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- Who is TMB?

* Why has TMB adapted to a clean fleet?
+ How has TMB adapted to a clean fleet?
* New NETWORK in Barcelona

» Installation of Particles Filters.

- RETROFIT DIESEL Hybrid and CNG Hybrid.
* Acquisition of new clean buses.

Transports Metropolitans
de Barcelona




BARCELONA METROPOLITAN AREA (AMB)
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TMB as a COMPANY

v TMB and NGO in Barcelona.
v/ Staff : 7500 Employees. v'Helps the people who live in BCN
v'476.000 Passengers/day METRO . \,Dd‘!';ers o,‘;erpvehides
v 383.455 Passengers/day BUS ’
7 LINES v'Moves around 850 buses/day.
. . v'Buses run over 12hours/day
Stations: 164 v Transport about 380.000 pass/day.
Distance: 423 Kms v Connects BCN and 11 boroughs
| |
v TMB Staff: 4000 employees v'Kms of line: 972 Kms
v N° of lines: 112 vKms/year: 46M
v Total fleet: 1067 buses. v'Passengers/year: 200M
v Fleet: Diesel, CNG, Hydrid and Electric v'Commercial Speed: 11.7Km/h - 7.89mph
v Total Garages: 4 v Total bus Stops: 2.580

Transports Metropolitans
de Barcelona
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CHARACTERISTICS OF FLEET: 2010/2014

BUS FLEET in
2010 (1080 units)

By Fueling: Bus Fleet 2010 (1080 units)

Biodiesel,12.22%.

GNC,27.78%. Diesel,60.00%

By Emission in 2010

EEV: 27,78%

EURO 5; O,46%—/

EURO 4;16,20%

Transports Metropolitans
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O Diesel
B GNC
0O Biodiesel

EURO 2:23,15%

O EURO 2
B EURO 3
0O EURO 4
O EURO B
B EEV

EURO 3:32,41%

BUS FLEET in 2014
(1067 units)

By Fueling: Bus Fleet 2014 (1067 units)

Hybrid: 10,97%

B CNG
O Hybrid
O Electric

Electric; 0,09%
( O Diesel

CNG; 36,36%
Diesel; 52,58%

By Emission in 2014

EURO 4; 20,06%
EEV: 36,36% O EURO 4
B EURO 5
O EEV

EURO 5: 43 58%




CNG Buses fleet

CNG Strategy: 411 buses (38%) in 2012, going to 500 buses in 2050

To increase n © of vehicles

4507 CNG up to 50 % of the
400 total of the fleet for 2050
350 1 The main goal is to obtain
300 with CNG Engines low
reo emissions and more power.
= At
200 Articulated Use a cheaper and less
. H Standard polluting fuel.
100 - By Emission in 2014
50 - EURO 4; 20,06%
EEV: 36,36% @ EURO 4
0 T T T T T T f \ BEURO 5
(196'\ (190(1’ r19Q<o QQ%(\ (19905 \Q\,\\ (19,\0, O EEV
v ®

EURO 5: 43,58%
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Pollution in Barcelona Area

Study by Government of Catalonia 2007
Pollution Map over BCN

BLACK CLOUD
over .
g Barcelona City J e [
4 )
First Decision was: REDUCE EMISSIONS
N\ )

TMB has 1067 buses running all day in BCN and.....
WHAT COULD TMB DO
TO REDUCE THIS POLLUTION?

New Network of bus Lines

Adapt their old fleet to low emissions:
Particle Filters and RETROFIT HYBRID

(& J

" )
@ Transports Metropolitans Acquisition New Clean Fleet

de Barcelona




How has TMB adapted to getting a clean fleet?

O )
Low Emissions
Achievements
N\ J
| |
/ \ / \ / Actions taken \
Make a better network in the infrastructures
of Bus lines. Actions taken d | <
More efficiency over the fleet and emp oy.e.e'
and Sustainability (Garages, facilities,
\ j \ j \Tr'ain workers and drivers, eTc.y
[ |
C N (O N O N
PROJECT 1: PROJECT 2: PROJECT 3:
INSTALL PARTICLES RETROFIT Hybrid Buses Acquisition New Buses with
FILTERS SCRT. DIESEL and CNG Latest Clean Technology
Low Emissions Low Consumption Low Consumption
U 2R 0

Transports Metropolitans
de Barcelona




NOVA XARXA: NEW NETWORK IN BARCELONA

High level of service: faster and more efficient.

Fabra i Puig

La Maquinista

Besos/Verneda Olimpic de
Badalona

Zona Franca

Transports Metropolitans
de Barcelona

11



T™MB

PROJECT 1: Transports Metropolitans
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STEP 1: Estimated Calculations

Average Speed of test: 33Km/h
Units emissions: mg/Kms

Normative Emissions of the Engine DIESEL for the buses:

Standard Euro 1 Euro 2 Eurc 3 Euro 4 Euro 5
Oxidize of Mitrogen (MNOx ) - - 500
Carbon Monixide (CO) 2720 1000 640
Hydrocarbons (HC) - - -
HE + MOy =] 200 5a0
Particles (PM) 140 100 B0
Total Kms/year: 45000
Total Buses: 460
Without With % Reduce For 460 buses:
Total Emissions
Particles Filter Particles Filters with filters Total Reduce
EMISSIONS Reduce with filters
(EVRO III) (EUVRO V) Tons/year /bus bus/year emissions/year
Tons/year/bus Tons/year/ bus re (Tons/year)
Oxidize of Mitrogen (NOy ) 22,5 8,1 14,4 64, 00% 6.624
Carbon Monoxide (CO) 28,8 22,5 6.3 21,858% 2.898
HC (Hydrocarbons) + MOy 26,2 10,35 14,85 58,93% 6.831
Particles (PM) 2,28 0,225 2,025 90, 00% 932

Transports Metropolitans
de Barcelona
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STEP 2: PREVIOUS ANALYSES

_ - Graph Reduction by Brand
Reduce the particles emissions 110.00%
and NOx ’
between 50% and 60% 100,00%
90,00% | 1
80,00% |
: 70,00% 4|
TESTING their
TECHONOLOGY IN SPECIFIC LAB 60,00% 1
under ESC and ETC CHECK 50,00% 1|
40,00% |
30,00% |
20,00% |
Analysis of Results 10,00% |
0,00% +— ' ' ' ; ;
% Reduction ESC % Reduction ETC % Reduction ESC % Reduction ETC % Reduction ESC % Reduction ETC
HIS HIS PIRELLT PIRELLI EMINOX EMINOX
‘D CO (grm/Kw*h) @ THC (grm/Kw*h) @ NOx (grm/Kw*h) B PM (grm/Kw*h) ‘
CHOOSE
THE BEST SOLUTION
Graph Comparative Filters Cycles ESC/ETC
grm/Kw*h
75
) _
|TE5T CO (grm/Kw*h) THC grm/Kw*h} MNO= (grm/Kw*=h) P (grm/Kw=h) 65
|E5C EURO III 0,6858 0,2794 7,1237 0,0596 6
EST (EURQO III) 0,9103 0,2105 5,3114 0,06211 55
ESC HIS 0,012108 0,025359 1,964275 0006262 5
ETC HIS 0,012139 0,060300 0,005350 0,006350 45
% Reduction ESC HIS 08,23% 00,02% T2,43% 80,40% 4
% Reduction ETC HIS 08,67% 71,35% 98,90% 01,37% 35
ESC PIRELLI 0,4323 0,023603 0961534 0007566 ’
ETC PIRELLI 042465 0,07029] 0,4155 0,010818 3
% Reduction ESC PIRELLT 36,96% 01 ,55% 86,50% 87.31% 25
% Reduetion ETC PIRELLT 53,35% 66,61% 02,18% 82.68% 2 | =
ESC EMINOX 0,00547 0,0002 1,863207 0,011506 15
ETC EMINOX 0,002257 0,0500089 1,3579 0,010545 1
% Reduction ESC EmINOX 00.20% 00.03% 73,B4% 80,69% 05 j:h 4& ’_‘
% Reduction ETC EMINOX 00, 75% T6,24% T443% B83,02% 0 . . . . |_I ‘ ‘ . m
ESCEURO EST(EURO ESCHJIS ETCHJIS ESC ETC ESC ETC
III III) PIRELLT ~ PIRELLI ~ EMINOX EMINOX
Transports Metropolitans \D CO (grm/Kw*h) B THC (grm/Kw*h) [ NOXx (grm/Kw*h) [ PM (grm/Kw*h)\
de Barcelona




Search the companies Ta ke a Dec is ion

who makes filters:
HJS, PIRELLT and EMINOX

Reduction by Brand
L. 5 N 110,00%
Reduce emissions the particles
and NOx 100,00%
between 50% and 60% 90,00% 1| ]
_/
80,00% +—
70,00% +
( )
TESTING their 60,00% 1|
TECHONOLOGY IN ESPECIFIC LAB 5000% 1|
under ESC and ETC CHECK
\_ Y, 40,00% |
30,00% 1|
Ve Y 20,00% 1|
. 10,00% 4|
Analysis of Results
0,00% + T T T T T
& J % Reduction ESC % Reduction ETC % Reduction ESC % Reduction ETC % Reduction ESC % Reduction ETC
HJIs HJS PIRELLI PIRELLI EMINOX EMINOX
‘D CO (grm/Kw*h) @ THC (grm/Kw*h) @ NOx (grm/Kw*h) B PM (grm/Kw*h) ‘
CHOOSE
THE BEST SOLUTION
Comparative Filters Cycles ESC/ETC
grm/Kw*h
75
, _
|TE5T CO (grm/Kw*h) THC grm/Kw*h} MNO= (grm/Kw*=h) P (grm/Kw=h) 65
|E5C EURO III 0,6858 0,2794 7,1237 0,0596 6
EST (EURO III) 0,9103 0,2105 5,3114 0,06211 55 —
ESC HIS 0,012108 0,025359 1064275 0,006262 5
ETC HI5 0,012130 0,060300 0,005350 0,006350 P
% Reduction ESC HIS 08,23% 90,02% 7243% 60,40% .
% Reduction ETC HIS 08,67% 71,35% 98,90% 01,37%
ESC PIRELLT CBErE 0,023603 Dot 0 007566 38
ETC PIDESET 0,42465 0,070201 0,4155 0,01 05T B —] 3
P2 Reduction E5C PIRELLT 36,06% ol 5E% B6,50% 87.31% 25
% Reduction ETC PIRELLT 53,35% 66,61% 02,18% 52.58% 2 — ——
ESC EMINOX 0,00547 0,0002 1863207 0,011506 15
ETC EMINOX 0,002257 0,0500080 13570 0,010545 .
% Reduction ESC EMINOX 90,20% 90,03% 73,84% 80,60% o5 [
o ETC EMINOX 00.75% T6,24% T443% B83.02% )
IS ) : S I Bl | ol m |
ESCEURO EST(EURO ESCHJIS ETCHJIS ESC ETC ESC ETC
III III) PIRELLI PIRELLI EMINOX EMINOX
Transports Metropolitans |0 (grm/Kw*h) B THC (grm/Kw*h) [1NOX (grm/Kw*h) [PM (grm/Kw*h)|
de Barcelona
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Engine out

Emission

Transports Metropolitans
de Barcelona

A

Sdblueinjection

Oxidation

Tailpipe

H

Filter

p
- ?’jﬂ}
> | £
%

T

Dutiet medule |
'3

NOXx

Broken lines show potential for

\ further reduction at the expenss
L of secondary emissions E:

60% NOx reduction (or greater for
increase in secondany emissions)

System 4

Treatment exhaust gases in three stages:
* Stage 1: CRT Reduce NO and PM. Red and grey line.
* Stage 2: Adblue injection (NH3). Light blue line.

* Stage 3: SCR Reduce NOx and NO,. Green, red and blue line.
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STEP 3: Install FILTERS SCRT

Transports Metropolitans
de Barcelona




INSTALL ON BOARD SYSTEM SCRT

Transports Metropolitans
de Barcelona
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STEP 4: ADMINISTRATIVE

PROCEDURE OF BIDDING

ADJUDICATION

BRANDS: PIRELLI and EMINOX

PROCESS OF INSTALLATION

PROCESS HOMOLOGATION

Certification of reform and of the Workshop,
Certification of Noise Test (70/157/CEE)

PROCESS HOMOLOGATION (UP DATE)

Data Sheet of bus (n® passengers on board, new emissions, etc...)
Official Review

Transports Metropolitans
de Barcelona




STEP 5: END RESULT

Total Kms/year: 45000

Total Buses: 460

Without With _ % Reduce For 460 buses:
Particles Filter | Particles Filte Total Emissions ith filte Total Red
articles Filter articles Filters wi ilters o educe
EMISSIONS Reduce with filters o
(EVRO III) (EVRC V) Tons/ /b bus/year emissions/year
ons/year /bus
Tons/year/bus Tons/year/bus L (Tons/year)
Oxidize of Mitrogen (MO, ) 22,5 g,1 14 4 64, 00% 6.624
Carbon Monexide (CO) 28,8 22,0 6,3 21, 88% 2.898
HC (Hydrecarbens) + MOy 25,2 10,35 14,85 58, 93% 6.831
Particles (PM) 2,25 0,220 2,025 90, 00% 932
Without With Y Reduce For 460 buses:
Total Emissions
EMISSIONS Particles Filter Particles Filters < with ¥ with filters 'I'c:fq! Reduce
(EVRO III) (EVRO V) — Jbus emissions/year
Tons/year/bus Tons/year/bus ’ (Tons/year)
Oxidize of Mitregen (MO ) 22,5 2.25 20,25 90, 00% 2.315
Carbon Monoxide (CO) 28,8 2,88 25, 92 90,00% 11.923
HC (Hydrocarbons) + MOy, 25,2 6,3 18,9 75, 00% 2.694
Particles (PM) 2,25 00,3375 1,9125 85,00% 880

Transports Metropolitans

de Barcelona
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PROJECT 2:
RETROFIT DIESEL and CNG Transports Metropolitans

de Barcelona

ACC10

CIDEM | COPCA ~ T _
—~ \ 10853 BNZ [SPj
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70 Diesel HYBRID BUSES

12 CNG HYBRID BUSES

Unié Europea
Fons Europeu de Desenvolupament Regional
"Una manera de fer Europa’

EXISTING FLEET: RETROFIT PROJECT
BUSES TRANSFORM TO HYBRID
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MEMBERS
Operator: TMB

Hybrid technology: SIEMENS
Body builder: NOGE

Engineering: EDAG

CHARACTERISTICS
SERIAL System

Storage system: U-caps
MODE: Stop and go

2 electric motors

Transports Metropolitans
de Barcelona

PROTOTYPE DIESEL and CNG

HYBRID

TRANSFORMATION

] .
IE I
[
E Automatic ) ) |
‘= Gear Box Diesel Engine I
E with Angle I
o Rear Wheel Drrive |
E I
§ [
= |
]
S, N —————— -
g
=
-
u
=
k1
hid
a

Electric Traction Motors

with summation gear
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Search for the best point for running engine

Testing the Engine on a specific bench and search for the test point to
work.

This point is in the smaller balls.

Gets low consumption of fuel.

Potanciatel Motmr Modelade del C de Combrastible vs Potencia Motor 7 da Dickmbea de 501D
(0]
Mapa estratégico del consumo especifico de combustible, a cargas parciales, recra 032 2009 208
Motor IVECO Cursor 8 proyecto HIBRIDO. s 1900
kw
wo - o ‘ | I ‘ 1900
Bkt < 13 S I IR A ) ) D ] ) 2 1) ST AR ENED 1 1% -
) o o | ) °
e 1 T I S i o
- ; ¢ . | ¢ O 130, -
IS | { L, = ) WEi=ISigy | T 5 1000
el ! { \ & ) Q. 1 3
! = o A, S i :: ] » o, »20%
‘ ] ; ] = ry 7t é (] . @ Conk, 25 a1 30%
| . I i S o | o ° 9 o o, 2001 25%
P ! 1 ] : Famm, Q° Hoa Lot 15 01208
et 1 s * @ — 1 1 T >y ! o 1 ° W
o . ! 7 ° o @ | ° ) 4 Cons, 10 81 15%
9 3 3 4 | 57l I 27 ¢ PR o o I ! ° 1 s ]
3 : L Y Te e (%)  Com £ 10%
H . .9 : o 9 o [+ ° g 0 0 iy Bkt 5%
B mmmem ey um mn BF =5 &5 §5 7 =1
! . . o @ (¥} [ I iy ]
{ (*) ° ° 9 (] o A u A il
L sscga W QP MO -
[ b 4 B a9 ne
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2950 @ ' -
9 Oo e w
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»m SanTomAria Fx, Strategic Fuel Fails Map 0o 4 - - t + + t + + + t t |
200 L0 1100 100 1300 1400 1500 L1400 4700 100 1900 2000 00 20
- . f temaria Fiv i/ .
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LAYOUT HYBRID TRANSFORMATION

ANALYSIS OF FEASIBILITY PROTOTYPE (LAB + BUS lines).
Recovery time:
- Fuel Savings: More than 20% (depending on the bus routes).

- In less than 10 years we will recuperate the investment.

"‘;-‘:——.f‘ ey
Transports Metropolitans
de Barcelona
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Estimated Calculations and Recuperation time

Average Consumption Initial Lit/100Kms: 60 Kms/year: 45000
% Saving Expected of RETROFIT: 20 Total fleet buses: 70
Censumption RETROFIT Lit/1 II'I)K.lns: % Increase Expected price of fucl/year: 5
Year | Evelution Expected | Fuel C pti Fuel C ption Total Saving Total fuel Consumption | Total fuel Consumption Tetal Saving Accumulated Pay Back
Fuel Price €/1it NO RETROFIT RETROFIT £/year/bus by 100 Buszes by 100 Buses £€/100buzes/year Quantities Mill €
Annual/Bus Annual/Bus NO RETROFIT RETROFIT

2012 116 31.185.00 € 24.948.00 € 6.237.00 € 2.182.950.00 € 1.746.360.00 € 436.590,00 € 436.500.00 €

2013 121 32.744.25 € 26.195.40 € 6.6548.86 € 2292097 60 € 1.833.678.00 € 458 419,50 € 80600060 €

2014 127 34.38146 € 2750517 € 6.876.20 € 240670238 € 1.925.361.90 € 43134043 € 1.376.349.98 €

2015 134 36.100.54 € 28.88043 € 7.eenil € 2BE7.03749 € 2.021.,630.00 € 505.407.50 € 1.881.757.47 €

2016 140 37.905.56 € 30.324.45 € ThELIE€ 2.663.380.37 € Z1Z2TIIADE 530.677,37€ 2412.435.36 €

2017 147 39.800.84 € 31.840.67 € 796017 € 2.786,058.84 € 2.228.847.07 € 557.211,77 € 2.969.647.11 €

2018 155 41.790.88 € 3343271 € 8.368.18 € 202636178 € 2.340.28942 € 585.072,36 € 3.554.719.47 €

2019 163 43.88043 € 35.104.34 € 876,09 € 3.071.629.87 € 2457.303.89 € 614.325,97 € 4.169.045.44 €

2020 171 46.074.45 € 36.850.56 € 0.214.89 £ 3.226.211.36 € 2.580.169.00 £ 645.042 27 € 4.814.087.72 €

2021 179 48.378.17 € 38.702 54 € 967063 € 338647193 € 20917759 € 677.2943%9 € 5.491.382.10 €

2022 188 B0.797.08 € 40.637.66 € 10.16942 € 3.5b65.705,53 € 2.844.63642 € T11.15%11 € 6.202.641.21 €

2023 198 53.336.93 € 42,669,560 € 10.667.39 € 3.733.686.30 € 2.986.868.24 € T46.T17,06 € 6.949.268.27 €

34.746.291,34 € 27.797.033.07€ 6.949.25827<

% Incrcase Price Expected Between 2012 and 2023 T1,03%

Mill € = Pay Back

Total cost/bus: 110.000 00 £
Teotal cost RETROFIT: 7.700.000 00 €
Goverment Helps/bus (50%): 55.000,00 €
Total cost TMB/bus: 55.000 00 £
Tetal cest TMB: 3.350.000 00 €

| Years

Transports Metropolitans 5,00€
de Barcelona




Estimated Calculations and Pay Back time

Average Consumption Initial Lit/100Kms: 60 Kms/year: 45000
% Saving Expected of RETROFIT: 20 Total fleet buses: 70
Censumption RETROFIT Lit/100Kms:|43 00 % Increase Expected price of fucl/year: 5

Total fuel Consumption | Tetal fuel Conzumption Teotal Saving Accumulated
by 100 Buses by 100 Buses £/100buses/year CQuantities
RETROFIT

Year | Evelution Expected | Fuel Consumption | Fuel Consumption
Fuel Price €/1it NO RETROFIT RETROFIT
Annual/Bus Annual/Bus

29.700,00 £ 29.700,00 £ 2.079.000,00 €

2012 116 3118600 € 24.04800 € 218205000 € 1.746.260.00 € 436.590, 00 € 436.500.00 €

2013 121 32.744.25 € 26.195.40 € 2292097 60 € 1.833.678.00 € 458 419,50 € 80600060 €

2014 L7 34.38146 € 2780617 € 2406.70238 € 1.925.361.90 € 431340 42 € 1.376.34008 €
2015 134 36.100.54 € 28.88043 € 2BE7.03749 € 2.021.,630.00 € 505.407.50 € 1.881.757.47 €
2016 140 37.005. 56 € 30.324. 4% € 266338037 € 212271149 € 530.677.37 € 241243535 €
2017 147 39.800.84 € 3184067 € 2.786,058,84 € 2.228.847.07 € 557.211,77 € 2926964711 €
2018 1BR 41.700.88 € 3343271 € 2925636178 € 2.340.28042 € 585.072 36 € 306471047 €
2012 L63 43.88043 € 35.104.34 € 307162987 € 245730389 € 614.32597 € 4.169.045.44 €
2020 171 46.07445 € 36.850 566 € 258016000 £ 645.042 27 € 4.814.087.72 €

2021 179 48.378.17 € 38.702.54 € 270917754 € 67729439 € 549138210 €
= 284463642 € 71115911 £ 6.202541,21 €
2.986.868.24 € 746.717,06 € 6.949.258 27 €

27.797.033.07€ 6.949.25827<

— Pay Back

Years

Transports Metropolitans
de Barcelona




Line-44 (Characteristic=flat) with IVECO Buses

Consumption Lit/100Kms L-44 before and after
RETROFIT, one year around.
80,00
e /Mm
e I .
= 50,00 w i\._w —&— Diesel S/67
‘© 40,00 —&— Hibrid S/67
g 30,00 Reduccio
— 20,00 " kA
10,00
0,00 .
N 5> 9 A N I
Mes
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How consumption improved in IVECO buses before and after

RETROFIT on line L44

Consumption evolution between EURO3 Vs RETROFIT over L-44 (flat line)
80 T _ _
Hybrid process begins
70 =
N 2
— T~ A \
40
30
20
10
0 rrrrrrrrrrrrrrnrnrrrrnrorrrTrorrorirorrroriororrorororrrrrrrnrrord
» QX O & X & O & X & 9 & X & 9O &
SFFLFITETFTLFT PP P P PP
PP D PR PP PP PP P PP
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HYBRID

TRANSFORMATION

| We have finished 70 DIESEL
RETROFIT buses and 12 CNG

: RETROFIT buses, that are running
= “'§ | for TMB bus routes.

./ ] - | 1EsE
i B o |
'g‘gtfenosa = W &
- =

Transports Metropolitans
de Barcelona
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PROJECT 3: @

Acquisition New Clean Fleet T e Barcetana

TODAY 2014 MANUFACTURING 2014
SIZE  BRAND UNITS SIZE  BRAND UNITS
24m VAN HoOL 3 ELECTRIC | 1om BYD (Full Electrical) 1
12m CASTROSUA 3 HYBRIDS | 12m IVECO 5
12m TATA DENNIS 12 12m VOLVO 4
12m MAN 16 12m MAN 11

HYBRIDS

12m VOLVO 1 12m RETROFIT CNG 2
12m IVECO 1 TOTAL 23
12m RETROFIT DIESEL 70

RETROFIT CNG
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| DIESEL-HYBRID (serié; cénfiguratioh)
Model: MAN NS CITY
Engine: MAN
Power Engine: 250 CV
HYBRID system: Siemens_ Elfa system.
Electric motor: 122 kW
Generator: 85 kW
Storage system: ULTRACAPS

Transports Metropolitans
de Barcelona

OVERVIEW HYBRIDS

o - L3S

DIESEL-HYBRID (serial éc;;figufation)
Model: TATA-HISPANO Habit Enviro 350H
Engine: CUMMINS

Power Engine: 185 CV

HYBRID system: BAE system

Electric motor: 175 kW

Generator: 145 kW

Storage system: BATTERIES (12kWh)

32




DIESEL-HYBRID (serial configuration) PLUG IN
Model: CASTROSUA TEMPUS

Engine: CUMMINS

Engine Power: 136 CV

HYBRID system: Siemens_ Elfa system.

Electric motor: 134 kW

Generator: 85 kW

Storage system: BATTERIES 90kWh (Zebra)

Transports Metropolitans
de Barcelona

DIESEL-HYBRID (serial configuration)
Model: VAN HOOL EXQUICITY

Engine: MAN

Engine Power: 290 CV

HYBRID system: BAE.

Electric motor: 200 kW

Generator: 180 kW

Storage system: BATTERIES 41,1kWh (ACTIA)

33



DIESEL-HYBRID (PARALEL configuration)
Model: VOLVO HYBRID

Engine: VOLVO

Engine Power: 218 CV

HYBRID system: VOLVO.

Electric motor: 120kW

Generator: |-SAM

Storage system: BATTERIES 4,8 kWh

Transports Metropolitans
de Barcelona

fanspof
Metropolitans
de -‘?arce|iona

DIESEL-HYBRID (SERIAL configuration)
Model: IVECO-CITELIS HYBRID

Engine: IVECO

Engine Power: 161 CV

HYBRID system: BAE.

Electric motor120 kW

Generator: BAE

Storage system: BATTERIES 11 kWh (BAE)
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(o

ELECTRIC

Model: BYD

HYBRID system: BYD.

Electric motor: BYD 180 kW

Storage system: BATTERIES 324 kWh (BYD_ LiFePo)

Transports Metropolitans
de Barcelona

35



Transports Metropolitans
de Barcelona

Thank you for your attention.
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