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Motivation

Figure - BNP Paribas Building in Geneval

Ll

~ TRANSF'D R ECOLE POLYTECHNIOUE

FEDERALE DE LAUSANNE
2/26

I _ source: ingustravel.com
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The Project
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Overview
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http://www.youtube.com/watch?v=OaU1rL7IhM4&feature=player_embedded

No Good Deed Goes Unpunished

Diesel Bus

Direct CO2 Emissions
Initial Cost - 5.5 MUSD
Annual Cost - 8.8 MUSD
Noise Pollution

Trolley Bus
+  No Direct CO2 Emissions
« Initial Cost - 25 MUSD
«  Annual Cost - 9.8 MUSD
+  Overhead Wires

Tosa Bus
a + NoDirect CO2 Emissions
« Initial Cost - 25 MUSD
«  Annual Cost - 9.6 MUSD

Tram

No Direct CO2 Emissions
Initial Cost - ? MUSD
Annual Cost - ? MUSD
Overhead Wires + Rail

Mode Overview of Operating Line 5 in Geneva
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Parties Involved
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Problem Definition
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all buses fully charged overnight at depot(s)

after visiting a terminal, bus will be fully recharged (cycles are
identical)

the energy storage has to be able to recharge between 2
consecutive buses

every bus has to have enough energy to go back to depot at
any point of its route

the battery is never replenished (can't go below certain
threshold, e.g. 60%)

the power of on-board-charger is superior to the power of any
other elements
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Primary Decisions |

1 if station i/ has FFS,
Xi .
0 otherwise.

1 if station i has ES,
Zj .
0 otherwise.

= plOnverter — the converter power
Electric Grid ( kW)
b 2 Feeding station without ES u p,ES — the ES Charger power (kW)

« 1, — the ES capacity (KWh)

———————>{ Converter }———>
- 7




Primary Decisions Il

= buses are homogenous (for easier maintenance)

= (Bt — the battery size on the bus (KWh)

= pYBC — the power of on-board-charger (KW)
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— the amount of energy of a bus,
when it leaves station i (kWh)

— the amount of energy, that is
drawn by a bus at station i (kWh)

— the total amount of energy,

. that is drawn from the grid (kWh)
(p — the amount of energy, that is
drawn from the grid and exceeds

the peak threshold (kWh)
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With great power
comes huge
electricity bill.

POSITINITTY.COM

LP/Qv]
WAy Y R

i=0
LP/Qp]
N . aBattery Z (1+R)_in +
i=0
N(AConverter R+

Z[(AESC +G) + (ACom/erter +G)

i€ET

LP/@Qp)
AES Z (14 R) ™% + Fl +
i=0
12P
N 02(1 +R/12)7N 4
i=0

365P
(AE/ectricity +ATax ) E 1+ R/365)7/.

i=0



Constraints |

s.t. x=1,x =1 xx =1,xky1 =1 (1)
20 =0,z =0,z« =0,241 =0 (2)
xi > z,Vi € I 3)
pOBC > piCom/erter7 Vi e IQ (4)
Mx; > q;, Vi € T2 (5)
qo < rPe ®)
a <Py~ E- Dj_1,i,Vi € 7% — {0} (7)
i < p9%°T;, vie ¢ ®)
g < r+ M@2—x —z),Vi € % ©
@i < pCOEE T, 4 Mz, Vi € 7% (10)
d0 = Yo (11)
y; < rBattery i e 79 (12)
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Constraints I

Vi=vio1+a—E-Di_1;,VieI? - {0} (13)
vi > E-Djiy1,Vi € I% — {K + 1} (14)
vi > E? - Djo,ie 1% - {0} (15)
"= rBattery!yk* _ ’Ba“erys)’KJrl rBattery (16)
rBattery —E-Dpy > S - rBattery 7)
Yik 1 — E - Djre _y g > S¢ - 15 (18)
ik = E - Dy ki1 > Sp - ro7He (19)
[ Battery _ pd | Dio>Sq- Battery (20)
HpESC > 1, vi e % (21)
pConverter _ pET{erter (22)
K+1
w:N~qo+G-N(Zq;)+Zn (23)
i=1 ieT
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Constraints |1

u>w-—B (24)
L55C 4 < pFoC < UBC 4, vi e T (25)
Lg_c'::nverter(xi —z) < PiConverter < U7C_:_nverter(xi —z),Vi€ e {0} (26)
Lgonverter < POConverter < Ugonverter (27)
LB < < UFz, vi e T2 (28)
| Battery < [ Battery < Battery (29)
pOBC < (jOBC (30)
xiyzi € {0,1}, g, yi > 0,¥i € T, w,u >0 (31)

Ll

~ TRANSF'D R ECOLE POLYTECHNIOUE

FEDERALE DE LAUSANNE
16 / 26




Case Study in Geneva
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Bus #b5
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e Thénex-Vallard - Aéroport
Pour visualisor un horaie

« clquez sur Tametqui vous ntresse dans a direction souhaiise;
« vorre horeire apparalt a fécran.

@ - [ monex

Thénex-Vallard

Palexpo
ArenacHalle 7
Asroport

590
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Technical Details
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Costs (30 Years Lifetime)
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CHF70,679,163

M Bus - Battery
M Bus - Other
¥ Depot(s)
HFFS

HES

W salaries

" Electricity
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Charging Scheme
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Conclusions
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Expected cost vs. reality (+ 20 years)
Multiple solutions (degrees of freedom for decision makers)

FFS only in the first part of the route (the energy
consumption in the first part is +14 KWh, the dwelling time at
the hospital terminal is lower than at the airport)
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@ Future Work
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Future Work

= Warnings (some power settings are not possible)
= Network level (preprocessed conflicts)

= Robustness
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Thank you for your attention.
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