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Metro de Madrid facts & figures: tol

302 stations, 294 Km track length :_i

12 Heavy rail lines+ 1 Branch Line + 1 Light rail line } K—’ '\‘_\
677 million travellers/year (2019) }

2400 Cars. 183 million cars-km (2019) }

1 GVA installed capacity f::i 3,
Energy Consumption (2019) : 546 GW/year ; g ::5;,:
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= 160.000 households
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TUNNEL & STATIONS VENTILATION SYSTEM

Inlet-air in stations
Exhaust-air in tunnels
Overpressure compensation
(piston effect)

640 FAN SHAFTS / 544 BLAST SHAFTS
913 FAN & THEIR ACCOUSTIC EQUIPMENT

VARIABLE FREQUENCY DRIVE ‘

> 20 MW POWER CAPACITY
-




Energy Saving Plan [PAE] (SINCE 2012)

S
@ CONSUMPTION and IMPROVE SUSTAINABILITY

Equivalent annual electricity consumption CITY OF ZARAGOZA

&

ET OF ACTIONS to REDUCE ENERGY

Designed and developed entirely
by Metro de Madrid

BR

TRACTION AMNCILLARY MAINTEMANCE BUILDINGS

ENERGY CONSUMPTION 2012: 713,2 GWh

CHALLENGE

. optimization of the
tunnel & stations ventilation
system

. implementation of
LED technology in stations,
manteinance buildings and
trains

: optimization of
consumption and increasing of
regenerative braking



Tinetes adyacentes
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DESIGN & SIZING

Sistemna de ventosss de extraccion en tinel
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CHALLENGE

EUR/MWh

TUNNEL EQ.
TRAINS USERS
Lr=rer=r Y _ to anticipate the
J behavior of

WEATHER FORECAST implies finding the
O @ O O @ @ in a complex, high
"ereo e b dimensional & multivariable search
e % t domain.

ENERGY COST
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NOISE CONTROL SAV I N G
MAINTENANCE PLAN
OPERATIVE NEEDS...
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METAHEURISTIC APPROACH...

...ESTRICTLY OPTIMAL [MATH SENSE]...
NOT WARRANTED
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Control Panel

[N — o oL cen2 pas R B0 %
] Facada B4 s pr b e LT P CAAAL DN | [ ‘chaas e0 praos L7 (SMET) WOGHENI0 N ®
L1 Seqiiet D 8 S o Vsl 01 R e o s i
Pum cpmans: Foom gparwives: Livghd e ] Pacata 24 v v sbeas 4 LT P GREGORN) WENICH MDEVES s a3 8 s LT SN W00 x
. e i 2 -
- LR T —— [ —" —— woanae swaseex
tn
[A— T— -
I L ] Pachia B4 i dhent 9 LT P ALOMSD CAND AN a8 s LT (M RAVEIENI0  SEIGUIR 00 x
nsta bt o s f E o
i 17 |
P H H ot H e ° PR — [y [ —— x
L4 L] R demenca T FUERA O NOFSITI HOVEB N0 B0C0E W00 x
T o o i o Pt Lt Er
[~ =~ E adn s 5
° @ Twecsooows [ ———— —— wuamnw | x
e " casn — [ R
L EE) mm [T mm ael il Und 3 sn e L] TRABAIOS OOTOWNDS. LBAQ ALOMS) WRTIED Trasaes e reteada te amano o ke x
s . 5 : a [ Y ' »
e s il L] ] P GOTALSTA Trasas e redeads e amavb o hve- x
rom e a a ettt B -
= C i =g = X T
[ — [ [
PR— T PR— P A—— = r
" o
Pamsaeies a » rnst sl .. : .
——m e e
Pom et a » Pt « a ettt f
kv et i : St H H et s H
© Predcoines G valioacon Q Obsarvacionas © patosrecsentes A Micisnta O Salir
Predicciones
Preciosion reizada o dia Pubiicat s (era ocal) Fea:
Ao 1200 q [ B B P Fr "
s Monitorizacién Mantenimiento Restricciones
W | o3rm372021 1900 gominge) PR
was  Garcs
Vaiabie Emsoion Longitud Lot 4 Tarifas Optimizacién
[ oe——— « [ u1o-atn = Py
Puada haces clc n un purto para mostras a nformacién correapon denta al purta seleccionade, IR
Temperatua en superice Do
ul Administracion e e
-
- st
TN i
B B EETEr—
i i
arioaianay w0 Grvor ot TR T e s ' cent
[ ] £ H $
H
D 1
etalle pozo de ventilacién 4
TR 000w 1
- — — P\ BAMBL AR O CHANARTIN 7 o/us .
% Gestor Inteligente de Ventilacion  tantes YT — [rs— T — f %\ % kY 5 LR AL SR NAN ‘k,‘ Ay
Lor- B P02 Y % N N “"“ L W
Goste da e coprecos OMIE  Proces OMP  Cosfoentes porperiodos.  Toos deias  Pariodos de apicasin eanoe — Y v Y,
_ o T N 16961480 LAY
s s VETUocsLo, VETUOBLEY
Coste de 13 energia [EMW) en ks Gltimos dias 2 = m
[
Detaies 0¢ 2 estacion - Logarpi
L O ] [—T LT O - S S
W, B, b, W, G, W, G, G, W, %, %, G, %, %, %, %, %, %, %, %, %, %, %, %, P EouEA
Uy g Yy % Uy Y Ta Ra U T Ta o Va Ve Yo ¥ Vs Y Uy Uy e %4 U4
‘eeonveses

Wi |_|

@, G G G 8 G, G G, 6 b G % & G &, %, % %, G %, G % G &,
ey, P e s e ey Sy ey ey e % ey ey ey
%, %, %, %, %, %, %, %, %, %, %, %, b, %, %, %, %, %, %, %, %, %,
oy ey Ry Oy 0y 0 0

s, 2, 2,
e e e e Yo er Py oy O " i T e P ey ey By Py Uy e Oy ey




RELATIVE IMPROVEMENTS COMFORT & ENERGY SAVING
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Global Results Energy Saving Plan
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PLAN IMPLEMENTATION PERIOD

2014 2015 2016 2017 2018

s TRAVELLERS (Million)  mmsssm CARS*km (Million) = = -TRACTION (GWh) = = -ANCILLARY (GWh)
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