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1. Introduction

The project CORE LNGas HIVE, presented and approved in the 2014 Transport Call
of proposals of the CEF program, aims at supporting the deployment of LNG
infrastructure for maritime transport and ports operations along the Spanish and
Portuguese sections of the Atlantic and Mediterranean Core Network Corridors in line
with the corresponding Corridor Work Plans. The project includes a series of studies
and pilots that focus on the use of LNG in several Spanish and Portuguese ports. One
of the subactivities to be carried out in the framework of the project consist of the
building of a LNG/CNG mixed station within the port domain, contributing to LNG
penetration in the activities of the port of Valencia. This deliverable gathers the
results of the studies carried out linked to this objective, which includes:

- Detailed Engineering project for the installation of a Natural Gas Station at the
Port of Valencia (Proyecto de instalacion de una estacién de gas natural en el puerto
de Valencia).

- LNG Demand from the pilot station to be installed in the Port of Valencia
- Future Demand of Natural Gas for Heavy-Duty Vehicles in the Port of Valencia

The deliverable includes executive summaries of all the studies carried out and
incorporates, as annexes, the complete reports of all of them.
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2. Engineering projects for an LNG/CNG mixed
station

The project details the characteristics and conditions for the installation of a Natural
Gas Station in the port of Valencia, which is a crucial prerequisite for the
commissioning of the installation.

The total geometric storage capacity of the designed station is 399 m3, by means of
two 187 m?3 tanks, one 20 m3 tank and one 5 m3 tank. The regulatory framework
considered on the design has been Technical Regulations for the distribution and use
of gaseous fuels approved by RD 919/2006. On aspects not specified in this RD, the
ASME Design Code and the UNE 60631-1 and UNE 60210 standards derived from the
application of Royal Decree 919/2006 have been considered.

2.1. General description of the facility

The purpose of the installations is the supply of natural gas in both liquefied and
compressed form to its future demand, which includes ferries calling at the port and
demand from the land side, such as trucks, cars or gensets for auxiliary services. The
composition of the natural gas to be delivered is described in the table below.

Table 1. Average composition of the natural gas

Compound %\Volume
Ci 91.15
C2 7.33
Cs 0.67
Ca 0.03
NC4 0.03
N2 0.79

It consist of an LNG storage and regasification facility, which includes the following
subsystems:

1. Storage, consisting of cryogenic tanks and their complementary elements.
LNG general supply (pipes and circulating equipment)

CNG supply

Bunkering

Boil-Off recovery.

Methane dispensers.

Other elements.

NouhwWwN
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2.2. Equipment and elements of the installation

2.2.1 LNG cryogenic tanks

The storage subsystem comprises 4 cryogenic tanks of different sizes, where the
main storage include 2x187 m3 tanks, and there are also two additional ones (20 m3
and 5 m?3). The main characteristics of all tanks are described in the table below:

Table 2. Characteristics of the main LNG tanks

Characteristic Value

CE marking 97/23/CE

Type Vertical

Maximum filling (%) 95

Pressure (bar) 18
Temperature range (°C) -196 °C to 20
Insulation Vacuum+insulator
Material Stainless steel+Carbon steel

2.2.2 LNG general supply

This subsystem consists of the piping and equipment up to the dispenser through
which the LNG circulates to fill the fuel tanks of the recipients. It includes the following
components:

- Cryogenic pump
- Saturation vaporiser
- LNG dispenser

2.2.3 CNG supply subsystem

The subsystem consist of a self-supporting steel assembly with high pressure
cryogenic pump and gasifier, which is capable of achieving a output maximum flow
rate of 20 litres/min and 300 bar maximum pressure. It includes the following
components:

- Cryogenic pump at 300 bar and 20 L/min

- Suction line that include the necessary valves and the return line
- GNC storage, that includes 30 cylinders PN250 bar, 80 L each

- High pressure room steamer

- CNG dispenser

- Odorisation system
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2.2.4 Bunkering subsystem

It include one of the two 187 m?3 cryogenic tank (described above), and two pumps
with the following main characteristics:

Table 3. Characteristics of the pumps for LNG bunkering

Characteristic Value

Fluid LNG

Maximum suction pressure (bar) 5

Number of stages 1

Difference of pressue (bar) 20

Speed (rpm) 1500 to 3800

Power Vacuum+insulator
Material Stainless steel+Carbon steel

2.2.5 Boil-off recovery subsystem

If there is insufficient consumption and the tank starts to boil-off, it will be emitted
into the atmosphere. In order to minimise gas losses, both for economic, safety and
environmental reasons, there is a system for recovering the vented gas, which can
be reused for consumption. In this case, the boil off will be recovered and stored in
the CNG 300 bar cylinders.

The required equipment will be installed at the plant and consists of a low-pressure
system to ensure that all natural gas entering the compressor is at temperatures
above -5°C and a low-flow compressor with its corresponding valves and safety
elements.

2.2.6 Methane dispenser

The methane module is composed of the connecting pipes, a 5 m3 LNG tank, a 5 m3
liquid nitrogen tank, a 20 m?3 tank, a heat exchanger and a dispenser, the
characteristics of the latter are as follows:

Table 4. Characteristics of the methane dispenser

Fluid LNG Liquid N2

Pressure (bar) 10 12
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Design temperature (°C) 80 -196/45
Operation pressure (bar) 8 10
Operation temperature (°C) 60 -168/40

2.2.7 Other elements

In addition to the previously mentioned elements, the station also includes the
following elements:

- Gas pipes

- Operational protections and process control
- Station control system

- Unattended modality payment system.

- Fire protection system

2.3. Civil works

The station requires the construction of a retention basin and a control house. The
retention basin is a regular enclosure, being sufficient to avoid liquid projections to
the outside due to spillages in the liquid phase in any of the tank's pipes. This cubicle
will contain the tank, the submerged cryogenic pumps, atmospherics, piping to the
dispenser and on one side the equipment and elements necessary for unloading LNG.
The volume of the tank will be 444.32 m3.

The floor of the tank will consist of a concrete slab over its entire area, 50 cm thick
and HA-250 concrete with g12 #150 mesh in the middle of the slab, in the area
corresponding to the supports of the tanks. In the rest of the slab, the concrete
strength will be reduced to the type of concrete with a strength of 100 kg/cm? . The
mesh will cover the entire inner surface of the tank.

The enclosures will be made of concrete block, grouted with mortar to guarantee
water tightness, with a free height above ground level of 1.40 metres in one area
and 7.00 metres in the rest.
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Figure 1. Location of the LNG supply station at the port
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Figure 2. General Layout
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Figure 3. Bunkering locations and safety distances

2.5. Budget

The total budget of the installation is 2,712,159 EUR, being the most expensive
items the 187 m3 cryogenic tanks (528,000 EUR) and the two LNG pumps (81,250
and 98,000 EUR). A detailed budget of the installation can be found in the
corresponding section in annex 5.1

2.6. Summary

The detailed engineering project of the LNG/CNG mixed station describes all
characteristics, equipment and civil works necessary to construct the station that
once constructed would be capable of providing LNG to ferries and also to attend to
demand on the land side (e.g. terminal machinery or drayage trucks)
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3. Analysis of additional LNG demand at the
port of Valencia

3.1. Scope

This demand study, elaborated before the final design of the future station was ready,
aimed to provide very valuable results for the dimensioning of the service station.
The scope of the study is to cover the potential demand from applications that can
be easily supplied from the future location of the facility. The pilot service station is
expected to be built inside the port area. All these characteristics make the station
to have as the ideal user the following ones:

- Terminal Equipment

Port Authority own fleet

- Maritime applications of moderate demand (e.g. port services)
- Trucks providing drayage services in the terminals

No other demand from the sea side has been included since higher demands are
mostly expected to be supplied directly from the Sagunto’s regasification plant
through a bunkering barge, with the exception of ferries. This report analysed and
quantified the expected potential demand from all potential sources with the
exception of the demand from trucks, which has been analysed in the report included
in annex 5.3, although the results obtained in the mentioned study have been used
for the estimation of the aggregated demand.

3.2. Results per type of demand

3.2.1 Container terminals

Considering that container terminals concentrate most of the energy demand of all
the terminal operators of the port of Valencia, this study has assumed that only those
type terminals will be susceptible of migrating to LNG powered machinery. The
following table summarizes the equipment of each of the container terminals located
in the Port of Valencia at the end of 2014.

Table 5. Equipment of the terminal containers in the Port of Valencia

Terminal NOATUM MSC APM

CONTAINER TERMINAL TERMINALS TOTAL

TERMINAL VALENCIA VALENCIA
Ship To Shore
(STS) cranes 19 8 10 37
Rubber Tyred
Gantries (RTGS) 60 26 22 108
Empty Container
Handlers (ECH) E > 4 18
Reach Stackers 7 7 4 18
Terminal Tractors

78 54 46 178

(TT)
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The analysis has been done per terminal and type of equipment. The following figures
show, as an example, some results obtained at different terminals for different type
of equipment. A detailed description of the methodology and all the results obtained
can be found in annex 5.2.
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Figure 4. LNG potential demand from RTGs at CSP
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Figure 5. LNG potential demand from TTs at APMTV
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Figure 6. LNG potential demand from RSs at the Port of Valencia

3.2.2 Port Authority own fleet

The fleet of vehicles giving services to the Port Authority of Valencia (PAV) has a total
of 59 vehicles working on the ports of Valencia and Sagunto, including motorcycles,
cars, vans, pick-ups, trucks. There are vehicles in the fleet propelled by gasoline
(conventional and hybrid), diesel and electric. Considering the number of vehicles,
the most abundant combination are gasoline cars and diesel oil vans. This is also true
when the total distance travelled is analysed, where diesel oil cars and diesel oil
pickups increase their relative importance, while the weight of alternatives with very
few vehicles become negligible.

Two scenarios have been defined concerning the future use of Natural Gas in the Port
Authority own fleet. The baseline scenario will consider that only vehicles for which
the use of GNC is economically advantageous will be renewed with GNC vehicles. In
addition, the vehicles must currently have NG powered versions commercialized in
Spain. The optimistic scenario implies a stronger commitment from the port authority
regarding the use of natural gas. As a consequence, every vehicle currently using
conventional propulsion (i.e. not including the renewal of electric or hybrid cars
vehicles) will migrate into a NG fuelled version, either by conversion through kits or
by the renewal of the old vehicle by a GNC designed car.

The following figure shows the results for both scenarios for the period 2016-2028
(from 2028 it is considered that the NG demand will remain unchanged.
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Figure 7. NG demand from VPA's fleet: (a) baseline scenario (b) Optimistic scenario

3.2.3 Maritime applications

It includes tugboats, pilot boats and rescue vessels. Among this three sources of
potential demand, that from tugboats is significantly greater that the other two. As
in the rest of the cases, two scenarios have been considered, a baseline and an
optimistic one. The following figure show the results obtained for tugboats.

3500

= —Baseline
- 3000 S
% Optimistic
£ 2500
o
T 2000
=
= 1500
wvy
e
(1]
O 1000
el
oo
= 500 —

0 ! 4

2015 2020 2025 2030 2035

year

Figure 8. Expected LNG demand from tugboats

3.2.4 Road transport

The values included in this work are based on the results from the analysis included
in annex 5.3. However, in order to keep coherence with the rest of the work, the
results were updated by taking several assumptions different from those taken in
that study.

The following figure show the results for the total number of LNG powered trucks
offering services to the Port of Valencia (left, (a)) and the total amount of LNG
demanded from those truck expected to be loaded from a service station located in
the Port of Valencia (right, (b)). The details of this update can be found in annex 5.2.
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Figure 9. Number of expected LNG trucks (a) and LNG demand from drayage trucks
(b)

Both scenarios predict a significant increase of the presence of LNG trucks in the

forthcoming years. The baseline scenario predicts that in 2035, approximately one

fourth of the trucks providing drayage services in the Port of Valencia will use LNG

as a fuel.

3.2.5 Summary and conclusions

The figure below show the aggregated expected demand in both scenarios (left). The
figure also shows the expected importance of each of the sources of demand in the
optimistic scenario (up-right) and in the baseline scenario (bottom-right). As stated
in the introduction section, no demand from the maritime side except from tugboats
and rescue vessels has been included. Except from exceptional cases (e.g. if the
Ship-To-Shore installation is located next to the berth at which the vessel is calling),
demand from the maritime side will be supplied by the use of a bunkering barge.
Consequently, it is expected that the demand from that type of traffic to be supplied
directly from the Sagunto’s regasification plant rather than from the station at
Valencia.

As can be seen in the figure below, the demand for the optimistic scenario is
approximately four times the estimated for the baseline one, indicating a significant
degree of uncertainty. The distribution among type of fuel demand is similar in both
scenarios, being the potential most important source of the demand the trucks that
visit the port to provide drayage services (63-70% of the demand in 2035) followed
by tugs (8-14%), terminal tractors (13%) and RTGs (8-9%). Each of the rest of the
evaluated sources of demand combined represent between a 1% and a 2% of the
estimated total LNG demand.
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Figure 10. Summary of the expected LNG demand from all used considered

4. Future Demand of Natural Gas for Heavy-
Duty Vehicles in the Port of Valencia

4.1. Scope

The objective of this study is to estimate the Future Demand of Natural Gas for heavy
vehicles in the Port of Valencia. The study has include the following phases:

- Direct observation of the trucks in the access
- Analysis of the information
- Calculation of future demand for LNG
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4.2. Direct observation of the trucks in the access

The direct observation of the trucks that are around the Port of Valencia was
completed between the 1st and 31st of August 2016, Monday to Friday. Interviews
were conducted to 386 truck drivers.

Moreover, direct observations were made of trucks going into the Port of Valencia
over several days to record the daily average of heavy vehicle journeys. These
observations were made during the month of August during five different days of the
week for two hours each day (from 8:00 to 10:00) after considering the hours of
higher truck traffic in the access to the Port of Valencia. The average number of
trucks is 594.2 trucks every two hours, which suggests that the average number of
trucks passing through over 5 days, with 11 hours per day is 3,268 trucks/day.

On the sample analysed, most drivers used diesel as a fuel, only one used LNG the
following table shows the main results obtained from the interview.

Table 6. Truck drivers interview results

Characteristic

Average value

Power 460 HP
Age 8.5 years
Fuel tank size 1038 L
Type of fuel Diesel
Daily consumption 32.7 L/100km
Last refuel In the last week

Where was the last refuel

Valencian Region

Number of visits to the Port of Valencia

2.2 times/day

Type of route

Highway

How many kilometers are made per
day

416 km

In addition, five interviews were conducted with CEO of transport companies and one
interview with a transport association (FVET). The following table summarises the

results from this interviews.

Table 7. Transport companies interview results

Characteristic

Average value

Number of trucks

From 6 to 73 vehicles overl2 tons

Trucks in property 80%
Subcontracted units 20%
Average age of trucks 7 years
Fuel Diesel
Route length 100,000 km/year
Consumption 33 L/100 km

Usual routes

70% Comunidad Valenciana,
20% Madrid,
The 10 % other national destinations

Renewal rate

11%

Annual budget for renewal

60,000-200,000 EUR/year
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4.3. Analysis of the information

The available information has allowed characterising the main locations connecting
the trucks having as origin or destination the port of Valencia. The information from
interviews has been validated with data from customs. The following figure shows a
summary of the results obtained

Data comparison. Import & Export - Regions

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

M Phase |

M Customs

Figure 11. Import and Export by Region

The potential environmental benefit of the use of LNG was also estimated and the
following results were obtained

Table 8. Emissions of Diesel and LNG trucks compared

For all the trucks for one year
Diesel LNG Difference
tCO2 218,816 | 195,312 23,504 10.7%
tS02 1 0 1.1058 100.0%
tNOx 2,460 933 1.527 62.1%
t particles 116 2.87 112,86 97.5%
4.4. Calculation of future demand for LNG

Three scenarios were defined considering different degrees of introduction of LNG
technology on the following years: positive, conservative and negative. The following
table shows the main characteristics of the defined scenarios considering the main
variables taken into account in their definition.
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Table 9. Definition of the scenarios
Stage Optimistic Conservative Pessimistic
Environmental policies Becoming stricter Equal Equal
Aid for the purchase
of LNG-powered Equal Equal Disappearing
trucks
) ) According to LNG price
Fuel costs According to progression ] .
progression increases
] ] LNG prices
Truck costs Approach diesel-LNG prices Equal )
increase
Technical characteristics Increased supply of LNG
. Equal Equal
of trucks trucks and improved features
LNG supply stations considerable increase slight increase Equal
Companies capable No self-employed, Large No self-
] No self-employed
of change companies employed

The following figure show the estimated LNG demand from 2018 to 2025 for the three
scenarios considered. The details and assumptions taken for its calculation are

described in annex 5.3.

Estimation of the evolution of demand for LNG fuel in the Port of

=l Optimistic

Conservative

Pessimistic

Valencia
35.000.000
30.000.000 /‘
25.000.000
= y
= 20.000.000 /
T 15.000.000 /
(¥
10.000.000
5.000.000 / _M
2018 2019 2020 2021 2022 2023 2024 2025
Year
Figure 12. Estimation of the trend of LNG demand
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5. Ahnexes

5.1. Proyecto de instalacion de una estacion de
gas natural en el puerto de Valencia

5.2. LNG Demand from the pilot station to be
installed in the Port of Valencia (subactivity EPM5)

5.3. Future Demand of Natural Gas for Heavy-
Duty Vehicles in the Port of Valencia
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1. OBJETO DEL PROYECTO.

Se redacta el presente proyecto con la finalidad de definir las condiciones de instalaciéon de
una Estacion de Gas Natural en el puerto de Valencia. Se pretende de esta forma realizar

las actuaciones necesarias para la puesta en servicio de la instalacion.

La capacidad de almacenaje geométrica total es de 399 m®, mediante dos tanques de 187
m®, un tanque de 20 m® y un tanques de 5 m®. En consecuencia, sera de aplicacion la
normativa en vigor de caracter preceptivo del Reglamento Técnico de distribucién y
utilizacion de combustibles gaseosos aprobados por el RD 919/2006. Del mismo modo
sera de aplicacion el Cédigo de disefio ASME y la norma UNE 60631-1 y UNE 60210
derivada de la aplicacion del Real Decreto 919/2006.

Se incluye la descripcion y la justificacion del cumplimiento de la reglamentacién vigente en
todo lo que respecta a la Instalacién de Estacién de Gas Natural (almacenamiento de gas
natural licuado en depésito criogénico a presién) de acuerdo a la norma citada y a otros
reglamentos y normas de aplicacion especificos, como son los de instalaciones receptoras
de gas, nuevo RBT —en especial la ITC BT-29- y UNE 60601.

2. TITULAR, PETICIONARIO Y USUARIO DE LA INSTALACION.

El Titular de la Planta es MOLGAS ENERGIA, S.A.U. con CIF: A81466625 y domicilio
social en Avda. Astronomia, 41, 28830 San Fernando de Henares, Madrid.

3. EMPLAZAMIENTO DE LA INSTALACION.

La Estacion de Gas Natural proyectada estard ubicada en las instalaciones del Puerto de

Valencia.
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4. DESCRIPCION GENERICA DE LAS INSTALACIONES.

La Estacion de Gas Natural sera para suministrar a gas natural tanto en forma liquida como

comprimida a todos los servicios preparados para tal fin. La instalacién tiene las siguientes

caracteristicas generales:

— Capacidad util de almacenamiento:

— Presion maxima de almacenamiento:
— Presién de servicio a vehiculos CHyg:

— Presion de servicio a vehiculos GNL:
— Presion de servicio a vehiculos GNC:
— Caudal trasvase bunkering:

— Presion trasvase bunkering:

2 x 187 m3 + 20 m3

+5md

18 bar

10 bar
8/14 bar
200 bar
2500 I/min.
15 bar

Se trata de una instalacion de almacenamiento y regasificacion de GNL con los siguientes

modulos de instalacion:

1. Mddulo de almacenamiento compuesto por depdsitos criogénicos y sus elementos

complementarios.

Médulo de recuperaciéon de Boil-Off.
Moédulo de bombas.

Médulo de vaporizacion.

Surtidores.

o gk~ w N

PLC.

Sistema de control automatico formado basicamente por un cuadro de control con

Estimamos unas necesidades de 6000 metros cuadrados para la citada estacion de

suministro, de zona de dominio publico a ocupar. Su emplazamiento dentro del Puerto

viene reflejada en la documentacion grafica que acompafia al proyecto, podra sufrir

variacion en funcién de las disponibilidades del espacio del Puerto.

o
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4.1 Gas Natural y el medioambiente.

El Gas Natural no contiene plomo y su mezcla es homogénea con el aire sus ventajas

medioambientales son:

- El gas natural ofrece un mayor rendimiento.

- La combustion es mas completa por lo que disminuye significativamente el nivel de
particulas y gases contaminantes.

- Reduccion de emisiones contaminantes regulados.

- Gases de escape exentos de compuestos como el azufre y el plomo.

- Reduccion de los niveles de ruido.

- Reduccion de emisiones de CO2.

- Tiene una combustion mas limpia ya que no emite particulas sélidas a la atmésfera.

4.2 Descripcién de las actividades y operaciones a desarrollar.

La actividad y operaciones de la instalacion a desarrollar sera la carga y descarga de Gas
Natural Licuado para los siguientes usos: servicio publico (camiones, turismos,...),
bunkering y a motores de generacioén eléctrica para los servicios auxiliares que se

requieran en el Puerto.
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5. LEGISLACION Y NORMATIVA APLICABLE

La instalacion de todos los componentes se ha proyectado de forma que se ajuste en todo
momento a lo que se exige en la vigente legislacién y, en especial, en los siguientes

reglamentos y normativas:

— Reglamento electrotécnico de Baja Tension (MIE-RBT) e Instrucciones
Complementarias, especialmente MIE-BT-029.

— Real Decreto 919/2006 de 28 de julio: Reglamento Técnico de Distribucién y
Utilizacion de Combustibles Gaseosos y sus Instrucciones Técnicas
Complementarias en concreto la ICG 04 e ICG 05.

— Fabricacion de equipos a presion (RD 2060/2008).

— El cbédigo de disefio de equipos ASME.

6. PLAZO DE EJECUCION DE LAS INSTALACIONES

El plazo previsto en la ejecucién de las instalaciones, es de doce meses desde el inicio de
la obra civil, en el que se incluye la construccion del cubeto de retencién asi como la
instalacion del sistema de control, la implantacion del depédsito, surtidores e

interconexionado de equipos.
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7. TIPOY ESPECIFICACIONES DEL GAS

Las caracteristicas de la composicion del gas natural a tratar en la instalacion son las

siguientes:
Componente % Volumen.
C, 91,15
C, 7,33
Cs 0,67
C, 0,03
NC, 0,03
N2 0,79

— P.C.S. (Poder Calorifico Superior)..................

10,099 Te/Nm?®

— P.C.I. (Poder Calorifico Inferior)....................

9,101 Te/Nm?®

— Entalpia de cambio de fase entre liquido

a—160°C ygasa0°C (presion bar).............

200 kcal/kg.

— Calor especifico medio del gas entre - 160 °C

Y 0 0 i 0,48 kcal/kg. °C
— Peso Especifico a-160°C......cccccceevevnieeiieeeneaenn, 446 kg/m?®
— Densidad del liquido (GNL) a- 160 °C................... 0,446 kg./l.
— Densidad del Gas...........uueieueeieeieeeeee e, 0,76 kg/Nm?
— Viscosidad del liqguidoa—160°C.................coeeeee. 0,1412 C.P.
— Viscosidad del boil-off a — 157 °C.............cceeenin. 0,0103 C.P.
— Viscosidad del gas natural a 0 °C 0.0048 C.P.

— Capacidad de gasificacion: 1 m® de G.N.L. proporciona 570 Nm?® de G.N.
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8. DISTANCIAS DE SEGURIDAD

Para la determinacion de las distancias de seguridad se ha tenido en cuenta la capacidad

de almacenaje geométrica de la instalacién que sera de 399,00 m®.

Se asegurard el cumplimiento de las distancias de seguridad entre los limites de los

depdsitos y los diferentes elementos indicados en la tabla siguiente, de acuerdo con lo

recogido en el apartado 12.5 de la UNE 60631-1:

EQUIPOS:

Instalacion almacenamiento a otro combustibles 5m
Instalacién almacenamiento a surtidores 5m
Instalacion almacenamiento a aberturas de edificios 5m
Compresor 3m
Y de aplicacién segun el apartado 5.3 de la UNE 60210:

TIPO DE RIESGO: CLASE G
Abertura de inmuebles, s6tanos, alcantarillas o desagles 20m
Motores, interruptores (no antideflagrantes) depdsitos de 15m
material inflamable, puntos de ignicién controlados

Proyeccion de lineas eléctricas 15m
Limites de propiedad, vias publicas, carreteras, ferrocarriles 30m
Aperturas de edificios de publica concurrencia, uso 44 m
administrativo, docente, comercial, hospitalario, etc.
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Accesos.

La planta se situard en una zona del puerto con superficie suficiente para el acceso de
camiones para carga y descarga, permitiendo el radio de giro perfectamente. El cubeto de
retencidn se encontrara totalmente vallado y dispondra de al menos dos puertas de acceso

al mismo.

9. EQUIPOS Y ELEMENTOS DE LA INSTALACION

- 2 Depésitos Criogénico de Almacenamiento de GNL de 187 m3.
- 1 Depésito Criogénico de Almacenamiento de GNL de 20 m3.
- 1 Deposito Criogénico de Almacenamiento de GNL de 5 m3.
- 1 Deposito de Almacenamiento de Nitrogeno liquido de 5 m3.
- 1 Buffer de 2400 Its

- 1 Bomba de piston GNC

- 1 Bomba sumergida GNL 1500 Its/min.

- 2 Bombas sumergidas GNL 2500 Its/min.

- 1 Vaporizadores alta presion de 770 Nm?3/h.

- 1 Vaporizador baja presion de 224 Nm3/h.

- 1 Surtidor GNC.

- 1 Surtidor GNL.

- 1 Surtidor metano (CH,)

- Sistema de control.

9.1 Depésitos Criogénicos de Almacenamiento de GNL.

*  Marcado CE Dir. 97/23/CE

*  Volumen total 187 m®

*  Tipo: Vertical

*  Grado de llenado: 95%

*  Presion trabajo: 18 bar

*  Temperatura de disefio: +20°C a -196 °C

*  Aislamiento: Vacio + aislante

*  Material: Acero Inox Austenitico-Acero Carbono
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*  Marcado CE Dir. 97/23/CE
*  Volumen total 199 m°
*  Tipo: Vertical
*  Grado de llenado: 95%
*  Temperatura de disefo: +20°C a -196 °C
*  Aislamiento: Vacio + aislante
*  Material: Acero Inox Austenitico-Acero Carbono
* Marcado CE Dir. 97/23/CE
*  Volumen total 5m°
* Tipo: Vertical
*  Grado de llenado: 95%
*  Temperatura de disefo: +20°C a -196 °C
*  Aislamiento: Vacio + aislante
* Material: Acero Inox Austenitico-Acero Carbono

Las caracteristicas exactas y de detalle de este equipo seran las que apareceran en la
documentacion y certificaciones de construccion del mismo, a presentar por parte del

fabricante de forma previa a la puesta en servicio de la planta.

Gradiente tipico de temperatura entre interior y exterior.

La diferencia maxima de temperaturas, en las condiciones de disefio, entre el interior y el
exterior del tanque de almacenamiento sera de 200 °C. La temperatura minima que se
podra llegar a alcanzar en el interior del tanque de almacenamiento sera de -196 °C.

El recipiente interior de los depésitos de almacenamiento de GNL estara protegido por un
doble sistema de valvulas de seguridad colocadas en la fase gas y en comunicacién
permanente con el interior del recipiente. La descarga de estas valvulas estara conectada y
dirigida de forma que no dafie los elementos estructurales del depdsito o a las personas o
cosas que puedan estar préximas, ni debe crear condiciones peligrosas ambientales.

Las valvulas de seguridad se colocaran de forma que no sea posible su bloqueo por
formacion de hielo. Todas las valvulas podran ser precintadas, y deberan contar con un

sistema de tarado de seguridad tal que empiece a abrir a una presién no superior a la
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presién maxima de trabajo. Llevardn también grabada su respectiva presién de tarado, y
seran de elevacion total con sistema de resorte. La apertura de la valvula debe ser tal que
asegure una seccion de paso minima del 80 % de la seccién neta de paso en el asiento.

Las valvulas de seguridad estaran instaladas de forma que estén en comunicacion

permanente con la cAmara de gas del depdsito, en su punto mas alto.

Las tuberias a las que se conecta el sistema de seguridad del depdsito tendran una
seccion equivalente a la suma de las valvulas de seguridad del circuito. No existira ninguna
valvula de cierre entre el depésito y el sistema de seguridad. En este caso, al existir doble
sistema de seguridad, se dispondran sobre una valvula de tres vias dispuesta de forma que

en ningln momento permita aislar a los dos sistemas de seguridad simultaneamente.

El tubo de venteo de las valvulas de seguridad estara provisto de apaga-llamas y efectuara
la descarga en puntos donde no se cree atmosfera explosiva, y siempre en el interior del
area del cubeto. Ademas el venteo estara disefiado y montado para prevenir acumulacion

de agua, hielo u otras materias extrafias que pudieran impedir el taponamiento.

9.2 Modulo de suministro de GNL.

El moédulo de suministro de GNL se compone de las tuberias y los equipos hasta el
dispensador por donde circula el GNL para cargar los tanques depésitos de combustible de

los vehiculos.

Los equipos son los siguientes:

- Bomba criogénica sumergida 13Kw, 150 I/min. 6000 rpm. 2P 104 Hz: Mddulo de

bomba de dos etapas para el suministro del surtidor de combustible de los vehiculos

de baja y alta presion.

* Fluido GNL

* Méx. Presion de succién 25 bar

* N° de etapas 2

* Diferencia de presién 5,5 bar

* Velocidad 4100 rpm

* Potencia absorbida 4 kW

*  Potenciainstalada 13 kW B, RN S SR
S % DO
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- Vaporizador saturacion: Realiza la funcion de llevar el GNL cargado a la presion y

temperatura de equilibrio dentro del tanque del vehiculo que reposte para su correcta

estabilidad.

* Modelo VAP316

* Fluido GNL

* Caudal nominal 273 Nm°/h

* Material de construccién Al 6060 estructura y aleteado

* Material interno de la tuberia Ansi 304L acero inoxidable

* Superficie de intercambio de calor 107 m*

* Presién de disefio 30 bar

* Temperatura de disefio -196°C/+60°C

* Dimensiones 1.180 x 1.180 x 5.572 (h) mm

* Peso 404 kg

* Condiciones de servicio 8 horas de trabajo a temperatura
ambiente de 20°C, humedad ambiental
relativa 70% - temperatura aproximada
15°C

- Dispensador de GNL, 1 manguera: Surtidor de gas natural licuado boca de carga

de 1” marca Jc Carter, boca de recuperacion de venteo de 72" Macrotech, manguera

doble capa con aislamiento intermedio, medidor basico tipo Coriolis de Micro Motion,

con display electrénico, indicadores de inicio y fin de carga, pulsador de carga y paro

de emergencia.

Sistema de medida

Coriolis Flow-meter Emerson Micro-Motion

Manguera de llenado

Acero inoxidable 1” DN25 —

longitud— 3.000
mm (dotado de separacion y acople 1”)

Manguera de ventilacion

Acero inoxidable 72" DN15 —

conexion rapida para la ventilacion del

tanque del vehiculo)

longitud 3000
mm (dotada de separacién-acople 5" y

Valvulas criogénicas

Valvulas neumaéticas Heroses

Display Display electronico
Instrumentos PT100 — Trasmisor de presion
Ejecucion Cubierta de acero inoxidable
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9.3 Modulo de GNC.

Conjunto autoportante de acero con bomba criogénica de alta presion y gasificador, que es

capaz de alcanzar el siguiente flujo de salida GNC:

Caudal méaximo: 20 litros/minuto
Presion maxima: 300 bar

- Instalacion _de compresion _de GNC: Para comprimir el gas natural licuado

utilizaremos una bomba de compresion criogénica que permite impulsar el liquido a

300 bares antes de gasificarlo y almacenarlo.

Bomba criogénica 300 bar-20 Its/min-700 m3/h-12(25) KW
Succién y linea de retorno para conexion “Thermosiphon tank” y “VT-1

pump!!
Fluido: GNL

Presion de disefio: 20 bar

Temperatura de disefio: -165°C/ +50°C

Controlado mediante panel eléctrico, ensamblado y compuesto de (ref.

asociada (P&ID):

1 linea de succion DN25 ensamblada, soldada y compuesta por:

e 1 Vélvula neumatica criogénica N.C (normally closed), Herose con

sensor de proximidad mostrando solo posicién de cerrado.

e 1 Valvula solenoide para el control de la valvula neumatica.

e 1 Valvula criogénica de de seguridad de baja presion Herose.

e Colector/tuberia que debe ser adaptada y soldada a la conexion del

tanque (Aisi 304L material).

1 linea de retorno de liquido DN25 (configuracion termosifén) ensamblada,

soldada y compuesta de:

e 1 Vélvula neumética criogénica N.C (normally closed), J:lems;—:g:on
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sensor de proximidad mostrando solo posicion de cerrado.

¢ 1 Valvula solenoide para el control de la valvula neumatica.

e 2 Valvulas criogénicas de de seguridad de baja presion Herose.

e 1 Valvula criogénica de comprobacion DN10 Herose (by-pass para el
retorno del fluido al tanque).

e 1 \Valvula criogénica manual DN10 Herose (conducto de
succién/lineas de retorno para actividad de mantenimiento)

e Colector/tuberia que debe ser adaptada y soldada a la conexion del
tanque (Aisi 304L material).

1 Bomba alternativa criogénica mod. VT-145/35 TW6,5 con sistema de

lubricacion.

Modelo: VT 45/35

Fluido: GNL

Ratio del caudal liquido: 20,0 It/min (-700 Nm3/h-8,7 kg/min)
Velocidad de la bomba: 394 rpm

Presion de trabajo: 300 bar

Presién méxima de succién: 18 bar

Tipo de tanque criogénico: Termosifon

Poder de absorcion: 12 KW

Motor eléctrico: 25 KW 1.764 rpm 60Hz 220/380V ATEX ExD 1IB T4

La bomba estd montada sobre una base de acero galvanizado con motor,
rail, poleas, correas, protecciones y estan provistos de los siguientes

accesorios:

e Motor eléctrico 25 KW 1.764 rpm 60Hz 220/380V Atez ExD llb T4.
e Mangueras flexibles de succién y retorno con.

e Valvula de alivio de presion 20 bar.

e Amortiguador de pulsaciones.

e Valvula de alivio de presién 350 bar.

e Valvula de control.

e Filtro de succion (en el “cold end” de la bomba).

e Calibrador de presion.

e Manual de valvulas de calibrado de presion.

e Manual de valvula HP.
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e Valvula criogénica neumatica de alta presién N.C (normally closed)
Butech, con sensor de proximidad mostrando solo posicién de
cerrado (a la valvula de salida).

e PT100 (Exia IIC) para deteccion de fugas.-proteccion de cavitaciones
—control de enfriamiento de la bomba.

Certificacion:

o 94/9/EC Atex Directive certification for Gas Group 23 Group |l
Category Il — Zone 1
e 2006/42/EC Machinery Directive.

- Unidad de almacenamiento de GNC: El almacenamiento quedara soportado sobre

un bastidor de acero impidiendo el contacto directo de las botellas sobre el suelo
evitando asi posibles focos corrosivos. Los cilindros estaran interconectados entre si
con tuberia de acero inoxidable y sus elementos de seguridad correspondientes.
Compuesta por seis depésitos de gas dividido por tres secciones.

* Almacenamiento geométrico total 2400 litros
* Composicion 30 botellas de 80 litros, PN250 bar
* Volumen total de gas disponible 554 m’

Cada grupo de 15 cilindros de 80 litros dispone de los siguientes accesorios:

Véalvula de seguridad de alta presion para la proteccién del sistema por sobre-
presurizacion o ruptura.

Valvula de interrupcién manual de entrada.

Valvula de interrupcién manual de salida.

Calibrado de presion.

Panel fijado a la pared en acero inoxidable para accesorios.

Certificacion:

94/9/CE Atex directive certification for Gas Gruop 22 — Group Il Category Il —Zone 1.
97/23/CE PED Directive certification.
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- Vaporizador ambiental de alta presion:
* Modelo VAP342
* Fluido GNL
* Caudal nominal 770 Nm°/h
* Material de construccion Al 6060 estructura y aleteado
* Material interno de la tuberia Ansi 304L acero inoxidable
* Superficie de intercambio de calor 280 m*
* Presion de disefio 300 bar
* Temperatura de disefio -196°C / +60°C
* Dimensiones 2.100x1.760x5.572 (h) mm
8h de trabajo continuadas a temperatura
* Condiciones de servicio ambiente de 20°C, humedad relativa del
70% temperatura aproximada 15°C
Certificacion:

e 97/23/EC PED Directive

Estos elementos estaran protegidos por una valvula de seguridad capaz de aliviar el gas

suficiente para evitar que la presion pueda exceder del 110 % de la presion maxima de

trabajo de cada uno de ellos. No obstante, la presion de tarado sera como maximo la de

disefio del gasificador o del conjunto de tuberias que les une, la de menor valor.

- Dispensador de GNC: Poste de carga FP2M-NGV1 con dos mangueras y dos

medidores de caudal de gas para poder repostar al mismo tiempo dos vehiculos.

Cada surtidor dispone de dos mangueras con boca de carga tipo NGV-1 y NGV-2,

con valvula de desacople Break Away y dos contadores.

Incluye los dos siguientes sistemas:

o Sistema de control de repostaje con programa de analisis y lectores de

proximidad.

o Sistema de control de repostaje con programa de analisis y lectores de

proximidad

COLEGIO OFICIAL DE INGENIEROS
o TECNICOS INDUSTRIALES DE MADRID

(2' VISADO

Proyecto de Estacidn de Gas Natural — Puerto de Valencia

17903136/01 20/04/2017
22000 DAVID RODRIGUEZ ORTEGA

2922€EV0





Doc. N°.

’ mD’ PUERTO DE VALENCIA.
' Fecha Abril 2017
ENERG!A

Pagina 19
Proyecto Estacién de Gas Natural Rev.: 2
* Manguera de llenado 2uds. NGV-1y NGV-2
* Fluido GNC
* Presion de llenado 220 bar
* Caudal De 0,3 a 16 Kg/min.
* Valvula de seguridad Tipo Break-away
* Display / contador Si/2
* Alimentacién 220V 50 Hz
. Indice de llenado De 0.3 a 16 Kg/min (de 0.4 a 22
Sma3/min)
* Medidor de flujo masico calibrado
* Accesorios de valvulas y seguridad
* 2 mangueras flexibles
* Linea de retorno de gas para ahorro
* Autodeteccion inicial
* Bloqueo por exceso de flujo
* Valvulas de aislamiento de GNC
* Vélvula de separacion
* Dimensiones 750x440x2000 (h)

- Sistema de odorizacién: Odorizacion a alta presion para alertar cualquier fuga de

combustible a los usuarios y personal de la estacion de servicio.

o Odorizacion con THT ( tetra-hidro-tiofeno)

Bomba neumatica de dosificacion Williams P125V125BTC.

Tuberias con valvulas

Mangueras con acoplamiento automatico

Tanque buffer (aprox. 5.5 1)

Cristal de vision/calibracién con escala. Utilizado para calibrar la bomba e indicar el nivel del buffer

del tanque.

Interruptor de fluido aprobado por ATEX, activado por liquido fluido hacia la bomba

Unidad de filtro de prevencién entrada de particulas a la bomba.

Vélvula solenoide para controlar el suministro de aire comprimido a la bomba de dosificacién (24
Volt DC), con aprobacion de ATEX.. Incluye valvula de mariposa para el suministro de aire. Debe

ser equipado de un filtro de particulas.

Agarraderas fijas para conexion, c-¢ 300 x 240 (vertical x horizontal).

Presion de inyeccion 330 bar cm\ COLEGIO OFICIAL DE INGENEROS
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El agente odorizante debe ser bombeado hacia la tuberia de salida de gas por medio de

una tuberia de acero inoxidable de 6mm de diametro (ejemplo) y conectado a una tuberia

de salida de gas producto por medio de una valvula de insolacion bloqueable.

9.4 Modulo de bunkering.

Estd compuesto por un depdsito criogénico de 200 m*® que ya hemos descrito

anteriormente y dos bombas con las siguientes caracteristicas principales:

* Fluido GNL
* Max. Presion de succidn 5 bar
* N° de etapas 1
* Diferencia de presién 20 bar
* Velocidad 1500-3800 rpm
* Potencia instalada 60 kw
9.5 Boil- Off

Una cuestiéon destacable en el funcionamiento de toda estacion de GNL es el boil-off.

Habitualmente, para liberar la presién excesiva en el interior del depésito, se recurre a la

liberacion a la atmésfera de parte del gas, disminuyendo significativamente la presion.

Sin embargo, para minimizar las pérdidas de gas, tanto por cuestiones econdmicas de

seguridad como medioambientales, existe un sistema de recuperacion del gas venteado

pudiendo este ser reutilizado para el consumo. En caso de no existir el suficiente consumo

y el depésito inicie el boil-off este se emitira a la atmésfera.

La estacion dispondra de un sistema de recuperacion de gases para minimizar la

expulsion del gas del Boil-off a la atmosfera siendo este recuperado e introducido en las

botellas de GNC a 300 bar.

Los equipos requeridos se instalaran en la planta y se componen de un ambiental de baja

presion para asegurar que todo el gas natural que se introduce en el com arg\oﬁ‘; FIgL DE INGENEROS

@ VISADO

Proyecto de Estacidn de Gas Natural — Puerto de Valencia

17903136/01 20/04/2017
22000 DAVID RODRIGUEZ ORTEGA

2922€EV0





Doc. N°.

PUERTO DE VALENCIA.

& vp MoIgas s

Proyecto Estacién de Gas Natural

Pagina 21
Rev.: 2

temperaturas superiores a -5°C y un compresor de bajo caudal con sus correspondientes

valvulas y elementos de seguridad.

* Modelo B3E

* Fluido / grupo GNL/1

* Caudal nominal 273 Nm°/h

* Material de construccion Al 6060 estructura y aleteado
* Material interno de la tuberia Ansi 304L acero inoxidable

* Volumen 52,04 Its

* Presién de max. admisible disefio 18 bar

* Temperatura de disefio -196°C/+50°C

9.5 Modulo de metano (CH,)

El médulo de metano esta compuesto por las tuberias de union, un dep6sito de GNL 5m?,

un depdsito de nitrégeno liquido 5m?,

un depodsito de 20 m® descritos anteriormente,

ademas de los depdsitos de almacenamiento contard también con un intercambiador de

calor y un dispenser las caracteristicas de estos Ultimos son las siguientes:

* Modelo GT-1500

* Fluido GNL / Nitrégeno liquido

* Caudal nominal Carcasa Tubos

* Presién disefio 10 bar 12 bar

* Temperatura disefio 80 °C -196/45 °C
* Presion de operacion 8 bar 10 bar

* Temperatura de operacion 60 °C -168/40 °C

Poste de carga de una manguera y medidor de caudal de gas, con valvula de desacople

Break Away.

Incluye los dos siguientes sistemas:

o Sistema de control de repostaje con programa de analisis y lectores de

proximidad.
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o Sistema de control de repostaje con programa de analisis y lectores de

proximidad
©)
* Manguera de llenado luds.
* Fluido Metano puro
* Presion de llenado 220 bar
* Caudal De 0,3 a 16 Kg/min.
* Valvula de seguridad Tipo Break-away
* Display / contador Si/ Si
* Alimentacion 220 V 50 Hz
. Indice de llenado De 0.3 a 16 Kg/min (de 0.4 a 22
Sm3/min)
* Medidor de flujo masico calibrado
* Accesorios de vélvulas y seguridad
* Manguera flexible
* Linea de retorno de gas para ahorro
* Autodeteccion inicial
* Bloqueo por exceso de flujo
* Valvulas de aislamiento
* Vélvula de separacion
* Dimensiones 750x440x2000 (h)

9.6 Tuberias de gas

Las tuberias de conexion entre equipos y a consumo, deberan disponerse de forma
suficientemente flexible para evitar tensiones debidas a cambios de temperatura que

pudieran producirse. Esta circunstancia se calculara de acuerdo a cédigo.

Los tramos de tuberia comprendidos entre dos valvulas de cierre estaran protegidos por
una valvula de alivio de presion para aquellos casos en que quede liquido criogénico o gas
frio atrapado entre ambas valvulas. Estas valvulas de alivio estardn separadas de la linea
lo suficiente para evitar posible bloqueo por hielo. La presion de tarado sera como maximo

la nominal de disefio de la tuberia protegida (26 bar).
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Todos los componentes anteriores a la valvula de bloqueo de la salida de gas seran

adecuados para operar a —165°C. EIl vaporizador podra aislarse mediante valvulas de

blogueo tanto en el circuito de gas natural como en el de aporte de calor. Todo tramo

situado entre dos valvulas estara dotado de valvulas de seguridad con apagallamas.

a) Tuberias para GNL (fase liquida).

- Tamafio maximo y minimo: DN 150/DN 25
- Material: AISI 304 L
- Espesor: SCH10S
Uniones: Bridas, Tope y SW
- Soldadas y radiografias entre tubos / accesorios 100% vy LP
- Presion disefio: 26 bar
- Presion de servicio: 18 bar
- Temperatura de disefio: -196 °C
- Temperatura de servicio: -160 °C
b) Tuberias para gas natural (fase gas).
- Tamafio maximo: DN 80

- Material: A Inox / A al carbono.
- Espesor: Sch 10s / DIN 2440
- Soldadas y radiografias entre tubos/accesorios 100% vy LP
- Presion de servicio: 200 bar
- Presion de disefio: 400 bar
- Temperatura de disefio: -20°C
-4 BV CEIC0S NOUSTRALES DE MADRD.
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¢) Manguera de descarga de GNL:

La descarga del GNL se realiza por medio de una manguera de acero inoxidable de 5 m de

longitud. Con brida ASA 150 Ib segun proyecto y rosca de gas homologada para gas

natural.

Apaga-llamas:

- Tamafo: DN 50

- Material: AISI 304 L

- Espesor: SCH 40

- Uniones: Tuercas ENAGAS 79”

latén y brida fija ASA

150 de 2" INOX
- Presion disefio: 26 bar
- Presion de servicio: 18 bar
- Temp. disefio: - 196 °C
- Temp. servicio: -130°C

Los alivios a la atmésfera de las valvulas de seguridad de gas, estaran protegidos por los

correspondientes apaga llamas, y efectuaran su descarga en puntos donde no se puedan

crear atmosferas explosivas.

Para las valvulas de seguridad del depdsito se realizara una recogida de sus puntos de

alivio, uniéndose sus salidas a un colector comun, el cual sera conducido finalmente hasta

su salida al exterior situada a una altura proxima a 6 m. sobre el nivel del fondo del cubeto,

y estara dotado de apaga llamas.
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9.7 Protecciones de conjunto operativo y control del proceso

Se han descrito las protecciones a nivel de red de tuberias y equipos, queda describir las
gue afectan al conjunto operativo de Estacién, que se relacionan a continuacion:

El conjunto de tuberias, en su conexion a los atmosféricos de linea, dispondra de dos
vélvulas de corte motorizadas, accionables desde el cuadro eléctrico que estara situado
cumpliendo las distancias de seguridad descritas anteriormente.

9.8 Sistemade control de la estacion.

Contenedor de paredes prefabricadas preensamblado en fabrica con todos los elementos

eléctricos y de control de la estacion de servicio en su interior.
El panel eléctrico de control tendra los siguientes elementos principales:

- Carga de operacién del depdsito de almacenamiento.
- Llenado de los tres sistemas GNL, GNC y CH,.

- Sistema de deteccion de gas.

- PLC.

- Variador de frecuencia para bomba sumergida.

- Barreras de seguridad intrinseca para zona Atex.

- Contador de horas de trabajo.

- Pantalla tactil de operacion.

9.9 Sistemade pago modalidad no atendida.

Terminal de pago especial para estaciones de servicio, no atendidas, con sistema de pago

por tarjeta mediante sistema electrénico “Advance”.

9.10 Sistema de proteccion contra incendios.

Equipo contra incendios contemplado en normativa compuesto por extintores polvo seco
tipo ABC.
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9.11 Otras obras

Se canalizaréa el agua mediante tubo de polipropileno de %” de pulgada enterrado, para

tener una manguera en el modulo de descarga.
10. DESCRIPCION DE LA OBRA CIVIL

Estaré constituida principalmente por el cubeto de retencién y por la caseta de control. Las
dimensiones y caracteristicas del cubeto seran las que vengan descritas en los planos de

este proyecto o las modificaciones al mismo. Su forma y dimensiones seran las siguientes:

Se trata de un recinto regular, siendo éste suficiente para evitar proyecciones de liquido al
exterior por derrames en fase liquido en cualquiera de las tubuladuras del depésito. Este
cubeto llevard en su interior el depdsito, las bombas criogénicas sumergidas, atmosféricos,
tuberias hasta el surtidor y en un lateral estardn dispuestos los equipos y elementos

necesarios para la descarga de GNL.
El volumen del mismo serd de Venamiento = 444,32 m*

El suelo de cubeto estara constituido por una losa de hormigén en todo su area, de 50 cm
de espesor y hormigdén de HA-250 con mallazo de @12 #150 en la mitad de la losa, en el
area correspondiente a los apoyos de los depdésitos. En el resto de la losa se disminuira la
resistencia del hormigén hasta el tipo de hormigén de resistencia 100 kg/cm? . El mallazo
abarcara la totalidad de la superficie interior del cubeto.

Los cerramientos seran de bloque de hormigén llagueado con mortero, para garantizar
estanqueidad, con atura libre sobre cota cero de 1,40 metros en una zona y el resto de

7,00 mts, segun se indica en la documentacion grafica.

Al objeto de permitir una evacuacion rapida del cubeto, este tendr4 dos escaleras de
acceso situadas en distinta pared. Una de las escaleras es la que servira de acceso para el

servicio de descarga.
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Dado que todas las valvulas del tanque de fase liquida estaran situadas dentro del cubeto y

siempre por debajo del plano horizontal que corona el mismo, se cumple con lo

especificado en lo referente a posibles derrames de liquido. Cualquier posible derrame de

GNL quedaria siempre situado en el seno del cubeto de los depdsitos o vaporizadores.

10. INSTALACION ELECTRICA

La instalacion eléctrica a realizar es la que se cita a continuacion:

Instalacion de Tierras

Derivacion Individual

Lineas de Tierras

Lineas de alimentacion a receptores

Para la aplicacion del reglamento, se debera tener en cuenta lo siguiente:

o El depdésito y los equipos deberan contar con un sistema de puesta a tierra con una

resistencia inferior a 20 ohmios.

e De acuerdo con lo que se indica en el Art. 3 de la ITC-BT-029, el emplazamiento se

clasifica como Clase 1. Segun se recoge en el Plano correspondiente, existirdn dos

zonas que recibiran la siguiente clasificacion segin UNE EN 60079-10:

- Zona 1: Corresponde a los escapes a la atmésfera de los venteos de las

valvulas de seguridad y despresurizacion de cisternas. Recibiran esta

clasificacion dado que se trata de “un emplazamiento en el que cabe contar,

en condiciones normales de funcionamiento, con la formaciéon ocasional de

atmosfera explosiva constituida por una mezcla con aire de sustancia

inflamable en forma de gas vapor o niebla”.

e También recibira este tratamiento el espacio situado cerca de los puntos de conexion

de las mangueras para la carga y descarga de cisternas.

- Zona 2: Corresponde a los puntos de descarga de las pequefias valvulas de

seguridad y purga y aquellos puntos de mantenimiento situados en cubeto.

Recibiran esta clasificacion dado que se trata de “emplazamientos en el que
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no cabe contar, en condiciones normales de funcionamiento, con la
formacion de atmdésfera explosiva constituida por una mezcla con aire de
sustancias inflamables en forma de gas, vapor o niebla o, en la que, en caso
de formarse, dicha atmésfera explosiva solo subsiste por espacios de

tiempo muy breves”.

e En general, se tendran en cuenta los criterios generales fijados por el Art. 4 de la
ITC-BT 029 para el disefio y ejecucion de las instalaciones eléctricas en las zonas
clasificadas.

e Por lo que respecta al material a utilizar, todo el material eléctrico a instalar dentro
del cubeto pertenecera al grupo IIA. Se tendran en cuenta igualmente las
prescripciones complementarias para zonas 1 y 2 fijadas en los Arts. 7, 8 9 de la
citada ITC.

e El grado de proteccién de las envolventes de material serd antideflagrante o

seguridad intrinseca de acuerdo a lo siguiente:

o La Pinza de puesta a tierra de cisternas sera antideflagrante (Eexd).

o Los transmisores de presion seran del tipo seguridad intrinseca (Eexi).

o Las PT100 seran antideflagrantes (Eexd) o de seguridad intrinseca (Eexi).

o Los cables seran de tipo armado para antideflagrantes o Eexi para seguridad
intrinseca.

o Los prensaestopas seran de doble cierre Eexd o de seguridad intrinseca.

o Todas las sefiales de seguridad intrinseca cuyo instrumento se encuentre en

interior de cubeto estaran protegidas por aislador o barrera zener Eexi.
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La instalacion eléctrica que parte de la caseta de control
cableados segun UNE 60079-14 Y UNE 50039, con el siguiente desglose de lineas.

estara compuesta por los

- Cable tipo RZ1-K de 4 x 50 m? para Derivacién Individual

- Cable tipo RVK-K de 2 x 1.5 mm?+ T, para automatismos.

- Cable tipo RV-K de 2 x 2.5 mm? + T, para usos varios.

- Cable tipo RVK de 4 x 10 m?para bomba GNL.
- Cable tipo RVK de 4 x 25 m?para bomba GNC.
- Cable tipo RVK de 4 x 10 m?para bomba GNL.

- Cable tipo RVK-K de 2 x 6 mm? + T, para alumbrado cubeto.

- Cable normalizado 2 hilos certificado Eexi color azul para transmisores. Cumpliran

ademas UNE 20432-3

- Cable de tierra en 35 mm? AV para lineas de enlace con tierra

- Cable tipo RV-MV 4x1,5 mm? con armadura de fleje para transmisores de

temperatura en cubeto (UNE 21123) o Cable normalizado 3 hilos certificado Eexi

color azul para transmisores Eexi. Cumplirdn ademas UNE 20432-3.

Se utilizara bandeja galvanizada que ira unida a tierra y de PVC en el interior de la sala.

Ambas bandejas estaran dotadas de la correspondiente tapa.

11. PROTECCION CONTRA LA CORROSION

Todos los equipos y elementos instalados en el cubeto de retencion seran de materiales

adecuados a intemperie. La instalacion de tuberias de gas en las lineas internas del cubeto

seran de acero inoxidable, adecuado para el fluido gas natural licuado y también nitrdgeno

liquido a temperatura de —200°C y a la temperatura maxima ambiente en la zona, por lo

cual no necesita de un tratamiento especial contra la corrosién. Las lineas de gas en acero

al carbono, seran imprimadas y terminadas en pintura amarilla como distintivo de gas.

Las valvulas criogénicas estan construidas en materiales acero inoxidable y/o en bronce.
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12. PROTECCION CONTRA INCENDIOS.

Siendo la capacidad geométrica de almacenamiento de 399.000 litros x 0,446 kg./l,

equivalente a 177.954 kg, se cumplira con la proporcion de 10 kg. de polvo seco por cada
1.000 kg. de producto , es decir se necesitaran (177.954 / 1.000) x 10 = 1.779,54 kg.
Por lo tanto la instalaciébn de almacenamiento de GNL, dispondr4a de un conjunto de 36

carros de 50 Kg, todos ellos de polvo seco, con una capacidad total maxima de 1.800 kg.

de producto extintor.

13. CONCLUSIONES.

El presente documento ofrece una descripcion detallada de las condiciones de Instalacién

de una estacion de servicio.

Se espera de esta forma conseguir las autorizaciones necesarias para la ejecuciéon de las

obras de la instalacién objeto del presente proyecto.

Madrid, Abril de 2017

Fdo.: David Rodriguez Ortega

Ingeniero Técnico Industrial. Colegiado n° 22.000
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CALCULOS
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1. CALCULOS DE AP Y GAS
1.1. Proteccién contra derrames

Se considera necesario, por seguridad, instalar un muro cuya altura sea la suficiente para

evitar que unas hipotéticas proyecciones permitan la salida de liquido del cubeto. Se

realizard por lo tanto un cubeto de recogida compuesto por un conjunto de paneles

modulares prefabricados de una altura minima de 1,40 m en su parte inferior (ciego) y con

las siguientes dimensiones

Longitud util méax:

Anchura atil max:

El volumen minimo util del cubeto ser& acorde a la sigu

\Y cerramiento — 444,32 m3

14,90 m.
21,30 m.

iente expresion:

V equipos = 10,00 m? de equipos, fondo de tanque, apoyos, etc

V g = 444,32-10,00 = 434,32 m®

1.2 Tuberias de Gas

La seleccion de la tuberia de gas ha de ser justificada en base a:

o Diadmetro: perdidas de carga y velocidades de fluido en su interior.

o Espesor: Resultados de calculos por presion,
certificacién segun ASME B 31-3 y UNE 60-309

Célculos por diametros

temperatura y estrés térmico para

Para la determinacion de las pérdidas de carga se utilizaran las formulas de Renouard.

Estas formulas son:

P.2-P,2=51,5xSxLxQ"¥xD** para MPB.

Pa—Pb=25078xSxLxQ"¥xD"** para Baja presion
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La determinacién de la velocidad viene dada por:

v=378 2Z
PD

Z= factor compresibilidad =1

En las que:

P.?y P,? = Presiones absolutas en el origen y en el extremo expresadas en bar.
S = densidad ficticia del gas natural = 0.53 Kg/m>. GNL = 446 Kg/m®.

Leq = Longitud equivalente

Q = Caudal transportado m*/h normales

D = Didmetro en mm.

Célculos por espesores

El calculo correspondiente a la linea de GNL, esta fuera de la tolerancia del codigo, al ser
menor de 1”.

Respecto a la tuberia de GNC, esta es de 1/2”, en acero inoxidable 304/304L.
Atendiendo al calculo de UNE 60.309, se tiene lo siguiente:
e=P.d/(20.0e.F.C)

Siendo:

e: espesor de calculo (en mm)

P: Presion de célculo en bar

d: diametro exterior tedrico del tubo

oe: Limite elastico del material (en N/mm2)

F: Coeficiente de calculo correspondiente a categoria emplazamiento

C: Factor de eficiencia de la soldadura
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2. INSTALACION ELECTRICA.
2.1 General

El control de la estacion se realizar4 desde un panel de mando Unico que integrard el

control de todos los elementos que componen la estacién, para que se realicen

actuaciones coordinadas y una puesta en seguridad adecuada a las posibles situaciones

que pudieran surgir.

Los elementos receptores consumidores son los que se relacionan a continuacion:

IDENTIFICACION POTENCIA (W) N° FASES TENSION
Alumbrado Cubeto 2000 F+N 230
Automatismos (Cuadros de
mando/telepago/dispenser) >000 N 230
Bombas GNL+GNC 40000 3F 400
Usos varios (enchufe) 3200 F+N 230
Compresor 3200 F+N 230
TOTAL 53400 F+N 230

Ademas de los consumidores citados, se instalard equipamiento el siguiente equipamiento

eléctrico o electrénico, cuyo consumo esta considerado en el apartado anterior:

e Entre los elementos en zona clasificada:

o PT100, para medida de temperatura del tipo Eexd

o Transmisor de nivel por presion diferencial

o Transmisores de presion relativa

o Transmisores de sefial de disparo

Dado que el consumo de Usos Varios sera ocasional,

no se ha previsto un

sobredimensionado de la potencia, tomandose ésta como méxima, y como valor nominal a

contratar 100 kW y 53,4 kW como potencia para célculos, al ser la reglamentaria.
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2.2 Determinacién de las secciones de los cables

A continuacién se resumen los resultados de los célculos necesarios para justificar las
secciones del cable a utilizar:

Derivacion individual:

e Tipo de linea: Trifasica

e Tension: 400 V

e Potencia de consumo: 53,4 kW

e Coeficiente de Calculo: 0,8. Para temperatura de terreno 25° C, canalizacion bajo
tubo con cable tripolar

e Longitud: 20 m

¢ Intensidad max. real/calc.: 81,11 A/ 102,69 A (con coseno de phi =0,75)

e Seccion cable (0,6/1 KV): 50 mm? ( para un minimo reglamentario de 6 mm?)

e Caida de tensién: 0,48 % , para un maximo admisible 1,5 %

e Proteccion: 160 A

e Diferencial: N/A
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Instalacion receptora:
IDENTIFICACION / RECEPTOR Bomba Bomba | Autom. | Usos Alumbrado | Compresor | Compresor
GNL GNC Varios Cubeto 1 2
TIPO DE LINEA (lI-111) I n I Il Il Il I
TENSION (V) 400 400 230 230 230 230 230
POTENCIA (W) 15000 25000 5000 3200 2000 1600 1600
COEFICIENTE DE CALCULO 0,75 0,75 0,75 0,75 0,75 0,75 0,75
POTENCIA DE CALCULO (chef. 20000 33333 6666 4266 2666 2133 2133
aplic.)
LONGITUD (M) (del punto mas 50 50 1 6 6 7 7
lejano)
INTENSIDAD MAX. de céalculo (A) 38,46 58,47 28,98 18,54 11,59 9,27 9,27
(En alumbrado son 3 Lineas
independ.)
SECCION (mm2) 10 25 6 4 2,5 2,5 2,5
INTENSIDAD MAXIMA CABLE (A) 50 84 36 27 18,5 18,5 18,5
CAIDA DE TENSION (%) (Calculo 0,83 0,55 0,056 0,32 0,32 0,39 0,39
y de Reglamento) 5 5 5 5 5 5
CORRIENTE DE CC (A) 3555 8888 61300 6814 4259 2484 2484
CANALIZACION Canal + | Canal + Canal Canal Canal | Canal+tubo | Canal+tubo
tubo tubo
PROTECCION 50 50 32 25 16 16 16
MAGNETOTERMICA (A + KA) 10 10 10 10 10 10 10
PROTECCION DIFERENCIAL (A + 50-30 50-30 25-30 25-30 25-30 25-30 25-30
mA)

Las férmulas de calculo aplicadas han sido:

Secciones-Caidas de tension:

Receptores monofasicos S=2C p P L/ (AUm Un)

Donde:

S: seccion (en mm2)

C: incremento de resistencia en alterna (c= 1,02)

p: Resistividad del conductor a temperatura prevista (en Q mm2/m)
P: Potencia activa (en W)

L: Longitud de linea (en m)

AUt: Caida de tension méxima admisible en linea trifasica (en V)
AUm: Caida de tension maxima admisible en linea monofasica (en V)

Un: Tension nominal (400 V en trifasico)
T BV CEIC0S NOUSTRALES DE MADRD.

@ VISADO

Proyecto de Estacién de Gas Natural — Puerto de Valencia 17903136/0136 20/04/2017
22000 DAVID RODRIGUEZ ORTEGA

2922€EV0





Doc. N°.
’ mD’ PUERTO DE VALENCIA.
' Fecha Abril 2017

ENERG!A

Pagina 37
Proyecto Estacién de Gas Natural Rev.: 2

Intensidad de Cortocircuito
l[cc=0,8U/R

R=pL/S

Donde:

Icc: Intensidad de cortocircuito

U: Tension de alimentacion

R: resistencia de conductor

p: resistividad (para el cobre se puede tomar 0,018 Q mm2/m)
L: Longitud (en m)

S: Seccion (en mm2)

2.3 Puesta a tierra
Cumpliendo el reglamento ITC-BT 18 e ITC-BT-024 la resistencia ha de ser inferior a 20

Ohmios.

Los cables de sefial para sensores de presion y temperatura. Estos equipos seran Eexi, y
tendran proteccion eléctrica mediante barreras o aisladores galvanicos de seguridad

intrinseca que aislan la zona segura de la zona clasificada.
2.4 Célculos para clasificacion del emplazamiento

De acuerdo al nuevo reglamento electrotécnico para baja tension, esta sujeta a lo recogido
en la norma UNE 60079, con lo cual se hace necesario realizar un estudio del
emplazamiento delimitando las clasificaciones de las zonas que corresponden, segun las
concentraciones peligrosas de gas susceptibles de aparecer en ellas, con el consiguiente
riesgo de explosion. Una vez establecidas las zonas, se tomaran las medidas preventivas

gue correspondan de cara a la seleccion de materiales y su instalacion.

El emplazamiento viene caracterizado por ser del tipo exterior, con un area extensa a su
alrededor, abierta, sin obstaculos que impidan la ventilacion.

A continuacion realizan las evaluaciones correspondientes al emplazamiento.
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Evaluacién del grado de ventilacién

El calculo del grado de ventilacion se realizard atendiendo a la cuantia de las fugas de gas

estimadas en base a la experiencia en la explotacién y conservacién de las instalaciones

criogénicas de GNL. En el listado siguiente se especifican las fuentes de escape y su

grado:
o Primarios:

= Venteos de cisterna:

= Venteos de tanque y escape de valvulas de seguridad de depdésito

= Desconexion de mangueras

o Secundarios:

= Fugas de liquido por empaquetaduras o juntas de valvulas

criogénicas.

= Fugas de liquido por bridas o poros

= Fugas de gas por bridas o poros

= Fugas de gas en conexiones de instrumentos y accesorios de

tuberias

= Purgas de gas en tramos

La estimacion de las tasas de escape varia considerablemente en los del tipo primario,

cuyo célculo se efectuard individualmente, no asi los secundarios, cuyo caso mas

desfavorable es el de la fuga de liquido por empaquetadura o juntas de valvulas

criogénicas y/o el de fuga de liquido por brida.
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Hoja de datos de la clasificacion de emplazamientos peligrosos — Lista de las fuentes de escape

Area: Cubeto

Planos de referencia:
Clasificacion zonas

1 2 | 3 4 5 | 6 | 7 8 9 | 10 | 11 | 12 13
Fuente de escape Sustancia inflamable Ventilacion Emplazamiento peligroso
. Extension de la . .,
Temperaturay . Tipo de Cualquier informacion
— o Grado de . 2) ., 3) | 4 5) | Dispon- zonam Refe- .
N2 Descripcion Localizacion 1) | Referencia presion de Estado™ | Tipo Grado e zona . . y observaciones
escape ., ibilidad Vertical rencia .
operacion 0-1-2 . importantes
Horizontal
* Por encima de la
1 Venteos Sup. Deposito P.S. 1 Ambiente | Ambiente G N Medio Muy 1 5 5 Plano **fuente de escape
buena zonas Desde la fuente de
escape
Desconexion Mu Plano * Por encima del suelo
2 mangueras Zona descarga P 1 Ambiente | Ambiente G N Medio y 1 4 4,5 ** Desde la fuente de
buena zonas
descarga escape
* Por encima del
Purgas de tuberia o Conjunto . . . Muy Plano depdsito o del SKID
. , 1 Ambiente | Ambient N B 2 4 2,
3 depdsito tuberias y SKID S mbiente | Ambiente G ajo buena > zonas ** Desde el punto de
fuga
Accesorios de Coniunto de Mu Plano * Por encima de la
4 tuberia e J, S 1 Ambiente | Ambiente G N Medio v 2 4 1,5 apertura
. ., tuberias y SKID Buena zonas | .,
instrumentacién Desde el punto fuga
Accesorios de Mu Plano ¥ Por encima de la
5 SKID S 2 Ambiente | Ambiente GylL N Medio v 2 4 1,5 botella(recp.)
botella THT Buena zonas .
** Desde el recipiente
1)  C-Continuo; S-Secundario, P-Primario
2) Indica el nimero en la lista de la Parte 1.
3)  G-Gas, L-Liquido, GL-Gas Licuado, S-Sélido
4)  N-Natural, A-Artificial
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2.4 Material a utilizar

La seleccién del material eléctrico-electrénico en el cubeto, como equipos indicados o
transmisores corresponderd a la clasificacion Eex ia Il C T4.

Esta clasificacion ha sido seleccionada en base a criterios de maxima seguridad, al ser
equipos susceptibles de ser instalados en zona 0, aunque este tipo de zona no exista en el
emplazamiento objeto de este proyecto. El grado de temperatura T4 viene dado por el uso
de transmisores de presion en la linea de regulacién y/o nivel y presiéon de tanque, dado
que el resto de la instrumentacion son PT-100 e indicadores mecénicos.

Atendiendo a la norma UNE-EN-60079-14, y dado que el consumo maximo certificado por
el fabricante (que puede ser susceptible de ser potencia disipada) es 0,9 w, en aplicacién
de la tabla 4 nos encontramos con potencia inferior a 1,3 w e incluso a 1,2 wy 1 w para
temperatura ambiente de 60° C y 80° C respectivamente, con lo cual se clasificaran los
equipos como T4.

Este tipo de equipos es el adecuado a la utilizacién que de ellos se hara en la instalacién
proyectada, dado que:

- En aplicacién de UNE-EN-60079-14, la clase de temperatura T4 corresponde a
una temperatura superficial maxima del equipo de 135° C y a una temperatura
de ignicién del gas de 135° C, valores muy distante de los necesarios para el
tipo de instalacion y gas que nos ocupa segun tablas de clasificacion.

- En aplicacion de UNE —EN-60079-14 tabla 2, aparece que el material “c” e “/"
debe pertenecer a los grupos lIA, IIB, IIC, seleccionandose el IIC para el caso
gue nos ocupa.

- De acuerdo a CEI 60079-11 Y 60079-0 se requerira clasificacion “ia” para los
equipos de seguridad intrinseca.

Madrid, Abril de 2017

Fdo.: David Rodriguez Ortega
Ingeniero Técnico Industrial
Colegiado n° 22.000
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PLIEGO DE CONDICIONES

Para el desarrollo del presente Proyecto el Instalador autorizado se atendera a la Memoria.

1. CATEGORIA DE LA EMPRESA INSTALADORA.

La empresa instaladora serda MOLGAS ENERGIA, C.I.F. nimero A-81466625

2. JUSTIFICACION DEL REGLAMENTO TECNICO DE DISTRIBUCION Y DE LAS
INSTRUCCIONES TECNICAS COMPLEMENTARIAS. PRUEBAS REGLAMENTARIAS.

2.1 Generalidades. Campo de aplicacion.

Es de resefiar que la instalacion que nos ocupa entra directamente en lo recogido en el RD
919/2006, de 28 Julio, por el que se aprueba el Reglamento Técnico de Distribucion y
Utilizacion de Combustibles Gaseosos y su ITC ICG 04.

Segun lo que se recoge en su Art. 2 apartado d, estos requisitos seran de aplicacion dado
que se trata de “Instalaciones de almacenamiento de gas natural Licuado con capacidad
geométrica conjunta de hasta mil metros cubicos y presion maxima de trabajo superior a 1

barg, que tengan como finalidad el suministro directo a instalaciones receptoras”.

2.2. Certificado CE

Los depésitos a instalar contardn con un certificado CE de fabricacion, en aplicacion del

RD 769/99 y los equipos que apliguen deberan llevar marcado CE.

Oportunamente, y de acuerdo con el procedimiento administrativo establecido, una vez
puesta en servicio de la instalacion se presentara la Documentacién en un plazo de quince

dias habiles que acredite dicho Registro.

Proyecto de Estacidn de Gas Natural — Puerto de Valencia
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2.3. Fabricacion.

La fabricacion de los depdsitos y elementos complementarios deberd ajustarse en todo
momento a lo que se recoge en el punto 3 donde se indican los procedimientos de
fabricacion del Anexo | del RD 769/99, y sera responsabilidad del fabricante o del

importador en su caso.
Con la Documentacion que se presente tras la Puesta en Marcha, se registrara dicha
documentacién presentando certificado CE de todos los aparatos a presion de la

instalacion.

2.4. Instalacion.

Para la instalacion de los depdsitos criogénicos proyectados serd necesaria la
presentacion de un Proyecto Técnico. Su contenido, se adecuara con respecto a la parte
de produccién de energia caliente y gas que serd de aplicacién del RD 919 de 2006
“‘Reglamento técnico de distribucién y utilizacion de combustibles gaseosos y sus
instrucciones técnicas complementarias ICG 01 a 11”7, en su ICG 4 que refiere —en cuanto
a normativa de instalacion a la norma UNE 60210 de 2001, y en lo referente a baja tensién
en el RBT y en especial a lo resefiado en la ITC-BT 29 e ITC BT 04, sin detrimento de la
aplicacion de las otras ITC que regulan el resto de la instalacion en baja tension (motores,

canalizaciones etc).

2.5. Puesta en servicio

La Puesta en servicio de la instalacion se realizara de acuerdo con lo que se indica en lo
recogido en la ICG 04, y la ITC-BT-04.

Para ello, se debera ejecutar la obra de acuerdo a proyecto, emitirse el correspondiente
certificado de fin de obra y realizarse las Pruebas en Lugar de Emplazamiento y Primera
Instalacién, siendo supervisadas éstas por una entidad colaboradora, generandose el
correspondiente certificado. Con todo ello se procederd a efectuar una carga de de GNL y
realizar la puesta en servicio de la instalacion con todos sus ajustes. De esta actuacion se

levantara el acta correspondiente. qip COLEGIO OFICIAL DE INGENIEROS
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Una vez realizadas las actuaciones citadas y en un plazo inferior a 15 dias, se presentaran
todos los certificados de equipos, obra y pruebas, asi como el acta y el proyecto visado en
la Delegacion de Industria, con lo que quedara concluido el proceso de puesta en servicio

de la instalacién y su documentacion.

2.6. Pruebas periddicas.

Anualmente se realizaran las inspecciones de extintores, estanqueidad, medicion de tierras
y verificaciones eléctricas.

Para los aparatos a presion, cada 5 afios se repetiran las pruebas de estanqueidad y
comprobaciones sobre los sistemas de seguridad. Cada 15 afios se realizara una prueba
de presién neumética, segun los criterios que se establecen en la norma UNE 60210.

En aplicacion de la ITC-BT-05, cada 5 afios se realizara una inspeccién periédica
reglamentaria.

Respecto a los extintores, cada 5 afios como maximo se procedera a su retimbrado.

Todas estas actuaciones sin perjuicio de otras que fueran susceptibles de ser realizadas

tras las inspecciones de mantenimiento o durante las mismas.

2.7. Mantenimiento.

El titular de la instalacibn o en su defecto los usuarios, seran los responsables del
mantenimiento, conservacion, explotacibn y buen uso de la instalacién, siempre
manteniendo su nivel de seguridad.

Deberan de disponer de un contrato de mantenimiento suscrito con un especialista
criogénico que disponga de un servicio de atencion de urgencias, por el que ésta se

encargue de conservar las instalaciones en el debido estado de funcionamiento.

Para cada instalacion existira un libro de mantenimiento o un archivo documental con copia
de las actas de todas las operaciones realizadas.

La empresa encargada de mantenimiento dejara constancia de cada visita en el Libro de
mantenimiento o en el archivo documental, anotando el estado general de la instalacion y

si es el caso, los defectos observados.
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3. NORMAS DE EJECUCION.

Las normas de ejecucion a las que se refiere este punto aplican exclusivamente al montaje
de tuberias que conducen G.N.L. o G.N. para la interconexion de equipos a realizar en
obra, siendo de referencia y aplicacion las hormas anteriormente citadas.

a) Uniones soldadas:

Previamente a la ejecucion de las soldaduras, se deberan presentar los procedimientos de
soldadura (segun EN 288-3, 1992) y las homologaciones de los soldadores (segin EN 287-
1, 1992), que apliguen en el montaje de la instalacion.

Todos estos procedimientos vendran ensayados segun las especificaciones recogidas en
dichas Normas y sellados por una Entidad Colaboradora de la Administracion.
Preferiblemente las uniones soldadas se realizaran de la siguiente forma:

- Para tuberia de hasta un didmetro DN 25, el proceso de soldadura se realizara
enteramente con T.I.G. (GTAW).

- Para tuberia de didmetro superior a DN 25, las primeras pasadas se realizardn con
GTAW (penetracion) con posteriores pasadas de electrodo revestido con SMAW
(relleno), o con TIG.

b) Requerimientos de calidad:

Todo el material de aportacién utilizado dispondra de su correspondiente certificado 3.1. B
s/DIN 50.049 6 EN 10.204, por lo que se llevara un registro de todos los materiales de
aportacion son sus respectivas coladas y certificados.

Las uniones B.W. seran radiografiadas al 100 % en las lineas de liquido y gas hasta la
vélvula de corte de la instalacion. A continuacion en fase gas las soldaduras de lineas no
criogénicas se radiografiaran al 10%. Las soldaduras S.W. seran inspeccionadas al 100 %
por liquidos penetrantes.

Todos los cordones de soldaduras estaran identificados, en mapa de soldaduras y de
END’S con la resefia del soldador homologado y del procedimiento aplicado.
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4. ACCIONES PREVIAS A PUESTA EN FUNCIONAMIENTO.

Antes de la puesta en funcionamiento de la instalacion se extenderan por la persona u

organismo competente las siguientes certificaciones:

e Certificado por direccion Técnica de que la instalacion se ajusta al proyecto presentado.
e Timbrado de cada una de las cuatro valvulas de seguridad que lleva el depdsito de
almacenamiento de GNL.
Presion de timbre: 18 barg
e Timbrado de la valvula de seguridad montada en la tuberia del circuito GNL de baja
presion, entre depdsito y la valvula de blogueo.
Presién de timbre: 18 barg
e Prueba de puesta a tierra de todos los equipos y tuberias que van situados dentro del
cubeto, asi como ensayos segun ITC-BT-05.
e Comprobacién de la medida de vacio en la camara del depésito de almacenamiento
GNL.
e Informe de calificacién de las uniones soldadas. Se podra presentar informes originales
de todas las soldaduras nuevas que hayan sido radiografiadas o realizados ensayos

con L.P. segun se ha especificado.

5. PRESCRIPCIONES PARA LAS CONDUCCIONES DE GAS DE SALIDA CUBETO

Las vélvulas de corte seran estancas tanto en la posicion de abierto como de cerrado. Se
utilizaran las que correspondan a cada seccion de tuberia, no colocandose nunca una de

menor seccion que la de la tuberia.

Los reguladores de los aparatos tendran que dar una presion de salida igual a la que
indique la placa de caracteristicas de cada aparato, asi como el caudal que tendra que ser

sobrado para su correcto funcionamiento.

La tuberia instalada sera en polietileno y/o en acero al carbono.
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Las soldaduras de uniéon de las tuberias de acero se realizaran mediante arco eléctrico con

las pasadas adecuadas, de acuerdo con la normativa vigente.

Se cuidara de manera especial que no quede ninguna soldadura dentro de los tubos
protectores pasamuros, cuando las conducciones tengan que pasar a través de alguno de

ellos.

No se realizara ninguna sustitucion de los materiales indicados, ni de las secciones de las

tuberias sin el conocimiento del Técnico Director de Obra.

Se realizara una limpieza de las conducciones con aire 0 gas inerte a presion y/o medios

mecanicos de limpieza, antes y después de las pruebas de resistencia y estanqueidad.

6 MANUAL DE INSTRUCCIONES

A continuacién se desarrollan las instrucciones generales que se han de cumplir para la
puesta en condiciones de operacion de la estacién, sin menoscabo de la existencia de un

manual de operacién de la misma.

Puesta en Frio con N, del depdsito de GNL.
Antes de introducir la primera carga de G.N.L. en el depésito es necesario enfriarlo con N,
liquido (LIN).

Para ello y por medio de una cisterna con contenido de LIN, se introducira lentamente el
nitrégeno en cantidad suficiente que asegure que su temperatura interna alcanza los -160

°C requeridos por el G.N.L.

El procedimiento para enfriar de forma lenta y progresiva la chapa del recipiente seré el

siguiente:

1. Presurizar el depésito con gas N, hasta igualar su presion con la de la cisterna.
2. Pasada media hora desde la anterior operacion, ventear a la atmosfera el N,, hasta
bajar a cero la presion del deposito.

3. Repetir las dos operaciones anteriores.
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4. Introducir liquido (LIN) por la parte superior del deposito de forma lenta, procurando

ventear a la atmosfera la sobrepresion producida internamente.

El tiempo para realizar esta operacién debe estar comprendido entre 2 y 3 horas. La aguja
del nivel del depdsito debe dar muestras de existencia de nivel de nitrégeno liquido.

Con el menor movimiento de la aguja del nivel en el depdésito y con la observacion de la
cantidad de N, descargada de la cisterna, es razonable pensar que el depdésito esta lo
suficientemente frio como para cargar con G.N.L.

Antes de purgar o ventear el nitrégeno liquido introducido es conveniente esperar de 2 a 4
horas que la chapa tome el frio del nitrdgeno. Pasado este tiempo y una vez venteado se

puede, acto seguido, efectuar la primera carga de G.N.L.

Primer llenado del depésito con GNL.
De forma previa al primer llenado de G.N.L. habrd que realizar las siguientes

comprobaciones:

1. Que el depdsito contiene nitrégeno liquido.

2. Que el nivel estéa calibrado para marcar correctamente el contenido.

3. Que las valvulas de seguridad, tanto del depdsito como de la instalacion, estan
taradas y precintadas segun reglamento.

4. Que se ha comprobado y certificado la presion de vacio del depésito.

5. Que en la instalacién de tuberia se ha verificado la estanqueidad y certificado
aceptablemente las radiografias de uniones soldadas de las tuberias de
interconexion entre equipos de la instalacion.

6. Que se han realizado las comprobaciones eléctricas de puesta a tierra de la
instalacion.

7. Que se ha emitido el correspondiente Fin de Obra.

8. Que el Departamento de Industria de la Comunidad Auténoma o bien una E.C.A.
homologado ha dado su Visto Bueno a la instalacion.

9. Que ha dado su Visto Bueno la Inspeccion de la Comercializadora de gas.

10. Que hay autorizacion de la propiedad.
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Una vez que todos estos puntos estdn cumplimentados se procedera al llenado del
depdsito con GNL. Para ello se purgard y venteard la mayor parte del nitrdgeno
almacenado, tanto en fase liquida como gaseosa y acto seguido, se descargara la cisterna
de GNL, siguiendo el procedimiento que venga indicado en el manual de instrucciones del
conductor.

El depdsito tiene una entrada de GNL por la parte superior y otra por la parte inferior. Se

utilizara una u otra para el llenado del depdésito seglin convenga.

El depdsito cuenta con una valvula de maximo nivel o maximo llenado que deberéa estar

abierta siempre que se descargue cisterna y haya riesgo de sobrepasar el nivel maximo.

En estos casos, la valvula de maximo llenado estara abierta dando muestra del escape si
es gas o liquido. Cuando salga fase liquida querréa indicar que el depésito ha alcanzado su

maximo nivel.
Operacion.

Para la operacion de la estacion es preciso comprobar las siguientes condiciones:

o El nivel de GNL en el depdsito supere el 10 %.

o La presion del depésito supere 1000 kPa relativos.

La estacién de servicio detendra automaticamente su operacion cuando se presente
alguna de las siguientes circunstancias:

o Fallo en el servicio eléctrico.

o Muy baja y muy alta presién de gas a consumo: 10 > P > 18 barg

Todas estas sefiales seran controladas y tratadas por parte del automatismo de control de

la estacion.

Los depésitos se llenan con GNL procedente de las cisternas por dos lineas de entrada en
el recipiente, de las cuales una va a la fase gaseosa y otra a la parte liquida. Por este tubo

no es posible extraer fase liquida.
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El depdsito se descargara de liquido por la tubuladura de salida a consumo situado en la

parte inferior del recipiente interno.

La presién de consumo requerida por el cliente se garantiza mediante el control de la
presién interna del depdsito. Esta presion interna es mantenida mediante un vaporizador
de puesta en presion que el depdésito lleva incorporado.

Si la presion en el depdésito baja hasta alcanzar la presién de consigna por baja (1200 kPa
tipico) entrar4 autométicamente en funcionamiento el vaporizador de puesta en presion,
recuperando la presion de servicio por encima de la consigna con un valor de histéresis
prefijado (10% tipico). Alcanzado el valor citado, se desconectar4d de nuevo de forma

automatica el vaporizador.

Instrucciones de Emergencia.
Se citan a continuacion las actuaciones a realizar en caso de que se detecte cualquiera de

los incidentes que puedan derivar en situacién de emergencia:

DERRAME DE LIQUIDO:
e Parar la instalacion y cerrar la valvula de bloqueo.
¢ Intentar cerrar la valvula manual aguas arriba de donde se produce el derrame.
e En cualquier caso se debera avisar o comunicar lo ocurrido y las medidas
adoptadas al Director de Seguridad lo antes posible, siempre después de intentar

cortar el derrame.

ESCAPE O FUGA DE GAS INCONTROLADA:
e Intentar cerrar la valvula aguas arriba de donde se produce el escape, para
cortar éste.
e Si se produce una gran nube de gas y ésta sale fuera del cubeto por accion del

viento, poner en marcha el plan de emergencia, segun procedimiento.
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ESCAPE DE GAS CON INCENDIO:
¢ Intentar cortar la fuga de gas cerrando la valvula situada aguas arriba del escape.

e Cerrar la valvula de bloqueo, cortando el paso de gas a consumo.

Si al detectar cualquiera de estas incidencias se esta descargando la cisterna, debera
pararse la operacion de descarga como medida de precaucion, cerrando las valvulas de la
cisterna tanto la de llenado de depdsito como la del vaporizador atmosférico.

Dependiendo del tamafio o peligro o duracion del incendio, el operador decidira el extintor
de polvo a utilizar y si es conveniente aplicar chorro de agua para refrigerar zonas,

depositos o tuberias adyacentes.

En cualquiera de los supuestos de peligro en que se encuentre el operador, éste tratara en
principio de someter el incendio y evitar que éste alcance mayores proporciones.

Debera avisar o comunicar lo ocurrido y las medidas adoptadas al Director de Seguridad lo
antes posible, una vez hecho todo lo que estaba en su mano para evitar un accidente

mayor.

7. LIBRO DE MANTENIMIENTO

El mantenedor debera llevar un registro de las operaciones de mantenimiento, en el que se

reflejen los resultados de las tareas realizadas.

El registro podra realizarse en un libro u hojas de trabajo o mediante mecanizado. En
cualquiera de los casos, se enumeraran correlativamente las operaciones de
mantenimiento de la instalacién. Se podra registrar las operaciones también, de modo
duplicado en un libro de registro situado en la propia instalacion, en lugar adecuado,
especificando las operaciones realizadas, fecha y firma de las personas que atendieron a

las mismas.
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8. CONCLUSIONES

Los presentes apartados del pliego de condiciones ofrecen una ampliacién a la descripcién
detallada de la memoria para mejor comprension de los detalles en el manejo y seguridad
de la instalacibn y conocimiento de los principales equipos como son el depoésito

criogénico, gasificadores, recalentador, etc

Madrid, Abril de 2017

Fdo.: David Rodriguez Ortega
Ingeniero Técnico Industrial
Colegiado n° 22.000
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ESTUDIO DE SEGURIDAD Y SALUD
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1.1 Objeto

El estudio tiene por objeto precisar las normas de seguridad y salud aplicables en la obra,
conforme especifica el apartado 2 del articulo 6 del Real Decreto 1627/1997.
Igualmente se especifica que a tal efecto debe contemplar:

- la identificaciébn de los riesgos laborales que puedan ser evitados, indicando las
medidas técnicas necesarias;

- relacién de los riesgos laborales que no pueden eliminarse conforme a lo sefialado
anteriormente, especificando las medidas preventivas y protecciones técnicas
tendentes a controlar y reducir riesgos valorando su eficacia, en especial cuando se
propongan medidas alternativas (en su caso, se tendra en cuenta cualquier otro tipo
de actividad que se lleve a cabo en la misma, y contendr& medidas especificas
relativas a los trabajos incluidos en uno o varios de los apartados del Anexo Il del Real
Decreto 1627/1997);

- previsiones e informaciones utiles para efectuar en su dia, en las debidas condiciones

de seguridad y salud, los previsibles trabajos posteriores.

1.2 Identificacion de la obra

Tipo de Obra: Edificacion

Descripcion del tipo de obra: Instalacion de una Estacion de Servicio de Gas Natural
Licuado. Se trata de una instalacion de almacenamiento de gas licuado en depdésito
criogénico a presion.

Situacién: Puerto de Valencia - Valencia

1.3. Descripcion vy localizacién de los trabajos

Los trabajos a los que se refiere este proyecto son los inherentes a la instalacion de una
Estacion de Gas Natural con todos sus equipos, el ensamblaje e interconexion de estos, la
construccion de la red necesaria de canalizacion, elementos auxiliares, acometidas y la
construccion del cubeto de retencion. La localizacion, caracteristicas y planos de la obra

son los reflejados en los planos del proyecto.
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Las fases/actividades previstas en la obra son las siguientes:

Movimiento de tierras
Cimentacion
Instalaciones
o Degas
o Eléctrica
o Fontaneria
Montaje de elementos en altura
Tendido de cables
Trabajos de alicatado y reparacion. Alicatados y solados.

1.4. Identificacion de los riesgos

Para los trabajos objeto de este estudio los riesgos identificados son los que se enumeran

a continuacion:

1.4.1 Respecto al lugar de trabajo

- Atropellos y golpes por vehiculos de la obra o ajenos a ella

- Atrapamiento por o entre objetos

- Condiciones de evacuacion de la obra

- Condiciones de evacuacion de las obras

- Exposicion a las condiciones climatolégicas
- Proximidad con otros servicios

- Sobreesfuerzos

- Accidentes causados por seres Vvivos

- Contactos térmicos

- Quemaduras

- Caida de personas a distinto nivel

- Caida de personas al mismo nivel

- Magquinaria y vehiculos para la realizaciébn de los trabajos de excavacion,

demolicion, rellenado y reposicién de zanjas.
- Golpes por objetos o herramientas

- Derrumbamientos o desprendimientos de tierras
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Caida de objetos

Utilizacion de equipos de aire comprimido
Proyeccion de particulas y de polvo
Exposicion al ruido excesivo

Pisadas sobre objetos

Movimiento de materiales

Contactos eléctricos con cables enterrados
Contactos eléctricos directos

Vibraciones

Incendios y explosiones

Exposicion a condiciones meteoroldgicas adversas

1.4.2 Respecto ala obra mecanica

Maquinaria y/o Utiles especificos de trabajo
Caida de personas a distinto nivel

Caida de personas al mismo nivel
Movimiento de materiales

Atrapamiento por o entre objetos
Atropellos, vuelcos, atropellos por vehiculos, maquinas o utiles de
Caida de objetos en manipulacion

Golpes y bloqueos fisicos en herramientas
Proyeccion de particulas

Exposicion al ruido excesivo

Incendios y explosiones

Contactos eléctricos

Utilizacion de equipos a presion

Utilizacion de equipos quimicos
Radiaciones ionizantes o no ionizantes

Exposicion a condiciones meteorolégicas adversas

trabajo
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1.4.3 Respecto alos trabajos con presencia de gas

- Incendios

- Explosiones

- Asfixia por desplazamiento de aire

- Sobreesfuerzos

- Proyeccion de fragmentos o particulas
- Contactos térmicos

- Quemaduras

- Exposiciéon a ambiento pulverulento

- Caida de objetos

1.5. Medidas preventivas

A continuacién se describen las medidas a adoptar para evitar los riesgos anteriormente

mencionados.

1.5.1 Respecto al lugar de trabajo

En todo momento se mantendran limpias y ordenadas las zonas de trabajo

Los trabajos de montaje en altura se suspenderan cuando las condiciones
meteoroldgicas incidan negativamente en la seguridad de los operarios.

Vallado, balizamiento y sefalizacién de la obra.

Realizacién de zonas que permitan un facil acceso y/o uso escaleras de mano
para profundidad 1,2 m.

Prevision de drenajes o protecciones contra la inundacion de aguas pluviales.
En recintos confinados, verificacion periddica de las condiciones de seguridad.
Acondicionamiento de pasos de obra, orden y limpieza.

Distancia de seguridad con otros servicios.

Extremar precauciones en caso de desconocimiento de otras instalaciones.

Se revisaran diariamente los grupos de soldadura, antes de ponerlos en

funcionamiento, tanto cables como conexiones, pinzas y elementos del equipo.
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Siempre se utilizaran carros porta botellas

Se evitaran los trabajos simultdneos en dos 0 mas niveles superpuestos.

1.5.2 Respecto ala obra civil

Entibamientos o taludes adecuados

Almacenamiento de materiales y escombros alejados del borde de la zanja

La maquinaria estara provista de estructura de proteccion contra vuelcos, caida
de materiales, freno de seguridad y dispositivos de sefalizacion Opticos y
acusticos

Las herramientas y equipos de trabajo se usaran correctamente y estardn en
adecuado estado de conservacion

La herramienta a utilizar por los electricistas instaladores, estara protegida con
material aislante normalizado contra los contactos de energia eléctrica.

Los martillos neuméticos tendran las empufaduras aisladas contra contactos
eléctricos y vibraciones

Se guardaran una distancia de seguridad entre el personal y la maquinaria en las
operaciones de excavacion

Siempre que exista riesgo de caida superior a 2 m. y no sea posible la
instalacion de protecciones colectivas, se tenderan cables de seguridad entre
pilares o puntos fuertes a los que amarrar el mosqgueton al arnés de seguridad.
Se respetaran las distancias de seguridad adecuadas con el resto de servicios
Las operaciones de carga y descarga se haran de la forma adecuada

Se compactara aquella superficie del solar que deba de recibir transporte de gran

tonelaje

No se utilizaran escaleras de mano de construccion improvisada.

No se subira / bajaré por escaleras con cargas superiores a 25 kg de peso, ni

cuando las dimensiones de la carga puedan hacer perder la estabilidad.
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1.5.3 Respecto ala obra mecanica

- Los equipos y herramientas de trabajo estardn en buen estado de
conservacion y se utilizaran de forma adecuada

- Los trabajadores recibiran instrucciones concretas sobre el uso correcto de las
herramientas que hayan de utilizar.

- Para evitar caidas, cortes o0 riesgos analogos, se colocardn en
portaherramientas o estantes adecuados.

- La utilizaciébn de productos quimicos se hara basandose en las medidas
dadas en la ficha de seguridad

- Se utilizaran las protecciones adecuadas contra las radiaciones ionizantes y
no ionizantes

- No se deambulara por otros servicios

- La manipulacién de materiales y las operaciones de carga y descarga se
realizaran de forma segura. Esta prohibida la permanencia de personal bajo
las cargas suspendidas

- La utilizacion de equipos a presion se realizard con extrema precaucion

- Mantenga la maquinaria alejada de terrenos inseguros, propensos a
hundimientos. Pueden volcar y sufrir lesiones.

- Antes de poner en funcionamiento una maquina, comprobar todos los
dispositivos de frenado

- La velocidad de circulacion estara en consonancia con la carga transportada,
la visibilidad y las condiciones del terreno.

- Se prohibe la permanencia de personas alrededor del camién grda a
distancias inferiores a 5 metros. Se prohibe la permanencia bajo las cargas en
suspension.

- No se sobrepasara la carga maxima admitida por la maquina y siempre se
mantendré la carga a la vista

- Los compresores se usaran en los lugares sefialados para ello.
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1.5.4 Respecto alos trabajos con presencia de gas

- Se dispondra de medidores de la concentracion de gas y oxigeno

- Una persona permanecera en el exterior

- Se dispondra de extintores a pie de obra

- El taller de soldadura tendr& ventilacién directa y constante.

- Se suspenderan los trabajos de soldadura a la intemperie bajo el régimen de

lluvias

- Se tenderan redes ignifugas bajo la zona de soldadura para evitar quemaduras

a terceros

- Se prohibe abandonar el grupo de soldadura si no ha sido desconectado

previamente.

- Esta prohibido fumar, encender fuego y se tomaran precauciones para evitar la

generacién de chispas, tales como humedecer el terreno

1.6. Medidas de seguridad individuales

Se prohibe purgar a través de tubo polietileno

Del analisis de riesgos laborales que se ha realizado, se desprende que existe una serie de

ellos que no se han podido resolver con la instalacion de los medios de proteccion

colectiva. Se trata de riesgos intrinsecos de las actividades individuales a realizar por los

trabajadores y por el resto de personas que intervienen en la obra. Consecuentemente se

ha decidido utilizar los siguientes equipos de proteccion individual:

- Arnés de Seguridad

- Botas de Agua

- Botas de seguridad

- Casco de seguridad dieléctrico
- Casco de seguridad

- Chaleco reflectante

- Deslizadores paracaidas para cinturones de seguridad

- Faja de proteccion contra los sobreesfuerzos
- Gafas de seguridad contra proyecciones e impactos

- Gafas protectoras contra el polvo
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- Guantes aislantes de la electricidad

- Guantes de soldador

- Guantes de uso general

- Mandil de cuero

- Mascarilla autofiltrante para gases y vapores
- Mascarilla de papel filtrante

- Pantalla de seguridad para soldadura
- Polainas de cuero

- Protectores auditivos

- Rodilleras almohadilladas

- Ropa de trabajo

1.7. Medidas de segquridad colectivas

Del analisis de riesgos laborales que se ha realizado y de los problemas especificos que

plantea la construccion de la obra, se prevé utilizar los siguientes medios de proteccion

colectiva:

Cables fiadores para cinturones de seguridad

- Sistema de redes horizontales

- Valla metalica autbnoma

Pasarelas de seguridad con barandilla para zanjas

Mantas ignifugas para recogida de gotas de soldadura y oxicorte

Barandilla tubulares sobre los pies derechos por aprieto de tipo carpintero

Cuerdas auxiliares, guia segura de cargas suspendidas a gancho gria
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1.8. Sefalizacion de la obra

La sefalizacién de seguridad prevista en el presente Plan de Seguridad y Salud sera
conforme a lo dispuesto en el Real Decreto 485/1997, de 14 de Abril, en el que se
establece un conjunto de preceptos sobre dimensiones, colores, simbolos y formas de

sefales y conjuntos que proporcionan una determinada informacién relativa a la seguridad.
SENALIZACION DE LOS RIESGOS

Se empleara, por lo tanto una sefializacién normalizada que avise en todo momento de los

riesgos existentes.

La prevencion disefiada, para su mejor eficacia, requiere el empleo de la siguiente
sefalizacion:

- Cinta de balizamiento bicolor rojo / blanco de material plastico, incluso colocacién
y desmontaje.

- Placa sefalizacion-informacién en PVC serigrafiado de 50x30 cm., fijada

mecanicamente, incluso colocacién y desmontaje, amortizable en 3 usos.
SENALIZACION VIAL

Debido a la presencia de trafico rodado, se originan los riesgos importantes para los
trabajadores. Por ello, es necesario instalar la sefializacion pertinente, reflejada en la
Norma de Carretera 8.3 - |.C. sobre sefalizacién provisional de obra.
La sefializacion vial que se requiere es la siguiente:

- Cono de balizamiento reflectante irrompible de 50 cm. De didmetro, amortizable en
5 USOS.

- Sefial se seguridad manual a dos caras: STOP-DIRECCION OBLIGATORIA, tipo
paleta, amortizable en 2 usos.

- Sefial de seguridad triangular de L=70 cm. Normalizada, con tripode tubular,

amortizable en 5 usos, i/colocacion y desmontaje.
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1.9. Normativa legal y reglamentacién aplicable

La normativa aplicable a estos trabajos se relaciona de forma no exhaustiva de la siguiente

forma:

Ley 31/1995 de Prevencion de Riesgos Laborales

RD 773/1997 sobre utilizacion de EPI's

RD 1627/1997 sobre seguridad en obras de construccion
RD 485/1997 sobre sefializacién de seguridad

RD 486/1997 sobre seguridad en los lugares de trabajo
RD 487/1997 sobre manipulacion manual de cargas
RD 1215/1997 sobre equipos de trabajo

RD 1316/1989 sobre proteccion contra el ruido

RD 286/2006 sobre proteccion contra el ruido

RD 39/1997 sobre los Servicios de Prevencion.

RD 614/2001 sobre proteccion al riesgo eléctrico

RD 1311/2005 sobre riesgo a exposicién a vibraciones mecéanicas

Asimismo serdn de aplicacion la reglamentacion sobre gases combustibles, aparatos a

presién, aparatos de elevacion y manutencion, reglamento electrotécnico de baja tension,

seguridad en maquinas.

1.10 Condicionantes para el contratista

El contratista principal ser4 el responsable de realizar el correspondiente Plan de
Seguridad designando cuando proceda el coordinador de seguridad durante la ejecucién

de la obra.
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1.11 Centros de asistencia sanitaria

Los Centros médicos de urgencia proximos a las
continuacion:

obras son los que se sefalan a

Primeros auxilios: Centro de salud Valencia Malvarrosa

TIf: 963717251

C/. Isabel de Villena, 2 Pabellon C.

46011 Valencia

Hospital: Hospital Clinico Universitario
TIf: 963862604
Avda. Blasco Ibafiez, 17
46010 Valencia

Mutua: Asepeyo
TIf URGENCIAS: 900151000
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. MEMORIA
0. OBJETO

El objeto de la presente Memoria, la presentacion del Plan de Gestion de Residuos de
Construccion, conforme al Articulo 4. “Obligaciones del productor de residuos de
construccion y demolicién”, apartado 1. a), del Real Decreto 105/2.008, de 1 de febrero, por
el que se regula la produccion y gestion de los residuos de construccién y demolicién (BOE
N° 38 13.02.2008).

1. PLAN DE GESTION DE RESIDUOS DE CONSTRUCCION.

De acuerdo con el Articulo 4. “Obligaciones del productor de residuos de construccion y
demolicion”, apartado 1. a), del Real Decreto 105/2.008, de 1 de febrero, por el que se
regula la produccion y gestion de los residuos de construccion y/o demolicién, el productor
de residuos de la construccién y demoliciébn estad obligado a incluir en el proyecto de
ejecucion de la obra, un Plan de gestién de residuos de la construccién, que es objeto del

presente documento.

Cabe destacar, que la construccion de la Planta Satélite de Regasificacion de G.N.L.
(P.S.R.), no supondra grandes movimientos de tierra, puesto que la parcela, se encuentra

despejada v libre de obstaculos.

Por tanto, no se realizaran trabajos de demolicién en la parcela en la que se implantara la

futura Planta Satélite de Regasificacion, ya que no existe ningun tipo de edificacion en el
area en la que se instalard la futura Planta Satélite de Regasificacion.

Por tanto, los trabajos de construccién seran basicamente, los siguientes:

- Movimiento de tierras.

- Limpiezay retirada de tierras.
- Cimentacion y estructura.

- Cubeto.

- Acometidas a los servicios industriales.
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El acondicionamiento del terreno comenzara con la limpieza, desbroce y retirada de tierra
vegetal, a continuacion, se procederd al vaciado de tierras y a la excavacion de las zanjas
de cimentacién. Posteriormente, se llevaran a cabo los rellenos que sean necesarios y su
correspondiente compactado, y finalmente se realizaran los trabajos de explanacion que
den lugar a la formacion de las &reas de descarga, de las zonas de circulacion y acceso.

Debido a las caracteristicas de las actuaciones a llevar a cabo en la parcela, se realiza el Plan
de Gestién de Residuos de la Construccion, con el objetivo principal de no generar ninguna
afeccion al medio, como consecuencia de la construccion de la Planta Satélite de
Regasificacion.

Destacar que los residuos que se generaran, serdn procedentes de la construccién de
dicha Estacién de Gas Natural, puesto que no se realizara “ninguna demolicién” en la
parcela, ya que la zona de construccidon se encuentra despejada y libre de obstaculos, y
sin presencia de ningun tipo de edificacién en la misma, que dificulte la implantacion de la

futura instalacion.

A continuacion, se presenta el Plan de Gestién de Residuos de la Construccion, que se

desarrollara en la parcela anteriormente citada.

1.1. ESTIMACION DE LA CANTIDAD DE LOS RESIDUOS QUE SE GENERARAN EN
LA OBRA, Y CODIFICACION CONFORME A LA ORDEN MAM/304/2.002.

Las caracteristicas de los residuos de la construccion que se generaran son las siguientes:

- Pequefios escombros de obra: restos de hormigon, etc. procedente de las obras de

construccion de la estacion.

- No se generaran residuos de demolicion, puesto que la parcela, se encuentra
totalmente despejada y libre de obstaculos, para el comienzo de la excavacion de
tierras, y ejecucion de la futura estacion.
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Estos residuos se pueden clasificar segun la lista Europea de Residuos, publicada por la
Orden MAM/304/2.002, de 8 de febrero, por la que se publican las operaciones de
valorizacién y eliminacién de residuos y la Lista Europea de Residuos, con los siguientes

cbdigos:

CODIFICACION DE LOS RESIDUOS DE LA CONSTRUCCION Y LA DEMOLICION SEGUN
LA ORDEN MAM/304/2.002, DE 8 DE FEBRERO, POR LA QUE SE PUBLICAN LAS
OPERACIONES DE VALORIZACION Y ELIMINACION DE RESIDUOS, Y LA LISTA
EUROPEA DE RESIDUOS

- 17 Residuos de la construccién y demolicion (incluida tierra excavada de zonas
contaminadas).

17 01 Hormigén, ladrillos, tejas y materiales ceramicos.

17 01 01 Hormig6n.

17 01 02 Ladrillos.

17 02 Madera, vidrio y pléstico.

17 02 01 Madera.

17 02 03 Plastico.

17 04 Metales (incluidas sus aleaciones).

17 04 05 Hierro y acero.

Cabe destacar que no se generaran residuos peligrosos, como consecuencia de las obras a
llevar a cabo en la parcela antes mencionada, para la construcciéon de la Planta Satélite de

Regasificacion.

Se prevé que debido a las caracteristicas de las adecuaciones a realizar, y descritas en el
correspondiente Proyecto Técnico, se generara una cantidad pequefia de los residuos

detallados en el epigrafe anterior, siendo las cantidades estimadas previstas las siguientes:

ESTIMACION DE LA CANTIDAD DE RESIDUOS DE LA CONSTRUCCION QUE SE
GENERARAN

Se estima que la cantidad de residuos a generar son:

Hormigén y ladrillos: 6,25 m®,
Madera: 1,85 m®.

Plastico: 0,62 m®.

Papel y carton: 1,87 m®.

Metal (hierro y acero): 1,70 m®.
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Cabe destacar, que estos calculos se han realizado estimando el volumen de generacion
de residuos, en funcién de los metros cuadrados a construir (445 m? aprox.), tipo de
materiales y caracteristicas de la construccion, para el periodo de tiempo estimado de

duracion de la obra de construccion de la Planta Satélite de Regasificacion.

Por lo que una vez comiencen las obras para las que se solicita Licencia de Obras, con el
presente documento (y resto documentacién: Proyecto Técnico, etc.), puede que estas

cantidades varien minimamente, respecto a lo estimado en el presente epigrafe.

1.2. MEDIDAS PARA LA PREVENCION DE RESIDUOS EN LA OBRA OBJETO DEL
PROYECTO.

Cabe destacar, que durante el desarrollo de la ejecucion de la obra correspondiente al
proyecto de Planta Satélite de Regasificacion se procedera a aplicar un principio basico de

Prevencién Ambiental.

Dicho principio consiste en:

- Planificar las actuaciones a llevar a cabo, de tal manera que, se genere el minimo
impacto sobre el medio posible.

- Concienciar a los trabajadores y operarios, de la necesidad de realizar todas las
operaciones sin afectar al entorno en el que se produce la obra.

- Controlar y mantener limpia la zona de trabajo, y sus aledafios.

- Siempre que se generen residuos de la construccidn, se deberan mantener en
condiciones 6ptimas de higiene y seguridad.

- Se evitara la mezcla de fracciones, previamente seleccionadas que vayan a impedir
su posterior valorizacion o eliminacion.

- Que todas las operaciones, se realicen teniendo en cuenta, que es mas facil
prevenirlas, que corregirlas a posteriori, desde el punto de vista medioambiental. Ya

gue supone un sobrecoste afadido, al presupuesto del proyecto correspondiente.
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1.3. OPERACIONES DE REUTILIZACION, VALORIZACION O ELIMINACION A QUE
SE DESTINARAN LOS RESIDUOS QUE SE GENERARAN EN LA OBRA.

En la medida de lo posible, los residuos de la construccion, se destinaran preferentemente
a los siguientes procedimientos, y por este orden:

1°. Reutilizacion.
2°. Reciclado.
30, Otras formas de Valorizacion.

Estos principios de gestién de residuos, provienen de la Ley 10/1.998, de 21 de abiril,
basica de Residuos.

Durante la ejecucion de la Estacion de Gas Natural se plantearan las siguientes opciones

de gestion de residuos.

Siempre y cuando, se generen residuos inertes de la construccion, esto es, residuos no
peligrosos, que no experimenten transformaciones fisicas, quimicas y/o bioldgicas
significativas, que no sea soluble ni combustible, ni biodegradable, ni afecte negativamente
a otras materias con las que entre en contacto de forma que de lugar a contaminacion del
medio ambiente o perjudique la salud humana, se destinardn a operaciones de
reutilizacién, en la propia obra de construccion, siempre que se estime oportuno y puedan

ser valorizables.

Se procedera a la contratacién de un Gestor Autorizado para la gestién de los residuos a
generar en la obra (dicho Gestor debe de encontrarse inscrito en el Registro

correspondiente de la Comunidad Autbnoma).

Todos los materiales susceptibles de ser utilizados en la propia obra seran utilizados,

tratando de generar la menor cantidad posible de materiales a gestionar.

El Gestor Autorizado entregara siempre los residuos en vertedero autorizado para tal fin.
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Si no es posible, proceder a la reutilizacion de dichos residuos, se procedera a destinarlo a

reciclaje y/o valorizacion.

No obstante, en la actuacion proyectada no se prevé la realizacion de ninguna operacion
de reutilizacion de los materiales generados por la construccion de la Planta Satélite de

Regasificacion en la misma obra.

Durante las operaciones de construccién descritas, los residuos que se vayan generando
se depositaran en contenedor especial (metalico de 7 m?®, habilitados para el depésito
especifico de residuos de construccion), que se situardn en el entorno proximo de la

actuacion.

Esta medida asegurard el correcto depésito de los residuos que se generaran en la
construccion, hasta su posterior retirada por parte de una empresa contratada para tal fin
(gestor autorizado); garantizando el adecuado acceso de los vehiculos que retiraran dichos

contenedores una vez se encuentren llenos.

Este contenedor se depositara previsiblemente, en la zona mas segura del entorno de la
obra, por lo que sera una zona libre de ocupacion de maquinaria, etc. donde su depdsito

sera seguro y perfectamente controlado, hasta su retirada por parte de gestor autorizado.

Por tanto, una vez sean retirados estos residuos de la zona de obras donde se generaran,
se retirard el contenedor de depdsito, y se transportara hasta su depdsito en vertedero
controlado, y autorizado para tal fin. Depositando un nuevo contenedor para realizar dicha

operacién nuevamente.

No obstante, el transporte de dichos residuos, hasta su destino final, ser& realizado por una
empresa contratada y autorizada para tal fin, y se emplearan los camiones de transporte,
perfectamente acondicionados para evitar que se produzca ningun riesgo durante el

transporte, y posterior depdésito en vertedero de este tipo de residuos.

Por lo que se ha indicado, no se realizara ningun proceso de reutilizacién de los residuos
de construccién, que se generaran por las obras a llevar a cabo, sino que contratara una

empresa encargada de la retirada de los mismaos, para ser conducidos a su destino final en

COLEGIO OFICIAL DE INGENIEROS
o TECNICOS INDUSTRIALES DE MADRID

@ VISADO

Proyecto de Estacidn de Gas Natural — Puerto de Valencia
17903136/01 20/04/2017

22000 DAVID RODRIGUEZ ORTEGA

TRAMITADO ELECTRONICAMENTE MEDIANTE CERTIFICADO DIGITAL FNMI CLASE 2CA

2922€EV0





Doc. N°.
’ mD’ PUERTO DE VALENCIA.
' Fecha Abril 2017

ENERG!A

Pagina 72
Proyecto Estacién de Gas Natural Rev.: 2

el vertedero autorizado.

Cabe destacar, que en las obras de ejecucion, no se procedera a la realizacién de ningun
tratamiento previo “in situ”, descrito como proceso fisico, térmico, quimico o bioldgico, que
cambie las caracteristicas de los residuos de construccion, reduciendo su volumen o

peligrosidad, o0 mejorando su comportamiento en el vertedero.

La documentacion acreditativa del cumplimiento del Plan de Gestion de Residuos de la
Construccion y/o Demolicion, correspondiente a un afio natural, deberd conservarse

durante los 5 afios siguientes.

La persona fisica o juridica que ejecute la obra estara obligada a presentar a la propiedad
de la misma, un plan que refleje como llevara a cabo las obligaciones que le incumban en
relacion con los residuos de construccién que se vayan a producir en obra. Cuando la
Direccion Facultativa apruebe dicho plan, y sea aceptado por la propiedad, pasara a formar
parte de los documentos contractuales de la obra.

La entrega de los residuos de construccion habra de constar en un documento fehaciente

en el que debera figurar:

- ldentificacion del poseedor y productor.

- Obra de procedencia.

- Numero de licencia de la obra.

- Cantidad de residuos en Tny en m°.

- Tipo de residuos entregados codificados en la LER por la Orden MAM/304/2.002.

- ldentificacion del gestor de las operaciones de destino.

Se debe mantener dicha documentacion correspondiente al afio natural, durante los cinco

afios siguientes.
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VALORIZACION DE RESIDUOS DE CONSTRUCCION Y/O DEMOLICION

Como se ha comentado en el apartado anterior, no se realizard ninguna reutilizacién de los

residuos generados en las obras de construccion.

Tampoco se prevé la realizacion de ninguna valorizacién “in situ” de este tipo de residuos,
por lo que los residuos generados seran depositados en un contenedor habilitado para tal
fin, hasta su retirada posterior por parte de una empresa contratada para tal fin, hasta su

depdsito controlado en el vertedero autorizado como destino final.

Esta gestibn es considerada la mejor opcion técnica, puesto que en el vertedero
autorizado, realizaran la correcta segregacion y la recuperacion de los escombros, para su
posterior utilizacién como aridos en carreteras, relleno de zanjas, formacion de terraplenes,

y fabricacion de hormigones, para su posterior uso de nuevo en construccion.

DESTINO PREVISTO PARA LOS RESIDUOS NO REUTILIZABLES NI VALORABLES
“IN SITU”.

Como se ha comentado en los dos apartados anteriores, no se generardn como
consecuencia de las obras a llevar a cabo en la parcela residuos cuyas caracteristicas

permitan ser reutilizables ni valorizables “in situ”, en dicha obra.

Por lo tanto, los residuos que se generardn como consecuencia de las operaciones de
construccion, seran gestionados mediante su depdsito en una planta de tratamiento de
residuos de construccién y demolicion, en el entorno mas proximo a la ubicacion de la

industria.
Se ha elegido esta opcion, por los siguientes beneficios medioambientales:

- Control exhaustivo de los residuos generados como consecuencia de las obras de
construccion.

- Deposito en contenedores habilitados para tal fin, metalicos, estancos, y con todas las
medidas de seguridad para contener los residuos, en la zona de obra, hasta su retirada
a vertedero autorizado.
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- Transporte y retirada de dichos residuos generados durante la construccién, mediante
empresas contratadas para tal fin, y autorizadas por la Comunidad Autéonoma, para
dichas operaciones de transporte y gestibn de residuos no peligrosos de estas
caracteristicas.

- El destino final de los residuos de la construccién, sera una empresa autorizada por la
Comunidad Auténoma, para el reciclaje y/o eliminacion de dichos residuos de las
proximidades a la zona donde se generara el residuo. Todo ello con el objetivo principal
de realizar una reutilizacion y reciclado de los componentes de dichos residuos, para
obtener productos que sean de nuevo empleados en la construccion: aridos,

hormigones, etc.

El fin dltimo de dicha medida de gestién, es generar la minima cantidad de residuos
posible, para la adecuacion de la construccién de la futura instalacion en la parcela, y asi
recuperar y reciclar unos materiales, que pueden ser valorizables y reutilizables en plantas

de tratamiento especializadas y autorizadas por la Comunidad Auténoma, para tal fin.

Ademas, no es previsible que se generen residuos que contengan sustancias peligrosas,
puesto que no seran empleados en la construccion, por lo que se generara ninguna

afeccidn, por este tipo de residuos en la obra proyectada.

1.4. MEDIDAS PARA LA SEPARACION DE LOS RESIDUOS EN OBRA, EN
PARTICULAR, PARA EL CUMPLIMIENTO POR PARTE DEL POSEEDOR DE LOS
RESIDUOS DE LA SEPARACION DE LOS RESIDUOS QUE SUPEREN LAS
CANTIDADES ESTABLECIDAS EN EL R.D. 105/2.008, ARTICULO 5, APARTADO
5.

En funcion de lo establecido en el apartado 1.1. “ESTIMACION DE LA CANTIDAD DE LOS
RESIDUOS QUE SE GENERARAN EN LA OBRA, Y CODIFICACION CONFORME A LA
ORDEN MAM/304/2.002", de la presente Memoria, se detallaran los residuos producidos

como consecuencia de la ejecucion de la obra.

Determinar que en funcion de las cantidades previstas a generar, habra que realizar una

separacion de las fracciones por separado.
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Se estima que la cantidad de residuos a generar son:

e Hormigén y ladrillos: 6,25 m® (7,52 Tn).

e  Madera: 1,85 m® (0,92 Tn).
e  Plastico: 0,62 m® (0,018 Tn).

e  Papely carton: 1,87 m3(0,06 Tn).

° Metal (hierro y acero): 1,70 m*(1,70 Tn).

Cuando se superen las cantidades establecidas en la siguiente tabla, se debera de

producir la separacién de las fracciones anteriores, preferentemente dentro de la obra en

que se produzcan.

MATERIAL DE CONSTRUCCION Y/O
DEMOLICION

CANTIDADES ESTABLECIDAS EN EL
APARTADO 5. DEL ARTICULO 5. DEL R.D.

105/2.008
Hormigon. 80 Tn
Ladrillos, tejas, ceramicos 40 Tn
Metal 2Tn
Madera 1Tn

MATERIAL DE CONSTRUCCION Y/O

CANTIDADES ESTABLECIDAS EN EL
APARTADO 5. DEL ARTICULO 5. DEL R.D.

DEMOLICION 105/2.008
Vidrio L
Plastico 05T
Papel y cartén 0>1n

Para lo cual, se debera realizar una separacion en fracciones, mediante su depdsito en

contenedores habilitados para tal fin, hasta su posterior cesién a gestores autorizados para

cada tipo de residuos separado.
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1.5. UBICACION DE LAS INSTALACIONES PREVISTAS PARA EL
ALMACENAMIENTO, MANEJO Y SEPARACION, Y OTRAS OPERACIOENS DE
GESTION DE LOS RESIDUOS DE CONSTRUCCION Y DEMOLICION DENTRO DE
LA OBRA.

Una vez comiencen los trabajos de construccién de la planta, se determinard la ubicacion
Optima de los mismos, in situ, para garantizar la seguridad y correcto almacenamiento de

los residuos de construccion.

1.6. PRESCRIPCIONES DEL PLIEGO DE PRESCRIPCIONES TECNICAS
PARTICULARES DEL PROYECTO, EN RELACION CON SU ALMACENAMIENTO,
MANEJO, SEPARACION Y, OTRAS OPERACIONES DE GESTION DE LOS
RESIDUOS DE LA CONSTRUCCION Y DEMOLICION DENTRO DE LA OBRA.

El contratista asegurara el adecuado almacenamiento de los posibles sobrantes de
materiales empleados en la construccién asi como de aquellos que pudiesen proceder de
actividades de demoliciébn. Estas operaciones aseguraran el correcto depésito en
contenedores habilitados para tal fin, de los residuos de la construccién y demolicién en obra,
hasta su posterior retirada por parte de empresa especializada autorizada en el transporte de
estos residuos, y su depdsito final en vertederos o gestores autorizados por la Comunidad

Autonoma correspondiente, para la gestion de este tipo de residuos.

En todo caso, se observaran las prescripciones establecidas en el Decreto 105/2.008, de 1
de febrero, por el que se regula la produccion y gestion de los residuos de construccion y

demolicion.

No obstante, en el Pliego de Prescripciones Técnicas Particulares del Proyecto Técnico

correspondiente, aparece mencionada dicha gestion, y prevision.
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1.7. VALORACION DEL COSTE PREVISTO DE LA GESTION DE RESIDUOS DE LA
CONSTRUCCION Y DEMOLICION QUE FORMARA PARTE DEL PRESUPUESTO
DEL PROYECTO EN CAPITULO INDEPENDIENTE.

A continuacién, se presenta una estimacion de la valoracion economica del coste de la

gestién correcta de los residuos de la construccion de la actuacion:

Reposicion contenedores: 120 €/ reposicion, aproximadamente.
Reposicion mensual: 1 vez, aproximadamente.
Estimacion de duracion actuacion: 12 mes, aproximadamente.

Presupuesto total de la retirada de los residuos de la construccion: 1440 €/duracién de la
obra estimada.

2. CONCLUSIONES.

Con el presente y los puntos anteriormente desarrollados, se da por concluido el presente
documento, quedando no obstante, a disposicion de la Administracion para cualquier duda o

aclaracién que pueda suscitarse.

Madrid, Abril de 2017

Fdo.: David Rodriguez Ortega
Ingeniero Técnico Industrial
Colegiado n°® 22.000
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PRESUPUESTO

El presupuesto correspondiente a la Instalacién de la Estacion de Servicio objeto del

presente Proyecto es el siguiente:

N CONCEPTO c Precio Precio total
unitario
1 Depésito criogénico 187 m® 2 264.000,00 528.000,00
2 Dep6sitos criogénicos 20 y 5 m® 1 47.700,00 47.700,00
3 Modulo de descarga 1 15.000,00 15.000,00
4 Vaporizador atmosférico 770 Nm®h 2 23.000,00 46.000,00
5 Vaporizador atmosférico 224 Nm®h 1 8.152,00 8.152,00
6 Boilf off-deposito 1 55.000,00 55.000,00
7 Skid Bomba 1 100.000,00 100.000,00
8 Skid GNC 1 98.000,00 98.000,00
9 Buffer 2.400 Its 1 32.000,00 32.000,00b
10 Bomba GNC 2 86.050,00 172.100,00
11 Bomba GNL 150lts/min. 1 81.250,00 81.250,00
12 Bomba GNL 2500Its/min. 2 49.000,00 98.000,00
13 Dispensador GNC 1 105.000,00 105.000,00
14 Dispensador GNL 1 96.000,00 96.000,00
15 Dispensador CH4 1 34.951,00 34.951,00
16 Odorizador 1 15.000,00 15.000,00
17 Calorifugado 1 45.000,00 45.000,00
18 Instalacién Eléctrica 1 152.000,00 152.000,00
19 Mano de Obra (mecénico+eléctrico) 1 415.783,00 1%8%3%0 —
=\ TECNICOS INDUSTRIALES DE MADRID

Proyecto de Estacidn de Gas Natural — Puerto de Valencia

& VISADO

17903136/01 20/04/2017
22000 DAVID RODRIGUEZ ORTEGA

2922€EV0





& vy molg

Doc. N°.

PUERTO DE VALENCIA.

as Fecha Abril 2017

ENERGIA
Pagina 80
Proyecto Estacién de Gas Natural Rev.: 2
20 Obra Civil 1 95.000,00 95.000,00
21 Gestion de residuos 1 1.440,00 1.440,00
22 Varios 1 470.783,00 470.783,00

TOTAL PRESUPUESTO

2.712.159,00 Euros

El presupuesto de instalacién de la Estacion de Gas Natural Licuado, supone la
cantidad de DOS MILLONES SETECIENTOS DOCE MIL, CIENTO CINCUENTA Y
NUEVE euros.

Madrid, Abril de 2017

Fdo.: David Rodriguez Ortega

Ingeniero Técnico Industrial

Colegiado n°® 22.000
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1. Introduction

The project CORE LNGas HIVE, presented and approved in the 2014 Transport Call
of proposals of the CEF program, aims at supporting the deployment of LNG
infrastructure for maritime transport and ports operations along the Spanish and
Portuguese sections of the Atlantic and Mediterranean Core Network Corridors in line
with the corresponding Corridor Work Plans. The project includes a series of studies
and pilots that focus on the use of LNG in several Spanish and Portuguese ports. One
of the subactivities to be carried out in the Port of Valencia consists of the deployment
of a service station to provide natural gas in its most common forms: Liquefied
Natural Gas (LNG) and Compressed Natural Gas (CNG). The pilot also includes a
demand study that will provide very valuable results for the dimensioning of the
service station. This report describes the methodology employed for the study, the
assumptions taken and the main results obtained.

The scope of the study is to cover the potential demand from applications that can
be easily supplied from the future location of the facility. The pilot service station is
expected to be built inside the port area. It will include a couple of LNG tanks of
medium size, both LNG and GNC dispensers and a system to improve the Methane
Number (MN) of the fuel. All these characteristics make the station to have as the
ideal user the following ones:

- Terminal Equipment

- Port Authority own fleet

- Trucks providing drayage services in the terminals

- Maritime applications of moderate demand (tugs, pilot boat or similar
applications). No other demand from the sea side has been included since
higher demands are expected to be supplied directly from the Sagunto’s
regasification plant through a bunkering barge.

This report will analyse and quantify the expected potential demand from all potential
sources with the exception of the demand from trucks, which has been analysed in
another report [1] carried out in the framework of the CORE LNGas hive project. The
results obtained in the mentioned study have been used for the estimation of the
aggregated total demand.
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Sources of potential demand

There are 19 companies operating terminals in the port of Valencia. The following
Table includes a classification of these companies based on their main activity.

Table 1. Classification of the companies operating terminals in the Port of Valencia

Container Multipurpose |Cars and Ro-[Passengers [Petroleum Solid bulk
ro cargo and cruises |products and
chemicals
NOATUM Levante Quay|Costa Quay [TRANSMEDI- |GALP Energl'aHOLCIM
CONTAINER TERRANEA  |[Espafia ESPANA
TERMINAL
MSC TCV VALENCIA BALEARIA TEPSA NOATUM
TERMINAL Multipurpose [TERMINAL TERMINAL
VALENCIA terminal EUROPA GRANEL, S.A.
APM DEMAGRISA |CEMEX
TERMINAL ESPANA
VALENCIA
PRODUCTOS [TEMAGRA
ASFALTICOS
TEVA-TANK |SILESA

Considering that container terminals concentrate most of the energy demand of all
the terminal operators, this study assumes that only those type terminals will be
susceptible of migrating to LNG powered machinery. The following table summarizes
the equipment of each of the container terminals located in the Port of Valencia at
the end of 2014.

Table 2. Equipment of the terminal containers in the Port of Valencia

Terminal NOATUM MSC APM

CONTAINER TERMINAL TERMINALS TOTAL

TERMINAL VALENCIA VALENCIA
Ship To Shore
(STS) cranes 19 8 10 37
Rubber Tyred
Gantries (RTGS) 60 26 22 108
Empty Container
Handlers (ECH) E > 4 18
Reach Stackers 7 7 4 18
Terminal Tractors

78 54 46 178

(TT)
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The project GREENCRANES [2] [3] analysed the contribution of each family of
equipment on the energy consumption, considering electricity and the use of fuel. In
the project, the values provided by three container terminals (specifically NOATUM
in Valencia, TDT in Livorno and Koper Container Terminal) were analysed and
aggregated figures were provided. Regarding the electric consumption, it was found
that STS cranes consumed approximately a 40% of the total consumption in the
terminal. Regarding the fuel consumption, RTGs (58%), TTs (32%) and Reach
Stackers (9%) represent the main consuming equipment of the terminal, while the
energy requirements of ECH were found to be low. In this work, the most feasible
terminal equipment to be converted into LNG powered in the Port of Valencia have
been assumed to be the RTGs, TT, Reach Stacker and ECH working on container
terminals.

2.2. Container Terminals

The following table shows the number of TEUs managed by each of the container
terminals located in the Port of Valencia and the total fuel consumption required for
their activity. As can be observed in the following table, the energy efficiency on the
port operations has improved during the latter years, resulting in lower values of fuel
consumption per TEU moved in the terminals. It can also be observed that the
terminals operated by NOATUM and APM show very similar ratios while the values
obtained in the terminal operated by MSC are significantly lower.

Table 3. Traffic and fuel consumption at the Container Terminals in the Port of

Valencia
2010 2011 2012 2013 2014

TEUs 2,108,779(1,921,931 2,243,516 1,952,134 (1,939,982
NOATUM
CONTAINER Fuel (L) 6,614,823|6,261,385 (7,292,043 |5,745,979 | 5,567,819
TERMINAL [Ratio

(L/TEU) 3.14 3.24 3.25 2.94 2.87

TEUs 1,520,000 | 1,600,000 | 1,576,000 | 1,647,000
MSC
FERMINAL Fuel (L) 2,981,070 3,168,600 | 3,246,300 | 3,237,620 | 3,191,050
VALENCIA |Ratio

(L/TEU) 2.08 2.03 2.05 1.94

TEUs 736,239 | 560,231 | 698,511 | 790,535
APM
T ERMINALS Fuel (L) 2,056,075|1,805,985 1,738,192 (2,144,110 | 2,256,307
VALENCIA |Ratio

(L/TEU) 2.45 3.1 3.07 2.85

A comprehensive analysis of the use of diesel fuel in container terminals was carried
out in the framework of the GREENCRANES [3] and the GREENBERTH [4] projects
for the case of NOATUM CONTAINER terminal. The methodology proposed in this
work assumed a similar availability of information for all three terminals. In the cases
for which no information is available, the values obtained from the previously
mentioned reports [3] [4] will be used.

It should be also taken into account that not all fuel is employed in yard operations,
and therefore, not all consumptions can be assigned to RTGs and TTs. The value of
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the fraction of fuel consumption corresponding to yard operation is equal to 84 % [5]
. The fuel consumption directly associated to yard operations for the NOATUM
terminal during the year 2011 was equal to 6,103,445 L, corresponding to a 97.5%
of the total of the fuel consumed. As stated above, most of the fuel consumed in a
container terminal is used by either RTGs or TTs. Specifically, from the total amount,
3,857,979 L were used by RTGs (63.2 % of the total) while 1,989,517 L were used
by TTs (32.6 % of the total), the previous figures leading to a value of 95.8% of fuel
consumption for both types of machinery.

Port machinery are usually acquired in batches in order to benefit from advantages
in price negotiation. Consequently, when evaluating scenarios of migration to LNG-
powered models it should be considered that the substitution of the RTG, TT or Reach
Stackers will also proceed in lots.

2.3. Energy demand from RTGs

2.3.1 General Assumptions
Working Life of a RTG

A cycle carried out by an RTG includes the positioning on the container stack and the
load/unload of a container to/from the pile from/to a truck. In the case of RTGs, a
total value of 1,350,000 cycles per unit has been proposed from the experience of
the NOATUM terminal, having a heterogeneous value of usage over the years. The
following table shows the yearly usage depending on the age of the RTG [5] . The
values of accumulated cycles over the years lead to an estimated value for the
duration of the working life of a RTG of 20 years.

Table 4. Yearly usage of a RTG over the years

Usage related to
Year the maximum Cicles | Acc_cycles | %acc_cycles
capacity (%)
1 85 103800 103800 0,0769
2 85 110288 214088 0,1586
3 85 110288 324376 0,2403
4 80 103800 428176 0,3172
5 80 103800 531976 0,3941
6 80 103800 635776 0,4709
7 75 97313 733089 0,5430
8 70 90825 823914 0,6103
9 65 84338 908252 0,6728
10 60 77850 986102 0,7304
11 50 64875 1050977 0,7785
12 45 58388 1109365 0,8218
13 40 51900 1161265 0,8602
14 35 45413 1206678 0,8938
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15 30 38925 1245603 0,9227
16 25 32438 1278041 0,9467
17 20 25950 1303991 0,9659
18 10 12975 1316966 0,9755
19 10 12975 1329941 0,9851
20 10 12975 1342916 0,9948
21 10 12975 1355891 1,0044
22 10 12975 1368866 1,0140
23 10 12975 1381841 1,0236
24 10 12975 1394816 1,0332
25 10 12975 1407791 1,0428

Number of RTG required for TEUs moved

It should be taken into account that new acquisitions may be necessary in order to
attend a potentially increasing demand. A threshold value for the ratio between the
numbers of RTG and TEUs (rTnrte) has been established for each of the terminals. It
will be assumed that if the value of the ratio is higher than the threshold value, this
fact should be taken into account at the moment of new equipment acquisition. The
threshold value has been established for all the terminals from the historical data
shown in the following table.

Table 5. Ratios of TEU per machinery in the three container terminals of the Port of

Valencia
Year

Terminal 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | rTnrreim
NOATUM _I?ELGJSS 57 57 56 60 60 56
CONTAINER |, -=> 211 | 1.92 | 2.24 | 1.95 | 1.94 | 2.12 | 40,000
TERMINAL  million)

FTNRTG 36,996 | 33,718 | 40,062 | 32,535 | 32,333 | 37,788
MSC _I?ELGJSS 23 26 26 26 26
TERMINAL =S 1.52 | 1.60 | 1.58 | 1.65 65,000
VALENCIA  |(million)

FTNRTG 66,086 | 61,538 | 60,769 | 63,346
APM RTGs 19 19 19 22 25
TERMINALS [TEUs
VALENCIA . |(mmillion) 0.74 | 0.56 | 0.70 | 0.79 | 1.13 |35,000

FTNRTG 29,474 36,842 | 35,933 | 45,213

Classification of RTGs

The complete fleet will be classified into families, depending on their batch of
acquisition (and, as a consequence, their age). Generally, a family will be evaluated
as a whole for its renewal, since all the RTG belonging to a family will be considered
the same in terms of age and efficiency. In order to define the energy efficiency of a
family of RTG, each of them is considered as part of a group, defined as the set of
RTGs that share similar energy efficiency. The specific energy efficiency of a RTG
depends greatly on the technology used in its manufacture, which is a function of
both the year of fabrication and the manufacturer, thus implying that each family
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shows a specific fuel consumption. However, the values observed for different
families in real operation belong to only two possible narrow ranges. For that reason,
it is possible to assume the existence of only two groups of RTG as a function of their
energy efficiency: High Efficiency (HE) RTGs and Low Efficiency (LE) RTGs.

In order to benefit from the lower consumption of some groups of RTGs, the more
efficient a RTGs groups is the more frequently will be selected for operation. For that
reason, an efficient RTG will perform more movements during a year than a RTG that
have a low efficiency. The relation between the two variables (i.e. the averaged
number of RTG movements performed by a HE RTG divided by the averaged number
of movements performed by a LE RTG) will depend on many factors, and
consequently it is very difficult to estimate. In this work, it has been assumed than
the relation is a constant value named factor of selection (fertc), which will be
estimated for each of the terminals from the operational data. The selection factor in
the case of RTGs has been estimated as the ratio between the number of movements
carried out per each HE RTG (Movrtc_xe) and the equivalent for LE RTG (MovrTe_HE ),
leading to the following formula.

_ MovrrG HE ( 1 )

fe,RTG - Movgrg LE

Acquisition of new RTG

As explained above, RTGs are usually acquired in batches in order to obtain better
prices. For that reason, the incorporation of additional new RTG to the fleet is usually
carried out simultaneously to the renewal of some of the batches which have reached
the end of their working life. However, in a scenario where the total number of TEUs
to be managed constantly increases, new acquisitions of RTG are necessary to keep
the value of rTnrte reasonable. However, in this work, a new acquisition process
independent of any renewal of old RTGs will take place only if the number of new
RTG required is at least 4. It will be assumed that the rest of the RTGs fleet would
be able to absorb the need of the extra work in the case that the required RTG are 3
or less.

Calculation of the Total Fuel Consumption

The forecasts of the future traffic of container terminals are usually made in terms of
number of TEUs managed (Nteu). For that reason, the estimation of the amount of
fuel that the fleet of RTGs (TFCrtc) will demand in the future should also consider this
variable. Is this work, two possible levels of energy efficiency for RTGs have been
considered, leading to the Low Efficiency (LE) and the High Efficiency (HE) RTG
groups.

The following equation is proposed for the calculation of the TFCrte , where rTmov,rTG
represents the number of RTG movements per number of TEUs managed by the
terminal; Nrrg,Le and Ngrre,He are the number of RTGs (Low Efficiency and High
efficiency respectively); SFCrr,Le and SFCrrs,He are the Specific Fuel Consumption of
the RTGs (Low Efficiency and High efficiency respectively) and fertc is the selection
factor for RTGs as defined above.
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TFCrrg = Nrgu * "TmovrrG - (NRTG,LE'SF;RTG,LE:I; e,RTG'.IXIRTG,HE'SFCRTG,HE> (2)
RTG,LE e,RTG''NRTG HE

Finally, it has been assumed that there will be a reduction of the specific fuel
consumption in RTG due to improvements not directly related to the use of more
efficient equipment (e.g. improvements in the managements of RTG, training of the
RTGs operators, etc.). As a result of the experience gained during the years of
collaboration with the terminals on initiatives focused on energy efficiency
improvement, a 0.5 % of reduction per year has been considered a realistic value.

Real data from NOATUM have been used in order to validate the methodology
proposed. The values of total fuel consumed by RTGs estimated using the proposed
methodology for different periods have been compared to values derived from real
data. This terminal was selected to validate the methodology for two reasons. First
of all, is the container terminal of the port of Valencia where amount of TEUs per year
are managed. Secondly, data from the terminal is publicly available from the
participation on other European projects. The real data of total fuel consumption has
been obtained from NOATUM Environmental declarations for that period ([6] [7] [8]
[9] [10] [11] ). It has also been considered that both the fraction of the total
consumption of fuel that corresponds to patio operation and the fraction of that fuel
used in RTG operation are constant for the whole period analysed. The values of the
year 2011 (97.5% and 63.2% respectively) [3] have been used. The following
subsection includes a comprehensive explanation of the values used in the
methodology proposed (e.g. specific fuel consumption, selection factor, etc.). The
figure below compares the estimated real data to the modelled data. The errors
observed are significant in some cases (errors up to 18% are observed), however,
the trend is adequately captured, and considering the simplifications that have been
assumed due to the lack of available information, the agreement between both curves
is considered reasonable.

5.E+06

4.E+06

3.E+06

2.E+06

1.E+06 === Modeled
Real

TOTAL FUEL CONSUMPTION (L)

0.E+00
2010 2011 2012 2013 2014 2015

Figure 1. Comparison of fuel modeled and real data of fuel consumption by RTGs in
NOATUM TERMINAL during the period 2010-2015

2.3.2 NOATUM CONTAINER TERMINAL VALENCIA

The fleet of RTG has been classified into six families depending on the year of
acquisition, manufacturer and energy efficiency. The following table includes the
values for the main characteristics for each of the six families considered in the
analysis carried out for the Green Cranes project [3] for the year 2011 and part of
2012.
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Table 6. Consumption per family of RTG in NOATUM terminal

TFC (L) Mov SFC (L/mov)
RTG families 2011 2012* 2011 2012%* 2011 ‘ 2012
LE group
RTG A.1 64,837 84,364 18,405 28,583 3.5 2.9
RTG A.2 78,710 91,152 30,078 37,929 2.6 2.4
RTG B.1 1,113,110 | 1,107,421 | 372,979 | 374,103 2.9 2.9
RTG B.2 1,537,785 | 1,519,685 | 603,799 | 584,945 2.5 2.6
HE group
RTG C.1 178,613 178,512 120,053 | 118,685 1.4 1.5
RTG C.2 884,924 834,520 755,538 | 707,171 1.1 1.1

*Data from January to October

Each of the families have been further classified into two groups as a function of their
energy efficiency, as explained above. The specific consumption for each of the
groups has been calculated as a weighted average considering the number of RTG in
each of the families, leading to a SFC for the LE group of 2.7236 L/mov and a SFC
for the HE group of 1.215 L/mov. In addition, the ratio between the number of
movements carried out by the fleet of RTGs and the number of TEUs managed can
be estimated for the year 2011 using the data included in tables 5 and 6, resulting
in a value of 0.99.

A constant value of economic growth rate has been assumed for the period 2016-
2035 equal to 1.5%. The following Figure shows the TEUs to be managed in the
terminal from the period between 2010-2035, where the values for the period 2010-
2015 are real data whereas the rest of the values have been estimated. The number
of TEUs to be managed in the considered period remains below the maximum
capacity of the terminal, which is approximately 3.5 millon of TEUs.
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Figure 2. Forecast of the TEUs managed in NOATUM terminal during the analysed
period
The number of RTGs included in each of the groups can be estimated from the values
of TEUs to be managed in the terminal. As said before, it has been considered that
the total lifespan of an RTG is 20 years, therefore each batch of RTG will be replaced
by new ones after that period. It will be considered that the new machinery will make
use of the latest improvements related to energy efficiency and, consequently its
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specific consumption will be calculated from that of group HE. New incorporations of
RTGs to attend to the increasing demand will be performed together with the renewal
of RTGs. As explained above, at those years not having renewal of machinery the
increase of demand will be carried out using the existing park of RTGs, unless the
number of new RTG required is 4 or higher (this case leads to a new acquisition
process). The results obtained can be observed in the following figure. As shown
below, Low Efficiency RTGs are progressively substituted by High Efficiency RTGs. As
a result, it has been estimated that from the year 2025 the RTG fleet will be
exclusively composed by high efficiency units.

80
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year

Figure 3. Number of RTGs in NOATUM terminal during the analysed period

The only information available that can be used to determine the selection factor
value in the case of the NOATUM terminal has been obtained from the results of the
GREENCRANES project [3] for the year 2011 leading to a value of 1.5. This value
means that a HE RTG will be selected for a work a 50% more times than a LE RTG
(e.g. if 2 RTG, one of each type, were used to perform 500 movements, LE RTG will
perform 200 movements and HE RTG 300).

The following figure shows the expected fuel demand in m3 of diesel oil from the fleet
of RTGs working on NOATUM terminal calculated using the methodology proposed.
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Figure 4. Forecast of fuel demand for RTG at NOATUM terminal

As can be seen in the figure, even considering an increasing number of TEUs managed
by the terminal after 2016, the general trend is decreasing as a consequence of the
higher energy efficiency of the new RTGs. In fact, the consumption of diesel fuel in
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2035 will be significantly lower (26% less) than in 2015, even considering an increase
of attended traffic (32% higher). As can be observed, each of the machinery renewal
leads to significant decreases on the energy demand before the whole existing park
is renewed (at 2025).

2.3.3 APM TERMINALS VALENCIA

There is very scarce information about the composition of the RTGs fleet working on
the APM terminal either publicly available or directly provided by the company.
Therefore, it has been necessary to infer the characteristics of the existing RTG from
the available data. It has been assumed as reasonable that the operation procedures
and the type of traffic received by this terminal is similar as those of NOATUM and
consequently the values of the fraction of the fuel consumption used in RTG operation
and of the rTmov,rTc factor are the same (63.2% and 0.99 respectively). Information
about the total number of RTG , the number of TEUs managed and the total fuel
consumption in the terminal can be obtained from the terminal EMAS declarations
[12] [13] . From the above mentioned, the averaged specific fuel consumption can
be calculated (the values are included in the table below). As can be observed, the
calculated SFCrtc is an intermediate value between that of SFCrrs,Le and SFCrrc,HE,
this meaning that the fleet includes both types of RTGs.

Table 7. Estimation of the averaged SFC from the available data

Year
2011 2012 2013 2014 2015
Nrre 19! 19 19! 22 25
Nteu (millions of units) 0.74 0.56 0.70 0.79 1.13
TFC (m3 diesel) 2,190.0 | 1,720.0 | 2,122.5 | 2,233.5 | 3,345.0
SFC (L/Mov) 1.899 1.961 1.940 1.804 1.889

1 Value not available, it has been assumed as reasonable for this work

Differently from the case of NOATUM terminal, the consideration of a constant value
for fe,r1c leads to inconsistent results. In this case, the number of Nrrg,Le and Nrrg,HE
can be adequately estimated if it is assumed that the selection factor depends on the
number of TEU managed by the terminal. The closer the number of TEUs managed
by the terminal compared to its maximum capacity, the lower the value of ferte . This
behaviour is considered as highly realistic, since the opportunities of selecting an
efficient RTG for a specific task will be lower if the terminal is more saturated.
However, below a determined value of number of TEUs managed, no improvement
on the fer1c value will be observed, since this factor will be governed by other factors
(e.g. position of the RTG in the terminal, operator, etc.). The latter is the case of the
NOATUM terminal, where NTEU has not yet reach a value close to the maximum
capacity and, as a consequence, fe,rte, RTG can be considered a constant value. The
trend shown in the figure below for the case of the APM terminal provides a value of
averaged SFCrtc consistent with the real data.
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Figure 5. Selection factor for APM Terminal Valencia

An economic growth rate equal to 1.5% for the period 2016-2035 has been also
assumed for the APM terminal. In addition, as in the case of NOATUM, a total lifespan
of 20 years and no new acquisition of RTG unless a number of 4 or higher are required
has been also considered. The following figure shows the distribution of Low Efficiency
and High Efficiency RTG estimated from the model using the proposed methodology.
As can be seen in the Figure, from the year 2025, the complete RTG fleet of the APM
will be composed of high efficiency machinery.
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Figure 6. Number of RTGs in APM Terminals Valencia during the analysed period

It has been also assumed that the maximum capacity of the terminal is 1,300,000
TEUs. The following figure shows the forecast of future activity measured in TEUs (as
can be observed the maximum traffic will be reached in 2025) and the estimated fuel
demand in the case of using only diesel fueled RTGs.
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Figure 7. Forecast of fuel demand for RTG at APM terminal

As in the case of NOATUM terminal, after the fuel demand reaches a maximum (in
this case in the year 2017), the general trend is descendant as a consequence of the
use of more efficient RTG and to improvements in the management of the terminal.

2.3.4 MSC Terminal

In the field study, the management MSC terminal pointed out that the use of LNG in
RTGs is not considered as an interesting alternative for this terminal. In this case,
the terminal has plans in the short-medium term for the electrification of the RTG
fleet. As a consequence no LNG demand is expected from this terminal and, for that
reason, no further analysis has been performed.

2.4. Potential LNG demand from RTG

2.4.1 General Assumptions

Currently, there is no commercially available LNG powered RTG on the catalogue of
the manufacturers. In the short term, the only available option will be the conversion
of the existing diesel engines into dual fuel engines. In the long term, LNG is expected
to become a widely used fuel for bunkering of vessels and, consequently, Natural Gas
will be available in ports to be used as a fuel for cranes and mobile equipment. This
availability may lead to the development of new products specifically designed for
the use of Natural Gas as fuel.

In both cases (dualised and specifically designed for the use of Natural Gas), there
will be a loss of efficiency when compared to a diesel engine. In this work a 15% loss
of efficiency in energy basis from a diesel engine has been considered a realistic
value. Even considering that specifically designed NG engines will show a better
performance that dualised ones, the difference has been considered as non-
significant and the same loss of efficiency has been considered in both cases. It has
been also assumed that the fuel economy of natural gas powered RTGs will be in the
same order of magnitude than the newest diesel engines. Consequently, the specific
fuel consumption of NG engines (SFCrre,ng) Will be calculated from SFChuerte and
considering the Net Calorific Values (NCV) of each fuel and their density (p). The
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following table include the values of the properties of the fuels, leading to a SFCrrc,nG
of 1.01 kgne/mov (equation below):

Table 8. Fuel properties for diesel and LNG

Fuel NCV p (kg/m?3)
(k3/kg)

Diesel fuel 42,700 832.5

LNG 49,000 450.0

42.7-0.832
49.0

SFCrrgne = SFCrrg HE * (W#’ﬁwg) -1.15 =1.215 - (

)-1.15 = 1.014 kg on (3)

2.4.2 Migration from diesel fuel to LNG in RTG

The migration to LNG from diesel fuel is mainly influenced by two main factors:
emission regulations and economy. The first one will play an important role on the
decision of engine manufacturers to include LNG engines in their catalogue. The more
stringent the regulation is, the more difficult is for manufacturers to comply with
them at a reasonable cost (price of the engine and fuel economy) using conventional
fuels, and the use of cleaner fuels becomes an interesting alternative. From the point
of view of the user, the decision will be mainly driven by economic reasons, either in
a direct way (savings obtained if the use of and alternative fuel leads to less
operational costs) or indirect (image benefits obtained from more friendly
operations).

The use of LNG as a fuel for terminal machinery shows some benefits from the
environmental and health safety point of view. The use of LNG leads to a significant
reduction on the emission of Particulate Matter (PM), an important reduction on the
emission of nitrogen oxides (NOx) and less production of CO2. The emissions of non-
road mobile machinery, such as the one in RTGs, are regulated through the recently
approved Regulation (EU) 2016/1628 [14] . This regulation establishes the limits for
several categories of engines, where the engines included in RTGs fall under category
NRE-c-6. The following table compares the emission standards established for such
engines to the current existing limits for the engines installed in Heavy Duty vehicles
(Euro VI). Euro VI may be used as an indicator of the state of the technology and, as
can be observed from the values included in the following table, there is more than
enough room for improvement on engines installed on non-road vehicles without the
need of using alternatives fuels such as LNG. As a consequence, the use of LNG does
not depend, at least in the short term, on the regulatory framework, but rather on
the company policy or, even more importantly, the attractiveness of the investment
from the financial point of view.

Table 9. Emission limits

Test PM

cycle (@[] HC NOx (g/kWh)
NRE-c-6 NRSC:D2 3.5 4.0 0.2
EURO VI WHSC 1.5 0.13 0.4 0.01
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In other to analyses the attractiveness of the investment of LNG propelled RTGs, a
Cost-Benefit analysis (CBA) has been carried out. Due to the lack of available
information related to LNG RTGs, it has been assumed that the data related to
investment and maintenance costs will be similar to those observed in engines for
heavy duty vehicles. The latter has been obtained from personal communication with
manufacturers and transport companies. This assumption is reasonable since the size
of both engines fall under the same order of magnitude and, as a consequence, the
investments on engines and tanks are expected to be similar. Data for specific fuel
consumption for diesel engines have been obtained from the terminal operators and
the corresponding specific fuel consumption for the LNG case has been estimated
assuming a 15% increase of energy based specific fuel consumption. The main
assumptions used for this CBA those included in the table below:

Table 10. Assumptions used in the CBA

LNG Diesel
(measured in kg) (measured in L)

Investment (€) 60,000 higher in LNG
Annual movements 40,000
Maintenance costs 1,800 higher in LNG
Specific Fuel Consumption 1.014 1.215
(unit/mov)
Fuel price (€/unit) 0.60 0.80

As can be seen in the following figure, the initial investment is recovered after the
fifth year of operation of the RTG, resulting in values for the total life of the RTG (20
years) for Internal Rate of Return (IRR) and Net Present Value (NPV) of 29% and
64,553€ respectively.

80,000

60,000
40,000

20,000

-20,000

Accumulated Net Profits {(€)
o

-40,000

-60,000
0 2 4 6 8 10 12 14 16 18 20
time after the initial investent (years)

Figure 8. Results of the CBA for RTGs

In addition, a sensitivity analysis has been carried out in order to detect the threshold
values for some of the main parameters influencing on the profitability of the
investment: difference of investment between LNG and diesel fuel engines, the price
of LNG assuming that diesel fuel price does not change, the number of yearly
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movements carried by an RTG and the increase of maintenance cost using LNG
compared to that required for diesel fuel. A desired IRR value of 6% for 20 year has
been selected for the selection of the threshold values. The results are shown in the
following figure:

° Investment difference

Threshold = 171,612 €

GNL price
Threshold = 0.80 Euro / kg

BASE

SCENARIO Increment = 33%
20 years

Yearly Movements

Threshold = 17,221 mov/year

o Maintenance

Threshold= 10,082 €/year

Figure 9. Sensitivity analysis of the CBA

From the results obtained, it can be concluded that an investment on LNG fueled
RTGs is an interesting option from the economic point of view. For that reason, the
investment on LNG RTG in the future will be largely influenced by how some of the
currently existing barriers are solved (e.g. availability of LNG in port areas, existence
of LNG propelled RTGs in the catalogue of the manufacturers, etc. ).

2.4.3 Scenarios

The scenarios have been defined by the percentage of hew RTG LNG propelled that
will be bought in each acquisition process. This can be expressed mathematically
through the definition of the embracing rate (EMRrtc), which can vary along periods.
For example, if the value of EMRRr1G is 0.5 during a year, half of the RTG to be acquired
during that period would be LNG propelled.

The only existing previous experience with the use of LNG in RTG is the GreenCranes
project, which concluded that “"the feasibility of LNG solutions to power RTGs is
seriously affected by the lack of availability of appropriate generators in Europe,
safety conditions and adapted LNG tanks” [2] . Even though this was the scenario
described for 2014, no substantial advances have been produced in the latter years.
For that reason, no significant interest for LNG solutions is expected in the short term.
However, the presence of LNG supply in the port, expected for the year 2018, may
be an incentive for the introduction of LNG as an alternative fuel for port machinery.
As a consequence, the value of EMRrtc prior to 2019 will be null for every scenario
and positive afterwards.
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The use of LNG in RTGs is highly uncertain, due to the challenging technical issues
that have to be solved prior to its widespread use. For that reason, a pessimistic
scenario would imply that LNG is not finally adopted for RTG. The baseline scenario
defined considers a modest investment (EMRrtc equal to 25%) in LNG technology,
starting on the year 2019 and being constant throughout the whole period. The
optimistic scenario considers that the embracement of LNG technology increases
linearly as the technology becomes more mature, from a 50% of embracing at the
year 2019 to a full LNG investment at the year 2035. The corresponding values of
EMRRrTc have been represented in the figure below.

1.2
1.0 Optimistic
—DBaseline

0.8
< 0.6

0.4

0.2 /

0.0

2010 2015 2020 2025 2030 2035
year

Figure 10. Embracing rate values for the two considered scenarios

2.4.4 NOATUM CONTAINER TERMINAL VALENCIA

The following figure shows the number of HE diesel and LNG RTGs for the two
scenarios defined. As can be seen in the figure, no LNG fuelled RTG is expected prior
to the year 2023. It is also shown that, in the optimistic scenario, the number of LNG
fuelled RTGs will be higher than diesel ones at the end of the period.
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Figure 11. Composition of the RTG fleet for the two considered scenarios at
NOATUM
The following figure shows the total estimated fuel demand per year in both
scenarios. The orange and dark red lines correspond to diesel fuel in m3 whereas the
dark and blue lines correspond to the future annual demand of GNL in tonnes. The
scales of the vertical axes have been selected for the values shown for different fuels
to correspond approximately to the same amount of energy.
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Figure 12, LNG potential demand from RTGs at NOATUM

2.4.5 APM TERMINALS VALENCIA

The following figure shows the number of HE diesel and LNG RTGs for the two
scenarios defined. As can be seen in the figure, no LNG fuelled RTG is expected prior
to the year 2021. It is also shown that, in the baseline scenario, the situation becomes
stationary from the year 2028, not being expected any change in the composition of
the RTG fleet from that year.
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Figure 13. Composition of the RTG fleet for the two considered scenarios at APM

The following figure shows the total estimated fuel demand per year in both
scenarios. The figure follows the same colour code as the results shown for NOATUM.
As can be seen in the figure, diesel will remain as the most commonly used fuel for
this terminal during the following year, even though, considering the optimistic
scenario, the distance between the energy consumption will constantly be reduced.
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Figure 14. LNG potential demand from RTGs at APM

2.5. Energy Demand from TTs

2.5.1 Methodology adjustment

For the case of Terminal Tractors the approach is slightly different from the case of
RTGs, where usually the RTG movements are measured as they represent an
important Key Performance Indicator (KPI) on Container Terminal Operations. The
case of the Terminal Tractors are measured constantly by their hours of use (such is
the case that they do not have odometer but hour meter), so this value would be
important in order to calculate their lifespan and related values to their consumption
and productivity. From the results of the surveys to the terminal operators an
operating life of a Terminal Tractor is estimated to be 40,000 hours, so this value
would be taken as reference in order to proceed with calculations in this report.

Similar to the case of RTGs, Terminal Tractors are structured by families in some
terminals, as purchases are produced in packs/sets. However, the reason behind is
not only to favour the negotiation, but also depends on Container Terminals
purchases management plans e.g. we could find terminals that they buy all the
equipment just once so as to simplify maintenance. It should be taken into account
that new acquisitions may be necessary in order to attend future rising demand of
containers in terminals. A threshold value for the ratio between the numbers of TTs
and TEUs (rTtT) will be established for each of the terminals. So as in the case of the
RTGs it will be assumed that if the value of the ratio is higher than the threshold
value, this fact should be taken into account at the moment of new equipment
acquisition. The threshold value has been established for all the terminals from the
historical data shown in the following table.
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Table 11.Ratios of TEU per machinery in the three container terminals of the Port of

Valencia
Year

Terminal 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | rTrram
NOATUM Q;U(sumtS) 59 59 66 66 78 79
CONTAINER S 211 | 1.92 | 2.24 | 1.95 | 1.94 | 2.12 | 30,000
TERMINAL  [(million)

T 35,742 32,575]|33,992 | 29,577 | 24,871 | 26,786
MSC Q;U(sumtS) 53 54 54 57 57
TERMINAL oS 1.52 | 1.60 | 1.58 | 1.65 | 1.33 | 30,000
VALENCIA  [(million)

T 28,679 | 29,426 29,221 28,947 23,333
APM Nt (units) 41 43 43 43 53
TERMINALS [TEUs
VALENCIA  |(million) 0.74 | 0.56 | 0.70 | 0.79 | 1.13 | 18,000

rTrr 18,048|13,394 | 16,377 | 18,464 | 21,356

Similarly to the case of RTGs, it is reasonable to categorize Terminal Tractors in High
Efficiency Terminal Tractors (usually the recent purchases) and Low efficiency
Terminal Tractors. As a result, it is assumed (and proved by the data provided) that
High Efficiency Terminal Tractors are constantly used more than Low Efficiency
Terminal Tractors (old equipment), as consequence Terminal Tractors with lower
consumption are expected to be used more, using their fleet in a smart way.

For this reason another factor of selection (fe,77) is introduced which will be calculated
dividing the annual working hours of a High efficiency Terminal Tractor family by the
working hours of a Low Efficiency Terminal Tractor family.

The Total Fuel Consumption of the Terminal Tractors (TFCtr) will be obtained from
the equation below; where the specific fuel consumption (SFCrr) is measured and
provided in L/h from the terminal operators and the average time required to manage
a TEU (rtrr) has been estimated from the number of TEUs managed per hour of
operation (this being directly provided by the terminal operators )

Nrr.LE'SFCTT,LE+ferT' NTT HE SFCTT HE
TFCr+ =N -rT, . = (4)
TT TEU tTT
NrTLE+feTT'NTT HE

Where:

e TFCrr: Total Fuel Consumption of Terminal Tractors expressed in L/year.

e Nreu: Number of TEUs handled annually.

e rtit: average time required to manage a TEU expressed in h/TEU

e Nie: Number of low efficiency Terminal Tractors.

e Nue: Number of high efficiency Terminal Tractors.

o fe,1: factor of utilization

e SFCie11: Specific fuel consumption of low efficiency Terminal Tractors
measured in L/TEU.

e SFCuer: Specific fuel consumption of high efficiency Terminal Tractors
measured in L/TEU.

The methodology proposed for the estimation of the Total Fuel Consumption of the
Terminal Tractors of the port of Valencia has been based on the traffic statistics and
the data provided by MSC Terminal Valencia and Noatum Container Terminal Valencia
[6]1 [7] [8] [9] [10] [11]. In the case of APM Terminal Valencia, the values (i.e.
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terminal equipment and traffic data) have been obtained from available public data
[13] [14]. In addition, some assumptions have been taken into account in order to
estimate the Total Fuel Consumption of APMTV Terminal Tractors, e.g. an
interpolation of the specific fuel consumption from NCTV and MSCTV or utilization
factors. Consequently, according to the data assessed, the hypothesis included in the
following table will be considered as average parameters for the fuel consumption
forecast of the Terminal Tractors of the entire Port of Valencia (excluding the traffic
from Sagunto and Gandia).

Table 12. Average Parameters for Terminal Tractors

Parameter Value* Unit
fe, 11 1.1548 -

SFCLe 1T 7.97 L/h

SFChE, 1T 7.28 L/h

*Average values of the port between 2011-2015

The data of the historical fuel consumption of the terminal tractors by terminal has
being obtained from interviews carried out to the terminal operators and traffic data
of the port and terminals. The figure below shows the validation of the methodology
proposed by comparing modelled with real data. The results show a reasonable
agreement, the range of errors being, on average, from 0 to 21.6% depending on
the terminal and the period.
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Figure 15. Validation of the Methodology for Terminal Tractors

Page 29 Status: Final Version: v4 Date: 19/09/17



CORE LNGas LNG Demand from the pilot station to be
hive installed in the Port of Valencia

2.6. Potential LNG demand from TTs

2.6.1 General Assumptions

The use of LNG as fuel is not new for trucks, even in the port machinery subsector.
As a matter of fact, there exists a full LNG powered Terminal Tractor that is being
commercialiced and distributed by the company TERBERG Benschop, which first
prototype was developed under the scope of the GREENCRANES project [3] . Such
terminal tractor uses a well proved technology and is being used already in Port
Container Terminals such as Asyaport in Turkey. As in the case explained above for
RTGs, LNG is expected to become widely used as fuel for and, consequently, Natural
Gas will be available in ports to be used for other purposes, such as cranes and mobile
equipment. This availability may spread the use of full LNG Terminal Tractors in port
container terminals.

2.6.2 Migration from diesel fuel to LNG TTs

The reasons for migrating from diesel to LNG are quite similar as in the case of RTGs
and also it has to complied with the approved Regulation (EU) 2016/1628 [12]. In
this case, a Cost-Benefit Analysis (CBA) has been also carried out in order to
determine the financial feasibility of a potential investment on LNG Terminal Tractors.
The table below includes the main assumptions considered for this study. As in
section devoted to the demand from RTGs t is considered a 15% of loss efficiency in
energy basis from a high efficiency diesel engine.

Table 13. Assumptions used in the CBA

LNG Diesel
(measured in kg) (measured in L)

Investment (€) 30,000 higher in LNG
Annual movements 25,000
Maintenance costs 1,800 higher in LNG
Specific Fuel Consumption 7.30 7.28
(unit/h)
Fuel price (€/unit) 0.60 0.80

As can be seen in Figure 16, the initial investment is recovered after the seventh year
of operation of the TT, resulting in values for the total life of the TT (12 years) for
Internal Rate of Return (IRR) and Net Present Value (NPV) of 19% and 10.974€
respectively.
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Figure 16. Results of the CBA for the TTs

As in the case of the RTG, a sensitivity analysis has been carried out in order to detect
the threshold values for some of the main parameters influencing on the profitability
of the investment: difference of investment between LNG and diesel fuel engines, the
price of LNG assuming that diesel fuel price does not change, the number of yearly
movements carried by a TTT and the increase of maintenance cost using LNG
compared to that required for diesel fuel. A desired IRT value of 11% for 12 years
has been selected for the selection of the threshold values. The results are shown in
the following figure.

° Investment difference

Threshold = 40.000 €

GNL price

Threshold = 0.67 Euro / kg

BASE
SCENARIO Increment = 10,44%

12 years

Yearly Movements

Threshold = 20.193 TEU/year

o b« Maintenance

Threshold= 3.130 €/year

Figure 17. Sensitivity analysis of the CBA

From the results obtained, it is observed that the investment on a LNG powered
Terminal Tractors could be an interesting option from the economic perspective,
although the security margins are tight (e.g. a reduction of the price gap of only 7
cents would make the investment not interesting). It is expected that LNG Terminal
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Tractors will be implemented in the Port Container Terminals, not only for economic
but also for environmental reasons, as a consequence of a larger availability of LNG
in ports as the selected choice of the port operators among the different solutions
that will be available in the market.

2.6.3 Scenarios

The scenarios, as in the case of the RTGs, have been defined by the percentage of
new LNG powered TTs that will be bought in each acquisition process. The
methodology to be followed is analogous to the previously explained for the case of
RTGs. It should be taken into account that, in the case of TTs, LNG Terminal Tractors
have been already commercialized after the first experience of this kind in ports
(GREENCRANES Project). In addition, a positive attitude towards investment on LNG
powered TTs has been obtained from the interviews. Different scenarios will be
considered as optimistic and baseline as the introduction of LNG in ports, which will
use the same embracing values explained before (Figure 10).

2.6.4 NOATUM CONTAINER TERMINAL VALENCIA

The following figure shows the number of HE diesel and LNG TTs for the two scenarios
defined. As can be seen in the figure, no LNG fuelled TT is expected prior to the year
2023. It is also shown that, in the optimistic scenario, the number of LNG fuelled TTs
will be significantly higher than diesel ones at the end of the period.
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Figure 18. Embracing rate values for the TTs two considered scenarios

The following figure shows the total estimated fuel demand per year in both
scenarios. The orange and dark red lines correspond to diesel fuel in m3 whereas the
dark and blue lines correspond to the future annual demand of GNL in tonnes. The
scales of the vertical axes have been selected for the values shown for different fuels
to correspond approximately to the same amount of energy as in the case of the
RTGs.
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Figure 19. LNG potential demand from TTs in NCTV

2.6.5 MSC TERMINAL VALENCIA

The following figure shows HE diesel and LNG TTs for the two scenarios defined.
Either at the optimistic and baseline scenario is not expected to be introduced a LNG
fuelled TT until 2028 where the number of HE diesel TTs are expected to be 14 and
42 of LNG TTs for the end of the period considered and vice versa for the baseline
scenario.
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Figure 20. Embracing rate values for the TTs two considered scenarios in MSC

The next figure, as previously in other sections, shows the fuel total annual demand
for both scenarios. In the optimistic scenario, the TFCrr of LNG powered units will be
861 t and 345 m?3 for diesel units, while the baseline scenario the values will be
respectively 287 t of LNG and 1032 m? of diesel.
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Figure 21. LNG potential demand from TTs in MSC

2.6.6 APM TERMINALS VALENCIA

For the case of APM Terminal Valencia the LNG fuelled Terminal Tractors are expected
to be part of the fleet from year 2021. Moreover, as in the other terminals for the
optimistic scenarios, the LNG TTs would be higher in number than the HE diesel TTs
by the end of the period considered and vice versa for the baseline scenarios.
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Figure 22.Embracing rate values for the TTs two considered scenarios in APMTV

The following figure, as previously in other sections, shows the total fuel demand per
year for both scenarios. In the optimistic scenario the TFCrr will be 491 t of LNG and
475 m?3 of diesel and for the baseline scenario 164 t LNG and 868 m?3 of diesel.

Page 34 Status: Final Version: v4 Date: 19/09/17



CORE LNGas LNG Demand from the pilot station to be

hive installed in the Port of Valencia

60

baseline_diesel HE

E 50 baseline_LNG
o
qa 40 optimistic_diesel HE
qL) e— optimistic_LNG
€ 30
=

20

10

0
2010 2015 2020 2025 2030 2035
year

Figure 23. LNG potential demand from TTs in APMTV

2.7. Potential LNG demand from other port
machinery (Reach Stackers and Empty Container
Handlers)

2.7.1 General Assumptions

The design of the three Container Terminals of the Port of Valencia is RTGs based
and, for that reason, most of the fuel is used in either Terminal Tractors (to convey
containers from/to the quay to/from the storage yard) and RTGs (stacking
operations). Other equipment such as Reachstacker (RS) or Empty Container Handler
(ECH), are much less frequently used and, correspondingly, the existing fleet is much
less numerous. For that reason and as a simplification, the whole fleet of the Port of
Valencia has been considered as a whole, by combining the vehicles from the three
container terminals

The methodology used for the calculation of the fuel demand of the Reachstacker
(RS) and the Empty Container Handler (ECH) in the container terminals is based on
the previously applied for RTGs and TT. However, RSs and the ECHs are auxiliary
machinery for the daily operations of port container terminals and this fact has been
taken into account. Thus, these types of machinery handle only a relatively small
fraction of the TEUS managed by the terminals. In addition, as stated above, the
machinery pool of ECHs and RSs represents a small percentage of the handling
equipment in each terminal compared to TTs and RTGs. Due to these reasons, the
analysis carried out in this work takes into account, in one hand, average values for
the entire port of each type of machinery (ECH and RS). In the other hand, the
renewal of the auxiliary equipment when required is considered for the entire port
instead of terminal by terminal as for RTGs and TTs.

As in the previous cases, the methodology proposed for the fuel consumption of the
auxiliary machinery of the port of Valencia uses data of traffic statistics provided by
either the terminal operators or the port if available. When not available, it has been
necessary to estimate some of the factors from the values obtained from other
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terminals. The calculations for the entire port were carried out by adding and
weighting the data of the different port container terminals of Valenciaport. Thus, the
data of the historical fuel consumption of each type of machinery by terminal, the
interviews carried out to the terminal operators and the traffic data of the port and
terminals were used to validate the methodology proposed.

The equation employed to estimate the annual fuel consumption for other machinery
(OM, which may refer to ECH or RS) shown below is analogous to the equivalent ones
employed for RTGs or TTs in the previous sections. Similarly to the case of RTGs, the
value of SFC is expressed in L/mov. The factor rTmov,om expresses the number of
movements carried out per TEU managed. It has been considered that only one
movement is required per container (not TEU) managed. The main types of
containers are 20’ (equivalent to 1 TEU) and 40’(equivalent to 2 TEUs) and the ratio
between the number of TEUs and the number of containers depend on the proportion
of each type of container. It has been verified that this ratio is approximately constant
for all the periods and terminals analysed. Finally, a usage factor (Urom) is also
included in order to reflect the fraction of TEUs that are effectively managed by a OM.

.NiEoMSFCLEoM*fe, oM NHE oM SFCHE,OM (5)

TFCom = Nrey " TTmov,om * Uf‘OM NrEoMmtfe oM NHEOM

e TFCom: Total Fuel Consumption of Other Machinery (RS or ECH) expressed
in litres per year.

e Nreu: Number of TEUs handled by the entire port.

e rTmov,om: ratio between the TEUs managed and the number of movements

e Usom: Utilization factor.

e Nie,om: Number of low efficiency units.

e Nug,om: Number of high efficiency units.

e fe,om: factor of selection to take into account the fact that high efficiency
machinery will be more frequently employed than the low efficiency units.

e SFCigom: specific fuel consumption in L/mov of the LE units.

e  SFCue,om: specific fuel consumption in L/mov of the HE units.

The following table shows the specific values for each parameters used in this work.
It is important to notice that the value of some parameters is highly dependent on
the characteristic of the type of operations carried out in the terminal (e.g. rTmov,om
or Urom). However, a constant average value from the data of the three terminals
has been considered reasonably accurate in this work for the whole period considered
in the analysis.

Table 14. Main parameters for RS and ECH

Empty
Reach Stacker Container
Handler
rTmov,OM 0.665
Ur,om 0.134 0.148
fe,oMm 1.5
SFCLe,om (L/mov) 1.888 0.577
SFChEe,om (L/mov) 1.507 0.498
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2.7.2 Migration from diesel fuel to LNG

As in the case of the RTG and the TT, a financial feasibility analysis has been
performed in order to determine if the migration from conventional fuels to LNG is
interesting from the economic point of view. There is no commercialy available LNG
versions of either RS or ECH units and, for that reason, it has been necessary to
estimate the difference of investment between LNG and diesel versions. An
intermediate value between the differences considered for RTG and TTs has been
chosen as a reasonable value. As in the case of RTGs and TTs, data for specific fuel
consumption for diesel engines have been obtained from the terminal operators and
the corresponding consumption for the LNG case has been estimated assuming a
15% increase of energy based specific fuel consumption.The following table shows
the rest of the values considered for the CBA.

Table 15. Parameters used in CBA analysis

Reach Stacker Empty Containen
Handler

Investment increment
LNG vs diesel (€) 45,000
Maintenance costs increment 1 800
LNG vs diesel (€) !
Total lifespan (years) 15
Yearly movements 30,000 40,000
SFCpie (L/Mov) 1.507 0.498
SFCwne (kg/Mov) 1.257 0.415

In both cases, it has been found that the investment will be recovered in a short
period of time. The figure below show the accumulated net profit and, as can be
observed that the initial investment is recovered after 4-5 years in the case of RS
and approximately after 3 years for ECH.
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Figure 24. CBA results for Reach Stackers and Empty Container Handler

Page 37 Status: Final Version: v4 Date: 19/09/17



CORE LNGas

hive

LNG Demand from the pilot station to be
installed in the Port of Valencia

The same scenarios (baseline and optimistic) and the same embracing rates (Figure
10) have been selected as in the previous cases of terminal machinery. The following
Figures show the results obtained for both type of machinery.
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Figure 25. LNG potential demand from RSs at the Port of Valencia
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Figure 26. LNG potential demand from ECH at the Port of Valencia
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3. Port Authority own fleet

3.1. Characterisation of the fleet of the Port
Authority of Valencia

In this section the fleet of vehicles giving services to the Port Authority of Valencia
(PAV) is analysed. All the vehicles that have given service during the year 2015 to
the ports managed by PAV have been included in the analysis, excluding those
working at the Port of Gandia, due to the lack of Natural Gas infrastructure near to
the facilities of that port. That results in a total of 59 vehicles working on the ports
of Valencia and Sagunto, including motorcycles, cars, vans, pick-ups, trucks. There
are vehicles in the fleet propelled by gasoline (conventional and hybrid), diesel and
electric. The following Figure shows the total humber of vehicles per type and source
of energy.
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Figure 27. Classification of vehicles per class and source of energy in the VPA own
fleet

As can be seen in the figure, in terms of number of vehicles, the most abundant

combination are gasoline cars and diesel oil vans. This is also true when the total

distance travelled is analysed, as shown in the figure below. In this case, diesel oil

cars and diesel oil pickups increase their relative importance, while the weight of

alternatives with very few vehicles become negligible.
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Figure 28. Distance travelled per class and source of energy
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Each of the 4 typologies previously detected as the most significant in terms of
distance travelled are further analysed in the following sections. For each of the
cases, the deeper study evaluates the convenience, from both financial and
environmental point of view, of the use of Natural Gas (NG) vehicles as an alternative
of the currently used vehicles.

3.2. Feasibility of the use of Natural Gas
alternatives

3.2.1 Scenarios

Two scenarios have been defined concerning the future use of Natural Gas in the Port
Authority own fleet. The baseline scenario will consider that only vehicles for which
the use of GNC is economically advantageous will be renewed with GNC vehicles. In
addition, the vehicles must currently have NG powered versions commercialized in
Spain. The optimistic scenario implies a stronger commitment from the port authority
regarding the use of natural gas. As a consequence, every vehicle currently using
conventional propulsion (i.e. not including the renewal of electric or hybrid cars
vehicles) will migrate into a NG fuelled version, either by conversion through kits or
by the renewal of the old vehicle by a GNC designed car.

3.2.2 Cars

A total of 24 gasoline cars are included in the fleet covering the whole range, from
small vehicles (e.g. Ford Fiesta) to large sedan (e.g. Ford Mondeo). The distance
travelled per vehicle is highly non-uniform, where only 4 vehicles have travelled more
than 15,000 km during the year and only 6 more than 10,000 km (Figure below),
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% 25,000 50 =
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Figure 29. Total distance travelled per gasoline vehicle (left axis) and accumulated
distance in percentage (right axis)

As a consequence, approximately half the kilometres (46.4%) travelled by this

subgroup of vehicles have been carried out by only 3 of them. This is also the case

for diesel vehicles (Figure below), with only 4 vehicles travelling more than 20,000
km.
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Figure 30. Total distance travelled per diesel vehicle (left axis) and accumulated
distance in percentage (right axis)

The economic advantage that can be obtained from the migration to GN vehicles
mainly depends on the total distance travelled per year. Therefore, it is necessary to
estimate a threshold distance that will be used as a convenience criterion. In order
to do so, two simplified cost-benefit analysis (CBA) have been carried out for each of
the extreme car ranges (small and large sedan). The CBA compares a vehicle
representative of each range that has a NG equivalent commercially available.

According to the latest catalogue of available models of NG vehicles elaborated by
the Iberian Association of Natural Gas for Mobility (GASNAM) [15] , there are 24
models of cars available on the market. However, it may be difficult to acquire some
of the models as a consequence of the low demand of GN vehicles in Spain. For this
study, two SEAT models have been selected since that brand has a well developed
commercial structure for the distribution of NG vehicle. Since no NG large sedan is
available from this brand, the study has been carried out with the equivalent station
wagon. In particular, the following models have been selected:

- Small: SEAT Mii Ecofuel
- Large: SEAT Leon ST 110 CV

The data for the vehicles has been obtained from the official SEAT webpage for
equivalent motorizations [16] . A lifetime for the vehicles of 6 years has been
assumed as it is the legally established for such investment when carried out by a
port authority. The results of the CBA showed that it is financially advantageous to
migrate from gasoline to GNC if it is expected to travel more than 15,000 km. The
same threshold of the distance travelled applies to both sizes of cars. In the case of
diesel cars, which are slightly more expensive than GNC cars, the use of Natural Gas
will be always competitive from the economic point of view independently of the
distance travelled.

3.2.3 Other vehicles (Vans and pick-ups)

There are 7 different models of NG propelled vans available on the market of similar
characteristics to the vans include in the PAV’s fleet [15] . Based on the results
obtained for diesel cars described in the previous section, it has been assumed that
NG Vans will be attractive from an economic point of view, independently of the
distance travelled.
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In the case of pick-ups, there is no NG pick-up available in the European market.
Although this alternative exists in markets where the use of this type of vehicles is
much more common (e.g. the US market), it will probably require the existence of a
really mature NG vehicle sector before there are models for such type of vehicle
available in Spain. For that reason, the migration to CNG has been considered only
for the optimistic scenario.

3.2.4 Results of LNG demand from VPA'’s fleet

It has been assumed that the decision on the migration to NG for each vehicle will
be carried out at the moment of its renewal. When possible, direct values of average
fuel consumption have been used. If data is not available, the fuel consumption has
been calculated from a typical value of a diesel equivalent and also considering a
15% of loss of efficiency on energy basis. The following table include the values used
in this work

Table 16. Fuel consumption and lifespan of the type of vehicles considered.

Small car | Large car Van Pick-up
Fuel consumption
(kg NG/100 km) 3.6 4.5 8.3
Lifespan (years) 6

As in the case of port machinery, analysed in previous sections, it has been assumed
that the NG demand will start only after the gas station is in full service (i.e. from
2019). Finally, it has been considered that the distance travelled per year will remain
similar to the values available for 2015, with a similar distribution among vehicles.
The following figure shows the results for both scenarios for the period 2016-2028
(from 2028 it is considered that the NG demand will remain unchanged.
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Figure 31. NG demand from VPA's fleet: (a) baseline scenario (b) Optimistic scenario

As can be seen in the figure, the most important demand will come from cars in both
scenarios in the long term. However, in the optimistic scenario, the demand from
pick-ups will be even bigger than cars for a short period of time.
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4. Maritime applications

4.1. Tugboats

The most important use of tugboats in a port is the assistance on the vessels on the
entrance, berthing and/or exit of a vessel to/from a port. Towing services are included
among the technical-nautical services required for an adequate exploitation of a port.
In the case of the Port of Valencia, the provision of this service is licenced to Boluda
Remolcadores.

Figure 32. Tugboat VB Poder during operation. Obtained from [17]

The following tugboats are the ones usually working in the Port of Valencia [18] [17]

Table 17. Tugboats working on the Port of Valencia

Name Engine Bollard pull Year
power (HP) (TBP)
VB Xaloc 7500 85.9 2016
VB Xerea 7500 80.0 2017
VB Llevant 6230 70.1 2011
VB Poder 5440 56.0 2005
VB Furia 5440 56.0 2005
VB Conqueridor 5440 55.3 2006

The number of the tugboats required for a simple operation is decided by the pilot in
charge of the operation. However, as a general rule of tug allocation, it may be
assumed that it largely depends (even though not exclusively) on the characteristics
of the vessel. The length and the deadweight tonnage (DWT) of the vessel to be
towed are two commonly variables used during the definition of the towage operation
(e.g. tug allocation guidelines from the Port of Singapore [19] or from the Port of
Port of Hedland [20] ). In addition, it should be also considered that not all vessels
calling the port of Valencia require tugboats (e.g. ferries providing regular services
or cruises).
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In this work, the total fuel consumption of the tugboats in a period has been obtained
from the information of the vessels calling during that period. The following
parameters have been used as representative of the operations carried out in the
Port of Valencia.

Table 18. Parameters used for the estimation of energy demand from towing
operations

Parameter Variable Units Value
Tugboats per operation Ntug,op Unit/operation 2
Vessels calling 2 terminals Iter % 20
Rate of calls requiring tugs re % 50
Averaged power Ep,tug kw 6258
Time per operation top h 1.0

The estimation of the total fuel demand (FCop) required by a tugboat during one
operation has been calculated from the operational profile of tugboats provided by
CATERPILLAR [21] (Figure below) and considering the complete operation to take 1
h, leading to a value of 204 L/operation.
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Figure 33 . Operational profile Harbour and Terminals Tugboats

Considering all the variables, the total fuel consumption from towing operations for
a period i (TFCiww,i) can be calculated using the following equation, where G
represents the number of calls for a period i:

TFCtow,i = Ci e (2 + rzter) : Ntug,op : FCop (6)

Two scenarios have been defined with respect to the potential of LNG demand,
similarly to the rest of the work. In both scenarios it has been assumed that the
existing fleet of tugboats is large enough to carry out all the towing operation during

the analysed period considering a yearly growing rate of 1.5% on the number of
vessels calls received in the port.

The baseline scenario assumes that only one LNG powered tugboat will work on the
port of Valencia prior to 2035. The project CORE LNG as hive include the Basic
Engineering project of a LNG powered tugboat, activity which includes among its
participating partners, Boluda Remolcadores, S.L. At the moment of writing this
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report, the basic engineering project is almost concluded, and the results show that
the design is capable of accomplishing all the operational requirements of the
shipowner, the most important one being a gross tonnage <500 GT. In addition, the
engineering project has been reviewed by the Flag Administration and by the
Classification Society to provide their insight into the final design. The LNG powered
tug can be considered as feasible from the technical and operational point of view
and, consequently it is reasonable to expect that the first unit of tugboat may be
ordered in the short term. In addition, the presence of a LNG service station in the
port area will also be a favourable factor for the shipowner in order to facilitate its
decision. However, the high uncertainty with respect to the practical use of LNG in
towing operations may preclude from incorporating any additional tugboat prior to
get the feedback from the use of LNG tugboats during a reasonably long period of
time

The optimistic scenario assumes a strong commitment on the use of LNG from the
shipowner. As a result of this commitment, the whole fleet of tugboats will be
gradually replaced with LNG equivalent units from the year 2019 to the year 2035.
The following figure shows the number of LNG tugboats units in both scenarios.
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Figure 34. Definition of the scenarios for the LNG demand from tugboats

In order to estimate the future LNG demand originated from each of the LNG units
to be incorporated, it has been assumed that all 6 tugboats working on the Port of
Valencia participate in the same amount of operations and, as a consequence, the
yearly fuel consumption per tugboat is equal to TFCi divided by 6. In addition, in line
with a previous report [22] , it is supposed that the energy efficiency of the engines
is equal to the MDO equivalent. The following figure shows the results obtained.
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Figure 35. Expected LNG demand from tugboats

4.2. Pilot boats

The maritime pilot is in charge of assisting the captain of a vessel on the best way to
approach, berth and exit the vessel into/from the Port. As a consequence it requires
deep knowledge of both navigation (i.e. ex captains with shiphandling experience
with large vessel) and of the characteristics of the port. The pilot boat is the small
boat used by the pilot in order to approach and get on board the vessel that requires
manoeuvring assistance.

Piloting is also technical-nautical services required for an adequate exploitation of a
port. In the case of the port of Valencia, the piloting services are licensed to the
company Practicos de Valencia, S.L.P.
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Figure 36. Pilot boat Caballero during operation. Obtained from [18]

The fleet of the company includes the four piloting boats included in the table below.
As can be seen in the table, the engines of the boats provide a small power and,
consequently, the fuel demand from this application may be assumed negligible when
compared with the rest of the sources of demand included in this work.
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Table 19. Pilot boats working on the Port of Valencia. Obtained from [23]

Name Engine
power (kW)

Braset 522

El Caballero 514

Guadalaviar 446

Xita 380

In addition, the low fuel consumption of these boats makes them to be very poor
candidates for the migration from conventional fuels to natural gas. Currently there
is no available LNG engine applicable on maritime operation for the range of power
of this type of boat and it is not expected to be included in the catalog of the marine
engine manufacturers in the short or medium term. From all the reasons mentioned
above, it is foreseen that for the period analysed in this work and even in an optimistic
scenario, it is highly unlikely that pilots boats will consume natural gas (either in its
compressed or its liquefied form) in the short-medium term.

4.3. Rescue vessels

There are two Search and Rescue (SAR) vessels regularly working in the port of
Valencia. The area of influence of the SAR Mesana tugboat in the central area of the
Spanish Mediterranean coast, which include the port. SAR tugboats ensure the
possibility of towing large vessels and have the operational capacity to intervene in
large casualties (fires, pollution, salvage ...) [24] . The Salvamar SAR Pollux has the
Port of Valencia as its base location. Salvamar boats are high speed boats with great
maneuverability and low draft, suitable to act in circumstances in which the speed of
response plays a fundamental role. [24] .

=
:

Figure 37. Salvamar Pollux and tug SAR Mesana operating in the Port of Valencia.
Obtained from [18]
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The use of both boats is highly irregular due to the nature of their operation and,
consequently they spend long periods berthed at the port. The feasibility and
advantages of using Natural Gas powered boats for this type of operation is being
analysed under one of the activities of the CORE LNGas hive. The preliminary results
show that the use of LNG in such boats has to face the problem of an excessive boil-
off production and, in addition, there are some safety concerns related to the use of
compressed natural gas. For those reasons, it has been assumed that NG will be used
only in the optimistic scenario. The LNG fuel consumption has been estimated
considering a number of operation almost constant for the whole period (data for
MDO consumption from 2015 has been directly provided by SASEMAR) and that the
efficiency of the vessel engines using NG is the same as that using MDO. The results
obtained are included in the Table below.

Table 20. Estimated LNG demand from rescue boats on the optimistic scenario

Vessels MDO yearly LNG yearly
consumption (m3) | consumption (t)
SAR Mesana 120.00 87.06
Salvamar Pollux 43.50 31.36
TOTAL 163.5 118.61

5. Trucks providing drayage services in the
terminals

5.1.

The values included in this work are based on the results from the analysis carried
out in the framework of the Core LNGas hive project [1] . However, in order to keep
coherence with the rest of the work, the results have been updated by taking several
assumptions different from those taken in that study. The following Table summarizes
all the data taken directly from [1]

General assumptions

Table 21. Values considered from the analysis LNG demand from drayage trucks

Parameter Variable | Unit Value

Trucks Niruck units/day 2,714
Percentage of self- ra % 16
employed drivers

Daily LNG consumption | FCieruck | kg/day 101.24
per truck

Annual Renewal rate rr %/year 11
Services outside the So % 15
Comunidad Valenciana

Rate of vehicles fueling | rp % 0.18
in base

An increase of the number of trucks equivalent to the growing rate used for the port
traffic (1.5 %) has been also assumed. In addition, it has be considered that all the
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service stations inside the area of influence of the port of Valencia (5 in total), will
have the same chances of providing LNG to the trucks carrying drayage services.
Finally, the values for the embracing rate as defined in Section 2.4.3 has been used.
The following expression allows the estimation of the number of LNG powered trucks
for a period I (Ntruck,LNG,i):

Ntruck,LN(;,i = Ntruck, yei-1 + Neruck,i 1T - (1 - ra) “Te (6)

It is possible to estimate the LNG demand in the port of Valencia for a period i from
the number of LNG powered trucks and the average daily LNG consumption, through
the equation below. It has been considered that, the services outside the Comunidad
Valenciana, will cause a filling of the tanks of the truck in a service station different
than the 5 included in the area of influence.

° 1
TFCing eruck = Nepngi " FCunoeruck * (1 —2) - 240+ (1= 1) - 2 (7)

5.2. LNG demand from drayage companies

The following figure show the results for the total number of LNG powered trucks
offering services to the Port of Valencia (left, (a)) and the total amount of LNG
demanded from those truck expected to be loaded from a service station located in
the Port of Valencia (right, (b)).
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Figure 38. Number of LNG trucks (a) and expected LNG demand from trucks to be

provided from a future service station in the Port of Valencia
Both scenarios predict a significant increase of the presence of LNG trucks in the
forthcoming years. The baseline scenario predicts that in 2035, approximately one
fourth of the trucks providing drayage services in the Port of Valencia will use LNG
as a fuel. The expected demand from the fleet of LNG trucks would represent in both
scenarios the most important source of LNG demand from terrestrial applications, as
shown in the following section.

6. Total LNG demand

The figure below show the aggregated expected demand in both scenarios (left). The
figure also shows the expected importance of each of the sources of demand in the
optimistic scenario (up-right) and in the baseline scenario (bottom-right). As stated
in the introduction section, no demand from the maritime side except from tugboats
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and rescue vessels has been included. Except from exceptional cases (e.g. if the
Ship-To-Shore installation is located next to the berth at which the vessel is calling),
demand from the maritime side will be supplied by the use of a bunkering barge.
Consequently, it is expected that the demand from that type of traffic to be supplied
directly from the Sagunto’s regasification plant rather than from the station at
Valencia. That type of demand has been analysed in the corresponding report
elaborated under the framework of the CORE LNGas hive project [25] .

As can be seen in the figure below, the demand for the optimistic scenario is
approximately four times the estimated for the baseline one, indicating a significant
degree of uncertainty. The distribution among type of fuel demand is similar in both
scenarios, being the potential most important source of the demand the trucks that
visit the port to provide drayage services (63-70% of the demand in 2035) followed
by tugs (8-14%), terminal tractors (13%) and RTGs (8-9%). Each of the rest of the
evaluated sources of demand combined represent between a 1% and a 2% of the
estimated total LNG demand.
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8. List of Acronyms and Abbreviations

8.1. Acronyms
EMR Embracing rate
Ep Averaged power
FC Fuel consumption
fe Selection factor. Ratio between the activity performed by a high
efficiency machine relative to that of a low efficiency one
TRR Internal Rate of Return
mov Number of movements
N Number of units
NCV Net calorific value
NPV Net present value
PM Particulate matter
ra Percentage of self-employed drivers
o Rate of trucks fueling in base
rr Renewal rate
rT Ratio relative to the number of TEUs
oter Number of vessels calling 2 terminals
SFC Specific fuel consumption
S0 Percentage of services outside the Comunidad Valenciana
TFC [Total fuel consumption
Ur Utilisation factor
8.2. Subscripts
DIE Diesel fuel
ECH Empty Container Handler
i period
lim Threshold value
NG Natural Gas
op Tugboat operation
oM Other Machinery
RTG Rubber Tyred Gantry
RS Reach Stacker
t Time employed in the operation
truck Truck
tow Towing
tug Tug
TEU Number of TEUs managed
T Terminal Tractor
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OBJECTIVE

The objective of this document is to expose the results from the study of the Future
Demand of Natural Gas for heavy vehicles in the Port of Valencia, as a part of the CORE
LNG project, as HIVE, by GESMAN, INGENIERIA DE GESTION, S.L., with NIF B-97043194.

The proceedings for the study of the "FUTURE DEMAND OF NATURAL GAS FOR HEAVY
VEHICLES IN THE PORT OF VALENCIA” includes the following phases:

Phase I: Direct observation of the trucks in the access

Phase II: Information analysis

1. CURRENT SITUATION

a. The destination of the vehicles leaving the Port of Valencia. This was completed
with the value of one distribution in % per province.

b. Examining the energy needed by the vehicles in the Port of Valencia. The
consumption of liters that would be delivered from the port of Valencia, the
calculation of how many services would be made each day and the destination of
the trucks.

c. Euro law evaluation for each type of truck.

d. Total number of Km per day made by vehicles coming to the Port of Valencia. This
was completed using a classification per section.

e. Fleet type definition -

i. Type of property (private or enterprise) and the size of the
enterprise

ii. Own property, renting, leasing

iii. Motorization of the truck

iv. Age of the truck

V. Useful life for each type of truck

f. Producing a current map of the supplying stations for LNG in Spain and their
relationship with the destinations defined in point a.

g. Making an environmental analysis of the emissions of tCO2/Km, in ton/Km,
tSOx/Km and particles.

h. Analysis of the above results to conclude the current trucks that could be
substituted for LNG vehicles from a logistic and technical point of view.
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2. FUTURE ANALYSIS OF LNG DEMAND

a. Financial analysis of converting the actual trucks into LNG trucks with
similar characteristics:

i.  Buying costs and difference from the traditional Diesel
ii.  Maintenance costs and difference from the traditional Diesel
iii.  LNG cost progressions. Diesel in the next years (10)
iv.  Consumption difference from the traditional Diesel
v.  Operation cost in €/Km and comparison for both options
vi.  International road transport in LNG and Diesel trucks

b. Environmental analysis:

i How many emissions are in the new stage
ii.  Saving emission vs. current stage
iii.  Environmental cost in tCO2/Km, in tNOx/Km, tSOx/Km and particles
in comparison with the actual stage

c. The same analysis made in points a and b is made, but with the
consideration of using dualized engines working with LNG —Gasoil.

d. Conducting interviews with the heads of the enterprises to get their
opinions.

e. LNG demand estimate taking three outcomes into account: one optimistic,
one conservative and one pessimistic, depending on variables such as the
engine prices, service stations, fuel price changes. This result is given in
volume per kilometer.

Below you will find the Study of LNG Demand for Heavy Vehicles in the Port of
Valencia.
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PHASE I: DIRECT OBSERVATION OF THE TRUCKS IN THE ACCESS

CoMPLETION DATES FOR PHASE |

The direct observation of the trucks that are around the Port of Valencia was
completed between the 1% and 31% of August 2016, Monday to Friday. Interviews
were conducted with 386 truck drivers.

The interviews were made between 8:00 and 13:00 in the areas described below.

The truck waiting areas primarily considered for conducting the interviews:
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Figure 1. Map displaying waiting areas A and B.
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Figure2. Close-up map of waiting areas A and B.

As there were lots of trucks in both areas and area A has not got a stopping area for

truck drivers, we conducted all interviews in waiting area B.

oo

Figure 3. Photo of waiting area B
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TRUCK SAMPLE

A total of 386 interviews with truck drivers were conducted. From the values of the
drivers interviewed, it can be confirmed that each interview is from a different truck.

Moreover, direct observations were made of trucks going into the Port of Valencia
over several days to record the daily average of heavy vehicle journeys.

These observations were made during the month of August during five different days
of the week for two hours each day (from 8:00 to 10:00) after considering the hours of
higher truck traffic in the access to the Port of Valencia. The dates and the values
obtained are shown below:

Figure 4. Number of trucks in the accesses: dates and results

Day of the week Monday Tuesday Wednesday | Thursday Friday
Date 22/08/2016 | 16/08/2016 | 10/08/2016 | 18/08/2016 | 19/08/2016
Number of trucks 585 564 680 613 529

The average number of trucks is 594.2 trucks every two hours, which suggests that the
average number of trucks passing through over 5 days, with 11 hours per day is 3,268
trucks/day.

INTERVIEWS CONDUCTED WITH TRUCK DRIVERS

NAME OF THE COMPANY
From the truck drivers interviewed, we know that 83.4% work for an enterprise, and

16.6% are self-employed. The enterprises names are shown as following:

- IRENEO E HIJOS SL - TRAFMAFE SL (TRAFICOS MANUEL
- ALFREDO ROIG FONS SL FERRER)

- TRANSPORTS SL - TOYSAN SL

- SALOM SA - MULTIMODAL LEVANTINA

- TRAJOMAN - TRANSPORTES TORAMO

- TRANSBONAFONT - VICENTE BRULL SL
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AIMAR LEVANTE SL
RAZFETRANS SL

EUROTRUCK LOGISTICA

GRUPO MONLLOR
TRANSPORTES GALLEGO ALVAREZ
TRANSPORTES RAMIREZ DOLG SL
AVIARGO SL

GRUPO GUILLEN

OCEAN TRUCK SL

OPERADOR LOGISTICO LOPEVAL SL
RMN LOGISTICA
TRANSJALOVICA

TRANSNOVA AVANZA SL
TRANSPORTES BESTRANS SL
TRANSPORTES LOPEZ GADEA
TRANSPORTES NEW CONST
TRANSPORTES VALATRANS
TRANSVERIS SL

BARGAFER MINGLANILLA SL
COLOVAL

COPITRANS SL

JULIAN PENARRUBIA CANADA
LAUMAR CARGO SA
RAMINATRANS SL
TRANSPORTES 1QL SL
TRANSPORTES PERALES SL
TRANSPORTES QUICO SL
ALCOLEA OPERADOR LOGISTICO
CS ROAD CARGO

CTF

GESEMA VALENCIA

IVAN TRANS SL

LEADER TRANSPORT

LOGILUC

LOGISTICA INTERNACIONAL
SANGARU SL

MANISES TRUCK SL

TGC

TRANSA SEFLA

TRANSBER

TRANSITOS COSTA ESTE
TRANSLANIET SL

TRANSPORTES ANYMORE
TRANSPORTES AREVALO

TRANSPORTES GENERALES CELIS SL
TRANSPORTES GIL Y DOMENECH SL
TRANSPORTES INAQUI
TRANSPORTES JAVIER LOSA
TRANSPORTES ONSARES
TRANSPORTES PEDRO CHICANO SL
TRANSPORTES REMEDIOS TORRES
SL

TRANSPORTES Y CONTENEDORES
LUNARA SL

ALENA LOGISTICA SL

ANGERLO TRANSPORTES SL
BULLPONT SL

CISTERNAS HERMANOS FAGARDO
CONTENEDORES Y TRANSPORTES
FERRICOS

COOPERATIVA PANCHO
COPEXERA

COVATRANS SL

CURFEN LOGISTICA SL

DOLC CAR SL

FERRITRANS

GESTIPORT

GLOBAL TRANSPORT

GRUAS EL TORICO SL

IAC TRANSPORTS
INTERCONTAINER

JAVITRANS 2007 SL

JOJUVE TRANS SL

KONTRANS SCV

LOGISCAR CHECA

MATORITRANS SL

MULTIMODAL INIESTA

MYTEC

NAU LOGISTIC

NB TRANSPORTES

NCT

NUAL TRUCK

OCEAN LOGISTIC

OLITRUCKS SL

ORTIZ Y BORRUECO SL
SHEYMITRANS SL

STINSA

STRANS
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- TRACCION LECLATRANS SL - TRANSPORTES LA COSTERA
- TRANS RIVERA - TRANSPORTES LUIS GAMERO SL
- TRANS-CONTEPORT SL - TRANSPORTES MERINO SA
- TRANSESTEVE RIPOLL - TRANSPORTES MUSEROS
- TRANSPORTES ALFADEX - TRANSPROVINCIAL DE CARGA
- TRANSPORTES CARRASCO - TRANSVARLUZ COOPERATIVA
- TRANSPORTES CHOC Y ELIOT SRL VALENCIANA
- TRANSPORTES CRUZ Y ABAD SL - TRAVEL PORT
- TRANSPORTES EUROCRUZ - TURIA TRUCK
- TRANSPORTES GRUVAL - ZTF
- TRANSPORTES HERMANOS
CABRERA GARCIA SL
ENROLLMENT

It is important to note that the trucks drivers interviewed were different from each
other. 0.52% of truck drivers interviewed did not answer this question.

BRAND AND MODEL OF TRUCK
Considering the total trucks that are in the Port of Valencia, we have the following

brands and types.

Figure 5. Interview - brand distribution.

Brand %
RENAULT 21.0%
IVECO 18.1%
MERCEDES 14.8%
DAF 14.5%
SCANIA 13.7%
VOLVO 9.1%
MAN 6.7%
“g';N Brand truck distribution
SCANIA IVECO

19%

14%
VOLVO
9% »

- MERCEDES
15%

Figure 6. Interviews conducted — Truck brand distribution
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In the following figures the models of the brands that are most used are shown. 28% of
the truck drivers interviewed did not know the model of the vehicle.

Figure 7. The most used models of the brands

RENAULT IVECO

MACK 1
1% 1%

EUROSTAR
1% NS/NC
EUROTECH
2%

MERCEDES DAF

AXOR
2%,
BLUETEC

2%

SCANIA o vowo

V8 o
2%

HS/NC
49%

11
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MAN

Figure 8. Interviews conducted - distribution of the truck models.

ENGINE POWER

The lowest power registered was 380 HP for several models, and the most powerful
was the Scania V8 with 800 HP.

The average power was 460 HP.

Engine power distribution

® Engine power 400-500 HP = Engine power <400 HP ® Engine power >500 HP

1%_\ r4%

95%

Figure 9. Truck drivers interviews - engine power distribution (HP)

12




o GESHAN S

—_———

Autoridad Portuaria de Valencia

FUEL TANK SIZE

FUTURE DEMAND OF NATURAL GAS FOR HEAVY-DUTY
VEHICLES IN THE PORT OF VALENCIA

The average capacity found was 1038 liters. It is important to note that the average
was taken because the variation of results was less than 2%.

Most of the trucks have two tanks, so we have included both to calculate the capacity.

Fuel Tank Size Distribution

m <1000 L 1000-1200L m=>1200L

Figure 10. Interviews conducted — fuel tank size distribution (L)

AGE

The values range from two weeks to 20 years. The average age is 8.5 years. 5% of
drivers interviewed did not answer this question.

100,0%
80,0%
60,0%
40,0%
20,0%

0,0%

Distribution of the Age of the Trucks

Lessthan 1-3years 4-7year 8-12 More
ayear years  than12
years

Figure 11. Interview truck drivers -Distribution of the age of the trucks
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It is important to note that we have estimated the figure 8.5. The data has been
contrasted with interviews from the executives.

TYPE OF FUEL

Of all the interviews conducted, only one did not use diesel as a fuel. This driver used

natural gas.
Type of fuel distribution
0,26%
M Diesel
LNG
99,74%
Figure 12. Interviews conducted -Fuel type distribution.
REFUEL

We asked when and where the last refuel was done.

97% of the drivers interviewed said that they have refueled in the last seven days,
whilst 3% refueled more than a week before. 2.3% of the drivers did not answer this

question.

Refueling frequency

3%

m Refueling the last
week
Last refuel more than
a week ago

Figure 13. Interviews conducted. Frequency of refueling

14
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Moreover, 90.9% said that they have refueled in the Valencian Region and most of
them in the Province of Valencia. 2.8% did not answer this question.

Location of the last refuel

100% 88 300

90% ’

80% +—

70% +—

60% +—

50% +—

40% +—

30% +—

20% +—

10% +— 1.3% 1.3% 6,2%

0% = T T T _ 1
VALENCIA ALICANTE CASTELLON OTHER
AUTONOMOUS
COMMUNITY
Location

Figure 14. Interviews conducted -locations of the last refuel.

18% of the drivers interviews claimed they have refueled in a base, meaning that they
have a fuel station in their own enterprise (base).

Type of Station of the Last Refuel

® Public stations

Base

. \\\\\_4,///////W

Figure 15. Interviews conducted -Station type of the last refueled.
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ROUTE

FUTURE DEMAND OF NATURAL GAS FOR HEAVY-DUTY
VEHICLES IN THE PORT OF VALENCIA

We asked about the origin and the destination of the trucks that were in the Port of
Valencia. We then analyzed which cases do the same route and what that route is and

defined the most regular route.

89.6% of the interviewed drivers do not make the same route, whilst 10.4% do the
same route. All drivers who said that they make the same route claimed that they are

made within the Valencian Region.

Frequent Routes

10,36%

m Always the same
path

Usually don't make
the same route

89,64%

Figure 16. Interview truck drivers — Frequent routes

The most frequent routes are the following:

- Castelldn - Puerto de Valencia - Castellon
- Puerto de Valencia - Cercanias Valencia

- Puerto de Valencia - Castellon - Valencia
- Madrid - Puerto de Valencia

- Murcia - Puerto de Valencia - Murcia

- Murcia - Puerto de Valencia - Riba-Roja

- Puerto de Valencia - Onda - Castellon

- Riba-Roja - Puerto de Valencia - Riba-Roja
- Albal - Puerto de Valencia - Albal

- Puerto de Valencia - Alicante - Castelldn
- Puerto de Valencia - Madrid - Valencia

- Puerto de Valencia - Silla

- Puerto de Valencia - Almussafes

16
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- Riba-Roja - Benifaié - Alaquas - Puerto de Valencia
- Onda - Puerto de Valencia
- Almussafes - Puerto de Valencia — Massanassa

91.97% of the vehicles go by highway, 6.99% go by the highway and by the freeway
and 1.04% make their routes only by the freeway.

Type of Road

6,99%

® Road

Motorway

® Road and
motorway

Figure 17. Interviews conducted -Road type.

NUMBER OF VISITS TO THE PORT OF VALENCIA

The trucks visit the Port of Valencia at an average of 2.2 times per day. 3% visit the
port less than once a day while 15% visit the port more than three times a day.

Frequency of visits to the Port of Valencia

3%

m 1 -4times a week
Once a day
m1-3times aday

B More than 3 times a day

Figure 18. Interviews conducted —Number of daily visits to the Port of Valencia.
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NUMBER OF TRUCKS PER DRIVER

In 91.2% of the cases, the drivers drive only one vehicle, while in 8.8% cases the same
driver drives more than one truck.

Number of Trucks Per Driver

8,8%

® One truck

More than
one truck

Figure 19. Interviews conducted - Number of trucks per driver.
CONSUMPTION

To calculate the average consumption, we have considered the following points:

- As all the trucks in this study are over 12 tons, we have not considered the
consumption values considered as “very low”. Although the vehicle
consumption depends on many factors, we haven’t considered the ones that
are lower than 25L/100km because they are heavy trucks.

Figure 20. Estimated consumption for each type of Vehicle. Source: cost observatory. July 2016

Type of vehicle Estimated consumption (L/100km)
Articulated vehicle of general cargo 38.5
3 axle vehicle 30
Vehicle container 38.5

- We have not considered consumption values that have a variation of more than
95% of the mean.

18



00 FUTURE DEMAND OF NATURAL GAS FOR HEAVY-DUTY
valenciaport GESMAN.‘ VEHICLES IN THE PORT OF VALENCIA
NGENIERIA DE GESTION, S

—_—
Autoridad Portuaria de Valencia

Therefore, the consumption figure is between 27 and 48 L/100 km, and the mean
found is 32.7 L/100 km.

Distribution of Fuel Consumption

2%

‘ m Less than 30 L/100 km
= 30- 34 L/100km

m 34,5-40L/100 km
® More than 40 L/100km

Figure 20. Interviews conducted - Fuel consumption.

KILOMETERS PER DAY

In the same way as the mean consumption, we have not considered values that exceed
more than 95% from the mean of the results.

Also, in the questionnaire we asked about the kilometers per year, and in all cases the
response was the same as the kilometers per day, which contrasts the results:

Distribution of Length of Daily Travel

B Less than 300 km/day
= 300 - 450 km/day

® 460 - 600 km/day

B More than 600 km/day

Figure 21. Interviews conducted - Length of daily travel
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Thus, the mean length traveled by truck is 416 km/day.

TRUCK DRIVER INTERVIEWS: AVERAGE VALUES SUMMARY

Figure 22. Truck drivers interview results

Average value
Power 460 HP
Age 8.5 years
Fuel tank size 1038 L
Type of fuel Diesel
Daily consumption 32,7 L/100km
Last refuel In the last week
Where was the last refuel Valencian Region
Number of visits to the Port of Valencia 2.2 times/day
Type of route Highway
How many kilometers are made per day 416 Km

INTERVIEWS WITH COMPANIES

Five interviews were conducted with the heads of enterprises and one interview with a
transport association.

- 25/07/2016: ELTC
- Between 02/09/2016 and 13/09/2016 - Interviews with the heads of the
following enterprises:

Trajoman

Logistica Chema Ballester
Grupo Guillén

Castellon Port Logistic
Alfredo Roig SL
Transportes Aimar

o O O O O ©O
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The results obtained are the following:

Figure 23..Enterprises interviews summary

Number of trucks From 6 to 73 vehicles over12 tons
Trucks in property 80%
Subcontracted units 20%
Average age of trucks 7 years
Fuel Diesel
Route length 100,000 km/year
Consumption 33 L/100km
70% Valencian Region
Usual routes 20% Madrid Region
10% National without a usual route
Renewal fee 11% per year
Budget towards renewal 60,000 — 200,000 €/year

We asked about possible issues with changing the vehicles into natural gas vehicles.
The issues brought up are as following:

- Price

- Unknown technology

- No information through commercials

- Limited places to refuel

- Unknown amortization period

- The manufacturer does not guarantee repair in case of failure
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PHASE II. INFORMATION ANALYSIS
1. CURRENT SITUATION OF THE FLEET

A. DESTINATION OF VEHICLES LEAVING FROM THE PORT OF VALENCIA

With the foregoing information, a list of origins and destinations has been generated,
with a percentage distribution by regions and provinces, using the Port of Valencia as
the arrival/departure point.

ORIGIN DESTINATION
< C C
PORT OF
VALENCIA

Figure 23. Origin — Port of Valencia — Destination

The vehicles that are inside the Port of Valencia make 85% of the routes within the
Valencian Region. We distinguished the origin (where they come from) and the
destination (where they are going to after being in the Port of Valencia).

Origin of the trucks that are in the Port of Valencia

83% of the trucks in this study had located their origin within the Valencian Region.
The regions of Castilla La Mancha, Madrid and Murcia are the next most common
origins followed by Castilla y Leén, Cataluiia and Aragon

1% of the trucks in the Port of Valencia came from Aragén, Andalucia, Galicia,
Extremadura, Pais Vasco and Navarra.

Origin of trucks that are in the Port of Valencia
- Regions

Valencian Other
Community Communities
83% 17%

Figure 24. Origin of the trucks that are in the Port of Valencia - Regions.
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The distribution by regions is as following:

Figure 25. Distribution of origins by Communities

Region % of trucks
Comunidad Valenciana 82.8%
Castilla La Mancha 5.0%
Comunidad de Madrid 3.9%
Region de Murcia 3.1%
Castillay Ledn 1.6%
Cataluina 1.0%
Aragon 0.8%
Andalucia 0.5%
Galicia 0.5%
Extremadura 0.3%
Comunidad Foral de Navarra 0.3%
Pais Vasco 0.3%
Principado de Asturias 0.0%
Islas Baleares 0.0%
Canarias 0.0%
Cantabria 0.0%
La Rioja 0.0%
Ceuta y Melilla 0.0%

80% of the different origins from the Valencian Region are as follows:

35%
30%
25%
20%
15%
10%

5%

0%

% Trucks

Origin of the trucks that are in the Port of Valencia - Different
origins to the Valencian Region

- -

Castilla La Mancha Comunidad de Regién de Murcia Castilla y Ledn
Madrid

Community

Figure 26. Different origins to the Valencian Region.
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The distribution of origins by provinces for each region is shown below:

Origins. Comunidad Valenciana

Alicante

10%
Castellon
26%

Guadalajara
0%

Origins. CastillaLa Mancha

Toledo
11%

Origins. Castillay Leon

Zamora Avila
0% 0%

Soria
05 Leén
. 0%
Segovia
0%

Barcelona

.". |

Origins. Catalufia

Gerona

Origins. Aragon

Huesca
0%

Jaén
0%

Origins. Andalucia

Granada
0%
Sevilla
0%
Malaga
Cadiz 0%
0%

Origins. Galicia

Origins. Extremadura

Céceres
0%

Pontevedra
0%
Orense
0%
Origins. Pais Vasco
Guipuzcua
0%
Vizcaya
0%
Alava
100%

Figure 27. Distribution of origins by provinces.
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Distribution in the Valencian Region

Due to the fact that most of the truck drivers begin their journey in the Port of
Valencia in the Valencian Region, the specific origins of the routes are the following:

Castellén
Ol'igin Percentage Origins: Specific locations in Castellén
Castellon de la Plana 63%
Onda 10%
Vall d'Uixo
Alcora 9% 3,7%
Villarreal 6% Villarreal
T 6,1%
Valld’Uixo 4%
Villafamés 2%
Puerto de Castellon 2%
Nules 1%
Moncofar 1%
Almazora 1%
floucles coste Villafamés 7
La Foya Bh“ﬁ e
i
Alcora
San Juan y
de Maro Benicasim
& La Parreta
Bfrrio\
L Ribesalbes
v
v
O Cas¥®ll6 :
Sobelas ) - dealz Plaor?a s )
Oga Pl 225
B Tales ?ee;ggﬁ : Almgora
Villarreal
dus Beted levig)
ov1a
Artana ’.w—.m Burriana
Eslida -m 7 e
b V\\Iawe{é‘ Ngs
o Alfondeguilla
Vall ge Uxg ey Playa de Nules:
I\°cdfar
[ i-225 | Chilches

Figure 28. Origins in Castellon. .
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Alicante

Origin

Percentage

Alicante

47%

Elche

16%

Alcoy

6%

Guardamar del Segura

6%

Muro de Alcoy

3%

Cocentaina

3%

Novelda

3%

Granja de Rocamora

3%

Monforte
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Origins. Specifics locations at Alicante

GUARDAMARDEL |
SEGURA
6,3%

ALCOY
6,3%

Gandia
__ Bellreguart
Oliva
Pego vergel Dénia
Dnam
N Jévea
=R
Jalon
Benissa
El Castell de Moraira
Guadalest
Calpe
La Nucia
Altea
Benidorm

La Vila Joiosa

. Origins in Alicante. .
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Valencia
Origin Percentage Mercavalencia 0,99%
Valencia 16,26% Manises 0,49%
Port of Valencia 16,26% Massamagrell 0,49%
Riba - Roja 12,32% Alcacer 0,49%
Aldaia 5,91% Ontinyent 0,49%
Quart de Poblet 4,93% Puzol 0,49%
Paiporta 2,96% Chirivella 0,49%
Massanassa 2,46% Sueca 0,49%
Almusafes 2,46% Albaida 0,49%
Silla 1,97% Alaquds 0,49%
Albal 1,97% Mogente 0,49%
Torrente 1,48% Requena 0,49%
Beniparrell 1,48% Massalavés 0,49%
Catarroja 1,48% Moncada 0,49%
Alzira 1,48% San Antonio de Benageber 0,49%
Cheste 1,48% Almacera 0,49%
Algemesi 1,48% Carcaixent 0,49%
Bufol 1,48% Benifaio 0,49%
Paterna 1,48% Masalfasar 0,49%
Catarroja 1,48% Utiel 0,49%
Chiva 0,99% Naquera 0,49%
Canals 0,99% Fuente la Higuera 0,49%
Xativa 0,99% Gandia 0,49%
Puerto de Sagunto 0,99% Novelé 0,49%
Picassent 0,99% Castellar 0,49%
Albuixec 0,99% Alfafar 0,49%

Origins. Specific locations at Valencia

Others
32,5%

Quart de Poblet
4,9%
Aldaia
5,9%

Almussaf

Albal
2,0%

Paiporta
3,0%

Massanassa
2,5%
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Figure 30. Origins in Valencia .

Destination of the Trucks in the Port of Valencia
The destination of the truck is considered as where the truck travels after being in the

Port of Valencia.

84% of the truck drivers interviewed had located their destination within the Valencian
Region. From the rest of the regions, Madrid, Castilla La Mancha, Murcia and Andalucia
were the most common, followed by Aragdn and Castilla Ledn. Galicia and Cataluiia

were 1% of the destinations from the interviews.
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Destination of the trucks that are in the Port of Valencia - Regions

Valencian
Community Other communities
84% 16%

Figure 31. Destination of the trucks that are in the Port of Valencia — Regions.

The distribution for all the regions is as follows:

Figure 32. Distribution of the destinations by region

Community % of trucks
ComunidadValenciana 84%
Comunidad de Madrid 5%

Castilla La Mancha 3%
Region de Murcia 3%
Andalucia 2%
Aragon
Castillay Ledn 1%
Catalufa 1%
Galicia 0%
Principado de Asturias 0%
Islas Baleares 0%
Canarias 0%
Extremadura 0%
La Rioja 0%
ComunidadForal de Navarra 0%
Pais Vasco 0%
Ceuta y Melilla 0%
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Therefore, 80% of the destinations that are different to the Valencian Regionare as

follows:

Destinations that are different to the Valencian Region

30%

25% -

20% -

15% -

% Trucks

10% -

5% -

0% -
Comunidad de Castilla La Mancha  Regién de Murcia Andalucia
Madrid

Region

Figure 33. Destinations that are different to the Valencian Region.

The following displays the distribution of the destinations by the provinces of each
region that has more than one. Please note that as Madrid and Murcia only have one
province, they are not shown.

Destination. Comunidad Valenciana Destination. CastillaLa Mancha

Alicante
10%

Ciudad Real
10%

Cuenca

Guadalajara
10%

10%

Destination. Aragon

Destination. Andalucia .
Cadiz

0%
Cordoba
0%

Granada
0%

Huelva
0%
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Destination. Castillay Le6n Destination. Catalufia
Lédin Barcelona
0% 0% Lérida
Zamora 0%
Burgos 0%
0%
Soria Palencia
0% 0% Gerona
Segovia 0%
0% :
Avila
0%
Destination. Galicia
Pontevedra Oferise
0% 0%
Lugo
0%

Figure 34. Distribution of destinations by provinces

Distribution within the Valencian Region

Since most of the trucks start their route in the Valencian Region, indicated below are

the destinations registered in the surveys for the three provinces:

Castellon
Destination | Percentage

Castellén 69%
Onda 13%
Alcora 6%
Valld'Uixo 2%
Villarreal 2%
Villafamés 2%
Nules 2%
Almazora 1%
Ribesalbes 1%
Segorbe 1%

ALCORA

Specific destinations at Castellén

OTHERS
12,5%

5,7%
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Figure 35. Destinations in Castellén
Alicante
Specific destinations at Alicante
Destination Percentage
Alicante 31%
Novelda 23% GIHER
Elche 23%
. ALICANTE
Villena 4% 30,8%
Alcoy 4%
Guardamar del Segura 4%
El Mojon 4%
Onil 4% oy NOVELDA
. 23.1%

Castalla

4%
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Figure 36. Destinations in Alicante.
Valencia:
Destination Percentage Almasera 0.7%
Port of Valencia 48.6% Alzira 0.7%
Riba - Roja 17.4% Beniganim 0.7%
Quart de Poblet 4.9% Beniparrell 0.7%
Valencia 4.2% Chiva 0.7%
Manises 2.8% Foios 0.7%
Paterna 2.8% La Pobla de la Vallbona 0.7%
Silla 2.8% Manuel 0.7%
Buiiol 2.1% Massamagrell 0.7%
Almusafes 1.4% Massanassa 0.7%
Requena 1.4% Picassent 0.7%
Albal 0.7% Sagunto 0.7%
Alcudia de Crespins 0.7% Salem 0.7%
Aldaia 0.7% Xativa 0.7%
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Figure 3. Destinations in Valencia.
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Customs Data
From the information given to us by the Port of Valencia, the customs data for each

region is shown, from imports and exports, and strengthen the results from the

interviews conducted:

Figure 38. Custom data -Distribution by Region

Region Export Import
Comunidad Valenciana 66.58% 62.28%
Madrid 10.89% 21.49%
Murcia 4.71% 2.90%
Cataluiia 3.24% 3.77%
Cantabria 0.17% 0.28%
Castilla La Mancha 4.40% 2.76%
Andalucia 1.16% 1.69%
Aragdn 2.42% 0.49%
Asturias 0.19% 0.04%

Islas Baleares 0.10% 0.19%
Islas Canarias 0.03% 0.04%
Community Export Import
Castillay Ledn 2.48% 1.34%
Extremadura 0.07% 0.10%
Galicia 0.47% 0.40%

La Rioja 0.32% 0.20%
Navarra 0.50% 0.35%

Pais Vasco 2.26% 1.25%
Unknown 0.01% 0.45%
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Data comparison. Import & Export - Regions

100%
90%

80%
70%

60%

50%

40%
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20%

10%

M Phase |

0%

M Customs

Figure 39. . Import and Export by Region

B. DEMAND FOR FLEET ENERGY IN THE PORT OF VALENCIA - CONSUMPTION IN LITERS OF

FUEL AND CALCULATION OF SERVICES

The objective of this section is to define the consumption of liters of fuel that would be
supplied from the Port of Valencia, and the number of services made per day for heavy

trucks and the current number of diesel vehicles.

For defining the consumption in fuel liters to supply, we have considered the following

facts:

The routes of the trucks that are in the Port of Valencia: where they come from
and where they are going to, as discussed in point A of this study.

Number of trucks that visit the Port of Valencia daily.

The locations of the last refuel point and how long ago it was.

Size of the
Diesel fuel
Whether t

fuel tanks of the trucks.
consumption of the trucks.
he refuel must be done in the base of the enterprise.

The formula used is the following:

Fuel demand = Number of trucks * Liters of fuel
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Calculation of the Number of Trucks
Firstly, we have calculated the number of trucks that visit the Port of Valencia on a
daily basis.

We have made two calculations; one based on the values from Phase | and the other
based on the statistic values from the Port of Valencia.

Therefore, the direct observation in the access is being considered. This observation
was made during the month of August 2016 for five days, two hours each day (8:00am
to 10:00am). The observation was made during these hours as there is a larger number
of trucks going into the Port of Valencia.

The dates and values obtained are shown below:

Figure 40. Number of trucks - Dates and values obtained

Monday Tuesday Wednesday | Thursday Friday
22/08/2016 | 16/08/2016 | 10/08/2016 | 18/08/2016 | 19/08/2016
585 564 680 613 529

We have calculated an average of 594 trucks every two hours. For 11 hours a day over
five working days, it is suggested that the number of trucks would be 3,267 trucks a
day, a result based on the direct observations. We then proceeded to check the values
of the TEU.

From the values of the TEU transportation, which were given to us by the Port of
Valencia, we obtained the following information:

Figure 41. Traffic values of TEU from the Port of Valencia for 2013, 2014 and 2015.

Year Month Loading Unloading  Transit total

2013 1 78,015 83,353 186,251 347,619
2 85,546 81,775 175,511 342,832
3 97,629 87,736 206,415 391,780
4 87,687 91,915 188,397 367,999
5 108,232 103,427 197,572 409,231
6 86,085 84,293 163,810 334,188
7 95,172 96,294 174,111 365,577
8 86,727 93,958 165,393 346,078
9 101,.269 97,774 151,728 350,771
10 89,226 89,471 178,196 356,893
11 78,371 74,517 179,358 332,246
12 80,758 81,411 191,503 353,672
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Total 2013 1,074,717 1,065,924 2,158,245 4,298,886
2014 1 69,500 70,203 175,373 315,076
2 78,594 78,729 179,568 336,891
3 76,920 73,839 210,169 360,928
4 80,689 70,446 200,326 351,461
5 84,654 82,023 221,588 388,265
6 84,170 87,653 208,082 379,905
7 90,239 91,854 227,381 409,474
8 81,481 80,155 215,356 376,992
9 81,095 79,072 206,446 366,613
10 96,392 84,767 212,347 393,506
11 81,569 75,703 180,645 337,917
12 82,499 83,810 219,333 385,642
Total 2014 987,802 958,254 2,456,614 4,402,670
2015 1 74,239 78,082 232,345 384,666
2 80,407 81,447 192,853 354,707
3 92,301 88,447 240,272 421,020
4 87,275 83,303 238,378 408,956
5 92,305 91,457 203,777 387,539
6 90,008 92,919 195,030 377,957
7 85,315 93,707 213,541 392,563
8 91,264 92,515 217,585 401,364
9 84,059 89,032 199,994 373,085
10 90,170 80,956 180,213 351,339
11 84,908 83,993 199,596 368,497
12 82,883 80,023 195,317 358,223
Total 2015 1,035,134 1,035,881 2,508,901 4,579,916
TEUS number evolution [ loading and unloading)
2.200.000
2.150.000
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Figure 42. Evolution of the number of the TEUS( loading and unloading) 2013 - 2015. Source: Port of Valencia.
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Considering that the variation between the years is lower than 10%, we have

calculated the average value from the three years, which represents a total of

2,052,570 TEU per year.

We have also taken the number of tons transported into account. We have only

considered the goods transported by a container, for loading and unloading (discarding
this way, as it has been done with the number of TEU, the goods transit). For a year,
we calculated 28,224,312 tons of containerized merchandise (loading and unloading).

Linking the two amounts, we can conclude that 1 TEU transports an average of 13.8

tons.

On the other hand, there may be some restrictions on volume or weight. The type of

merchandise for containers (except for transit), are distributed in the following way:

Figure 43. General Merchandise containerized - 2015. Source: Port of Valencia.

National
Export Import traffic TOTAL
6. CONSTRUCTION MATERIALS 5,039,621 214,676 122,688 5,376,985
9. TRANSPORT VEHICLES 2,113,783 | 2,104,899 343,807 4,562,489
8. OTHER MERCHANDISE 1,730,184 | 2,262,245 276,552 4,268,981
7. AGRICULTURE AND FOODSTUFFS 2,000,011 | 1,055,126 280,437 3,335,574
5. CHEMICAL PRODUCTS 1,159,017 | 417,909 75,103 1,652,029
10. IRON AND STEEL 258,426 266,968 33,887 559,281
11. NON METALLIC MINERALS 143,440 70,202 4,808 218,450
4. FERTILIZERS 120,572 36,976 16,640 174,188
1. ENERGETIC 125,218 33,159 13,489 171,866
TOTAL WITHOUT TRANSIT 12,690,272 | 6,462,160 | 1,167,411 | 20,319,843

Therefore, as the majority of the merchandise is construction materials and transport

vehicles, it is suggested that the weight restrictions are tougher than the volume

restrictions. The weight restrictions are as follows:

Figure 44. Weight restrictions. Source: Ministry of Development.

Tons
2 axis vehicle 18
3 axis vehicle 25-26
4 axis vehicle 31-32
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To be able to define the average number of TEU that a truck can transport, the weight
restriction for 3 axis vehicles is estimated. It must be noted that one TEU is an integer
value but for this calculation we have considered a decimal value for more accuracy.

2 TEUS

12,1 h Ul .‘.-5.

Figure 45. Simple TEU and a 40 feet

Weight restriction 25t

TEU per truck = = 181TEU

Average weight per TEU _ 13.8 Yrey

Therefore, for the total of 2,052,570 TEU per year, we would have a total of 1,133,019
trucks per year, or 4,720 trucks/day.

In the case of calculation by observation, data was collected only in the morning. We
only recorded the period of 8:00am to 10:00am but it is known that there is another
peak of maximum influx in the afternoon, therefore it is assumed that the accuracy of
the first value is lessened as we have not considered the full work day.

Therefore, the calculation of the number of trucks is according to the number of TEU.

Lastly, it is important to consider the trucks going into the Port of Valencia several
times a day. It is estimated that these vehicles that are in the Valencian Region would
enter the Port of Valencia an average of twice a day, while the rest would enter once.

Therefore:

» 85% of trucks visit the Port of Valencia twice a day.
» 15% of trucks visit the Port of Valencia once a day.
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In the Port of Valencia, there would be 4,720 services/ day and the number of trucks is
the number of different trucks that visit the Port of Valencia, meaning:

)

0
Number of trucks = 15% X 4,720 + 85% X = 2,714 trucks/day

Liters of Fuel

For the second part of the equation which calculates the fuel demand, it is necessary
to consider the routes and consumption for one truck. For this point we have
considered the average values obtained in phase I.

From the sections and routes made by the trucks visiting the Port of Valencia, we have
obtained an average of 416 km/day.

From the values that the drivers have given us, the average 