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BARCELONA CLEAN CITY
TMB experience:
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Bus business manager
fagonzalez@tmb.cat
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Engineering and new development manager
[marmengol@tmb.cat

Israel Vallejo
Engineering Hybrid Systems and New Technologies
ivallejo@tmb.cat
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A Who is TMB?

A Why has TMB adapted to a clean fleet?

A How has TMB adapted to a clean fleet?

A New NETWORK in Barcelona

A Installation of Particles Filters.

A RETROFIT DIESEL Hybrid and CNG Hybrid.
A Acquisition of new clean buses.
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BARCELONA METROPOLITAN AREA (AMB)
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TMB as a COMPANY

VTMB and NGO in Barcelona.

WS 6 (0l Sl e V Helps the people who live in BCN

V 476.000 Passengers/day METRO . V Delivers older vehicles

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 VKms of line: 972 Kms
V Ne° of lines: 112 VKmslyear: 46M
V Total fleet: 1067 buses. V Passengers/year: 200M
V Fleet: Diesel, CNG, Hydrid and Electric V Commercial Speed: 11.7Km/h 6 7.89mph
V Total Garages: 4 V Total bus Stops: 2.580
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CHARACTERISTICS OF FLEET: 2010/2014

BUS FLEET i'n BUS FLEET in 2014
2010 (1080 units) (1067 units)

By Fueling: Bus Fleet 2010 (1080 units)
By Fueling: Bus Fleet 2014 (1067 units)
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CNG Buses fleet

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

To increase n ° of vehicles
450 7 CNG up to 50 % of the
a00 v~ total of the fleet for 2050
350 The main goal is to obtain
300 +~ with CNG Engines low
250 | emissions and more power.
m Art
200 V7 Articulated | jse 4 cheaper and less
® Standard polluting fuel.
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Pollution in Barcelona Area

Study by Government of Catalonia 2007
Pollution Map over BCN

BLACK CLOUD

over .

Barcelona City o

" )
First Decision was: REDUCE EMISSIONS
N Y

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

New Network of bus Lines

(& )

4 )

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

(& J

4 )
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How has TMB adapted to getting a clean fleet?

O )
Low Emissions
Achievements
N J
I ]
/ / \ / Actions taken \
Make a better network _ in the infrastructures
of Bus lines. Actions taken and emplovees
More efficiency over the fleet P y )
and Sustainability (Garages, facilities,
Train workers and drivers, etc..

N\ N\ V2N 4
@ ' a D O ' D
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
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NOVA XARXA: NEW NETWORK IN BARCELONA

High level of service: faster and more efficient.
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PROJ ECT 1: Transports Metropolitans
Install PARTICLES FILTERS SCRT de Barcelona
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Average Speed of test: 33Km/h
Units emissions: mg/Kms

STEP 1: Estimated Calculations

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
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Search for companies
who make filters:

STEP 2: PREVIOUS ANALYSES

HJS, PIRELLI and EMINOX

Transports Metropolitans
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Graph Reduction by Brand
Reduce the particles emissions 110,00%
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HJS PIRELLI PIRELLI EMINOX EMINOX
‘D CO (grm/Kw*h) B THC (grm/Kw*h) O NOx (grm/Kw*h) B PM (grm/Kw*h)
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Graph Comparative Filters Cycles ESC/ETC
grm/Kw*h
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EST (EURQO III) 0,9103 0,2105 5,3114 0,06211 55 e
ESC HIS 0,012108 0,025359 1,264275 0,006262 5
ETC HIS 0,012139 0,060300 0,005358 0,0065350 45
% Reduction ESC HIS 08,23% 00,02% 7243% 80,49% 4
% Reduction ETC HIS 08,67% 71,35% 00,00% 01,37% as
ESC PIRELLI 04323 0,023603 0,961534 0,007566 '
ETC PIRELLI 042465 0,07020] 04155 0,010818 3
% Reduction ESC PIRELLT 36,96% 01,55% 86,50% 87,31% 25
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Search the companies Take a D e C I S I O n

who makes filters:
HJS, PIRELLI and EMINOX
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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
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INSTALL ON BOARD SYSTEM SCRT
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de Barcelona
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STEP 4: ADMINISTRATIVE

PROCEDURE OF BIDDING

ADJUDICATION

BRANDS: PIRELLI and EMINOX

PROCESS OF INSTALLATION

|
PROCESS HOMOLOGATION (UP DATE)

PROCESS HOMOLOGATION

Data Sheet of bus (nU passengers |on boa

Certification of reform and of the Workshop, Official Review

Certification of Noise Test (70/157/CEE)
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STEP 5: END RESULT

Without With Toral Emiecions % Reduce

EMISSIONS "’;L‘:g I';'I}""' "'"{:::OF:}"" Reduce with filters | " Tifters
Tons/year/bus Tons/year/bus Tons/year /bus

Oxidize of MNitrogen (MO ) 22,5 2,25 20,25 20, 00%

Carbon Monoxide (CO) 28,8 2,88 25 92 20, 00%

HC (Hydrocarbons) + NO 25,2 6.3 18,9 75, 00%

Particles (PM) 2,258 00,3375 1 2125 25, 00%
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