.1 Energy versus mobility
00 RESRAFTALZES AT LADTFOS—%1E

Table 1
Comparison of power systems and transport systems.

M

Electricity system Transport system
Electrical energy (kWh) Mobility (kmh)
Power Road space .y -
Run electrical device Trans oprt need MObIIIty Consumptlondbiﬂiﬁ:
v p - Mobility (F]#&%) :="the ability to move”"&TFEE
Power plant Road infrastructure . JEEE: Mobility & B AR
Power generator Lane - ERFIAE: BHICLKD TMobilityZ/HE L TL\D
Blackout Congestion, Gridlock
Electron Vehicle
Heat Delay

2025/05/08 HAEER#02



2.2 Supply, 2.3 Demand
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Fig. 1. Graphical illustration of power and mobility production and consumption rates.
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2.4 Energy and mobility loss
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Fig. 1. Graphical illustration of power and mobility production and consumption rates.
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3. A novel mobility
consumption theory
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3.1 Safe space headway and mobility consumption
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3.1 Safe space headway and mobility consumption
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3.1 Safe space headway and mobility consumption
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3.2 Mobility consumption in space-time diagrams
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Fig. 3. Reserved road space a) in free-flow, b) at flow capacity,
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3.2 Mobility consumption in space-time diagrams
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3.2 Mobility consumption in space-time diagrams
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3.2 Mobility consumption in space-time diagrams
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3.2 Mobility consumption in space-time diagrams
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3.3 Travel time and distance factors
REED/ISA—5E (1,,1,) (&?

Table 3
Average values of spacing, vehicle size, and reaction time based on NGSIM I-80 data.

Parameter Unit Value

Average bumper-to-bumper spacing, taken from Ma and Ahn (2008) m 6.25

Average bumper-to-bumper spacing, derived from the data m 5.76
Average vehicle size, derived from the data m 4.87
Average reaction time, taken from Ma and Ahn (2008) s 1.23

A = FHER + ¥/ /XN —[EEREEE = 4.87 + 6.25
=11.12 [m] = 0.01112 [km]

T, = RISEER = 1.23 [s] = 0.00034 [A]
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3.3 Travel time and distance factors
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Average values of spacing, vehicle size, and reaction time based on NGSIM 1-80 data. :—i;:o.So é: 9 {:g :g;
Parameter Unit Value g 5 ] [40: 50]
a) Ro.0s
Average bumper-to-bumper spacing, taken from Ma and Ahn (2008) m 6.25 0.25
Average bumper-to-bumper spacing, derived from the data m 5.76
Average vehicle size, derived from the data m 4.87 065 -
Average reaction time, taken from Ma and Ahn (2008) s 1.23 : To 5 2 8 1o 2 30 40 3o
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4. Application to road
user charging
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4.1 Existing road pricing sheme
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4.2. Mobility-based charging
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tn = Clly: FRITESRd5 72 D DIEEEE [$/h]
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4.2. Mobility-based charging

SREXA = c,M, = u,T, + 6,D,

B&MRETE: S R=— cn: BERDBEEE RS D DREE
> '*:—OD_EHJE,‘JT\ F—4} K_(j:\ Un = Cnﬂ'n: ﬁﬁ%fﬂ%F@@tD@gﬁ/ﬂi\gﬁ [$/h]
T EBERLE: ASL 200 8 = oy ¢ HRATEEREGSTZ D DIREEA [$/km]

- FfEEITIERE: 13,700 [km]

o EHFEITRE: 59.6 [km/h]

« EFEITEFR: 230 [h]

MCEREZHERUIZEE., kmhHBlZDW BERESND ?

3.38TDA, = ﬁkm, T, = %h’iﬁﬁ“% &

M =
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4.2. Mobility-based charging

n%ﬁ E — Mn — ,LlnTn + 6‘nDn

B&RTE: S R=— cn: BERDBEEE RS D DREE
> '<:_0)_ﬂrbﬂl\]7-\ H—4} K_(g:\ Un = Cnﬂ'n: ﬁﬁ%fﬂ%F@@tD@gﬁ/ﬂi\gﬁ [$/h]
T EEERLE: ASL 200 8 = oy ¢ HRATEEREGSTZ D DIREEA [$/km]

. fERFEITEERE: 13,700 [km]

. EPETERE: 59.6 [km/h]

. FIIELTESR: 230 [h]

MCEEZERAUIEESE. kmhd DWW BEBEIND?
3.38TDA, = —=km, T, = %hfzﬁﬁmét\

1000

A2 T 230h] + =22 [h] - 13700[km]

~ 1000 3600
= 2.56 +4.68 = 7.24 kmh
FE{TIERHREE
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4.2. Mobility-based charging

RE2% = ¢, M, = u,T, +6,D,

(=]111}

BHMRE: S R=— c,: BEEInDBENE R D= D DESEE
S R DRI o )t (. Un = Cpldy: HATISRSTZ D DRSEE [$/N]
~ e §, = cnty | HATEERESDS 1= D DEDEE [$/km]

. BEENERLE: A$1,200
. fERAFE(TEIERE: 13,700 [km]

. SETERE: 59.6 [km/h]

. TEFE(TERI: 230 [h]

MCEESEEALREEE, kmhBEDK 5BESNS ?

3.38TDA, = —=km, T, = %hfzﬁﬁm%t\

1000

12 1.23
1000 ——[km] - 230[h] + m [h] - 13700[km]

= 2.56 +4.68 = 7.24 kmh
FE{TIER WE

BEERSF LR U TERD L HEOBIHES O DA,

A$1200
—— = A$166 [/kmh]

Cc =
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4.2. Mobility-based charging

SRERH = c,M, = u,T, + 6,D,

BANEER: S R—=— cn: EREINDBENHE RS IZ D DIREEA
S RZ—D—HHIR RS /(= tn = Cpldy: DRATISMEIS T2 D DEREER [$/h]

- BEIERRE: A$1,200 8y = T : MRATEERESDIZ D DIREER [$/km]
- FRIE(TIERE: 13,700 [km]

o FHEEITRE: 59.6 [km/h] _
. FETESRT: 230 [h] ZDEE,
MCEREEZEAHUIEEST. kmhHEDUW S53REINDB? Hn = 1.846[A$/h]
s 13 123 5, = 0.0567[A$/km]
, * = — = — \ N _ s -
B CDA, = 7555 km, Tn 3600h3 SIS (T L. fEst-srEm=1.82:1
M = m [km] - 230[h] + ﬁ [h] - 13700[km]
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5. Impact of mobility-based
charging on travel
behaviour and congestion
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5. Impact of mobility-based charging on travel behaviour and

congestion
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5.1 Impact on departure time choice

Route length L

: ISRI3 1= DS ADHHEIT S
; Free-flow speed V
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bottleneck

with capacity s

Fig. 7. Single road with a bottleneck.
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5.1 Impact on departure time choice
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5.1 Impact on departure time choice

R D & ZD—RRE UTSHIRIT IR e(t)
C(t) =aT(t)+ L max{0,t* —t —T(t)} + ymax{0,t + T(t) — t*} + cM(t)

RITEFEI O X b BEEJX b EEIXA b = Rl
MCEREZECM (t) (E. BiR: N,L,V,s,Qt) CEZTEUT. @Rz RkDD
cM(t) = uT(t) + 6L Route length L ®)
. Free-flow speed V Q
N vehicles O— — 2@
bottleneck

with capacity s

Q(D): tICHFEUZRDFLITIIRES

2025/05/08 HAEER#02



5.1 Impact on departure time choice
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5.1 Impact on departure time choice
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5.1 Impact on departure time choice

Wardrop (1952) MFE—ERBI=ZRE
Wardropi’:]&i(:a‘a‘b“étlj%ZAZr(t)(ft r(t)dt = N)(iLXTT‘?EE—STL% (¥ U < [ZAppendix. A) .

‘

a+ H 1z Cumulative number

<C¥ + U — ﬂ) Sy t € [t ! t) of travellers
A
r(t) =4 @+
~ N
S, t €[t t"]
ka+u+y

9 D EHNERREIH (Fig.8MIKEES) BETE TS

T )

a: FATRFEI A hDJI NS A—4
B,y B&, BED/(SA—-4

Y N
(m)‘"“

— _ . . T - T T " ’I, T - » Time
w: TkiTIF R Iz D DFREERE - : I : _ LIV ime
J: ﬁﬁﬁﬁﬁ%'ﬁéét D DRERR ¢ FRLIV t+T()
s:IKNLRYODHOFTE _ _ _ _
N: Fi’iTE 2% Fig. 8. Cumulative departures and arrivals in bottleneck model.
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5.1 Impact on departure time choice
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Fig. 9. Total queuing delay depending on the travel time charging rate in the bottleneck model.
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5.1 Impact on departure time choice
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Fig. 9. Total queuing delay depending on the travel time charging rate in the bottleneck
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5.2 Impact on route choice
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Fig. 10. Dual route network.
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5.2 Impact on route choice
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Fig. 10. Dual route network.
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5.2 Impact on route choice
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5.2 Impact on route choice
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5.2 Impact on route choice
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Fig. 11. Cumulative departures and arrivals in route choice model.
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5.2 Impact on route choice

CDESE, FNEEREH (XL CErE NS,

Total queuing delay (H )

f
0 Case 1 [ Distance-based charging }
(r* — 2s)T
o = | — + 20" — 57 Ts,, Case 2 ( Mobility-based charging |
(r* —* S> i Case 3 [No charging | o - VTt
) 21*s !
Zizu :
L =0 Ly Ly o L . . o
T = a+ = Vz — V1 + o+ (Lz — Ll) 0 (,j:) 5 Travel time charging rate (i)
D= D :@b—_z—c(al- ) Fig. 12. Total queuing delay depending on the travel time charging rate in case II.
IR E D IEER R Z IR T
- PEEERRE(CKDELEREZEM=ES (1) MC:.%@(I
CEMNDOMND PEREERE K D (CEAERE Z 0

- IEEE/BIFRIBALE(= A/ON TFH D (F SEERFE (R
« RERULDOZE(CENT

2025/05/08 HAEER#02



6. Technology
Innovation’s impact on
mobility consumption
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6.1 Connected and automated vehicles

WIJ " Platoo n i n g (: $5 EFﬂq ‘EE?HESE&,J) 12:;:33 values of spacing, vehicl? i,.aljd?eafuzrwjme based on NGSIM 1-80 data.
%A &T %EJIJ§Q Pireal-‘t:e:erum er-to-bumper spaci taken from Ma an n init o
At K> C— RSB 6. 25[m]-2(m] e o i et e B3
4 87 + AEEZ :eea:;;nsﬁ;m T:I:Zn f::nn: M: a::daAhn (2008) ;n 1.23
Ay = = 0.00687[km L
" = 1000 [fem] Ay = FETEE + T3> S — TR
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T, = =——= = 0.000139[h] -

3600

NGSIMTDi&Eg#ER (300m, 28s) (CED &
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11.12 - 28 + 1.23 - 300 ~ 0.50

Mobility ConsumptionZ ((F 3 !
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6.1 Connected and automated vehicles
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6.2 Engine technologies
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7. Discussion and
Conclusions
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