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1. Introduction

The EPM3 sub-activity of the Core LNGas Hive project consists of the diesel engine’s
conversion to demonstrate the use of liquefied natural gas (LNG) as fuel for
straddle carriers inside the Barcelona port container terminals, APM Terminals
Barcelona and BEST terminals.

The engines’ conversion were developed by Applus Idiada (former Idiada
Automotive Technology); the installation of liquefied natural gas (LNG) tanks to use
natural gas as fuel was developed by HAM; Naturgy (former Gas Natural SDG)
drafted the gas supply logistics study for each terminal in the pilot phase and in the
final phase; APM Terminals Barcelona, with the collaboration of Idiada, was in
charge of the installation of the converted motor and the commissioning of the
converted machine; the Port of Barcelona led the sub-activity and was in charge of
the pilot safety studies. The other container terminal, BEST (Former Terminal
Catalunya), resigned from the project on 31 March 2018.

The original role of BEST was to provide its own straddle carrier machine to carry
out the transformation of the engine to use natural gas, so as to analyse the
technical and economic viability of its transformation. The straddle carrier at APMT
was equipped with two diesel engines and only one engine was intended to be
converted into a gas engine. While the straddle carrier at BEST was equipped with
an engine, whose conversion was agreed to be into a dual-fuel engine.

But in 2018, BEST did not allow the conversion just as not to lose the guarantee of
the straddle carrier, and the conversion and the pilot phase could not take place in
the BEST Terminal. IDIADA and HAM developed the preliminary design study of the
BEST engine conversion, which can be found in the deliverable 2.1 Technical
feasibility study (annex 2).

Due to the exit of BEST as a partner in the project, it was decided to carry out the
conversion of two engines of the APMT machine to obtain a totally converted
straddle carrier, so the role of BEST was taken by APMT, to hand over another
engine and participate in its future installation, when it would had been
transformed. During the development of the conversion of the engines, carried out
by Idiada, 4 engines were dismantled and studied, in order to finally transform 2 of
them.

The calibration of the second converted engine in test bench was successfully
performed, but the engine failed during the performance test and stopped working,
making it non-operational. More information about this failure, as well as the
different issues appeared when studying and converting the engines, can be found
in annex 8 “Status report of APMT engines conversion”.

Then, it was decided not to convert any other engine for the limited time and
budget available and to partially convert the APMT machine, with one non-
transformed diesel engine and a transformed natural gas engine. But, for safety
reasons and to check the last version of the ECU (electronic control unit) calibration
performed with the second converted engine, the first engine was again installed in
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the test bench and tested.

Finally, this converted engine was installed in APMT's straddle carrier, where it was
tested between May and July 2021.

The following report is intended to be a compilation of the partial reports generated
to comply with the project tasks of the EPM3 sub-activity of the Core LNGas Hive
project.

To carry out the transformation of the straddle carrier engines, it is essential to
identify the current use and their working performance at the terminal (times,
autonomy, power demanded, speed, etc.) for each of the two machines (Task 1:
The two machines needs study in both terminals).

Afterwards, a technical feasibility study (Task 2) was developed on how to modify
or replace the machine's engine with a gas or dual-fuel engine. This activity defined
the main indicators to be used to assess the feasibility of the adapted vehicles, as
well as the technical definition of the machines, main points of
modification/adaptation and the concept of adapting them to obtain maximum
performance according to the conditions and needs established in the previous task.
In this phase, emission measurements were carried out on the diesel engines of the
machines prior to their conversion.

Then, in task 3, the LNG supply logistics study was developed for each terminal, a
risk study was drafted for the LNG supply at each terminal and a self-protection
plan and procedures for the LNG supply at the APMT terminal were drafted.

In task 4, the engine conversion design for a straddle carrier at APMT is described
and the transformation of the engines and calibration work was carried out on the
Idiada test bench. The design of the necessary LNG tanks had been defined in Task
2. Finally, since only one converted engine was to be installed at the APMT straddle
carrier, only one LNG tank was planned to be installed.

Finally, the pilot phase was carried out at APMT (Task 5), with the assembly of the
converted engine and the LNG tank, the LNG refuelling and the pollutant emission
measurements. A comparative study was carried out between the emissions of the
non-converted diesel engine and the engine converted to natural gas.

And in the last phase, an operator’s manual has been written to operate and
maintain both the converted engine and the gas system. In the end, due to lack of
time after the end of the pilot phase, the planned training of the terminal's
mechanical staff and stevedores was not carried out.

This is a public version of the main report, where some parts are confidential so as
to protect the industrial knowledge of some of the partners. If you need more
information, please do not hesitate to ask us for further information. You could
contact the Port of Barcelona (medi.ambient@portdebarcelona.cat) as the leader of
the sub-activity if you need extra information.

The following partial reports are included in the annexes:
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e Annex 1: Deliverable 1.1: The two machines needs study in both terminals
e Annex 2: Deliverable 2.1: Technical feasibility study

e Annex 3: Deliverable 3.1: LNG supply logistics

e Annex 4: Deliverable 3.2: Risk Analysis

e Annex 5: Deliverable 3.3: Self-protection plan

e Annex 6: Deliverable 3.3 bis: LNG supply procedures

e Annex 7: Deliverable 4.1: Engine conversion design for a straddle carrier at
APMT

¢ Annex 8: Confidential
e Annex 9: Confidential
¢ Annex 10: Confidential

The following is a brief summary of each of these reports, but for more details,
please refer to the annexes. The reports of the different risk analysis, LNG supply
procedures and the operator’s manual are written in Spanish, in order to avoid
safety problems caused by translation errors into English during the implementation
of the pilot.

2. The two machines needs study in both
terminals

In annex 1 the two machines needs study in both terminals is drafted. This
document summarizes the main visits developed at APMT and BEST terminals by
Applus IDIADA during the initial phase of the project. Also, the received information
was studied to make some scenarios of the engine conversion process and after
that, a planning of the prime activities involved was taken into account. Once the
characteristics of the machines and engines were identified, a first solution of the
conversion was given. The LNG storage and LNG supply station capacity was
specified in order to design the fuel supply system.

The machines of APMT work around 185 hours per month on average, some of
them even work 360 hours. The average monthly consumption of fuel of the APMT
straddle carriers is 3,860 litres. In this terminal, there are 17 straddle carriers
similar to the one that would be transformed whose consume is 65,597 litres of
diesel per month.
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Figure 1. APMT diesel consumption (2016).

The straddle carrier is equipped with two Valmet 612 DS engines with a maximum
power of 135 kW/2,300 rpm. The minimum speed of the engine is 750 rpm (%50
rpm) while the maximum speed is 2500 rpm. The load capacity of these machines
is 40 tones.

Speed No-load operation Load operation
Drive speed 25 km/h 24 km/h
Lifting speed 24 m/min 18 m/min

Descending speed 18 m/min 18 m/min

Table 1. Allowed speed of APMT straddle Carrier.

Finally, it was decided to convert the diesel engine of the straddle carrier into a
100% natural gas engine. Hence the conversion of the Valmet 612 engine would be
based on the modification of few parts and the substitution or implementation of
some systems. In other words, the combustion chamber would be modified by the
mechanization of the piston and a part of the head, in order to reproduce accurately
the gas combustion. At this point, a study of the piston bowl shape and
compression ratio values would be developed.

This type of combustion needs spark plugs to ignite the mixture and gas injectors,
which would be located in a new design of intake manifold. To obtain the best
conditions, Computational Fluid Dynamics (CFD) simulation was going to take part
during the design process.

Moreover, new components - such as supports — and new systems were analysed
according to the engine status. For example, components that were not installed in
an old engine should be taken into account like the Electronic Control Unit (ECU),
electric wiring and sensors. According to the engine operating conditions, it would
be necessary to choose a throttle valve, a turbocharger, an intercooler and a
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catalyst. Most of these systems should be studied after the gas combustion
environment.

The BEST machines work around 450 hours per month doing 4 shifts of 6 hours.
The average annual fuel consumption of the BEST straddle carriers is 71,277 litres.
In this terminal, there are 25 straddle carriers available that consume a total of
1,710,663 litres of diesel per year.

f the Fuel consumption (Iitrefv) Average straddle carrier |

consumption (litres) |

S EZEREEE

1

JANUARY

FEBRUARY
MARCH
APRIL

MAY

JUNE

JULY
AUGUST
OCTOBER
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SEPTEMBER
NOVEMBER

Tolal Fuel Litres — AVELARE

Figure 2. BEST diesel consumption (2016).

The straddle carrier is equipped with a SISU 273 kW/1500Nm engine. The
maximum load lifted by the straddle carrier is 50 tons.

It was decided to convert the diesel engine of the BEST straddle carrier into a dual
fuel engine, which means that the engine operates with diesel or both diesel and

natural gas. This sort of engine allows returning to diesel combustion at any
moment.

In the case of the APMT straddle carrier, if it was considered that both engines
consume in total 19.60 kg/h approximately during 8 h every day. So, the overall
fuel consumption is about 157 kg per day. Therefore, the proposed LNG supply
storage station should be larger than 750 kg with a capacity of 6 m3. This station
would have to be refilled once per week.

At BEST terminal, the engine which BEST uses consumes around 14.9 kg/h during
14 h per day; so, the total fuel consumption is about 208 kg per day. Therefore,
the proposed LNG storage station should be bigger than 700 kg with a capacity of 6
m3. Like in APMT, this station should be refilled once per week.
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Figure 3. Left — proposed APMT LNG storage; right — proposed BEST LNG
storage

3. Technical feasibility study

In Annex 2 we can see the technical feasibility study. This document summarizes
the main tests carried out on the APMT and BEST diesel engines. These tests
consisted of measuring vehicle speed, pollutant emissions and fuel consumption.
Moreover, the engine and straddle carrier conversions are explained considering
their technical feasibility. Also, the LNG store and station capacity is specified in
order to design the fuel supply system.

The following is a brief resume of the report. For more details, please, refer to
annex 2.

3.1. APMT real-driving emissions test
In 2016 the non-transformed APMT straddle carrier was tested. Several tests were

performed in order to determine if straddle carrier engines running with LNG fuel
were suitable to reach the targets of oil and pollutant emissions reduction.
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Figure 4. APMT straddle Carrier

Real-driving emissions test procedures used the Portable Emissions Measurement
System (PEMS from now on) to measure gaseous pollutant and particle number
emission during a range of normal operating conditions. To run this sort of test, it
was essential to prepare the vehicle or, in this case, the straddle carrier with the
PEMS device. Likewise, a design of the route that usually follows the machine or
adjusted to avoid any issues on the correct functionality of the terminal was
necessary. The test route should be controlled to perform the same trajectories,
distances and manoeuvres during the pilot phase with the converted engine. The
straddle carriers at APMT have 2 engines that operate theoretically in parallel and
delivering each one of them exactly the same power. Given this condition, only one
PEMS was installed. The exhaust emissions of one of the two engines were
measured and the total emissions would be the result of multiplying by 2 times the
obtained values.
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Figure 6. Vehicle tested. PEMS.
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Figure 7. APMT test tracks.
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Figure 8. Example of one of the test made in APMT: Laden 01 vehicle speed,
exhaust flow and CO2 emissions.
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Figure 9. Example of one of the test made in APMT: Step 5. vehicle speed,
exhaust flow and NOX emissions. In this test we lifted a container several
times.

Once the complete test was performed and each step’s results obtained, the
dependency between the vehicle speed and pollutant emissions could be seen. CO2
and NOx emissions were higher in the moments of high vehicle speed and in the
instant where the vehicle had just slowed down. In contrast, THC emissions were
very low compared to CO2 and NOx emissions and remained almost constant,
nevertheless, they increased at the same moments as the other pollutant
emissions; whereas CO emissions were worse before and after vehicle speeding.

The following table shows the results of the four pollutant emissions in the APMT
cycle:

NO,, co THC CO2
Total emissions cycle (g) 744.21 878.82 38.81 50703.89
Cycle time (h) 1.34 1.34 1.34 1.34
Emissions (g/s) 0.15 0.18 0.008 10.51
Distance (km) 8.16 8.16 8.16 8.16
Emissions {g/km) 21.20 107.70 4.75 6213.70
Emissions {g/km/Tn) 3.04 3.59 0.16 207.12

Table 2. APMT tests pollutant emissions.
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Total cycle litres Litres/h

Fuel consumption 19.33 14.40%

Table 3. APMT tests fuel consumption. (*Only for 1 engine).

3.2. BEST real-driving emissions test

Like in APM terminals Barcelona, several tests were performed in the BEST
terminal. The straddle carriers at BEST have one single SISU engine, 273 Kw/1500
Nm.

Figure 10. BEST Straddle Carrier.

Initially, it was planned to develop at BEST terminal the same real-driving
emissions test as performed in the APMT, but it was not possible since the daily
activities of the straddle carriers operators could not be interrupted, among other
reasons. In order to get the emissions results in the normal operation course of the
machine, two different tests were studied.

On the one hand, a real-life test was designed to follow part of the usual route of
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the straddle carrier according to the suggestions of the BEST employees. On the
other hand, a new test was created by IDIADA according to the terminal
restrictions. Both tests were performed using a calibrated test container whose
weight was 25 Tm.

Figure 11. Test cycle defined.

Real-life test tracks
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Figure 12. Real-life test tracks (BEST).

Page 24 Status: Definitive Version: public Date: 31-12-2021



CORE LNGas D4.3. Final report on a straddle carrier retrofitting

hive (technical viability, analysis of the gas supply chain
and performance analysis)

Figure 13. PEMS modules installation.
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Figure 14. Real life speed and exhaust results.
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Total emissions cycle (g)
Cycle time (h)
Emissions {g/s)

Distance (km)

Emissions {g/km)

Emissions {g/km/Tn)

Fuel consumption

Table 4.

Total emissions cycle (g)
Cycle time (h)

Emissions (g/s)
Distance (km)

Emissions (g/km)

Emissions (g/km/Tn)

Fuel consumption

Table 5.

3.3.

D4.3. Final report on a straddle carrier retrofitting
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and performance analysis)

MOy co
447.70 74.26
1.97 1.97

0.063 0.0105
25.28 25.28
17.71 2.94

0.71 0.12

Total cycle litres

54.40

Real life test pollutant emissions summary table

NOx CO
164.00 10.93
0.61 0.61
0.075 0.0049
5.30 5.30
30.95 2.06
1.24 0.08

Total cycle litres

16.61

THC CO2
0.09 142,683.06
1.97 1.97
1.2E-05 20.09
25.28 25.28
0.0034 5,643.02
0.00014 225.72
litres/h
27.58
THC CO2
0.04 43,568.39
0.61 0.61
1.63E-05 19.80
5.30 5.30
0.0068 8,223.67
0.00027 328.95
Litres/h

27.18

Test cycled defined pollutant emissions summary table

Determination of engine performance and
exhaust emissions in a test bench

In order to define the current status of the engines, both engines required to be
subjected to a performance and exhaust emissions tests. This type of tests were
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developed at IDIADA facilities, concretely in a test bench where the engine was
fully instrumented and rehearsed. These tests would be useful in the future to view
the capabilities of the converted engine and to compare the variation of exhaust
gas emissions between the engine powered by diesel and by natural gas.

For this reason, the terminals had to send an engine from their straddle carrier to
IDIADA to carry out the corresponding tests. The APMT terminal could submit an
engine since it had some machines in disuse. On the contrary, the BEST terminal
had all its machines in operation and was not able to leave the engine for about a
month at IDIADA. Therefore, the performance and exhaust emissions test in a test
bench was only performed for the APMT engine.

Figure 15. Non-transformed APMT engine.

Full load tests were carried out in accordance with Regulation No 85 which defines
the procedure for the representation of the power curve at full load as a function of
the engine speed. During the full load test the smoke was also measured.

In addition, an engine mapping was performed to measure the exhaust emissions
and complete the data. An engine mapping is a kind of test that determines the
performance curve to see the behaviour of the engine when it is subjected to
changes in speed, load and ignition timing among many other parameters.

The engine was installed on the test bench and mechanically verified. Then it was
equipped with sensors whose functions are to measure flows, temperatures and
pressures, and with equipment that calculates the exhaust emissions parameters
and other factors that have some effect on the engine output. Moreover, the test
bench has a dynamometer, an opacimeter to measure the smoke production and an
exhaust gas analyser.
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Parameter Units
Air flow ka/h
Intake air pressure (after air filter) mbar
Intake air temperature (after air filter) oC
T2 air after high compressor oC
P air after high compressor mbar
Exhaust pressure before turbine-1 mbar
Exhaust T2 before turbine-1 oC
Exhaust T2 after turbine-1 oC
Exhaust pressure (after turbine) mbar
Lambda --
NCx ppm
NO ppm
MO2 ppm
HC ppm
CcO ppm
co2 %
o2 %
Qil pressure bar
il temperature o
Fuel pressure before engine bar
Fuel temperature before engine oC
Fuel pressure after engine bar
Fuel temperature after engine oC
Inlet Engine Coolant Temperature 2
Outlet Engine Coolant Temperature oC
Engine Coolant Pressure eC
Engine coolant massflow kag/h

Table 6. Engine parameters measured
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Engine characteristic curve
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Figure 16. APMT engine characteristic curve.

The exhaust emissions and the fuel consumption value can be plotted by contour
maps, where three-dimensional data can be graphed. Once the engine mapping has
taken place, it is interesting to view the exhaust emissions in terms of speed and
load. Brake Mean Effective Pressure (BMEP) is a parameter generally used to
represent the torque behaviour in standardized terms and, therefore, is an indicator
of the load applied to the engine.
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Figure 17. NOx emissions of APMT engine
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Figure 18. Fuel consumption of APMT engine,
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3.4. Engine & Straddle Carrier Conversion

Since there is not any regulation in place allowing natural gas for Non-Road
applications yet, this new gas engine will follow the Directive 2012/46/EU and
equivalences from Regulation 49.06 and Regulation 595. Since this project deals
with the development of an engine conversion pilot and to view the exhaust
emissions reductions of a natural gas, it is not necessary to subject the prototype
to a homologation process. This means that the engine does not need to comply
with the current emissions standards despite it will be designed and calibrated to
achieve the highest reduction of pollutant emissions.

Moreover, as the engine is supplied and powered by natural gas, the new
components will follow the regulation No 110 concerning the approval of those
specific components of motor vehicles that use compressed natural gas or liquefied
natural gas.

The APMT straddle carrier uses two VALMET 612's with 134 kW each. It was
decided to convert the diesel engine of the straddle carrier into a gas engine
powered by natural gas.

The entire engine was scanned as well as the different parts of it like the intake and
exhaust manifold. As an example, 3D scanning allowed engineers to draw the new
intake manifold where natural gas injectors will be located and design it according
to the baseline geometry taking into account the inlet holes.

LTI,

W

Figure 19. 3D scan of the different parts of the APMT engine.
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Figure 20. Planned modifications of the APMT engine.

From the BEST side, the terminal uses a SISU engine of 273 kW/1500 Nm. It was
decided to convert the diesel engine of the BEST straddle carrier into a dual fuel
engine, which means that the engine operates with diesel or with both diesel and
natural gas. Finally, in order not to lose the machine’s guarantee, it was decided
not to transform the BEST straddle carrier, and, in March 2018, BEST resigned from
the project.
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Figure 21. Modifications and new components installation in the BEST straddle
carrier engine.

Since the engine of the straddle carrier will be converted, the machine also involves
some modifications, particularly in the fuel supply. The supply of natural gas
requires a fuel tank and pipe network whose design should be studied in
accordance with the straddle carrier dimensions.
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Figure 22. CAD geometry of the BEST straddle carrier

Welded tank subjection

Figure 23.LNG Tank on the top (BEST)
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The LNG storage tank will be located on
a bench, protected and subjected.

The subjection will be part of the
structure of the bench. Between faces
of the subjection, will be located a
rubber to avord the contact face to face
of the metal.

Figure 24. LNG Tank

on the bottom (APMT)

Figure 25.LNG Tank on the bottom (APMT)
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- LNG density: 450Kg/m?

- LNG Capacity: 4531 L = 0.481 m?

- LNG Wg; WL = 450Kg/m?® * 0.594m? = 216.5 Kg
- Tare tank: 254Kg

- Total Tare: 216.5Kg + 254Kg = 470.5Kg

Figure 26. LNG tank (Dewar)
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4. LNG supply logistics study

In annex 3 we can see the LNG supply logistics study. The purpose of this report is
to evaluate within the available technology the most appropriate LNG supply and
logistics solution for the APMT and BEST terminals, for the cases that 5, 10 and 20
machines will be transformed to natural gas. Considering a 10-year business model
and the costs of the transformation of the machines, the profitability of the
transformation was also evaluated.

Due to the sporadic supply of the LNG to carry out the tests of the converted
straddle carrier, the solution considered is a mobile supply station with an
integrated LNG dispenser and payment system. The LNG storage capacity
considered is 57.5m3, a quantity easily transportable by a standard tractor unit
supplied and operated by HAM.

Below dimensional and safety drawings of the mobile supply station, technical
characteristics and photographs are shown.
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Figure 28. Mobile supply station: dimensional and safety drawings
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Figure 29. Mobile supply station photographs. Trailer (above). Detail of LNG
filling connections in the trailer (below)

Below the data considered for each terminal for the study of the LNG logistics
solution and study of the profitability of the SC transformation are shown.
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Scenario N© LNG supply LNG supply LNG supply LNG supply
m?3/day m?3/week m?3/year m3/10
years
1.5 SC 2.05 14.35 748.25 7,482.5
transformed
2.10 SC 4.1 28.7 1,496.50 14,965
transformed
3. 20 SC 8.7 57.4 2,993 29,930
transformed

Table 7.

BEST converted SCs LNG consumptions for the scenarios analysed

Scenario N°

LNG supply
m?3/10 years

LNG supply
kg/10 years

Cost of LNG consumed
in 10 years excluding
logistics costs (€)

1.5 SC 7,482.5 3,367,125 1,919,261.25
transformed

2.10 5C 14,965 6,734,250 3,838,522.5
transformed

3. 20 SC 29,930 13,468,500 7,677,045

transformed

Table 8.

BEST LNG costs excluding logistics of the converted SCs in 10 years

for the scenarios analysed (considering an LNG cost of 0.57 €/kg)
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Concept Cost (€) Observations

Motor conversion 296,000 Initial budget of Idiada
contemplated for the
conversion of the engine.

Engineering 6,000 Includes LNG  tank,
natural gas conditioning
Materials 23,000 and feed up system to
Natural gas the engine estimated by
system Assembly 2,500 HAM.
Homologation 6,400
Engine and machine homologation 0 It is considered that all

the engines of the
machines of the terminal
are the same, as well as
the machines, so only the
first engine and the first
machine must be
homologated.

Conversion total cost 333,900
Industrial benefit 66,780 An industrial benefit of
20% on the total cost of
the conversion has been
considered, as the costs
quoted are real costs.
CONVERSION TOTAL COST 400,680
FOR FOLLOWING MACHINES
TRANSFORMATION

Table 9. Costs of conversion for second and following BEST straddle carriers.
The first one has an extra-cost of 14,750€ (engine and machine
homologation)

Scenario N© LNG supply LNG supply LNG supply LNG supply
m3/day m?/week m3/year m3/10 years
1.5SC 3.73 26.11 1,301.45 13,614.5

transformed

2.10SC 7.45 52.15 2,719.25 27,192.5
transformed

3. 20 SC 14.91 104.37 5,442.15 54,421.5

transformed

Table 10. APMT converted SCs LNG consumptions for the scenarios analysed
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Scenario N© LNG supply | LNG supply | Cost of LNG consumed
m3/10 years | kg/10 years in 10 years excluding
logistics costs (£)

1.5 SC 13,614.5 6,126,525 3,492,119.25
transformed

2.10 SC 27,192.5 12,236,625 6,974,876.25

transformed

3.20SC 54,421.5 24,489,675 13,959,114.75
transformed

Table 11. APMT LNG costs excluding logistics of the converted SCs in 10 years
for the scenarios analysed (0.57€/kg LNG)

Concept Cost (€) Observations

Engines conversion 404.710,1 The cost of each engine is
202,355.05 euros.

Engineering 6,000 Includes two LNG tanks,
natural gas conditioning
Materials 46,000 and feed up system to
Natural gas the engines.
system Assembly 5,000
Homologation 6,400
Engines and machine homologation 0 It is considered that all

the engines of the
machines are the same,
as well as the machines,
so only the first engine
and the first machine
have to be homologated.

Conversion total cost 468,110.1

Industrial benefit 93,622.02 An industrial benefit of
20% on the total cost of
the conversion has been
considered.

CONVERSION TOTAL COST FOR 561,732.12
FOLLOWING MACHINES
TRANSFORMATION

Table 12. Costs of conversion for second and following APMT straddle carriers.
The first one has an extra-cost of 14,750€ (engine and machine
homologation)
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The following supply solutions are analysed for each of the two BEST and APMT
terminals to determine the most suitable solution for each scenario:
A. Mobile supply station with LNG dispenser and payment system.

B. Fixed LNG storage station with two LNG dispensers with payment
system and one LNG tank.

The conventional tanker truck supply solution is not considered because it does not
have an integrated payment system.

COSTS PER REFUELING OPERATION OF THE MOBILE SUPPLY
STATION
Type of cost Unit costs Costs per refilling operation
Technical 165 €/h 1.5x 165 €/h = 247.5 €
assistant (3,960 €/day
24h)
Logistics 1.95 €/ km of 106 km x 1.95 €/km = 206.7 €.
dlsplacenjent The minimum of 300€ is
(round trip). considered
Minimum 300 €. ’
TOTAL COST 547.5 €

Table 13. Costs per refuelling operation of the mobile supply station

Scenario N© N2 of N2 of Cost of Total costs Total costs
refilling refilling refilling of mobile for mobile
operations | operations | operations supply supply
per month in 10 in 10 station for station for
years years rent option purchase
(€) in 10 years option in 10
(€) years (€)
1.5 SC Y, 240 131,400 1,931,400 771,400
transformed
2. 10 SC 3 360 197,100 1,997,100 837,100
transformed
3. 20 SC 6 720 394,200 2,194,200 1,034,200.
transformed

Table 14. BEST costs of the mobile supply station solution in 10 years for the
scenarios analysed

Due to the high cost of the mobile supply station rent in 10 years (1,800,000 €) the
alternative option of purchase it is selected between the two options which has a
much lower cost in 10 years (640,000 €).
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It was also studied the cost of a fixed LNG supply solution:

Scenario No. LNG tank | Fixed Station | Fixed station Fixed
capacity Cost maintenance | Station Cost
3 cost for 10 including
(m?) (€) years (€) maintenance
for 10 years
(€)
1.5 SC 20 465,000 105,000 570,000
transformed
2.10 sC 40 490,000 105,000 595,000
transformed
3. 20 sC 70 550,000 105,000 655,000
transformed

Table 15. BEST cost of the fixed supply station for each of the scenarios

Scenario No. Cost per No Total costs of

operation operations | operations in

(€) in 10 years | 10 years (€)
1.Supply to 5 SC 1,121.75 520 583,310
2.Supply to 10 SC 1,196 520 621,920
3.Supply to 20 SC 1,705.4 520 886,808

Table 16. BEST total costs in 10 years for the refilling operations of the LNG
tank of the fixed supply station for the scenarios analysed

Scenario No | GNL tank | Fixed station TOtalfFI?StS of Total cost
capacity cost rehiffing  Fixed
including operations of of fixe
(m?) maiﬁtenanc-e tl.'e LNG tank Statlpn
for 10 vear;s in 10 years solution
(€) (€) (€)
1.5SC 20 570,000 583,310 1,153,310
transformed
2. 10 SC 40 595,000 621,920 1,216,920
transformed
3. 20 SC 70 655,000 886,808 1,541,808
transformed

Table 17. BEST total cost of the logistics solution with the fixed station for the
scenarios analysed
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The table below shows the costs of the logistics solution with mobile supply station
and the costs with a fixed supply station considering a supply period of 10 years.

Scenario No

Total costs of
mobile supply
station for rent

Total costs for
mobile supply
station for

Total cost with
fixed supply
station for the

option in 10 purchase operations in
years option in 10 10 years
(€) years (€) (€)
1.Supply to 5 SC 1,931,400 771,400 1,153,310
2.Supply to 10 SC 1,997,100 837,100 1,216,920
2,194,200 1,034,200 1,541,808

3.Supply to 20 SC

Table 18. BEST costs of the logistics solution with mobile supply station and the
costs with a fixed supply station considering a supply period of 10 years for
the scenarios analysed

The same analysis was made for the APMT solution, taking into account the
differences in the fuel consumption of the transformed machine. In order to reduce

this summary report, for more details, please refer to annex 3.

Scenario No

Total costs of
mobile supply
station for rent

Total costs for
mobile supply
station for

Total cost with
fixed supply
station for the

option in 10 purchase operations in
years option in 10 10 years
(€) years (€) (€)
1.Supply to 5 SC 1,997,100 837,100 1,187,334
2.Supply to 10 SC 2,128,500 928,500 1,496,778
2,457,000 1,297,000 2,258,704

3.Supply to 20 SC

Table 19. APMT costs of the logistics solution with mobile supply station and the
costs with a fixed supply station considering a supply period of 10 years for
the scenarios analysed

From the above it is concluded that the total cost of operations with a mobile
supply station with the purchase option in 10 years is lower than the cost of
logistics of the rent option of a mobile supply station and the cost of a fixed supply
station, so between these three solutions the optimal supply solution would the
purchase of a mobile supply station to be installed in the terminal. This mobile
station can be filled directly in the port load of regasification plant, every time is
needed.

Considering a 10-year business model and the costs of transforming BEST and
APMT's straddle carriers, the profitability of the machine transformation is then
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evaluated for both of the terminals, considering a cost of diesel of 0.9 €/I and a cost
of LNG of 0,57€/kg. This prises can change, so it may appear some differences
because of the fuel cost.

The following tables shows the cost of transforming the machines, the total cost of
supplying diesel B, total cost of LNG supply including logistics costs with the option
of purchase a mobile supply station and the difference between the total diesel B
costs and total LNG costs in 10 years:

Cost of Total cost Total cost Diesel B
Scenario N© machines of diesel B of LNG in cost — LNG
transformation | in 10 years 10 years cost
(€) (€) (€) (€)
1.5SC 2,021,100 4,443,050 | 2,690,661.25 | 1,752,388.75
transformed
2.10 SC 4,024,500 8,812,100 | 4,675,622.5 | 4,136,477.5
transformed
3. 20 SC 8,031,300 17,550,200 | 8,711,245 8,838,955
transformed

Table 20. BEST fuel savings for the converted SCs in 10 years for the scenarios

analysed
Cost of Total cost | Total cost of @ Diesel B cost
. machines of diesel B LNG in 10 — LNG cost
Scenario N? . .
transformation in 10 years €)
ears
(€) v (€)

(€)
1. 5SC 3,313,950.6 7,553,288 4,329,219.25 3,224,068.75
transformed
2. 10 sC 6,122,611.2 15,032,576 | 7,903,376.25 7,129,199.75
transformed
3. 20 SC 11,739.932.4 29,991,152 | 15,256,114.75 | 14,735,037.25
transformed

Table 21. APMT fuel savings for the converted SCs in 10 years for the scenarios
analysed

In both terminals, BEST and APMT, the total logistics costs over a 10-year
operating period for the refilling operations of the straddle carriers with a mobile
supply station with the purchase option is lower than the cost of logistics of the rent
option of a mobile supply station and the cost of a fixed supply station, so between
these three options the optimal supply solution is the purchase of a mobile supply
station to be installed in the terminal.
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The mobile supply station will be left fixed in the terminal and the only movements
will be the displacements to the regasification plant for the refilling with LNG. The
supply station shall be located in an area that does not interfere with the normal
operation of the terminal.

The total costs of diesel B in 10 years are for both terminals and all scenarios
considered higher than those of LNG. In the scenario number 1 of 5 straddle
carriers transformed for both terminals the fuel savings using LNG do not cover the
total costs of transforming the machines to gas but the 86,7 % of the costs of the
conversion are covered for BEST terminal and the 97,29 % for APMT terminal. In
the other two scenarios where 10 and 20 straddle carriers are converted to gas for
both terminals all the cost of the machines’ conversion is covered and there are
even savings.

Given the fluctuations that both fuels costs LNG and Diesel B are suffering, these
fuel savings could be reduced or increased in the 10-year period considered.

To encourage the transformation of the straddle carriers to gas, one measure would
be to subsidize the cost of the transformation due to the environmental benefits of
LNG with respect to Diesel B.

5. Risk analysis

In annex 4 the risk analysis study of the pilot phase is shown. To avoid safety
issues during the pilot phase due to translation problems, it is written in Spanish.

The objective of this analysis is to identify potential hazards and operational
problems that may affect safety, the environment, property, and operational issues,
arising from the activities performed with the straddle carriers during the pilot. In
particular it was studied the movement of a LNG mobile station to the loading point,
connection, unloading and the refuelling (LNG) of the straddle carriers (SC's) from
that mobile station, and the circulation/operations of the SCs powered by LNG (one
per terminal) at the APM Terminals Barcelona and BEST.

The proposed location of the supply area at each terminal is shown below. As is
said in the previous sections, the BEST pilot was not done because of the
resignation of the partner in 2018, but the risk study was done at this terminal. It
should also be said that during the pilot phase one refuelling operation was done at
the initial proposed location at APMT, but the second one was done in the north of
the terminal. The same safety distances and recommendations in this new location
were taken into account.
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Figure 31. Refuelling area at BEST.
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Hazard identification was carried out by means of a What if...? survey. This
technique is an inductive method that uses process-specific information to generate
a series of relevant questions during the lifetime of an installation. It consists of
defining trends, formulating questions, developing answers and evaluating them,
including the widest possible range of consequences. It does not require special
quantitative methods or extensive planning.

Afterwards, a consequences analysis of the scenarios envisaged was carried out.
For the consequence calculations, the calculation models implemented in TNO's
EFFECTS 10.0.6. software were used.

The Basic Civil Protection Guideline for the control and planning of major-accident
hazards involving dangerous substances establishes that the scope of three levels
of damage must be assessed:

e Intervention Zone:
e Alert Zone
e Domino effect zone

[ s remamiaes rem)

Figure 32. Example of a plan showing the intervention zone, warning zone and
domino effect zone for a jet fire accident.

Afterwards, the qualitative risk matrix and existing safeguards were analysed, and
plans were drawn up.
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Figure 33. BEST supply area. Safety distance.

Ti Ecakx [ Hane: EMPLATAMIENTE:
EPM3 = LNG STRADDLE CARRIERS AUTORIDAD DEL FUERTO DE BARCELONA (47B|[ 1/5 CARGA GNL-IONA TCE
ANALISIS DE RIESGO Facha: Enern 2017 N_plane: «

Figure 34. APMT supply area. Safety distance
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6. Self-protection plan

In annex 5 a self-protection plan (PAU, by its Spanish acronym) of the pilot phase
is drawn. The self-protection plan is the document that establishes the organic and
functional framework foreseen for a site, establishment, space, or facility, to
prevent and control risks to persons and property, and to provide an adequate
response to possible emergency situations in the area under the responsibility of
the owner of the activity, guaranteeing the integration of these actions with the
public civil protection system.

The self-protection plan deals with the identification and assessment of risks,
actions and measures necessary for the prevention and control of risks, as well as
the protection measures and other actions to be taken in the event of an
emergency.

Due to the resignation of BEST, only the PAU for the pilot phase at the APMT
terminal was developed. The scope of the project includes the following operations:

e Circulation of a Mobile LNG Loading Station (LNG Tanker) through the
interior of the APMT terminal to the location of the loading point, connection,
unloading and disconnection.

e LNG refuelling operations to the straddle carrier.

e Circulation and operations of the straddle carrier with an LNG tank inside the
APMT terminal (former TCB).

The content of the PAU follows the minimum content specified by Annex Il of the
Decree 30/2015, of 3 March, which approves the catalogue of activities and centres
obliged to adopt self-protection measures and establishing the content of these
measures (DOGC no. 6824, dated 5 March 2015), although the activity to be
carried out in the pilot with the transformed straddle carrier is exempt from the
application of the provisions of this decree. For more details, please refer to annex
5. On this basis, the PAU consists of:

e Document 1. Identification of the establishment: inventory, analysis and
assessment of the risk.

e Document 2. Inventory and description of the means and measures for
self-protection.

e Document 3. Action manual.

e Document 4. Implementation, maintenance and updating.

The following documents are also incorporated

e Directory of communications.

e Emergency management forms.
e Plans.

e Action sheets.

e Safety Data Sheets.
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Figure 36. Evacuation routes and muster points
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7. LNG supply procedures

In annex 6 the LNG supply procedures are drawn. The following points are
described:

e Objective

e Risks Involved in LNG Refuelling

e Personal Protective Equipment (PPE)
e Incidents

e LNG loading process from the tanker:
e Liquid gun connection

e Liquid gun disconnection

e LNG safety data sheet

These operations will be carried out by HAM, the LNG supply partner, and
specifically, by the driver of the vehicle himself, previously trained by personnel
with proven experience and training to carry out this type of operation.

The risks of the operation are:

e Handling of cryogenic liquid (liquefied natural gas -160 ©C). Possible
risks of cold burns, cold air, displacement of oxygen, etc....

e Handling flammable gas. Possible risks associated with flammability.
Risks detailed in the attached safety sheets.

Apart from the PPE specific to the job, such as safety shoes, high-visibility
waistcoats, etc., the following is a description of the PPE specific to LNG:

e Face protection: Helmet with visor or equivalent approved.

¢ Hand and forearm protection: Approved long cryogenic gloves.

e Total body protection: Approved fire retardant and spark-proof clothing
e Trunk protection: Leather apron.

Possible refuelling incidents and how to proceed are described below.

e Leakage from the filling gun seal.

e Leakage from the vent gun.

e Leakage from the LNG hose or vents.
e Starting of the break away.

The refuelling procedure is described below:

Park and stop the vehicle, switch off all ignition sources.
Fit the wheel chocks.

Put on the appropriate PPE.

Connect the earth clamp.

Insert the payment card to authorise charging.

Clean and dry the nozzle of the truck and the loading gun.

o0 hwhPE
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N

Connect the liquid phase hose to the truck tank.
8. Press the START button. The following 2 possibilities are available:
8.1. The dispenser starts the cold start-up operation. Proceed to step 8.
8.2. The dispenser detects that the truck tank is over pressurised. The
dispenser will issue the instructions to be carried out:
8.2.1. Disconnect liquid phase hose.
8.2.2. Connecting the gas phase hose and opening the truck
depressurisation valve.
8.2.3. Press the START button. The dispenser shall start to
depressurise the LNG tank of the truck.
8.2.4. Disconnect the gas phase hose once the dispenser indicates
this.
8.2.5. Reconnecting the liquid phase hose.
8.2.6. Press the START button on the dispenser and the dispenser
starts the cold start-up operation. Proceed to step 8.

9. The dispenser detects the end of the refuelling and indicates it on the
display END REFUELING. AT ANY TIME YOU CAN PRESS THE STOP BUTTON
AND THE REFUELLING WILL STOP.

10. Disconnect the liquid phase hose. See section DISCONNECTING LIQUID
GUN.

11.We check the correct state of the hose, gun and charging nozzle.

12. Disconnect the earth connection.

13. We leave the refuelling area with precaution.

During the charging process the horn will sound every X amount of time (Death
man). Each time it sounds, the start button must be pressed. This is done for safety
reasons so that the driver is always in the loading area. If the start button is not
pressed within X amount of time the loading will stop.

-
-
-
-

Figure 37. Tanker control panel and emergency or death man buttons
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Figure 38. Hose and liquid gun connected to the nozzle of the straddle carrier

8. Engine conversion design for a straddle
carrier at APMT

In annex 7 we can see the Engine conversion design for a straddle carrier at APM
Terminals Barcelona. In this report is described the technical modifications that will
be made to the engines of APM Terminals Barcelona in order to convert them into
natural gas engines. This task, which includes the design of the conversion and the
physical conversion, was carried out by IDIADA.

Additionally, the design was established considering the available space of the
machine to avoid, as far as possible, the minimum modifications of the straddle
carrier. For more details, please, refer to annex 7.

The APMT straddle carrier is equipped with two Valmet 612 DS turbocharged, four
stroke, direct-injection in-line diesel engines. The engines are located at the bottom
of the machine, one at each end of the U-shaped structure as marked in the next
Figure.
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Figure 39. Engines location at APMT straddle carrier

The conversion of the Valmet 612 engine was based on the modification of some of
its parts and the replacement or implementation of new systems to work with
natural gas fuel. In this project, different approaches and technologies were studied
to convert the diesel engine into a natural gas engine according to its performance
characteristics. The most feasible solution was adopted afterwards.

The main modifications required by the engine to become a natural gas engine are
based on the adaptation of heat addition. Mainly, this consists of the installation of
the natural gas supply and the reduction of the compression ratio, whose studies
were carried out in first place. To continue, other components or systems that must
be modified were taken into consideration.
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Figure 40. Proposal of the engine conversion

The new components and systems were studied in accordance with the original
engine dimensions. Although these parts exceed the original width, they didn't
touch the straddle carrier walls.
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Figure 41. Engine location at the APMT straddle carrier

The first step was to study the mechanics of the entire engine. A useful tool that
allows design engineers to define the original dimensions and shapes, and then
study and draw the modifications that will be implemented in the engine was 3D
scanning. A 3D scanner obtains the three-dimensional data of the different parts
and systems of the engine.

Figure 42. APMT original engine
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At the beginning of the project, the entire engine and its different parts, such as the
intake and exhaust manifold, were scanned. As an example, 3D scanning enables
engineers to draw the new intake manifold where natural gas injectors will be
located and designed according to the baseline geometry and the entry holes.

Intake manifold Exhaust manifold

Figure 43. 3D scanning results

As explained in annex 7, natural gas engines could be lean or stoichiometric
engines. In this project, it was decided to use the lean burn technology to reach
similar combustion temperatures as diesel engines. With a stoichiometric engine,
combustion temperatures are usually higher than diesel (about 200 °C higher),
which could damage the cylinder head, seat valves and exhaust manifold. Modifying
these components to withstand high temperatures is very time-consuming, mostly
due to important modifications on the materials. That is the main reason to perform
the conversion from diesel into NG lean-burn engine. Since the engine will run with
lean mixtures, very fast combustion is needed to enable an operation with
extremely lean air/fuel mixture. Also, a higher compression ratio, which results in a
better thermodynamic efficiency, and a higher level of bulk flow and turbulence are
required.

Then, in this strategy, a cylindrical bowl on the piston head would be effective. This
shape provides an increased angular velocity of the swirling flow as the radius is
dramatically reduced when the gas is forced into the bowl.
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Confidential

Table 22. Cylinder head parameters of original engine and IDIADA proposal

Confidential

Table 23. Mechanized area of the head to allow the spark plug

To burn the natural gas and air mixture, a device for the external ignition source is
essential: a spark plug, which delivers electric current from an ignition system to
the combustion chamber for igniting the compressed fuel/air mixture by means of
an electric spark.
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€————— Heat protectors

Ignition colil

Support

Bracket ignition coil

Upper head face

- Current insert

Bottom head face

Table 24. Spark plug and ignition coil assembly with the engine

The status of the original intake manifold and the installation of the natural gas rail
required the design and construction of a new intake manifold. Moreover, the
original intake manifold couldn’t be reused due to the lack of space to install the
gas injectors and its damage.

Gas rail

Intake manifold support

Throttle valve

Figure 44. Intake manifold system

The natural gas pressure coming from the fuel tank is reduced to about 9.5 bar
thanks to the pressure regulator.
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Figure 45. Assembly of the pressure regulator at the gas rail

Due to its oldness, the machine did not have electronic control of the engine
operation and, for this reason, a mechanism that controls the piston position along
its stroke was required. This synchronisation enables the management of the
natural gas injection timing and the ignition of the spark plug. Originally, the
injection timing of the first cylinder was marked on the vibration damper at the
front end of the crankshaft. There are also marks on the timing gear for camshaft
and injection pump during assembly.
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Figure 46. Engine synchronization system

One of the main objectives of the project was to analyse and assess the reduction
of exhaust emissions that the converted engine can achieve. The objective was to
try to get an engine as similar as possible to a Stage V engine. The after-treatment
system, among other approaches, contributes to the reduction of these emissions.
Since the original engine was not equipped with any catalyst or particle filter
system, better results of exhaust emissions could be obtained by installing this
technology. In this case, a methane oxidation catalyst (MOC) was chosen because it
reduces CH4 emissions if it operates in exhaust temperatures of around 500°C.
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Figure 47. After-treatment system: MOC catalyst

The diesel engine of the project is an old motor with a modest electronic control
managed mechanically and so, in order to electronically manage the engine, as
machines and vehicles are managed nowadays, an ECU (Electronic Control Unit) is
required, and some sensors and actuators must be implemented.

An ECU is a type of electronic control unit that controls and verifies a humber of
actuators of an internal combustion engine to ensure optimum engine performance
by reading values from a multitude of sensors on the engine, interpreting the data
using multidimensional performance maps and adjusting the engine actuators
accordingly.
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Figure 48. SISU Valmet 612 engine actuators and sensors
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The detailed process to retrofit the engines is explained in the annex 7.

Confidential

Figure 49. Piston mechanization

Confidential

Figure 50. Head mechanization

Confidential

Figure 51. Intake manifold parts
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The engine was carefully checked and installed on the test bench later on. At this
point of the conversion, the engine was ready to start.
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Figure 52. First converted engine installed in test bench
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Figure 53. Engine installation in the test bench with instrumentation.

9. Status report of APMT engines conversion

In annex 8 can be seen the full report of APMT engines conversion. The following
report describes in detail the problems concerning the development of the
conversion of the two engines.

At the beginning of 2018, BEST terminal did not allow the conversion for the
following reasons: the machine was still covered by guarantee and Kalmar, the
manufacturer of the machine, indicated that a new CE marking was necessary if the
conversion activity required substantial changes. The approval of the CE marking
means that the engine must comply with the current emission standard Stage V,
among other requirements. This requirement was not assured before the design of
the conversion and could involve solutions not included in the scope of the project.
Finally, the conversion and the pilot phase could not take place in the BEST
Terminal due to the lack of legal security. The preliminary design study of the BEST
engine conversion can be found in annex 2 (technical feasibility study).

Against this background, a feasible study of two-engines of the APMT straddle
carrier was carried out and a whole straddle carrier conversion into a natural gas
was later agreed by the partners of the project. In annex 4 is described the engine
conversion design for a straddle carrier at APMT.

During the project's development, four different engines were studied and
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dismantled, two of which were finally transformed.

e The first engine was completely dismantled for a detailed study in order to
design the transformation. The 3-D scan of the engine was performed to
obtain the digital model of the engine. Some parts were cut to allow the 3D
scan inside the engine, so this engine became unusable.

e The second engine was dismantled and completely transformed to 100% gas
use.

e Once the third engine was dismantled, it was found that its transformation
was not viable because it was seized. Some pieces were reusable, so they
were used in the fourth engine.

e This fourth engine was completely transformed to 100% gas, using some
parts of the third engine. This converted engine broke down severely during
the calibration on the test bench. The damage in the pistons and the
cylinders were so severe that it was not repairable.

The calibration of the second converted engine in test bench was successfully
performed, but the engine failed during the performance test and stopped working,
making it non-operational.

Finally, it was decided not to convert any other engine for the limited time and
budget available and to partially convert the APMT machine (with a diesel engine
and a converted natural gas engine). But, for safety reasons and to check the last
version of the ECU calibration performed with the forth converted engine, the
second engine was again installed in the test bench and tested.

The cause of the breakage of this engine could be due to several factors:

e These engines are very old and some of them were in very poor condition or
have been out of service for many years. For example, when the 3™ engine
was dismantled and studied, it was seen it was seized.

e In this fourth engine some parts from two different engines were used,
together with new pieces. These parts may have differential wear, which
may have caused a lack of full adjustment and possibly causing a fluid entry
into the combustion chamber.

e A breakage due to an increase of temperature caused by the use of natural
gas in an engine designed to use diesel is practically ruled out. A lean
mixture of natural gas is used, with less gas in the combustion chamber,
precisely to reduce the combustion temperature.

Neither by project schedule nor lack of budget of the partner who makes the
transformations (ldiada), it was no feasible to start the transformation of another
engine.

Nevertheless, we must point out that during the project these two transformed
engines have been calibrated and tested on a test bench, before the catastrophic
failure of the second transformed engine. Therefore, the most part of the project's
objectives have been achieved, like checking the conversion feasibility of two
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engines and monitoring pollutant emissions, in this case on a test bench.

These machines are powered by 2 engines, each of which moves the pair of wheels
on each side, to give an example, as if it were a tank. Therefore, during the pilot
only this converted engine to run on natural gas was installed in the APMT straddle
carrier and the other one was a non-converted diesel engine.

For this project, a PEMS test was carried out to measure KPI's on this converted
natural gas engine installed in the APMT straddle carrier, obtaining all the
information needed to achieve the project' s objectives.

During the pilot, the PEMS test was carried out again on the other diesel engine
installed, in order to be able to compare between KPI’'s obtained in the tests with a
gas engine. Although the test on the untransformed diesel engine was done in
2016, it is important to test under similar conditions between both engines (with
similar driving times and weather conditions, doing a same route and with the same
driver) to avoid errors when comparing between two tests.

In the following pictures we can see the status of this second transformed engine
(the 4™ one in which Idiada worked) that had this catastrophic failure:

Confidential

Figure 54. Particles found in the intake ports after failure
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Figure 55. Piston 2 status after failure
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Figure 56. Cylinder liner 2 status after failure
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Figure 57. Cylinder liner and piston 2 status after failure
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10. Commissioning of the straddle carrier at
APMT and emissions testing

In annex 9 the pilot phase report is drawn. This document contains the description
of the activities performed during the commissioning of the straddle carrier of APM
Terminals Barcelona with the installation of the converted natural gas engine,
auxiliaries and LNG tank, and the synchronization of the engines (diesel and
converted engine). Moreover, this document includes testing phase with the
definition of tests, the instrumentation of straddle carrier and measurements and
calculation of pollutant emissions and consumption during current operations.

The engine conversion performed by IDIADA is explained in deliverable 4.1. (Annex
7). After the conversion and start-up of the engine, the calibration was adjusted at
IDIADA test bench to maximize fuel consumption and emission reduction. The
engine tests performed to demonstrate the emissions and performance of the
converted engine are also included in this document.

Once this activity was completed, in October 2020 the engine was sent to APMT
facilities. In November 2020, IDIADA visited APMT facilities to finish designing the
installation of auxiliary equipment, and during the following months, APMT and
IDIADA installed the engine with auxiliaries and systems such as air intake, exhaust
gases and natural gas system, among others. HAM then installed the LNG tank and
pipes, and supplied LNG to the machine.

In April 2021, with the machine refuelled, IDIADA, with the support of APMT, began
the activities of starting the straddle carrier and they synchronized the engines.
Due to the consumption of the LNG, a second refuelling was coordinated by HAM.
Finally, during June 2021, IDIADA performed the PEMS tests and results were
subsequently analysed and reported in this document.

As we said before, the straddle carrier machine has 2 engines, each one driving
each pair of wheels. Therefore, during the assembly process, the original diesel
engine was set up on the left side of the machine and the converted natural gas
engine was installed on the right side.
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Figure 58. Natural gas engine and LNG tank installed at APMT straddle carrier
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Figure 59. Exhaust gas configuration on the straddle carrier
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The best location of the new engine ECU was studied to protect it from
environmental conditions. The ECU was placed next to the engine, taking

advantage of some engine guides and a support was fabricated to protect the ECU
from rain.

Figure 60. ECU installation on the engine

The LNG fuel tank (also called Dewar) is a cryogenic container with a 4501 capacity.
A pipeline was designed and installed in order to connect the exit flow fitting LNG
cryogenic tank to the inlet of the pressure regulator. The route of this pipeline was
designed taking care of the possible troubles that can appear during all the
assembly (engine, LNG tank; maintenance, leaks, etc).
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Figure 61.LNG tank
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Figure 62. Piping route

The driving force for the natural gas delivery to the engine is provided by the fuel
pressure. There are no pumps in a typical system. When the engine demands fuel,
the pressurized liquid natural gas flows out of the tank toward the engine. Then the
cold pressurized LNG passes through a heat exchanger. The heat exchanger uses
the heat from the engine coolant to vaporize the liquid and turn it into gas. Once
out of the heat exchanger, the fuel is a warm gas, at tank pressure, ready to be
burned by the engine. Tank pressure is maintained by a tank mounted pressure
control regulator that vents excess pressure into the fuel line during periods of
engine operation.

On the other hand, and due the possible over pressure on the LNG cryogenic tank,
it was installed a pipeline to a secure zone in order to avoid build-up of methane
gas just in case that the security relief valve actuate. This vent pipe is located on
the top of the machine maintenance runway.

Finally, also due to lack of project time and budget, the machine was not certified
according to RD1215/1997, of minimum safety and health requirements for the use
of work equipment by workers, as it was not foreseen to be put into operation in
the day-to-day operation of the terminal. During the pilot phase, the tests were
carried out in a controlled area, isolated from the terminal operations, and the
machine was operated by APMT engineers, so it was not considered necessary to
obtain this certificate.
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For the entrance of the HAM’s LNG mobile station (Macrofueller) to APMT Terminal
to refuel the straddle carrier, the following documents had to be submitted:

e Insurance policy.
e Circulation permits (ADR)
e Technical inspection of vehicles.

HAM also submitted these documents and the refuelling procedures to the Port
Authority of Barcelona.

When the tanker truck was at the entrance gate, APMT terminal activated the Risk
Prevention Group (GPR, according to its Spanish acronym) of the Barcelona Fire
Brigade, as an extra precaution. When the fire truck arrived, the tanker was able to
enter the terminal and begin to position itself for refuelling.

Two refuelling operations were done during the pilot phase.

Figure 63.LNG refuelling operation

The scope of task 5 of the sub-activity was to measure and compare the exhaust
emissions between a straddle carrier with a non-converted diesel engine and a
converted natura gas engine.

During June 2021, accredited IDIADA staff entered the terminal to instrument the
machine and start up the measurement equipment for PEMS testing activity. On
11th June 2021 and 21st June 2021 official tests were carried out. Between these
days, IDIADA staff changed the measuring equipment from the natural gas engine
to the diesel engine.

In order to measure and analyse the pollutants emitted by both the diesel and
natural gas engine, a HORIBA OBS-ONE Portable Emissions Measurement System
(PEMS) was installed at the top of the straddle carrier.

To obtain more information about the real operation of the gas engine with respect
to diesel, it was decided to install a flowmeter in each engine, and thus find out the
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fuel flow consumed by each of the engines

The first approach of the project was to perform the same tests defined and
performed in June 2016. Despite the desire to perform these tests, the same test
sequence could not be followed due to the safety operation of other straddle carrier
systems. Thus, a new test sequence was defined. It must be mentioned that there
were considerable differences in the test sequence or duty cycle compared to the
tests performed in 2016. This time, all tests were performed with no container, so
no payload was applied, as the machine could not be driven to pick it up nor to
carry it between defined start and end points of the duty cycle. The machine was
unable to be moved, so the tests were carried out in a static mode, with no
payload, in order to maintain safety conditions and not interfere with the terminal's
operations. The tests were performed by raising and lowering the spreader (the
part of the machine that would hold the container), which weighs about 2 tons.

As we said, tests were finally performed on 11th June 2021 and 21st June 2021.
During both days, all instrumentation signals were recorded in both engines, but
PEMS was only measuring one of the engines. First and second days were dedicated
to measuring by means of PEMS the natural gas and diesel engines respectively.

Figure 64. PEMS installed on top of the straddle carrier, front and back side
views
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Figure 66. Spreader to lift containers
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In this PEMS test, ten spreader lifts and lowers were carried out at maximum load,
with 10-second pauses in between each action. To do this, the following sequence
was carried out at the machine start-up point:

1. Lifting the spreader from the ground at maximum power.
2. Stop for 10 seconds with the spreader in the upper position and the engine
in full load.
3. Lower the spreader to the ground.
4. Stop for 10 seconds with the spreader in the lower position and the engine
idling.
After performing the sequence ten times, Test 01 was complete. After a 5-minute
break, the test was repeated with a change of the gas-fuelled engine ECU
calibration. This test repetition was called Test 02.
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Figure 67. Test 02 duty cycle corresponding to 1st PEMS testing day (data
corresponding to the diesel engine)

After the tests were performed for both the diesel and the gas-fuelled engine, it
was decided that Test 02 was to be taken as representative of both engines and
then compared. The duration of the warm-up was a little bit shorter on Day 1 (11th
June). This fact could have affected the comparison of Test 01 between both days,
but as Test 01 was decided not to be evaluated because the calibration of the
engine was changed to further improve the emissions and performance of the
machine. Therefore, Test 01 was used as an extension part of the warm-up phase.

Although the duration of the Tests 02 was the same, thus, comparable between
them, the execution of the test was slightly different in terms of sequence, as the
human factor plays a role in that aspect. In the following graph, where the CO2
emissions corresponding to Tests 02 are plotted second by second, this fact can be
observed.
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Figure 68. Test 02 instantaneous COz2 emissions comparison between both days

In the following graphs we can see the comparison of the pollutant emissions
between the diesel and natura gas engine.
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Figure 69. Overall CO2 emissions on Tests 02
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Figure 70. Overall CO emissions on Tests 02
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Figure 71. Overall THC emissions on Tests 02
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Figure 72. Overall NOx emissions on Tests 02.
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In that case, the NOx emitted by the natural gas-fuelled engine was 29%
(16.15 grams) higher than the one that the diesel-fuelled engine emits. This
increase in NOx emissions might be attributable to higher combustion
temperatures in gas-fuelled engines and not having a dedicated catalyst for
NOXx reduction.
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Figure 73. Instantaneous fuel consumption of both engines over each test day

Position of exhaust analyser Gas engine Diesel engine
Test Test 02 Test 02
Date 11/06/21 21/06/21
Gas engine ECU Calibration Cali.2 N/A
Gas Consumption (kg) 1.503 --
DSL Consumption (kg) - 1.427
Duration (s) 680.00 680.00
CO (g) 3.06 10.50
CO; (kg) 412 4.31
THC (g) 0.232 10.181
NOx (g) 72.13 55.97
Ambient temperature (°C) 34.01 30.58
Relative Humidity (%) 23.81 42 27
Ambient Pressure (kPa) 101.78 101.40

Table 25. Summary of test conditions and results

As explained in previous reports, the diesel engine and the converted engine were
installed at IDIADA test bench to configure the most appropriate calibration of the
gas engine to work under the same power and torque conditions as the diesel
engine. At the same time, the improvement of pollutant emissions and optimization
of fuel consumption were carried out on the natural gas engine before installing it
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on the straddle carrier. IDIADA completed this activity with performance and
emission tests to analyse the benefits of the natural gas engine compared to the
original engine.

Engine characteristic curve
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Figure 74. Full load curve results

The converted engine has similar performance as the baseline engine; power and
torque curves follow the same trend and have comparable values. An improvement
in torque and power of the converted engine was observed; from 1100 rpm and
during the rest of the curve, the engine torque improved, obtaining 20Nm more
than in the diesel engine. The natural gas power is also slightly higher, starting at
1100 rpm.

The Brake-Specific Fuel Consumption (BSFC) achieved after the calibration of the
converted engine decreases significantly in comparison with the diesel engine,
reducing it by around 6%, which indicates that at full power, the natural gas engine
has a similar efficiency improvement regardless of the engine speed. Fuel
consumption is improved because the lambda value and the ignition timing have
been optimized.
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The same steady-state cycle composed of several stabilized points at different load
and speed similar to the actual behaviour of the machine were carried out for each
engine. Pollutant emissions were measured at the end of the exhaust tailpipe and,
in the case of the natural gas engine, after the MOC (Methane Oxidation Catalyst).
The specific emissions were calculated by means of average emission mass flow
rate and average engine power. Specific fuel consumption was also calculated:

Fuel
NOx co HC Co; —
consumption
g/kWh g/kWh g/kWh o/kWh o9/kWh
Diesel engine 7.922 2.546 0.788 752.601 238.12
NG engine 12.333 0.000 0.006 622.111 211.75
Reduction -56% 100% 99% 17% 11%

Table 26. Steady-state cycle emission results of diesel and NG engine

Since the original engine was manufactured before 1999, concretely from the 80s,
so it did not comply with any Stage and did not follow any emissions limits, it can
be considered prior to Stage I.

The gas engine was tested following the current regulation R(EU) 2016/1628.
According to the engine category (NRE-v-5), a steady-state cycle NRSC (Non-Road
Stationary Cycle) was performed followed by a transient test NRTC (Non-Road
Transient Cycle). For the transient test, a hot-start cycle was launched. The results
are shown in the following table.

NOx co HC Co, Fuel
consumption
o/kWh g/kWh g/kWh g/kWh o/kWh
NRSC 7.605 0.000 0.003 663.358 228.94
NRTC 8.079 0.000 0.009 746.464 255.09

Table 27. Stage V emission tests results of NG engine

The results are in line with the values obtained from the previous stationary test.
Except NOx, the pollutants emissions are below the limits of Stage V.

These tests were carried out with the same auxiliaries of the machine to be able to
achieve the same working conditions. Originally, the straddle carrier did not have
an intercooler, but a second batch of emission tests with the installation of an
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intercooler in the test bench was launched in order to see the NOx production. Using
an intercooler will mean lower air temperature, a reduction in the combustion
temperature and more air for the same amount of fuel. The following table presents
the results of the emission tests performed with intercooler.

NOx co HC Co; el
consumption
g/kWh g/kWh g/kWh g/kWh o/kWh
NRSC 5.992 0.000 0.003 670.089 246.46
NRTC 7.804 0.000 0.007 761.947 278.92

Table 28. Stage V emission tests results of NG engine with intercooler

The results show that the lower air temperature and higher air/fuel ratio reduce the
NOx emission even when fuel consumption is higher.

The installation of an intercooler could be implemented in future steps of the
project to further improve the emissions performance of the straddle carrier. There
are, along with this proposal, other solutions that would allow a reduction of
emissions but which, mainly for reasons of machine space and capacities as well as
economic reasons, do not fall within the scope of this project:

e Installation of intercooler

Although the benefits of installing an intercooler can be clearly seen in the test
bench results, the machine does not have an intercooler or space to install it. In
addition, a thermal management study would be necessary for its sizing, which
could even mean modification of cooling system of the machine.

e Installation of NOx trap catalyst

To significantly reduce NOx emissions in the current engine configuration, a urea-
SCR system should be used. The Selective Catalytic Reduction (SCR) converts NOXx
emissions with NHsz to Nz (atmospheric nitrogen) and H20 and an Ammonia Slip
Catalyst (ASC) prevents NHs emissions, which may be caused by the SCR at low
temperatures. But the engine compartment in the machines makes it impossible to
install an additional catalyst with urea injection system. To install both catalysts as
well as the auxiliaries such as urea injectors, pump and tank, an additional machine
study is required.

e Stoichiometric mixture

The new engine works with lean mixtures to avoid high combustion temperatures
and thus protect the original engine materials. Working with stoichiometric mixtures
would mean improved emissions but higher temperatures. This would imply the
change of material of components in contact with the combustion of natural gas,
such as valve seats and valve, piston rings or exhaust manifold. According to this
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type of combustion strategy, a different configuration of emissions aftertreatment
must be used. Three-Way Catalyst (TWC) can be used on stoichiometric natural gas
engines to reduce NOx and oxidize HC/CHs4 and CO emissions. The emission
reduction can further improve with additional elements; there are three possible
configurations, the performance of which should be investigated to know which is
the most suitable configuration for this project.

e Option 1: TWC + SAOC + Uncoated PF. The TWC is responsible for NOx
control in this configuration, which also includes an ammonia catalyst
(SAOC) and an uncoated particle filter (PF).

e Option 2: TWC + de-NOx cat + SAOC + Uncoated PF. This option focuses on
the improvement of NOx (de-NOx catalyst), NH3 (SAOC) and particles
emission (uncoated DF). In this case, the control of NOx emission is further
adjusted but will require a large space envelope to fit all parts.

e Option 3: TWC + coated PF + SAOC This option includes an innovative
component called coated PF, which combines the TWC and PF functionalities
into a single element and is positioned before SAOC. The reduction
functionality of the de-NOx catalyst is more challenging in this option.

Both the change of materials and the installation of a more complex aftertreatment
system would be a challenge for the improvement of the engine, and it involves an
important investment in design, manufacturing and installation of new parts.

11. Operator’s manual: Training for
stevedoring and maintenance personnel

This manual shows (see annex 10) the mechanically and electronically necessary
instructions that must be followed to convert VALMET 612 diesel engines to natural
gas engines.

The document is divided into several sections based on: general diagram of a gas
engine, mechanical modifications, implementation of the electronic engine control
system or operation and detection of possible breakdowns. Each section contains
detailed information accompanied by a multitude of images of assemblies, many of
them with parts and assemblies’ breakdowns, created in order to facilitate assembly
and disassembly for replacement and/or repair work.

This document is expected to be a useful tool for those operators who are in charge
of this converted straddle carrier, either for use or maintenance. It has been written
in Spanish because it is addressed to the stevedoring and maintenance personnel of
APMT Terminal Barcelona, located in the Port of Barcelona.

It has to be noted that the training of the APMT’s mechanical staff and of the
stevedores was not carried out as initially planned, due to the lack of time after the
pilot phase.

In the following images we can find some examples of different assemblies:
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Figure 75. Example of this manual: Intake manifold turbo assembly components
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Figure 76. Example: Crankshaft monitoring device parts drawing
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Table 29. Example of a table with the set of components needed for
maintenance: Intake duct components - turbo compressor (left engine)

Figure 77. Example: Disconnection procedure LNG pistol
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Figure 78. Example: parts of the LNG tank

For more details, see the report in Annex 10.
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12. Conclusions

This report compiles all the work carried out over more than 5 years by the
partners of the EPM3 sub-activity to develop the transformation of a straddle carrier
to natural gas.

Throughout the project, problems have arisen, some of them major, such as the
catastrophic failure of a converted engine on the test bench, together with the
inconvenience caused by the covid, which have caused delays in the
implementation of the pilot phase.

But despite these delays, finally, it has been possible to convert a straddle carrier
with a 100% natural gas engine, 2 LNG refuellings and the PEMS emission
measuring tests have been carried out.

In the following link you can see a video summary of all the pilot phases of the
EPM3 sub-activity of the Core LNGas hive project.

https://youtu.be/M9-ni_kOQrA

Figure 79. Engine installation at test bench
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Figure 81. Natural gas engine calibration and emissions measurements (PEMS)
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Figure 82.LNG tank installation
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Figure 84. 2nd LNG refuelling
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Figure 86. Part of the EPM3 sub-activity technicians at Idiada facilities. 2018
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1. Introduction

As part of CORE LNGas Hive, a pilot activity is being developed in order to
demonstrate the use of LNG as fuel for straddle carriers inside two terminals of
Barcelona Seaport.

The activity started in January 2016 and will last until 2019. The main activities will
be performed in 2016 and 2017, while the pilot follow up will continue until 2019.

The pilot is estimated to be performed inside APMT and BEST terminals, both inside
Barcelona Seaport. Thus, the following participants are involved in this project: APB,
BEST, GNF, HAM, APMT and IDIADA.

This document summarizes the main visits developed at APMT and BEST terminals
by Applus IDIADA during the initial phase of the project. Also, the received
information is studied to make some scenarios of the engine conversion process and
after that, a planning of the prime activities involved is taken into account. Once the
characteristic of the machines and engines are identified, a first solution of the
conversion is given. The LNG storage and station capacity is specified in order to
design the fuel supply system. To finalize, a risk assessment is presented.

Figure 1: Left — straddle carrier; Right — Barcelona Seaport; Bottom — Smog in
Barcelona city
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2. Visits to the terminals

2.1. Visits to APMT

In this project, to study the operation of straddle carriers, their location and a lot
more issues, IDIADA had to visit both APMT and BEST terminals. The first visit to
APMT terminal was on 29% January 2016.

The main topics of the visit were:

- Visit the straddle carrier.
- Visit the Diesel refilling zone.
- Visit the workshop.

As seen at APMT terminal, this one makes use of a Straddle Carrier which uses two
VALMET 612 engines with an age between 15 and 20 years. Each engine has an
output power of 180 hp with an average consumption of 19 litres per hour in addition
to a maximum daily usage of 8 hours.

Apart from the straddle carriers, APMT showed their facilities, workshop, refilling zone
(Diesel only) and confirmed their support for any machine modification either on the
workshop or the mechanics.

APMT was able to see some opportunities in this project. One of them is that APMT
have a high interest in the knowledge about the new fuel usage, they know there is
a project under development but they require the details of it. One of their concerns
is related to the LNG refilling process.

IDIADA informed that all involved stakeholders must perform a workshop/training,
especially the maintenance team, owing to their responsibility for the refilling
process.

On 22" February 2016 the second visit was held and the main topic was the gathering
of information about the engine and straddle carriers, especially workshop manuals.

In that meeting there was a handover of workshop manual between APMT and
IDIADA, the refilling zone was located and identified and APMT Occupational Health
and Safety were involved in the project.

During that second visit, the straddle carrier fuel consumption was higher than first
visit, being about 25 litres per hour; so it will be serviced before resuming services
in the terminal.

At this point, IDIADA had to confirm the following issues:

- Fuel consumption and emissions test schedule.
- A general project schedule.

GNF had to confirm:

- The status of the logistic study and tentative configuration for the LNG station.
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IDIADA considered that the best solution would be a fixed facility located more than
15 m from Diesel station, which could allocate a daughter station with a LNG tank
whose capacity would be from 4 to 5 m3; knowing that LNG density is 450 kg/m?3.
This would manage to reduce GNF refilling activities to once per week approximately.

Nevertheless, the real usage expected by APMT is still unknown up to date, for that
reason, the LNG tank sizing would be necessary.

Figure 2: APMT terminal
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2.2. Visit to BEST

The visit to BEST terminal was performed on 10t February 2016.
The main topics of this visit were the following:

- Visit the KALMAR straddle carrier.
- Visit the Diesel refilling zone.
- Visit the workshop.

As seen at BEST terminal, the straddle carrier makes use of a single 8.4 litre SISU
engine with an output power of 273 kW and a torque of 1500 Nm, and its location is
on the roof with a very difficult access. This engine is approximately 3 or 4 years old
with an average fuel consumption of 19 litres per hour, being its maximum daily
usage about 14 hours. Unfortunately, the straddle carriers are daily used and, for
that reason, their availability for IDIADA's tasks is very limited.

Figure 3: BEST straddle carrier

Despite those issues, BEST showed their facilities, workshop, refilling zone (Diesel
and AdBlue) and confirmed their support for any machine modification, either the
workshop or the mechanics.
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LNG tanks were decided to be installed on the machine sides.
IDIADA had to confirm the following issues:

- A fuel consumption and emissions test schedule.
- A general project schedule.

GNF had to confirm:
- The status of the logistic study and tentative configuration for the LNG station.

Like APMT terminal, IDIADA considered that the best solution would be a fixed facility
located more than 15 m from Diesel station, which could allocate a daughter station
with a LNG tank whose capacity would be from 5 to 6 m3; knowing that LNG density
is 450 kg/m?3. This would manage to reduce GNF refilling activities to once per week
approximately.

Nevertheless, the real usage expected by BEST is still unknown up to date, for that
reason, a sizing of the LNG tank would be necessary.

3. Usage and performance of the straddle
carriers

In this section, the current activities of the straddle carriers of each terminal are
identified -including topics such as their usage, the fuel consumption and the
maintenance plan - in order to study and make the transformation of the engine of
these machines.

3.1. APMT straddle carrier usage and
performance

3.1.1 Times of current usage

The machines of APMT work around 185 hours per month on average, some of them
even work 360 hours.

The average breakdown time of the straddle carriers is approximately 27 hours per
month, within which 21 hours are dedicated to corrective actions, 4 hours to
preventive actions and 2 hours are due to accidents.

3.1.2 Autonomy and fuel consumption

The average monthly consumption of fuel of the APMT straddle carriers is 3,860 litres.
In this terminal, there are 17 straddle carriers similar to the one that will be
transformed whose consume is 65,597 litres of diesel per month.

The following diagram shows the monthly fuel consumption of all the straddle carrier
of the terminal, as well as the average fuel consumption of this set of straddle carriers
during the last months.
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Figure 4: APMT fuel consumption

3.1.3 Definition of loads and power

The straddle carrier is equipped with two Valmet 612 DS engines with a maximum
power of 135 kW/2,300 rpm. The minimum speed of the engine is 750 rpm (£50 rpm)
while the maximum speed is 2500 rpm.

The load capacity of these machines is 40 tones.

3.1.4 Speed of use throughout the operating cycle

The drive speed of the machine during a no-load operation is 25 km/h and when it is
charged, it reduces to 24 km/h.

During the process of elevation and descent, the speeds are those mentioned below:

Table 1: Allowed speed of APMT straddle carrier

Speed No-load operation Load operation
Drive speed 25 km/h 24 km/h
Lifting speed 24 m/min 18 m/min
Descending speed 18 m/min 18 m/min

3.1.5 Machine maintenance plan

The maintenance plan of the machine takes into account the VALMET engine as well
as the gearbox and power transmission, the hydraulic system of the machine, the
spreader, the steering, the different mechanical assemblies, the lubrication system,
the electrical equipment and the brake system.

The maintenance intervals of the straddle carrier machine are 250 hours, 500 hours,
1000 hours and 2000 hours and, for each interval, all points and components that
must be verified, changed, adjusted or cleaned are specified in the internal service
instructions.
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3.2. BEST straddle carrier usage and performance

3.2.1 Times of current usage

The machines work around 450 hours per month doing 4 shifts of 6 hours; from 8
am to 2 pm, from 2 pm to 8 pm, from 8 pm to 2 am and from 2 am to 8 am.

The maintenance tasks of the machines are performed in intervals of 1000 hours,
2000 hours and 4000 hours.

3.2.2 Autonomy and fuel consumption

The average annual fuel consumption of the BEST straddle carriers is 71,277 litres.
In this terminal, there are 25 straddle carriers available that consume a total of
1,710,663 litres of diesel per year.

The following diagram shows the monthly fuel consumption of all the straddle carrier
of the terminal, as well as the average fuel consumption of this set of straddle
carriers. As can be seen, during winter and summer months the fuel consumption
increases.

Total consumption of the Fuel consumption {]itres) Average straddle carrier
terminal (litres) consumption (litres)
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Figure 5: BEST fuel consumption

3.2.3 Definition of loads and power
The straddle carrier is equipped with a 273 kW/1500Nm engine. The maximum load
lifted by the straddle carrier is 50 tons.

3.2.4 Speed of use throughout the operating cycle

The operation speed is around 30 km/h and it is limited depending on the radius of
rotation and the height of the load.
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3.2.5 Absolute consumption of different consumables during the
annual use

The annual fuel consumption of the different straddle carriers of the terminal is shown
in the following table, whose average is 71,277 litres of diesel as explained above.

Table 2: Annual fuel consumption of the different BEST straddle carriers

Straddle Carrier Total Fuel Litres
Sc-01 74,734
SC-02 64,788
SC-03 76,613
SC-04 75,476
SC-05 71,730
SC-06 64,099
SC-07 78,763
SC-08 74,312
SC-09 63,243
SC-10 77,790
SC-11 83,677
SC-12 70,990
SC-14 68,510
SC-15 78,931
SC-16 67,731
SC-17 63,462
SC-18 59,252
SC-19 60,858
SC-20 57,843
SC-21 71,096
SC-22 71,727
SC-23 82,406
SC-24 82,289
SC-25 70,345
Total 1,710,663

With respect to other additives, the engine of the BEST straddle carrier is equipped
with an SCR system, Selective Catalytic Reduction, which is an aftertreatment
technology used in diesel engines designed to permit the reduction of nitrogen oxide
(NOx). It reduces levels of NOx by injecting a liquid-reductant agent through the
catalyst system. This reductant is urea more commonly known as AdBlue, the
trademark registered.

The annual consumption of AdBlue of BEST straddle carriers is specified in the
following table. The average AdBlue consumption of the machine is 2,800 litres per
year.
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Table 3: Annual AdBlue consumption of the different BEST straddle carriers

Straddle Carrier Total AdBlue Litres
SC-01 3,796
SC-02 3,377
SC-03 2,682
SC-04 3,245
SC-05 3,373
SC-06 2,236
SC-07 2,475
SC-08 2,211
SC-09 2,448
SC-10 3,006
SC-11 2,929
SC-12 4,851
SC-14 2,369
SC-15 2,396
SC-16 1,705
SC-17 1,825
SC-18 1,725
SC-19 1,002
SC-20 2,239
SC-21 2,418
SC-22 4,291
SC-23 4,544
SC-24 3,132
SC-25 2,945
Total 67,221

3.2.6 Machine maintenance plan

The maintenance plan is complex and 3 types of inspections are carried out, every
1000 hours, 2000 hours and 4000 hours where the previous plan is repeated and
additional points are added. For example, in the 2000 hours plan, 1000 hours plan is
repeated and some points are attached.

The maintenance plan of the machine includes not only the engine, but also the lifting
and translation systems, the spreader and machine structure.

4. Engine conversion

According to the information gathered up to wk8-2016, the scenario for APMT
straddle carrier means that two engines are needed, instead of 1, as planned for the
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project. Moreover, the baseline characterization is more complex with portable
equipment. These two consequences impact timing and costs.

On the other hand, there are two positive points and they are that there was full
availability, both of the straddle carrier for any activity and the engines for
consumption and emissions assessment by IDIADA test bench team.

However, the scenario for BEST straddle carrier showed that there was not full
availability of the straddle carrier for any activity, which means that IDIADA had to
make a very strict schedule for minimum impact on BEST's daily operations. Besides,
there was not full availability of the engines for consumption and emissions
assessment by IDIADA test bench team either, so countermeasures would be
evaluated.

These were the next steps related to straddle carriers baseline characterization:

- The design of a typical operating cycle by IDIADA in cooperation with APMT.
The purpose of this cycle was to gather information of the fuel consumption
and emissions. This activity was planned for week 9 in 2016.

- Consumption and emissions tests at APMT tentative planning performed by
IDIADA from week 13 to week 14 in 2016.

- Consumption and emissions tests at BEST tentative planning carried out by
IDIADA from week 15 to week 16 in 2016.

4.1. Engine conversion options

IDIADA has been able to identify some possible different engines based on the
baseline engines used in the straddle carriers.

Since there is not any regulation in place allowing NG for Non-Road applications yet,
IDIADA sent a technical question (17/02/2016) to Bureau Veritas in order to confirm
if this company would accept a Straddle Carrier re-certification considering this new
gas engine according to Directive 2012/46/EC and equivalencies from
R49.06/Dir.595.

4.1.1. APMT engine conversion

From APMT's side, this terminal makes use of two VALMET 612’'s with 134 kW each
as baseline engines. Initially, the proposed engine had the following issues:

- The modification of the baseline engine would have to be evaluated. Moreover,
APMT would like to stand the chance to return to Diesel in the future, however,
the straddle carrier maybe is too old so it could not be too critical.

- If the modification is not possible, some replacements are considered:

- Cummins ISB6.7 G200 engines.
- Weichai WP7 engines.
- Other options are under evaluation.

Finally, it was decided to convert the diesel engine of the straddle carrier into a gas
engine supplied by natural gas. Hence the conversion of the Valmet 612 engine will
be based on the modification of few parts and the substitution or implementation of
some systems. In other words, the combustion chamber will be modified by the
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mechanization of the piston and a part of the head, in order to reproduce accurately
the gas combustion. At this point, a study of the piston bowl shape and compression
ratio values will be developed.

This type of combustion needs spark plugs to ignite the mixture and gas injectors,
which will be located in a new design of intake manifold. To obtain the best conditions,
Computational Fluid Dynamics (CFD) simulation is going to take part during the
design process.

Moreover new components - such as supports - and new systems will be analysed
according to the engine status. For example, components that are not installed in an
old engine should be taken into account like the Electronic Control Unit (ECU), electric
wiring and sensors. According to the engine operating conditions, it will be necessary
to choose a throttle valve, a turbocharger, an intercooler and a catalyst. Most of these
systems shall be studied after the gas combustions environment.

4.1.2. BEST engine conversion

From BEST's side, the terminal uses a SISU 273 kW/1500 Nm engine. Initially, the
proposed engine had the following specs:

- The modification of the baseline engine is not feasible due to the fact that
BEST would like to return to come back to Diesel engines in the future.
- If the conversion is not possible, some replacements are considered:
- Cummins ISL-G 320 engines.
- Weichai WP12 engines.
- Other options are under evaluation.

Lastly, it was decided to convert the diesel engine of the BEST straddle carrier into a
dual fuel engine, which means that the engine operates with diesel or both diesel and
natural gas. This sort of engine allows returning to diesel combustion at any moment.
Before developing the engine conversion, the feasibility of the straddle carrier is
needed to know.

5. LNG storage station

In order to calculate the capacities of the LNG storage station, an estimation of the
natural gas consumption has been done considering that the transformation of the
engines will reach similar performance values to current engines. Therefore, the
lower calorific value! has used to convert the diesel consumption into natural
consumption.

! LCVdiesel=11.80 kWh/kg; LCVine=12.53 kWh/kg; Source: IDAE.
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Table 4: Fuel consumption to estimate the LNG storage station

APMT 25 I/h 19.6 kg/h
BEST 19 I/h 14.9 kg/h

In the case of the APMT straddle carrier, if it is considered that both engines
consumes in total 19.60 kg/h approximately during 8 h every day, the overall fuel
consumption is about 157 kg per day. Therefore, the proposed LNG storage station
should be larger than 750 kg with a capacity of 6 m3. This station would have to be
refilled once per week.

At BEST terminal, the engine which BEST uses consumes around 14.9 kg/h during
14 h per day; the total fuel consumption is about 208 kg per day so the proposed
storage station should be bigger than 700 kg with a capacity of 6 m3. Like APMT, this
station should be refilled once per week.

The location of the APMT and BEST stations are shown in the following figures:

Figure 6: left - APMT LNG storage; right - BEST LNG storage

To sum up, IDIADA considers the best solution would be a fixed facility located more
than 15 m from the Diesel station, which could allocate a daughter station with a LNG
tank of 6 m3 in each of the terminals.
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No refilling LNG
station

No agreement with
APMT and BEST for
LNG purchase
because of NG vs
Diesel price

Permits for LNG

station inside the
Port terminal
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EVALUATION

o

Status: Final

ACTION PLAN (INCLUDING
COUNTERMEASURES)

To confirm with GNF the real
chances of implementing an LNG
station

To confirm real prices of LNG that
can be expected during the pilot

APB to confirm terminals will have
the rights to install LNG station
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RESPONSIBLE

GNF

APB, GNF, APMT,
BEST

APB

Table 5: Risk assessment in the project

Version: version 2

DUE DATE

As soon as
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As soon as
possible

As soon as
possible

STATUS

Pending

Pending

Pending
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6. Conclusions

Finally, some visits at APMT and BEST terminals were made with the purpose of
knowing the machine abilities and the engines features.

The VALMET 612 engine, from APMT's terminal, was received to study and make its
conversion. IDIADA is currently researching its transformation from a diesel running
engine to a NG running engine.

The engine SISU at BEST terminal and its features have been possible to know them.
However, the feasibility study of the engine conversion is currently taking into
account.

The autonomy of both engines has been calculated as well, basically from the fuel
consumption and the daily use of these engines.
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7. List of Acronyms and Abbreviations

APB Autoridad Portuaria de Barcelona - Port de Barcelona
APMT APM Terminals

BEST Barcelona Europe South Terminal

GNF Gas Natural Fenosa

HAM HAM Criogénica

LCV Lower Calorific Value

LNG Liquefied Natural Gas

NG Natural Gas

NOXx Nitrogen oxides
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1. Introduction

As part of CORE LNGas Hive, a pilot activity is being developed in order to
demonstrate the use of LNG as fuel for straddle carriers inside two terminals of
Barcelona Seaport. LNG is the most promising fuel to reduce both oil dependency
and emissions.

The activity started in January 2016 and will last until 2019. The main activities will
be performed in 2016 and 2017, while the pilot follow up will continue until 2019.

The transformation of the machines in the terminals APMT and BEST will be studied.
Thus, the following participants are involved in this project: APB, APMT, BEST, GNF,
HAM, and IDIADA.

This document summarizes the main tests carried out on the APMT and BEST engines.
These tests consisted of measuring vehicle speed, pollutant emissions and fuel
consumption. Moreover, the engine and straddle carrier conversions are explained
considering their technical feasibility. Also the LNG store and station capacity is
specified in order to design the fuel supply system. In the final part, a new risk
assessment is presented.

Figure 1. Left - straddle carrier; Right — Barcelona Seaport; Bottom - Smog in
Barcelona city
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2. APMT real-driving emissions test

APMT is one of the terminals of Barcelona Seaport and in it the engine Valmet 612 is
tested. These carriers are equipped with a diesel engine to be replaced in the future
by Gas Engines.

First of all, several tests have had to be performed in order to determine if straddle
carrier engines running with LNG fuel are suitable to reach the targets of oil and
pollutant emissions reduction.

Real-driving emissions test procedures uses the Portable Emissions Measurement
System (PEMS from now on) to measure gaseous pollutant and particle nhumber
emission during a range of normal operating conditions. To run this sort of test, it is
essential to prepare the vehicle or, in this case, the straddle carrier with the PEMS
device. Likewise, a design of the route that usually follows the machine or adjusted
to avoid any issues on the correct functionality of the terminal is necessary. The test
route should be controlled to perform the same trajectories, distances and
manoeuvres during the pilot phase with the engine converted.

Figure 2. APMT terminal.

The straddle carriers at APMT have 2 engines that operate theoretically in parallel
and delivering each one of them exactly the same power. Given this condition, only
one PEMS was installed. The exhaust emissions of one of the two engines were
measured and the total emissions would be the result of multiplying by 2 times the
obtained values.
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2.1. Tests description

In order to perform a good comparison between diesel and natural gas emissions, a
series of specific tests have been designed. The purpose is to define a specific and
repeatable duty cycle, so that the emission outputs can be compared with both fuels.
Regarding the tests performed, some assumptions were taken into account. These
assumptions are explained below:

- Every test cycle was carried out in a specific zone designated by APMT in order
not to interfere with the terminal’s daily work and, in order to perform all the
tests more safely.

- The whole test cycle was performed with the same load.

- The person who drove these machines was an expert driver of straddle
carriers.

2.1.1 Testing Area

The test was carried out inside the APMT terminal, in the Port of Barcelona. It was
agreed to mark a restricted area where a circuit would be set using cones and where
a series of pre designed tests could be performed using a calibrated test container
whose weight is 30 Tm.

In the following image the straddle carrier route can be seen:

8 Ay
e,
By,

4
Figure 3. Straddle carrier route

Different zones divide the straddle carrier way. Apart from the way (marked in
green), there are three red marked areas which are mentioned below from bottom
to top:

- Test area
- Zone where the container is kept
- Zone where the straddle carrier is parked and instrumented.

The machine was instrumented next to the hangar area, just where it is usually
parked overnight. Once the test has started, the straddle carrier must pick up the
container and take it to the marked restricted area for testing. A series of pre-defined
tests were performed in the testing area, and after finishing these tests, the operator
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brings the container back to the same place and parks the machine in the same
parking slot.

Just to give an order of magnitude, the dimensions of the testing area were around
150x50 metres, whereas the distance from the hangar area to the testing area
around 1000 m.

Zone where
the straddle
carrier is
parked and
instrumented

Zone where the
container is kept

Figure 4. Satellite view of the testing area in APM Terminal

2.1.2 PEMS installation and measurement devices

PEMS is the device that measures emissions from combustion engines as the vehicle
or the equipment is being used and allows real-world in-use testing. The equipment
installed on the straddle carrier consists on:

- Gas analyser modules: There are two different ones: a general main module
which measures CO, CO2, NO and NOx concentration and a specific THC
analyser, which also requires a H-He gas supply in order to keep a flame on
and a high temperature inside the device, which is required for the proper
work of the system.

- Communication module: collects all the information signals and
communicates with the computer.

- Power Supply Module: receives a 24V DC supply and delivers this power to
the other modules.

- Heated sampling line, which brings a constant exhaust gas sample of 2.5
I/min into the measuring modules. As it name says, this pipe is isolated and

Page 16 Status: Final Version: 3 Date: 5/07/2018



CORE LNGas EPM3 - LNG STRADDLE CARRIERS
hive Deliverable 2.1: Technical feasibility study

heated in order to keep the exhaust gas sample hot, conditions required by
the Gas Analysis modules.

- Exhaust gas flow meter: Consists on an extension of the exhaust pipe,
where two pressure and two temperature sensors are installed. This device is
a pitot type sensor: the gas flow is calculated through measuring the pressure
difference between the front and the rear side of an obstacle place in the
middle of a gas stream.

- Pitot-Box: receives the signals of pressure and temperature from the exhaust
gas sensors. Then, calculates the pressure drop and using the temperature
input and the sensor calibration parameters is able to calculate the exhaust
gas flow.

- Gas Bottles: three different gas bottles were used:

o Pure Air: used before and after the test to calibrate the zero values of
the measured pollutant concentrations.

o Span Gas: an externally certified gas bottle, where the concentration
of the different measured pollutants is known. This bottle is also used
at the beginning and at the end of the test to calibrate the high extreme
of the pollutant concentration.

o H-He: used as fuel to keep the flame on (subsequently the
temperature) inside the HC module.

- GPS module: measures Longitude, Latitude, Altitude and Vehicle Speed
through Global Position Satellite system.

- WS ("Weather Station”) module: measures ambient conditions.

- Additional signal inputs: In order to obtain additional information which
would be helpful to analyse the data, some external sensors were installed
and connected through a Racelogic “V-BOX"” device.

Figure 5. PEMS installed on the top of the Straddle Carrier
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Figure 6. Bundle of heated gas sampling, pressure and temperature lines tied
to the railing

Figure 7. Vehicle tested, front side view
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Figure 8. Air gas bottle installed laying down on the floor

e

Figure 9. Pitot box and additional wiring
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2.1.3 Tests sequence

To perform the test cycle, a test sequence of ten steps has been followed. In each
one, vehicle speed is measured in addition to exhaust flow, which involves CO, THC
and NOx emissions. All steps are explained below.

- Step 1 - “"Unladen 01”: Engine Start and trip to the area where the test
container was stored.

- Step 2 - “Laden 01”: Lift up the container and carry it through the terminal
to the reserved testing area.

- Main tests: to perform the pre-defined tests once the restricted testing area
is reached.

o Step 3 - “"Test 01a”: three and a half anti clockwise (driver s cabin
in the inner side of the turn) laps. Starting at the NW corner of the
circuit and the container on the floor, full power elevation to the top,
keep 5 seconds up, bring the container down to the minimum height
where the machine is allowed to advance (around 1m over the floor),
start the machine moving forward along the long side of the circuit
(NW to SW corners), turn the SW and the SE corners and stop the
straddle. Once the machine has stopped, wait for 5 seconds and lift
the container up at full power. Once up, wait for 5 seconds, and bring
the container back to the floor. Wait for 5 seconds and lift the container
up to 1m and start again. Repeat this sequence after turning every 2
corners for 3 whole laps and a half (in order to finish at the same place
as the beginning), in total 7 corners. The test ends when the container
has been left again on the floor.

o Step 4 -"Test 01b"”: manoeuvres to turn the straddle around repeat
the same sequence in a clockwise way (driver s cabin now in the outer
side of the turn) in order to catch the different power shares between
the two engines when turning. Start at the NE corner, and repeat the
static lifts-up-down after turning on the SW, NE during three full laps
and perform the last lift at the NE corner.

o Step5-"Test 02”: At the NE corner, repeat 10 full power lifts up and
downs whilst the machine remains stationary. Maintain the container
for 10 seconds up and keep it another 10 seconds on the floor.

o Step 6 - "Test 03a”: Starting at the NE corner and keeping the cabin
in the inner side of the lap, repeat 5 non-stop complete turns to the
circuit and finally finish at the NE corner. The purpose is to accelerate
the machine and lift the container up at the same time. This was
performed on the straight from NE to SE corners. At the end of the
straight, without decelerating and whilst the container is at the highest
position, turn both NE and SE corners. Once the SW-NW long side has
been faced, then take the container down (always keeping full speed)
and turn NW and NE corners with the container at the lowest position.

o Step 7 - “Test 03b”: Same as before, 5 complete laps this time
performing anticlockwise turns (cabin outside). Lifts ups always on the
NW to SW straight, SW & SE turns always container is up, SE to NE
container is dropped down, NE and NW turns always container remains
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at the lowest position. End at the NW corner and leave the container
on the floor.

Step 8 - "Test 04”: 10 one way (no turning) full load lifts whilst full
load longitudinal acceleration. When the container is at the highest
point, container descent at full speed whilst longitudinal speed
deceleration. Leave the container on the floor for ten seconds and
repeat 10 times the sequence (go and return). As the engine power is
divided into acceleration and lifting, it was necessary to use a longer
straight than from come to cone. For this 4th exercise, the whole
length of the delimited test area was used (from wall to wall)

- Step 9 - “"Laden 02”: Once the fourth test was finished, the container is
carried through the terminal back to the point where it was initially picked up.

- Step 10 - “Unladen 02”: Back to the parking area, without any load being
carried.

The complete test was previously designed to last for around 2 hours of uninterrupted
work. During the execution of the test, the number of turns and events was adapted
in order to have in total these 2 hours of continuous data. The GPS tracks of the test
sequence is shown below.

41,354
41,353
41,352
41,351

41,350

Latitude

41,349
41,348
41,347

41,346

AMPT test tracks

2,158 2,159 2,160 2,161 2,162 2,163 2,164 2,165

Longitude

Figure 10. APMT test tracks

In any case, between the different steps as well as at the start of the test, several
manoeuvres were produced to carry out the following operation. For this reason, in
the presentation of the results these periods of time have been avoided and only the
real period that lasted each test has been taken into account as detailed below:
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Start (s) End (s)
Step 1 1150 1675
Step 2 1675 1850
Step 3 2000 2710
Step 4 3065 3780
Step 5 4150 4850
Step 6 5010 5420
Step 7 5630 6200
Step 8 6300 6950
Step 9 7070 7330
Step 10 7330 7440

Table 1: Step duration of APMT test

2.2. APMT tests results

The results of the different test sequence are presented below.

2.2.1 Step 1: Unladen 01

This step basically consists of the engine start up and movement to the area where
the test container is located. The results of this step are shown below:

Step 1 - Vehicle speed vs CO2

20 40
—Speed (kmy'h)
18 6 =
{02 (g/5) E
1 —— Exhaust Bhow [m3fmin] | 32 =
14 E
= x
= 12 =]
E mn g
z 3
B 08 =
o .
vI0G =
L]
04 &d
o
0z (=
00
1150 1250 1350 1450 1550) 1650
timmae 5]

Figure 11.Unladen 01 vehicle speed, exhaust flow and CO2 emissions
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S5tep 1 - Vehicle speed vs NOx
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Figure 12.Unladen 01 pollutant emissions
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STEP 1 AVERAGE PARAMETERS

Exhaust flow [m3/min] 2.74

Vehicle speed [km/h] 2.5

Table 2: Unladen 01 average parameters

STEP 1 PARAMETERS

C02 (9] 2139.04
co lal 84.94
THC [a] 8.10
NOXx [a] 35.86
Fuel consumption [Total cycle litres] 0.82
Average fuel consumption [1/h] 5.58

Table 3: Unladen 01 pollutant emissions and fuel consumption

2.2.2 Step 2: Laden 01

Step 2 deals with collecting the container and taking it through the terminal to the
reserved testing area.

As step 1, these are the results of step 2:

Step 2 - Vehicle speed vs CO2
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Figure 13.Laden 01 vehicle speed, exhaust flow and CO2 emissions
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Step 2 - Vehicle speed ve NOx
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Figure 14.Laden 01 pollutant emissions
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STEP 2 AVERAGE PARAMETERS

Exhaust flow [m3/min] 4.93
Vehicle speed [km/h] 11

Table 4: Laden 01 average parameters

STEP 2 PARAMETERS

C02 (9] 1731.88
co (9] 31.59
THC [a] 2.22
NOx [g] 25.58
Fuel consumption [Total cycle litres] 0.66
Average fuel consumption [1/h] 13.51

Table 5: Laden 01 pollutant emissions and fuel consumption

2.2.3 Step 3: Test O1a

This test demands three and a half anticlockwise laps (operator’s cabin is on the inner
side of the turn). The results are as follows:

Step 3 - Vehicle speed vs CO2
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Figure 15.Test O1a vehicle speed and exhaust flow
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step 3 - Vehicle spead vs NOx
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Figure 16.Test 01a pollutant emissions
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STEP 3 AVERAGE PARAMETERS

Exhaust flow [m3/min] 5.70
Vehicle speed [km/h] 3.5

Table 6: Test 01a average parameters

STEP 3 PARAMETERS

C02 (9] 8207.41

co lal 140.08
THC [a] 6.77

NOx (9] 123.01
Fuel consumption [Total cycle litres] 3.13
Average fuel consumption [1/h] 15.84

Table 7: Test 01a pollutant emissions and fuel consumption

2.2.4 Step 4: Test 01b

Unlike test 01a, this one is carried out by three and a half clockwise laps (operator’s
cabin on the outer side). These are the results:

Step 4 - Vehicle speed vs CO2
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Figure 17.Test 01b vehicle speed and exhaust flow
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Step 4 - Vehicle speed vs NOx
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Figure 18.Test 01b pollutant emissions
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STEP 4 AVERAGE PARAMETERS
Exhaust flow [m3/min] 5.28
Vehicle speed [km/h] 3.4

Table 8: Test 01b average parameters

STEP 4 PARAMETERS

C02 (9] 7383.79

co (9] 108.92
THC [a] 5.06

NOx (9] 109.39
Fuel consumption [Total cycle litres] 2.81
Average fuel consumption [1/h] 14.15

Table 9: Test 01b pollutant emissions and fuel consumption

2.2.5 Step 5: Test 02

This test is different from the previous one. In this case the straddle carrier has to
perform ten container liftings without moving the machine.

Step 5 - Vehicle speed vs CO2
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Figure 19.Test 02 vehicle speed and exhaust flow
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Figure 20.Test 02 pollutant emissions

Page 31 Status: Final Version: 3 Date: 5/07/2018



CORE LNGas EPM3 - LNG STRADDLE CARRIERS
h“"E Deliverable 2.1: Technical feasibility study

STEP 5 AVERAGE PARAMETERS

Exhaust flow [m3/min] 4.91
Vehicle speed [km/h] 0.0

Table 10: Test 02 average parameters

STEP 5 PARAMETERS

C02 (9] 6811.27

co (9] 63.15

THC [a] 6.53

NOx (9] 107.50

Fuel consumption [Total cycle litres] 2.60
Average fuel consumption [1/h] 13.34

Table 11: Test 02 pollutant emissions and fuel consumption

2.2.6 Step 6: Test 03a

For this test, the straddle carrier has to carry out five clockwise laps in which the
operator’s cabin is on the inner side. The vehicle speed and exhaust flow results were
as follows:

Step 6 - Vehicle speed vs CO2
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Figure 21.Test 03a vehicle speed and exhaust flow

Page 32 Status: Final Version: 3 Date: 5/07/2018



- CORE LNGas

EPM3 - LNG STRADDLE CARRIERS

|l hive Deliverable 2.1: Technical feasibility study
Step 6 - Vehicle speed vs NOx
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STEP 6 AVERAGE PARAMETERS
Exhaust flow [m3/min] 5.16
Vehicle speed [km/h] 10.8

Table 12: Test 03a average parameters

STEP 6 PARAMETERS

C02 (9] 5019.05

co (9] 112.76

THC [a] 2.70

NOx (9] 72.38

Fuel consumption [Total cycle litres] 1.91
Average fuel consumption [1/h] 16.76

Table 13: Test 03a pollutant emissions and fuel consumption

2.2.7 Step 7: Test 03b

This test is almost the same as the previous one; nevertheless, in this case the main
difference consists of five anticlockwise laps, the operator’s cabin being on the outer
side. The vehicle speed and exhaust flow results were as follows:

Step 7 - Vehicle speed vs CO2
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Figure 23.Test 03b vehicle speed and exhaust flow
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Step 7 - Vehicle spead vs NOx
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Figure 24.: Test 03b pollutant emissions
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STEP 7 AVERAGE PARAMETERS
Exhaust flow [m3/min] 5.96
Vehicle speed [km/h] 11.2
Table 14: Test 03b average parameters
STEP 7 PARAMETERS

C0o2 (9] 7669.57

co (9] 125.37
THC [a] 3.05

NOx (9] 110.53
Fuel consumption [Total cycle litres] 2.92
Average fuel consumption [1/h] 18.43

Table 15: Test 03b pollutant emissions and fuel consumption

2.2.8 Step 8: Test 04

For this test the straddle carrier does ten back and forth, which means, lifting the
load on the back and downloading it on the return. The results were as follows:

Step 8 - Vehicle speed vs CO2
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Figure 25.Test 04 vehicle speed and exhaust flow

Page 36 Status: Final Version: 3 Date: 5/07/2018



«»  CORE LNGas EPM3 - LNG STRADDLE CARRIERS
L} hive Deliverable 2.1: Technical feasibility study

Step 8 - Vehicle speed vs NOx
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Figure 26.Test 04 pollutant emissions
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STEP 8 AVERAGE PARAMETERS
Exhaust flow [m3/min] 5.68
Vehicle speed [km/h] 8.6
Table 16: Test 04 average parameters
STEP 8 PARAMETERS
C0o2 (9] 8234.97
co (9] 135.68
THC [a] 2.93
NOx (9] 116.93
Fuel consumption [Total cycle litres] 3.14
Average fuel consumption [1/h] 17.36

Table 17: Test 04 pollutant emissions and fuel consumption

2.2.9 Step 9: Laden 02

This step is performed when the fourth test has finished. The container is carried
through the terminal back to the storage zone, specifically to the point where it was
collected in the beginning. As previous steps, the results are shown below:

Step 9 - Vehicle speed vs CO2
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Figure 27.Laden 02 vehicle speed and exhaust flow
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Step 9 - Vehicle speed vs NOx
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STEP 9 AVERAGE PARAMETERS
Exhaust flow [m3/min] 5.11
Vehicle speed [km/h] 12.8

Table 18: Laden 02 average parameters

STEP 9 PARAMETERS

C02 (9] 2750.55
co (9] 51.59
THC [a] 1.02
NOx (9] 33.38
Fuel consumption [Total cycle litres] 1.05
Average fuel consumption [1/h] 14.46

Table 19: Laden 02 pollutant emissions and fuel consumption

2.2.10 Step 10: Unladen 02

The final step consists of taking the straddle carried back to the parking area, without
carrying any load. The results were as follows:

Step 10 - Vehicle speed vs CO2
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Figure 29.Unladen 02 vehicle speed and exhaust flow
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Step 10 - Vehicle speed vs NOx
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STEP 10 AVERAGE PARAMETERS
Exhaust flow [m3/min] 4.05
Vehicle speed [km/h] 10.4

Table 20: Unladen 02 average parameters

STEP 10 PARAMETERS

C02 (9] 756.28
co lal 24.74
THC [a] 0.42
NOx (9] 9.64
Fuel consumption [Total cycle litres] 0.29
Average fuel consumption [1/h] 3.53

Table 21: Unladen 02 pollutant emissions and fuel consumption

2.2.11 Reliance between vehicle speed and emissions

Once the complete test is performed and each step’s results obtained, the
dependency between the vehicle speed and pollutant emissions can be seen.

The charts below show the reliance between these variables in the whole cycle. For
each comparison, the zone belonging to test 4 is taken in order to observe clearly
this dependency. The first comparison deals with vehicle speed and CO2.
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Figure 31.Vehicle speed vs CO2
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The second comparison is between the engine speed and NOx emissions:

Step 10 - Viehicle speed vs NOx
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Figure 32.Vehicle speed vs NOx

The comparison between vehicle speed and THC pollutant is as follows:

Step 10 - Vehicle speed vs CO
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Figure 33.Vehicle speed vs THC
Vehicle speed and CO is the last comparison:
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Figure 34.Vehicle speed vs CO
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As can been seen in the previous charts and especially in the chart of each step, CO2
and NOx emissions are higher in the moments of high vehicle speed and in the instant
where the vehicle has just slowed down.

In contrast, THC emissions are very low compared to CO2 and NOx emissions and
remain almost constant, nevertheless, they increase at the same moments as the
other pollutant emissions; whereas CO emissions are worse before and after vehicle
speeding.

The following table shows the results of the four pollutant emissions in the TBC cycle:

NOx Cco THC CO2
Total emissions cycle (g) 744.21 878.82 38.81 50703.89
Cycle time (h) 1.34 1.34 1.34 1.34
Emissions (g/s) 0.15 0.18 0.008 10.51
Distance (km) 8.16 8.16 8.16 8.16
Emissions (g/km) 91.20 107.70 4.75 6213.70
Emissions (g/km/Tn) 3.04 3.59 0.16 207.12

Table 22: APMT tests pollutant emissions

Moreover, it is important to perform a comparison of the energy consumption in order
to make evident the fuel savings provided by a natural gas engine. Hence the diesel
consumption results are defined in the following table.

Total cycle litres Litres/h

Fuel consumption 19.33 14.40%*

Table 23: APMT tests fuel consumption. (*Only for 1 engine)
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3. BEST real-driving emissions test

Like TBC terminal, several tests must be performed in the BEST terminal because it
makes use of engines which have to be converted in order to run with LNG fuel.

The straddle carriers at BEST have one single SISU engine, 273 Kw/1500 Nm. The
power of this engine is divided into three systems that operate in parallel:

Wheels
Container elevator
Steering (requires a very small power compared to the others)

Each one of these systems works independently. The engine is powerful enough to
supply the power that each system requires to work at maximum performance level.
This means that no one of the three systems will suffer a performance reduction
when working at the same time. The engine will deliver its maximum power when
the three independent systems require their respective maximum power: full
longitudinal acceleration, container elevation at max speed and quick turn of the
vehicle.

The first two operations occur frequently, whilst the third one rarely occur while any
of the other two are taking place. Nevertheless, the steering system requires a
minimal amount of power compared to the other two.

Figure 35.BEST Straddle Carrier
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3.1. Tests description

Initially, it was planned to develop the same real-driving emissions test as performed
in the APMT terminal at BEST terminal, but it was not possible since the daily activities
of the straddle carriers operators could not be interrupted, among other reasons. In
order to get the emissions results in the normal operation course of the machine, two
different tests were studied.

On the one hand, a real-life test was designed to follow part of the usual route of the
Straddle Carrier according to the suggestions of the BEST employees. On the other
hand, a new test was created by IDIADA and the technicians advices according to
the terminal restrictions.

Both tests were performed using a calibrated test container whose weight is 25 Tm.

3.1.1 Testing Area

The machine was instrumented where it is usually parked overnight, next to the
hangar area. The tests would always start and finish in this place so that the
beginning and the end of the test would always be a displacement across the terminal
without carrying any load. The tests performed at BEST terminal were as follows:

- Real-life
- Test cycle defined

Figure 36.Aerial view of the terminal
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Figure 38.Test cycle defined

It is also important to remark that the following assumptions need to be taken into
account:

- The test was performed during 1 day. Firstly in a real-life work, after that,
with a test cycle defined.

- These two parts of the test make use of different registered loads in order to
normalise the result according to the load.

- The test was performed on the daily work zone, not specific work.
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- The person who drove these machines was an expert driver of straddle
carriers.

The real GPS tracks that follow each test are represented in the following graphs
based on latitude and longitude.

Real-life test tracks
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Figure 39.Real-life test tracks (BEST)
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Figure 40.Test cycle defined tracks (BEST)
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3.1.2 PEMS installation and measurement devices

For the tests of BEST terminal, the same devices as APMT tests are used, in other
words, the PEMS device is needed to instrument. As described previously, PEMS
installation consists on the following elements:

- Gas analyser modules

- Communication module
- Power supply module

- Heated sampling line

- Exhaust gas flow meter
- Pitot-box

- Gas bottles

- GPS module

- WS station

- Additional signal inputs

Figure 42.Bundle of heated gas sampling, pressure and temperature lines
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A

Figure 43.PEMS modules installation

Figure 44.Straddle Carrier a few minutes before the execution of the test
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3.2. Real-life tests

In this part, the results of real-life test are shown as a function of time. Firstly, like
APMT tests, the vehicle speed, exhaust flow and CO2 emissions are shown below:
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Vehicle speed vs CO2 —

——— Exhaust flow (m3fmin)
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Figure 45.Real life speed and exhaust results

The previous chart is divided in parts in order to see more clearly these results:
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Figure 47.From 2250 s to 4450 s
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Figure 48.From 4450 s to 7550 s

Once the test results have been shown, it is time to show the results of the emissions
in the whole cycle. The following charts show NOx, THC and CO2 emissions during the

whole real life test.
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Figure 49. NOx emissions in real-life test
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Figure 51. THC emissions in real-life test
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And now, the following table deals with the summary of the emissions in addition to
the fuel consumption:

NOx co THC CO2
Total emissions cycle (g) 447.70 74.26 0.09 142,683.06
Cycle time (h) 1.97 1.97 1.97 1.97
Emissions (g/s) 0.063 0.0105 1.2E-05 20.09
Distance (km) 25.28 25.28 25.28 25.28
Emissions (g/km) 17.71 2.94 0.0034 5,643.02
Emissions (g/km/Tn) 0.71 0.12 0.00014 225.72

Table 24: Real-life cycle pollutant emissions summary table

Total cycle litres litres/h
Fuel consumption 54.40 27.58

Table 25: Real-life cycle fuel consumption

3.3. Test cycle defined

After a real-life cycle, a test cycle was created in order to compare these results with
the engine conversion results, in other words, the test must be executed in
accordance with the following defined sequence:

1. From the Hangars to the place where the 25 Tm container is stored, 5 -10
minutes of idle or displacement delivering low power.
2. Carry the container from the place where is kept to the testing area.
3. Execution of the pre-defined test. The sequence was:
a. Container on the ground
b. Full acceleration forwards and full power container elevation. Container
and max speed (30 km/h) are reached at a very similar time.
c. Maintain the max speed and container up during 2-3 seconds and
brake. Stop the machine after two lamp posts (around 200 m).
d. Leave the container on the ground, max speed. Wait 5 seconds
e. Lift the container up at max speed. Hold up for 5 seconds.
f. Container back to the ground. Wait 5 seconds.
4. Repeat the same 10 times (5 times each way).

This is the next test performed after carrying out the real-life ones. Vehicle speed
and exhaust flow results are shown below:
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Figure 52.Test cycle defined speed, exhaust and CO2 emissions results
NOx, CO, THC and COz emissions are the next results to be shown:
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Figure 53.NOx emissions in test cycle defined
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Figure 54.CO emissions in test cycle defined

Page 57 Status: Final Version: 3

Date: 5/07/2018



CE_'IRE LNGas
hive

EPM3 - LNG STRADDLE CARRIERS

Deliverable 2.1: Technical feasibility study

Vehicle speed vs THC

w
o

%]
w

B
o

[y
v

[y
[=]

(=]
v

Speed (km/h) - Exhaust mass flow (m3/min)
[ =]
o

- 0.0010
——Speed (km/h)
——Exhaust flow (m3/min)
THC (g/s) 0.0008
0.0006 &
2
9]
0.0004 F
0.0002
“ 0.0000

Figure 55. THC emissions in test cycle defined

As in the previous test, below the emissions summary as well as the fuel consumption

in the whole cycle are shown:

NOx
Total emissions cycle (g) 164.00
Cycle time (h) 0.61
Emissions (g/s) 0.075
Distance (km) 5.30
Emissions (g/km) 30.95
Emissions (g/km/Tn) 1.24

Cco THC CO2
10.93 0.04 43,568.39
0.61 0.61 0.61

0.0049 1.63E-05 19.80

5.30 5.30 5.30
2.06 0.0068 8,223.67
0.08 0.00027 328.95

Table 26: Test cycle defined pollutant emissions summary table

Total cycle litres

Fuel consumption

16.61

Litres/h

27.18

Table 27: Test cycle defined fuel consumption
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4. Determination of engine performance and
exhaust emissions in a test bench

In order to define the current status of the engines, both engines required to be
subjected to a performance and exhaust emissions tests. This type of test is
developed at IDIADA facilities, concretely in a test bench where the engine is fully
instrumented and rehearsed. These tests will be useful in the future to view the
capabilities of the converted engine and to compare the variation of exhaust gas
emissions between the engine powered by diesel and by natural gas.

For this reason, the terminals had to send an engine from their Straddle Carrier to
IDIADA to carry out the corresponding tests. The APMT terminal could submit and
engine since it has some machines in disuse. On the contrary, the BEST terminal has
all its machines in operation and was not able to leave the engine for about a month
at IDIADA. Therefore, the performance and exhaust emissions test in a test bench
was only performed for the APMT engine.

.3

Figure 56. APMT engine views.

Full load tests were carried out in accordance with Regulation No 85! which defines
the procedure for the representation of the power curve at full load as a function of
the engine speed. During the full load test the smoke was also measured.

In addition, an engine mapping was performed to measure the exhaust emissions
and complete the data. An engine mapping is a kind of test that determines the
performance curve to see the behaviour of the engine when it is subjected to changes
in speed, load and ignition timing among many other parameters.

1 Regulation No85 of the Economic Commission for Europe of the United Nations (UN/ECE) - Uniform
provisions concerning the approval of internal combustion engines or electric drive trains intended for the
propulsion of motor vehicles of categories M and N with regard to the measurement of net power and
maximum 30 minutes power of electric drive trains.
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4.1. APMT engine performance test

The engine was installed on the test bench and mechanically verified. Then it was
equipped with sensors whose functions are to measure flows, temperatures and
pressures, and with equipment that calculates the exhaust emissions parameters and
other factors that have some effect on the engine output. Moreover, the test bench
has a dynamometer, an opacimeter to measure the smoke production and an exhaust
gas analyser.

Parameter Units
Air flow kg/h
Intake air pressure (after air filter) mbar
Intake air temperature (after air filter) oC
Ta air after high compressor oC
P air after high compressor mbar
Exhaust pressure before turbine-1 mbar
Exhaust T@ before turbine-1 °C
Exhaust T@ after turbine-1 oC
Exhaust pressure (after turbine) mbar
Lambda --
NOx ppm
NO ppm
NO2 ppm
HC ppm
CO ppm
Co2 %
02 %
Oil pressure bar
Oil temperature oC
Fuel pressure before engine bar
Fuel temperature before engine oC
Fuel pressure after engine bar
Fuel temperature after engine oC
Inlet Engine Coolant Temperature oC
Outlet Engine Coolant Temperature oC
Engine Coolant Pressure oC
Engine coolant massflow kg/h

Table 28: Engine parameters measured
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The Valmet 612 engine with the characteristics of Table 29 was tested according to
the test atmospheric conditions defined by the regulation.

Parameter Description
Manufacturer Valmet 612
Cycle Four stroke
Cylinder number 6
Engine capacity 7.400 cm3
Combustion system Compression ignition
Fuel Diesel

Table 29: Main parameters of APMT engine

The results of the power and torque curve at full load as a function of the engine
speed are shown in the following graphs. As can be seen, the maximum net power is
102.5 kW at 1900 min! while the maximum net torque is 570 Nm at 1400 min.
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Figure 57. APMT engine characteristic curve
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During the full load test, the smoke results at steady state speed were measured as
shown in Table 30.

Speed Opacity

rpm 1/m
1000 1.916
1100 1.588
1200 1.449
1300 1.204
1400 1.011
1500 0.781
1600 0.665
1700 0.565
1800 0.485
1900 0.412
2000 0.386
1900 0.413
1800 0.481
1700 0.538
1600 0.665
1500 0.791
1400 1.004
1300 1.134
1200 1.371
1100 1.675
1000 2.012

Table 30: Opacity results of APMT engine

Page 62 Status: Final Version: 3 Date: 5/07/2018



CORE LNGas

hive

4.2.

APMT engine mapping

EPM3 - LNG STRADDLE CARRIERS

Deliverable 2.1: Technical feasibility study

The engine mapping was performed to measure the exhaust gas emissions at
different speeds and loads taking advantage of the engine installation in the test
bench. The results of this test will be taken into account after the engine conversion
to compare its capabilities and develop an assessment of the pollutant emissions of
both diesel and natural gas fuels.

SPEED

rpm

1000
1000
1000
1000
1000
1000
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400
1400
1600
1600
1600
1600
1600
1600
1800
1800
1800
1800
1800
1800
2000
2000
2000
2000
2000

Page 63

Net

power

kw
11.4
22.5
33.7
45.2
54.8
54.9
13.7
27.0
40.5
54.1
67.1
70.4
15.5
31.2
46.9
62.6
78.2
83.9
17.9
35.7
53.6
71.6
89.4
93.8
20.2
40.2
60.3
80.5
100.3
100.9
22.5
44.7
67.0
89.6
99.8

Net

torque

Nm
109.0
215.1
321.4
431.8
523.6
524.3
108.7
214.9
322.6
430.5
534.2
560.3
106.1
212.5
319.7
427.2
533.4
572.4
107.2
213.2
320.1
427.2
533.4
559.8
106.9
213.2
320.0
427.2
532.4
535.4
107.2
213.2
320.1
427.9
476.8

Fuel

consumption

kg/h
3.33
5.33
7.50
10.04
12.15
12.23
4.00
6.42
8.89
11.68
14.68
15.61
4.92
7.61
10.68
13.69
17.18
18.63
5.89
9.04
12.35
15.91
19.91
21.01
6.96
10.64
14.36
18.52
23.00
23.17
8.45
12.52
16.86
21.67
23.98

NOx
PPmM
330.3
424.5
560.1
669.7
737.3
994.4
260.7
406.8
539.7
670.4
746.1
1029
252.2
385.5
513.2
626.9
687.6
706.1
232.6
349.7
473.2
584.8
636.1
643.8
213.8
322.6
506.3
704.4
586.9
584.9
204.8
401.0
388.3
466.9
495.6

co
ppm
279.2
156.2
133.1
279.8
628.9
1057.0
183.0
146.7
108.8
110.3
262.9
582.4
170.4
143.6
98.0
85.4
155.2
219.7
159.6
129.2
83.4
72.3
122.8
152.3
144.3
113.3
89.1
107.6
113.0
123.4
135.4
155.9
72.3
78.4
108.8

Table 31: Engine mapping results of APMT engine

Status: Final

Version: 3

THC
ppm
237.0
219.4
212.8
210.9
195.5
247.6
202.5
217.2
198.1
186.1
158.6
193.5
185.1
193.0
184.6
173.7
156.8
138.8
183.5
182.2
162.6
153.0
141.5
131.4
180.9
169.9
177.1
183.0
129.6
119.9
173.3
205.4
140.8
125.1
116.5
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4.2.1 Exhaust gas emissions

The engine mapping imposes several operating parameters of the engine for different
working conditions. The exhaust emissions, fuel consumption and performance plots
are used to be the cover letter of the machine.

The exhaust emissions and the fuel consumption value can be plotted by contour
maps, where three-dimensional data can be graphed. Once the engine mapping has
taken place, it is interesting to view the exhaust emissions in terms of speed and
load. Brake Mean Effective Pressure (BMEP) is a parameter generally used to
represent the torque behaviour in standardized terms and, therefore, is an indicator
of the load applied to the engine.

Thus, nitrogen oxides (NOx), carbon monoxides (CO) and total hydrocarbon (THC)
emissions are displayed in the following contour maps based on engine speed and
BMEP. As it can see, the engine produces less pollutant emissions at medium speeds
and loads where it should work normally. In spite of this, it will be interesting to see
how the pollutant emissions decrease with natural gas combustion with regard to the
current combustion.

NOx emissions [g/kKWh]
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Figure 58. NOyx emissions of APMT engine
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THC emissions [g/kWh]
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Figure 59.THC emissions of APMT engine
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Figure 60.CO emissions of APMT engine
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4.2.2 Fuel consumption

Relating the energy consumption, iError! No se encuentra el origen de la
referencia. shows the specific diesel consumption of the engine, which indicates its
efficiency to transform the fuel into mechanical energy, and it is expressed as the
fuel consumed in terms of mass to obtain a characteristic power during a period of
time (g/kwh).

The graph reveals that the engine presents an increase in fuel consumption at higher
speeds while the best efficiency is achieved at high loads and medium speeds.

Specific consumption [g/kWh]

12

BMEP [bar]

2

| T T T T T T T T T |

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
speed [rpm]

Figure 61.Fuel consumption of APMT engine
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5. Engine & Straddle Carrier Conversion

This chapter explains the planned solutions to convert the straddle carrier and the
original engines and obtain a natural gas and dual fuel combustion according to their
needs and the availability of the machines.

5.1. Engine conversion

IDIADA identifies some possible different engines based on the baseline engines used
in the straddle carriers.

Since there is not any regulation in place allowing NG for Non-Road applications yet,
this new gas engine will follow the Directive 2012/46/EU? and equivalences from
Regulation 49.063 and Regulation 595%. Since this project deals with the development
of an engine conversion pilot and to view the exhaust emissions reductions of a
natural gas, it is not necessary to subject the prototype to a homologation process.
This means that the engine does not need to comply with the current emissions
standards despite it will be designed and calibrated to achieve the highest reduction
of pollutant emissions.

Moreover, as the engine is supplied and powered by natural gas, the new components
will follow the regulation No 110° concerning the approval of those specific
components of motor vehicles that use compressed natural gas or liquefied natural
gas.

5.1.1 APMT engine conversion

From APMT side, this terminal makes use of two VALMET 612’s with 134 kW each as
baseline engines. It was decided to convert the diesel engine of the straddle carrier
into a gas engine powered by natural gas. Hence the conversion of the Valmet 612

2 Commission Directive 2012/46/EU of 6 December 2012, amending Directive 97/68/EC of the
European Parliament and of the Council on the approximation of the laws of the Member States
relating to measures against the emission of gaseous and particulate pollutants from internal
combustion engines to be installed in non-road mobile machinery.

3 Regulation No 49 of the Economic Commission for Europe of the United Nations
(UN/ECE) — Uniform provisions concerning the measures to be taken against the
emission of gaseous and particulate pollutants from compression-ignition engines and
positive ignition engines for use in vehicles

4 Regulation (EC) No 595/2009 of the European Parliament and of the Council of 18 June 2009
on type-approval of motor vehicles and engines with respect to emissions from heavy duty
vehicles (Euro VI) and on access to vehicle repair and maintenance information and amending
Regulation (EC) No 715/2007 and Directive 2007/46/EC and repealing Directives
80/1269/EEC, 2005/55/EC and 2005/78/EC.

> Regulation No 110 of the Economic Commission for Europe of the United Nations (UNECE) —
Uniform provisions concerning the approval of: I.Specific components of motor vehicles using
compressed natural gas (CNG) and/or liquefied natural gas (LNG) in their propulsion system;
I1.Vehicles with regard to the installation of specific components of an approved type for the
use of compressed natural gas (CNG) and/or liquefied natural gas (LNG) in their propulsion
system [2015/999].
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engine will be based on the modification of some parts and the replacement or
implementation of some new systems to work with natural gas.

There are a variety of approaches and technologies to convert a diesel engine into
natural gas engine in accordance with its performance characteristics. These
technologies range in cost and complexity, as well as in efficiency and emissions.
Natural gas fuelling technologies follow those of gasoline powered engines as natural
gas; in consequence this engine should operate in accordance with the Otto cycle.

Heavy-duty machines or vehicles work much like gasoline engines with a spark-
ignited internal combustion engines. They used to be supplied with liquefied natural
gas (LNG) to meet range requirements. This fuel is cooled and stored cryogenically
in a liquid form and in a security part of the machine. In comparison with compressed
natural gas (CNG), LNG presents a higher energy density which means that the tank
is able to store more fuel on board.

Fuel can be injected into the intake manifold (port fuel injection or PFI) or into the
combustion chamber (direct injection or DI). With the former technology, the fuel is
combined with air in the intake manifold where the mixture has more time to form
and is directed to the combustion chamber. About the latter option, natural gas is
injected directly into the combustion chamber where the flow movement allows the
correct mixture. For the difficulties that the implementation of a direct injection
presents because hard transformation of the head is needed, in that project a fuel
injection will be considered at the intake port.

Fusl injector

Fuel njector

Intake
vahee

Intake valve

pattern Injector Spray pattern

Direct injection Port injection

Figure 62.Schemes of direct and port injections

Then, the air-fuel mix is ignited by the spark of a spark plug following Otto cycle
combustion. So the spark plug system must be studied including its characteristics
and location in the engine.

Once the performance test of the APMT engine is completed and in order to study the
dimensions, the components and, therefore, the modifications that will be
implemented in the engine, it is necessary to carry out a three-dimensional data of
the engine by a 3D scanner. The 3D scanner is a type of device that studies an object
or environment to collect data about the external characteristics and, in particular,
the dimensions, shapes and location of all engine systems.
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Entire engine has been scanned as well as the different parts of it like the intake and
exhaust manifold. As an example, 3D scanning allows engineers to draw the new
intake manifold where natural gas injectors will be located and design it according to
the baseline geometry taking into account the inlet holes.

844 4.
o S

Figure 63.3D scan of the different parts of the APMT engine

The combustion chamber will be modified by the mechanization of the piston and a
part of the head, in order to reproduce accurately the gas combustion. At this point,
a study of the shape of the piston bowl and the values of the compression ratio will
be developed.

The gas combustion needs natural gas injectors, which will be located in a new design
of intake manifold. To obtain the best mixing conditions, a Computational Fluid
Dynamics (CFD) simulation is going to take part during the design process to
determine the location of the injectors. Since the diesel injector will be removed, the
spark plug could be located in the hollow of the diesel injector.

Moreover, new components - such as supports - and new systems will be analysed
according to the engine status and, especially, to its age. For example, components
that are not installed in an old engine should be taken into account as the Electronic
Control Unit (ECU), electrical wiring and sensors. According to the engine operating
conditions, it will be necessary to choose a throttle valve, a turbocharger, an
intercooler and a catalyst. Most of these systems will be studied after the gas
combustions environment.
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Spark plug and
ignition coil

Gas rail, injectors and
pressure regulator

Intake
manifold
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and head

Crankshaft and
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Figure 64.Planned modifications of the APMT engine

5.1.2 BEST engine conversion

From the BEST side, the terminal uses a SISU engine of 273 kW/1500 Nm. It was
decided to convert the diesel engine of the BEST straddle carrier into a dual fuel
engine, which means that the engine operates with diesel or with both diesel and
natural gas. This type of engine allows to return to diesel combustion at any time
and if the natural gas supply ends. But before developing the engine conversion, it is
necessary to know the technical feasibility of the straddle carrier approved by the
manufacturer.
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Figure 65. Scheme of the original engine SISU.

Dual fuel engine adopts a Diesel cycle combustion using diesel pilot injection like a
spark plug and then the single combustion stroke continues by means of natural gas
delivered into inlet duct of each cylinder.

Figure 66.Scheme of the dual fuel injection

In dual fuel engines, natural gas is mixed with the inlet air in the combustion chamber
either by direct mixing in the intake manifolds with air or by injection directly into
the cylinder. The injection solution is to implement a gas port injection installed in
the intake pipe, while pilot quantities of diesel are injected directly into the cylinder
to ignite the gas as the baseline operation of the engine. Since dual fuel engine
requires significant synchronization of the injection systems to optimize diesel
substitution and, therefore, the combustion process, a standard engine control unit
- an electronic control unit (ECU) - must be integrated with some new sensors.
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Furthermore, additional exhaust after-treatment systems will be added in order to
manage the exhaust emissions from the methane combustion.

Therefore, the conversion takes into account mechanical modifications to inject
natural gas and control the exhaust emissions and, consequently, electronic
modifications, whose function is to govern the natural gas system. The result of the
conversion is that the engine will replace a percentage of the diesel without loss of
performance.

Pressure \J\O('

Lambda
regulator 3 o
sensor %

= Natural gas line
== Water line

Figure 67.Modifications and new components installation in the BEST straddle
carrier engine.
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5.2. Straddle carrier conversion

Since the engine of the straddle carrier will be converted, the machine also involves
some modifications, particularly in the fuel supply. The supply of natural gas requires
a fuel tank and pipe network whose design should be studied in accordance with the
straddle carrier dimensions.

5.2.1 BEST Straddle Carrier conversion

With regard to the BEST straddle carrier, a study of the main changes should be
submitted to the manufacturer of the machine — KALMAR - in order to approve the
technical feasibility of the straddle carriers considering the engine conversion and in
particular all the new components installed.

Figure 68.CAD geometry of the BEST straddle carrier

To this end, IDIADA performs a CAD geometry of the machine considering the most
relevant parts. For its part, HAM studies the feasibility of installing the LNG system
according to the straddle carrier dimensions. Under the usable space and the
defined engine location, the LNG tank will be located as close as possible to the
engine in order to avoid complex pipe lines. As it can see in the next figure,
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Figure 69. Location of the engine and the LNG system on the best straddle
carrier

-

The subjectionfs located around the tank and welded on the structure of the Straddle
Carrier. The maximum solicitation that this subjections will have to supportis 5.713N.

In the internal face, is located a rubber to avoid the contact metal-metal.
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Welded tank subjection

Figure 70.LNG Tank fixed

4
—
—
|
-

(73

Figure 71.Straddle Carrier in Best Terminal

The pipe system will be located on the same way as hydraulic installed system, using
clamps on the structure.

The pipe system is defined as;

- Filling pipe: From the tank to the filling zone.
- Cooling system: From the tank to an exchange system (cabi heating pipe).
- Consumption pipe: From tank to engine
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Figure 73.Filling zone

5.2.2 APMT Straddle Carrier conversion

The LNG storage on the APMT Straddle Carrier, will be located under the engine,
between the heels. At the moment, on that location is installed a stairs for
maintenance, that stairs will be modified in order to adjust the tank.
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Figure 74.Straddle carrier stairs

The LNG storage tank will be located on
a bench, protected and subjected.

The subjection will be part of the

structure of the bench. Between faces

of the subjection, will be located a

mn rubber to avoid the contact face to face
_ of the metal.

Figure 75.Bench

To give more protection to the LNG storage tank and to avoid the weather wear, a
drawer will protect the kit.
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Figure 76.Drawer

LN
HAM
=

UPE LiGas
hive

Figure 77.Closed drawer

Figure 78.Straddle Carrier
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Figure 79.Straddle carrier actually

5.2.3 LNG Supply
The LNG supply system of the straddle carrier will be created to feed the dual engine

system designed, that implies that the initial fuel system is not going to be modified.

The LNG supply system is going to be located on the bottom of the Straddle
Carrier, specifically on the opposite site of the engine.

Figure 80.LNG Dewar
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PLUMBING STYLE SINGLE

DIM “A”(mm) 1917

DIM ||CII (mm) 1454

LIQUID CAPACITY (L) 481

FULL ESTIMATED TARE (Kg) 470.5

Table 32:LNG Tank description

DIM "A" +/- 12.7rnm

DIM"C"
2 2 E
o o E
i)
= = 3
o o o
TEImm | 1 78.2mm
25 4mm RECOMENDED LOCATIONS FOR TANK STRAPS 25 4mm

Figure 81.LNG: Tank dimentions
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- LNG density: 450Kg/m3

- LNG Capacity: 481 L = 0.481 m3

- LNG Wg; WL = 450Kg/m3 * 0.594m3 = 216.5 Kg
- Tare tank: 254Kg

- Total Tare: 216.5Kg + 254Kg = 470.5Kg

Table 33: LNG Storage specifications

Designed, constructed and tested to all applicable standards:

- US Specifications: SAE, 12343, NFPA, SE, CA Titlel3, TRRC.

- Available Specifications: R110, TPED, RDW, AS1210, PESO, GOST, KGA, KHK.
- System drop and fire tested per R110.

- Auto refrigeration system.

- 2" Generation cryogenic super insulation.

- “Integrated” system vaporizer.
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SYSTEM DESCPRIPTION

FILLING PIPE Pipe next to the structure from the point of fill and the
entrance of the tank.

WIND PIPE Pipe used to get down the internal presure of the tank.
This pipe act just in case that it's necessary.
(Automaticaly).

COOLING IN System used to get up the temperature inside the tank. It's
used to get more service pressure inside the tank.

COOLING OUT Pipe to extract the cooling in system.
CONSUMPTION | Direct pipe to the engine.

REC2 Regulator before entry on the engine.

LNG IN/OUT Filling and wind pipe.

Table 34: Pipe description

5.2.4 Regulation

In order to define a regulatory framework for the regulation of the modification, the
Straddle Carrier is defined as a vehicle of the MAA category, Automotive Machines
(according to the General Vehicle Regulations). Likewise, and within the same
category, MAA is defined as, automotive machine to carry out agricultural, forestry
and works and/or services of category 1 with a maximum construction speed < 40
km / h.

Defined within the framework according to the General Vehicle Regulations, the
regulations are.
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5.2.4.1 Regulation N°.110 R110

This regulation No. 110 applies to:

Specific components for vehicles of category M and N powered by CNG (compressed
natural gas) and LNG (liquefied natural gas).

Vehicles of category M and N with respect to the installation of specific components
powered by CNG (compressed natural gas) and LNG (liquefied natural gas).

Classification of the components according to;

Class 0. Parts subjected to high pressures including tube and fittings
containing CNG at a pressure higher than 3 MPa and up to 26 MPa.

Class 1. Parts operating at medium pressure, containing CNG. Pressure
between 450kPa and 3,000kPa (3Mpa).

Class 2. Components of low pressure. CNG containers at pressures between
20Kpa and 450Kpa.

Class 3. Parts as safety valves or elements protected by the same CNG
containers at a pressure between 450kPa and 3,000kPa (3MPa).

Class 4. Parts in contact with gas at a pressure below 20 kPa.

Class 5. Parts in contact with the gas at a temperature below -40°C.

Class 6. Elements in contact with the gas at pressure higher than 26Mpa.

All components must be by the following Class definition diagram.
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Specific testing according to component.

Specific and applicable test according to classes (excluding the LNG tank).

TEST CL.0O| CL.1| CL.2| CL.3| CL.4| CL.5| CL.6| ANEXO
SOBREPRESION O FUERZAS X X X X 0] X X 5A
FUGA EXTERNA X X X X 0] X X 5B
FUGA INTERNA A A A A 0] A A 5C
TEST DURABILIDAD A A A A 0] A A 5L
COMPATIBILIDAD LNG A A A A A A A 5D
RESISTENCIA
CORROSION X X X X X A X 5E
RESISTENCIA CALOR SECO A A A A A A A 5F
ENVEGECIMIENTO A A A A A A A 5G
TEST DESTRUCTIVO X 0] 0] 0] 0] A X 5M
CICLO TEMPERATURA A A A A 0] A A 5H
CICLO PRESION X 0] 0] 0] 0] A X 51
RESISTENCIA A A A A o) A A 5N
VIBRACIONES

TEMPERATURAS DE
OPERACION

BAJA TEMPERATURA LNG ) ) ) 0] 0] X 0] 5P

Table 35 Application according to classes

Requirements for the installation

A) The LNG system of the vehicle must operate correctly and safely at operating
pressure and operate according to the temperature at which it was designed.

B) All the components must be marked individually or jointly.

C) Necessary the use of appropriate materials for its function.
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D) All components must be installed correctly for their function.

E) The LNG system must be pressurized in order to test the non-appearance of leaks.
Process through a system that does not generate bubbles or equivalent for 3 minutes.

F) The system must be designed and assembled, avoiding possible danger points,
collisions, etc.

G) Only specific components can be connected for proper operation.

H) The vehicle can have heating for the driver's compartment and / or the cargo area
of the tank of the LNG system.

I) the heating system will be accepted if it complies with the technical requirements,
adequate and with the appropriate safety measures without influencing the proper
functioning of the LNG system.

J) The identification of "fed with LNG" in the vehicle would be necessary.
K) Vehicles of category M2 and M3 must have a level as marked in Annex 6.

L) The level must be installed in the front part in vehicles of category M2 or M3 and
on the other hand, in the external part of the doors.

M) A level must be installed at the point of loading of the vehicle.

Own requirements of the installation, tank / tanks of LNG

The storage system must:
- The tank or tanks must be installed permanently.
- The installation does not allow the system to be metal-metal contact.

- When the vehicle is ready to move, the tanks should not be less than 200mm from
the ground surface.

The tank or tanks must be installed and fixed to support the following accelerations.

- Vehicles M1 and N1:

o 20g in the direction of travel.

o 8g perpendicular to the line of travel.
- M2 and N2 vehicles:

o 10g in the direction of travel.

o 8g perpendicular to the line of travel.
- M3 and N3 vehicles:

o 6.6g in the direction of travel.

o 5g perpendicular to the line of travel.
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5.2.4.2 Manual of reforms in vehicles. RD866/10 2014

Royal Decree 866/2010 regulates the processing of vehicle reforms. Its purpose is to
unify criteria of Spanish legislation on the subject and that issued by the European
Union. This Royal Decree maintains the coherence between the European regulation
of homologation of vehicles and the national one on the reforms of the same ones;
its application will allow to maintain the conditions of active and passive safety of the
vehicles and their behaviour in regard to the protection of the environment.
Likewise, it establishes the documentation that must be presented before the
bodies of the competent Administration in the matter of technical inspection of
vehicles, the transformation and the specific requisites required will be those
contained in this Manual of Vehicle Reforms.

The Royal Decree 866/2010, in its article 3, defines the Manual of Vehicle Reforms in
this way:

"Document prepared by the Ministry of Industry, Tourism and Commerce in
collaboration with the competent bodies in the field of ITV of the Autonomous
Communities, which establishes the descriptions of the typified reforms, their
codification and the precise documentation for their processing."

STRUCTURE OF THE MANUAL

This manual divides the vehicles into four sections;
I. VEHICLES OF CATEGORIES M, N AND O.

II. VEHICLES OF CATEGORIES L, QUADS AND UTV.
ITI. AGRICULTURAL VEHICLES

IV. WORK VEHICLES AND / SERVICES

Definition of actions according to Royal Decree for modifications on the configuration
of the drive unit of a vehicle.

"Modification of the location, replacement, adition or reduction of the number of fuel
tanks”.
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MANUAL DE REFORMAS DE VEHICULOS

lll.- VEHICULOS AGRICOLAS
Grupo N* 2. Unidad Motriz

2n

DESCRIPCION: Modificaciones sobre la configuracion de la unidad motriz del vehiculo

2.7.- Modificacion de la ubicacion, sustitucion, adicion o reduccion del nimero de depdsitos de combustible
CAMPO DE APLICACION
Categorias
T1 T2 T3 T4 T5.1 15.2 MTC MAA MAZ2 MA3 TCA RA MAR
| Sl sl 5l Sl Sl Sl Sl | Sl Sl NO NO
ACTOS REGLAMENTARIOS
Aplicable a
Sistema afectado Referencia
Ti T2 T3 T4 | T5.1 | T5.2 | MTC | MAA | MA2 | MA3 | TCA | RA | MAR

Depésito de combustible ““3;’;‘355 mlolom|lo|lo|m x| o
Depdsitos de combustible | 70/221/CEE() - - (1) - X b
Masa maxima en carga TANSUCEE () | (1) (1 (1) m (1 (1) (1) (1) m (1) X ®
Masas y dimensiones
(resto vehiculos) 97127ICE - - m - X n

Reglamento
Equipos especlales para CEPEIONU R R m R i i
GLP

67R

Reglamento
Equipos especlales para CEPE/ONL . . o . « X
GNC

110R
Sistemas especiales de | Reglamento
adaptacien al GLP o CEPE/ONU - - (1) - X o
GNC 115R

Ver Apartado 4 del preambulo.
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MANUAL DE REFORMAS DE VEHICULOS
Ill.- VEHICULOS AGRICOLAS
Grupo N° 2. Unidad Motriz
2.7
DOCUMENTACION NECESARIA

Proyecto Certificacion Informe de Certificado del Documentacion
Técnico final de obra Conformidad Taller adicional

NO NO Sl Sl NO

+ Informe de conformidad
+ Certificado del Taller

CONJUNTO FUNCIONAL

El titular del vehiculo o la persona por €l aulorizada aportara:
- Copia de la Resolucion de la Autoridad de homologacion.

- Informe segun Anexo |1

- Cenrtificado del taller segan Anexo (Il

INSPECCION ESPECIFICA.
PUNTOS A VERIFICAR SEGUN MANUAL DE PROCEDIMIENTO DE INSPECCION DE LAS ESTACIONES ITV (SECCION 1)

Capitulo 9. - Motor y Transmisian

NORMALIZACION DE LA ANOTACION DE LA REFORMA EN LA TARJETA ITV

I Modificacion configuracion depdsitos combustible
1x litros en + 12 litros en +

(Firma y sello)

ITV N® NNNN

Table 36 Inspections. Manual of vehicles reforms
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RISK DESCRIPTION RISK EVALUATION

No refilling LNG station R )

No agreement with R )4
APMT and BEST for

LNG purchase because

of NG vs Diesel price

Permits for LNG station
inside the Port terminal

BEST straddle carrier
conversion ¥
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To confirm with GNF the real chances
of implementing a LNG station

To confirm real prices of LNG that can
be expected during the pilot

APB to confirm terminals will have the
rights to install LNG station

BEST cannot provide an engine for
baseline testing in test bench
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RESPONSIBLE

GNF

APB, GNF, APMT,
BEST

APB

IDIADA

Table 37: Risk assessment in this project

Version: 3 Date: 5/07/2018

DUE DATE

As soon as
possible

As soon as
possible

As soon as
possible

To be
cancelled

STATUS

Pending

Pending

Pending

Only “on-board”
measurements
possible
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7. Conclusions

Finally, a lot of tests were performed on both APMT engines and BEST engines at
Barcelona Seaport. These tests consisted of different steps and each one was a test
in which vehicle speed and pollutant emissions were measured.

Currently, IDIADA has a VALMET 612 engine (APMT) in its facilities where research
about the engine conversion from Diesel running engine to NG running engine is
being carried out. However, BEST engines are used daily so the feasibility study that
IDIADA should perform is more difficult despite a first design of the engine is
developed.

Taking into account the LNG features, the autonomy of the engines and an estimation
of the capacity of LNG tanks have been calculated as well. A first study of its location
has been carried out.

In conclusion, after considering the operation of the machine, the original design of
the engine and the location of the natural gas fuel tank, it can be considered that the
transformation of the APMT Straddle Carrier is feasible. Although a more exhaustive
transformation design is needed, it will be developed in the coming months and will
be presented in the following deliverables.

With regard to the BEST machine, it is complicated to define its technical feasibility
due to its engine could not be tested at IDIADA test benches.
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8. List of Acronyms and Abbreviations

APB Autoridad Portuaria de Barcelona - Port de Barcelona
APMT APM Terminals

BEST Barcelona Europe South Terminal

BMEP Brake Mean Effective Pressure

CFD Computational Fluid Dynamics

Cco Carbon monoxide

CO2 Carbon dioxide

ECU Electronic Control Unit

GNF Gas Natural Fenosa

HAM HAM Criogénica

LNG Liquefied Natural Gas

NG Natural Gas

NOx Nitrogen oxides

PEMS Portable Emissions Measurement Systems
THC Total Hydrocarbon
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1. Background

As part of the CORE LNGas Hive project, the EPM-3 sub pilot activity which consisted
of a pilot activity to demonstrate the use of LNG as fuel for straddle carriers in two
container terminals of the Port of Barcelona was scheduled.

Initially it was foreseen that BEST and APMT, the two container terminals of the Port
of Barcelona, participating in the project would each provide one of their straddle
carriers for the conversion from diesel to natural gas. The fuel used by the original
machines is diesel B.

The straddle carrier at the BEST terminal to be converted was a 273 kW 8.4 SISU
diesel engine that was about 3-4 years old. The BEST terminal machines worked 14
hours a day, 365 days a year.

The idea was to transform the original diesel engine to a dual-fuel engine and also to
install a new 446-liter LNG tank on the machine and the gas conditioning and supply
system to the engine. However, this conversion of its straddle carrier did not take
place due to the fact that the machine was still under warranty and Kalmar, the
machine manufacturer, indicated that due to this substantial change, the machine
would require a new CE marking. The approval of the new CE marking would require
the machine to comply with the current Tier IV emissions regulations among other
requirements and this requirement could not be guaranteed in this pilot and
potentially involve solutions not included in the scope of the project. Thus, this
transformation and pilot did not take place.

The straddle carrier at the APMT terminal was originally equipped with two VALMET
612 diesel engines, each of 134 kW each with an age of between 15 and 20 years.
The APMT terminal machines work 8 hours a day, 365 days a year. The initial idea
was to transform both diesel engines to operate on 100% gas and also to install two
new LNG tanks each with a net volume of 446l and the gas conditioning and supply
system for the engines.

Finally, due to the fact that the second engine seized when it was running on the test
after being converted to gas, it was decided not to install this motor on the machine.
Therefore, only one gas engine was installed on the APMT straddle carrier and one
LNG tank with a net volume of 446 | with the corresponding gas conditioning and
feeding system to the engine. One of its original diesel engines has been kept on the
machine. Therefore, the transformed straddle carrier had a gas engine and a diesel
engine.

Thus, pilot tests have only been carried out for the APMT transformed machine, in
which the real consumptions of the gas engine and the diesel engine have been
obtained and evaluated.

Once the pilot has been completed and the LNG and diesel consumption data been
analyzed, three scenarios were studied for each of the terminals, assuming that 5,
10 and 20 machines per terminal would be transformed in the future and also to
provide an LNG logistics solution to supply these straddle carriers. A 10-year
profitability analysis for each of the scenarios for the two terminals has also been
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carried out, considering the fuel savings achieved with the transformed machines due
to the price advantage of natural gas and the cost of the machine’s transformation.

For the BEST terminal, as the pilot test with the transformed machine was not carried
out, for the LNG logistics study of the three scenarios, the estimated LNG
consumption for the transformed machine indicated in the final version of Deliverable
D.1.1 "The two machines needs study in both terminals”, edition 2, dated
09/17/2018, developed by Idiada was used.

For the study of the profitability of the transformation of the machines in the BEST
terminal, an approximate cost of the transformation of the machines was also
considered.

The current diesel consumption of the non-transformed machines of the BEST
terminal will also be taken from the aforementioned document D.1.1.

For each terminal it was considered that an independent LNG supply point and the
LNG logistics solution adapted to the operation of each terminal.

2. Object

The purpose of this report is to evaluate within the available technology the most
appropriate LNG supply and logistics solution for the APMT and BEST terminals, for
the cases that 5, 10 and 20 machines will be transformed to natural gas. Considering
a 10-year business model and the costs of the transformation of the machines, the
profitability of the transformation is also evaluated.

3. LNG logistics in the pilot phase and results of
LNG and diesel consumption

Due to the sporadic supply of the LNG to carry out the tests of the converted straddle
carrier, the solution considered is a mobile supply station with an integrated LNG
dispenser and payment system. The LNG storage capacity considered is 57.5m?3, a
quantity easily transportable by a standard tractor unit supplied and operated by
HAM.

Below dimensional and safety drawings of the mobile supply station, technical
characteristics and photographs are shown.
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General Data
Regulations TPED/ADR/EN 13530

Installation type

Macrofueler LNG

Design Pressure

12.9 bar

Test Pressure

18.1 bar

Temperature range

Inner: -196 to +20 °C, Outer: -20 to +50 ©°C

Geometric Capacity

57,500 liters

Materials

Inner: Stainless Steel, Outer: Stainless Steel

Non-Destructive Tests

Pressure Vessel. 100 % X-ray

Product to be
transported

Liquid Natural Gas (1972)

Degree of filling / load

80 % at 0.5 bar /20,088 kg

LNG dispenser flow

3.000 / 4.000 kg/h

Type of LNG flow meter

Coriolis

Control Payment system with remote control
Assistance Remote control via Scada
Safety Gas detection, temperature, CCTV circuit,
emergency shut downs, automatic fire
extinguishing systems, fire extinguishers
DISTRIBUTION OF LOADS AND WEIGHTS
KING PIN TRIDEM TOTAL
EMPTY 3,922 kg 11,923 kg 15,845 kg
FULL (LNG) 11,450 kg 22,550 kg 34,000 kg

Table 1: Mobile supply station technical characteristics

The king pin is the trailer hitch to the truck and the tridem is the set of three trailer
axles.
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Figure 2: Mobile supply station photographs. Trailer (above). Detail of LNG filling
connections in the trailer (below)
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Figure 3: Mobile supply station photographs. Trailer (above). Detail of LNG
dispenser in the trailer (below)
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Figure 4: Mobile supply station photographs. Detail of electrical connections.

The APMT transformed straddle carrier has one LNG tank with a net volume of 446I
installed.

The LNG consumption recorded during the pilot of the gas engine of the APMT
machine was 20.96kg/h, equivalent to 46.58I/h with an LNG density of 450 kg/m3.

The diesel B fuel consumption recorded during the pilot of the diesel engine of the
APMT machine was 24.05 kg/h, equivalent to 28.46 I/h assuming a density of diesel
B of 845 kg/m3.

The following table indicates the LNG and diesel B consumption for a machine
transformed with two 100% gas engines and for the non-converted machine
considering the operation of the two diesel engines:

APMT STRADDLE CARRIER FUEL CONSUMPTION

Fuel Consumption Fuel Consumption
(kg/h) (1/h)
SC with 2 gas engines 41.92 kg LNG/h 93.16 | LNG/h
SC with 2 diesel 48.1 kg diesel B/h 56.92 | diesel B/h
engines

Table 2: APMT Straddle Carrier fuel consumption
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4. Data considered for the study of the LNG
logistics solution and study of the profitability
of the SC transformation

The data considered for each terminal are indicated below:

4.1 Data of BEST terminal

4.1.1 LNG consumption of Best machine

As the conversion of the straddle carrier has not been carried out for this terminal,
the study considers the estimated consumption of the machine transformed to gas
indicated in the final version of Deliverable D.1.1 "The two machines needs study in
both terminals", edition 2, dated 09/17/2018, developed by Idiada.

Ceest = 14.9 kg LNG/h
Considering an LNG density of 0.450 kg/I, the LNG consumption in I/h would be:
Ceest = 33.11 I LNG/h

4.1.2 Machine Operating times

According to the information indicated in Deliverable D.1.1, the machines would work
14 hours a day, 365 days a year.

4.1.3 Mode and time of refueling of current machines

Current machines refuel once a day. In the terminal there is an area for refueling to
which each of the machines goes.

The diesel B refueling time of the machines is about 15/20 min, a time that should
not be exceeded for the refueling with LNG of the converted machines.

The transformed machines must also move to the refueling area to load LNG.

4.1.4 Technical information of the LNG tanks of the
transformed Best machines

It is presumed that Best's converted machine would have a dual-fuel engine, an LNG
tank, and a diesel tank.

The technical characteristics of the LNG tank are indicated below:

- Tank net capacity 446 liters, maximum fill level 410 I.

- Tank located 0.5 m above the ground.

- Filling connection location: 0.5 m above ground level.

- Type of filling connection: Standard receptacle for LNG. ECE R110 according
to ISO 12617.

- No boil off return line is required during tank filling.

- The maximum pressure of the tank is 16 bar.
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Tank autonomy: the estimated LNG consumption of the machine is 33.11 |
LNG / h, so the autonomy would be 410 |1 / 33.11 (I/h) = 12.38 h. As the
machines work 14 h/day, it would therefore require a refilling of the LNG
tank per day. Once the LNG tank is empty, the machine will run the
remaining time on diesel.

4.1.5 Scenarios analyzed, LNG consumption of the
converted machines and LNG cost

Scenario 1: 5 machines of the BEST terminal are converted. The business
model is calculated considering a time period of 10 years.

One LNG refueling of each machine per day is required. The daily quantity of
LNG to be unloaded per machine would be 410 |. For the 5 machines it would
be 4101 x 5 = 2,050 | of LNG / day = 2.05 m3/day

The total amount of LNG to discharge per week would be 2.05 m3/day x 7
days = 14.35 m3/week.

The total amount of LNG to be discharged per year would be 2.05 m3 / day x
365 days = 748.25 m3/year.

The total amount of LNG to discharge in 10 years would be 748.25 m3/year x
10 years = 7,482.5 m3

Scenario 2: 10 machines of the BEST terminal are transformed. The business
model is calculated considering in this case a period of 10 years.

One LNG refueling of each machine per day is required. The daily quantity of
LNG to be unloaded per machine would be 410 I. For the 10 machines it would
be 410 1 x 10 = 4,100 | of LNG / day = 4.1 m3/day.

The total amount of LNG to discharge per week would be 4.1 m3/day x 7 days
= 28.7 m3/week.

The total amount of LNG to discharge per year would be 4.1 m3 of LNG/day x
365 days = 1,496.5 m3/year.

The total quantity of LNG to be discharged in 10 years would be 1,496.5
m?3/year x 10 years = 14,965 m3

Scenario 3: 20 machines of the BEST terminal are converted. The business
model is calculated considering a period of 10 years.

One LNG refueling of each machine per day is required. The daily quantity of
LNG to be unloaded per machine would be 410 I. For the 20 machines it would
be 410 | x 20 = 8,200 | of LNG/day = 8.2 m3/day.

The total amount of LNG to discharge per week would be 8.2 m3/day x 7 days
= 57.4 m3/week.

The total amount of LNG to be discharged per year would be 8.2 m3 of LNG /
day x 365 days = 2,993 m?3/year.

The total amount of LNG to be discharged in 10 years would be 2,993 m3/year
x 10 years = 29,930 m?3
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The following is a summary table:

Scenario N° LNG supply LNG supply LNG supply LNG supply

m3/day m3/week m3/year m3/10
years

1.5SC 2.05 14.35 748.25 7,482.5

transformed

2.10 SC 4.1 28.7 1,496.50 14,965

transformed

3. 20 SC 8.2 57.4 2,993 29,930

transformed

Table 3: Best converted SCs LNG consumptions for the scenarios analyzed

An average fuel cost of LNG of 0.57 € / kg has been considered, a cost that excludes
the costs associated with logistics. In the following table the LNG costs for the full
10-year period is for each of the scenarios analyzed, excluding logistics costs are
shown:

Scenario N© LNG supply LNG supply Cost of LNG consumed

m3/10 years kg/10 years in 10 years excluding
logistics costs (€)

1.5 SC 7,482.5 3,367,125 1,919,261.25

transformed

2.10 SC 14,965 6,734,250 3,838,522.5

transformed

3. 20 SC 29,930 13,468,500 7,677,045

transformed

Table 4: Best LNG costs excluding logistics of the converted SCs in 10 years for the

4.1.6

scenarios analyzed

Current consumption of diesel

B of the non-

converted machines and cost of diesel B for the
scenarios analyzed
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The current machines consume 19 I/h of diesel B. An average cost of diesel B is 0.90
euros/liter, including logistics costs. To this cost 7,400 €/year must be added for the
terminal's diesel supply infrastructure costs.

The consumption of diesel B of the non-converted machines for the scenarios of 5
machines, 10 machines and 20 machines operating for 10 years, 365 days, 14 hours
a day are indicated in the following table:

Date: 28/12/2021




CORE LNGas EPM3-LNG STRADDLE CARRIERS
hl"n"E D 3.1 - LNG supply logistics study
Scenario | Diesel Diesel B Diesel B Cost of Infrastructure | Total cost
No© B supply supply diesel B cost of diesel | of diesel B
supply I/year 1/10 years | consumed supply in 10 in 10
1/day in 10 years (€) years (€)
years (€)
1.5SC 19 x 14 | 1,330 x | 4,854,500 | 4,854,500 | 7,400 x 10 4,443,050
.'th X 5= 365= x 0.90= =74,000
diesel B | 1,330 | 485,450 4,369,050
2. 10 sc | 2,660 970,900 9,709,000 | 8,738,100 | 74,000 8,812,100
with
diesel B
3. 20 sc | 5,320 1,941,800 19,418,000 | 17,476,200 | 74,000 17,550,200
with
diesel B

Table 5: Best diesel costs of the SCs in 10 years for the scenarios analyzed

4.1.7

Cost of conversion of BEST machines

As the conversion of the BEST straddle carrier has not been carried out, the cost of
the transformation has been estimated. The table below shows the estimated costs:

FOR 13SC TRANSFORMATION

Concept Cost (€) Observations
Motor conversion 296,000 Initial budget of Idiada
contemplated for the
conversion of the engine.
Engineering 6,000 Includes LNG tank,
natural gas conditioning
Materials 23,000 and feed up system to
Natural gas the engine estimated by
system Assembly 2,500 HAM.
Homologation 6,400
Engine and machine homologation 14,750 A cost of 8,750 for
homologation of the
engine and a cost of
6,000 for homologation
of the machine has been
considered.
Conversion total cost 348,650
Industrial benefit 69,730 An industrial benefit of
20% on the total cost of
the conversion has been
considered, as the costs
quoted are real costs.
CONVERSION TOTAL COST 418,380

Table 6: Costs of conversion of first Best straddle carrier
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For the transformation of the following BEST machines, the conversion costs are the

following:
Concept Cost (€) Observations
Motor conversion 296,000 Initial budget of Idiada
contemplated for the
conversion of the engine.
Engineering 6,000 Includes LNG tank,
natural gas conditioning
Materials 23,000 and feed up system to
Natural gas the engine estimated by
system Assembly 2,500 HAM.
Homologation 6,400
Engine and machine homologation 0 It is considered that all
the engines of the
machines of the terminal
are the same, as well as
the machines, so only the
first engine and the first
machine must be
homologated.
Conversion total cost 333,900
Industrial benefit 66,780 An industrial benefit of
20% on the total cost of
the conversion has been
considered, as the costs
quoted are real costs.
CONVERSION TOTAL COST 400,680
FOR FOLLOWING MACHINES
TRANSFORMATION

Table 7: Costs of conversion for second and following Best straddle carriers

4.2 Data of APMT terminal

4.2.1 LNG consumption of APMT machine

The LNG consumption of the straddle carrier with the conversion to gas of one of the
two engines was 20.96 kg/h equivalent to 46.58 I/h assuming an LNG density of 450
kg/m3.

If the two engines of the machine were to have been converted to gas, the indicated
consumption would have been multiplied by two. Therefore, the consumption for two
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converted engines would be 41.92 kg/h equivalent to 93.16 I/h at an LNG density of
450 kg/m3.

The logistics and profitability study of the transformed machines will be carried out
considering that both engines of the straddle carrier are converted to gas.

The following is a summary table of LNG consumption considered in this study:

APMT STRADDLE CARRIER LNG CONSUMPTION

Consumption (kg/h) Consumption (1/h)

SC with 2 gas engines 41.92 kg LNG/h 93.16 | LNG/h

Table 8: APMT converted straddle carrier LNG consumption

4.2.2 Machines operating times

APMT's transformed machines would work 8 h/day. The machines work 365 days a
year.

4.2.3 Mode and time of refueling of current machines

Current machines refuel once a day. In the terminal there is a specific area for
refueling to which each of the machines goes to.

The diesel B refueling time of the machines is about 15/20 min, a time that should
not be exceeded when refueling with LNG in the converted machines.

The transformed machines must also move to the refueling area to load LNG.

4.2.4 Technical information of the LNG tanks of the
transformed APMT machines

APMT's converted machine would have two engines and two LNG tanks.
The technical characteristics of the LNG tanks are indicated below:

- Tanks capacity: 2 tanks of 446 liters each. The maximum fill level of each
tank is 410 I, so the maximum amount of LNG stored in the two tanks is
820 liters.

- Tanks located 0.5 m above the ground.

- Filling connection location: 0.5 m above ground level.

- Type of filling connection: Standard receptacle for LNG. ECE R110 according
to ISO 12617.

- No boil off return line is required during tanks filling.

- The maximum pressure of the tanks is 16 bar.

- Tanks autonomy: the LNG consumption of the machine is 93.16 I/h,
according to the tests carried out, so the autonomy would be 8201/ 93.16
(I/h) = 8.80 h. It would therefore require one refilling of the LNG tanks per
day.
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4.2.5 Scenarios analyzed, LNG consumption of the
converted machines and LNG cost

Scenario 1: 5 machines of the APMT terminal are converted. The business model is
calculated considering a period of 10 years.

For the calculation we consider that the machine works 8 h/day and 365 days per
year.

One LNG refueling of each machine per day is required.

The logistics costs will be calculated considering that one refueling is carried out per
day.

The daily quantity of LNG to be delivered per machine would be 8 h x 93.16 | of LNG
/ h =745.28 | of LNG / day. For the 5 machines this equates to 745.28 | x5 = 3,726 .4
| of LNG/day = 3.73 m3/day.

The total amount of LNG to be delivered per week would be 3.73 m3/day x 7 days =
26.11 m3/week.

The total amount of LNG to be discharged per year would be 3.73 m3/day x 365 =
1,361.45 m3/year.

The total amount of LNG to discharge in 10 years would be 1,361.45 m3/year x 10
years = 13,614.5 m3.

Scenario 2: 10 machines of the APMT terminal are converted. The business model is
calculated considering a period of 10 years.

For the calculation we consider that the machine works 8 h/day and 365 days per
year.

One LNG refueling of each machine per day is required.
The logistics costs will be calculated considering that one load is carried out per day.

The daily quantity of LNG to be delivered per machine would be 8 h x 93.16 | of
LNG/h = 745.28 | of LNG/day. For the 10 machines this would mean 745.28 | x 10 =
7,452.8 | of LNG / day = 7.45 m3/day.

The total amount of LNG to discharge per week would be 7.45 m3/day x 7 days =
52.15 m3/week.

The total amount of LNG to discharge per year would be 7.45 m3/day x 365 =
2,719.25 m3/year.

The total amount of LNG to discharge in 10 years would be 2,719.25 m3/year x 10
years = 27,192.5 m3.

Scenario 3: 20 machines of the APMT terminal are converted. The business model is
calculated considering a period of 10 years.

For the calculation we consider that the machine works 8 h/day and 365 days per
year.

One LNG refueling of each machine per day is required.
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The logistics costs will be calculated considering that one load is carried out per day.

The daily quantity of LNG to be unloaded per machine would be 8 h x 93.16 | of LNG
/ h =745.28 | of LNG / day. For the 20 machines it would be 745.28 | x 20 = 14,905.6
| of LNG/day = 14.91 m3/day.

The total amount of LNG to be unloaded per week would be 14.91 m3/day x 7 days
= 104.37 m3/week.

The total amount of LNG to discharge per year would be 14.91 m3/day x 365 =
5,442.15 m3/year.

The total amount of LNG to be discharged in 10 years would be 5,442.15 m3/year x
10 years = 54,421.5 m3.

The following is a summary table:

Scenario N°© LNG supply LNG supply LNG supply LNG supply
m3/day m3/week m3/year m3/10 years

1.5SC 3.73 26.11 1,361.45 13,614.5

transformed

2.10 SC 7.45 52.15 2,719.25 27,192.5

transformed

3.20SC 14.91 104.37 5,442.15 54,421.5

transformed

Table 9: APMT converted SCs LNG consumptions for the scenarios analysed

An average cost of LNG of 0.57 € / kg is considered, excluding costs associated with
logistics. In the table below the LNG costs over 10 years for each of the scenarios
analyzed, excluding logistics costs, is shown:

Scenario N°© LNG supply | LNG supply | Cost of LNG consumed
m3/10 years | kg/10 years in 10 years excluding
logistics costs (€)
1.5SC 13,614.5 6,126,525 3,492,119.25
transformed
2. 10 SC 27,192.5 12,236,625 6,974,876.25
transformed
3. 20 SC 54,421.5 24,489,675 13,959,114.75
transformed

Table 10: APMT LNG costs excluding logistics of the converted SCs in 10 years for
the scenarios analyzed
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4.2.6 Current consumption of diesel B of the non-converted
machines and cost of diesel B for the scenarios analyzed

The current machines consume 56.92 I/h of diesel B. An average cost of diesel B is
0.90 euros/liter, including logistics costs. To this cost, it must be added 7,400 € /
year corresponding to the terminal's diesel supply infrastructure costs.

The consumption of diesel B of the non-converted machines for the scenarios of 5
machines, 10 machines and 20 machines operating for 10 years, 365 days, 14 hours
a day are those indicated in the following table:

Scenario | Diesel Diesel B Diesel B Cost of Infrastructu | Total cost
No supply supply diesel B re cost of of diesel B
supply I/year 1710 consumed diesel in 10
1/day years in 10 supply in 10 | years (€)
years (€) years (€)
1.5SC 56.92 x | 2,276.8 8,310,320 8,310,320 7,400 x 7,553,288
.'th 8 x 5= X 365= X 0.90= | 10 =
diesel B | 2,276.8 | 831,032 7,479,288 | 74,000
2-_510 SC | 4,553.6 | 1,662,064 | 16,620,640 | 14,958,576 | 74,000 15,032,576
wi
diesel B
3. 20 sc | 9,107.2 3,324,128 | 33,241,280 | 29,917,152 74.000 29,991,152
with '
diesel B

Table 11: APMT diesel costs of the SCs in 10 years for the scenarios analyzed

4.2.7 Cost of conversion of APMT machines
The table below shows the transformation costs of the first APMT straddle carrier:
Concept Cost (€) Observations
First motor conversion 608,680.05
Second motor conversion 202,355.05
Engineering 6,000 Includes two LNG tanks,
natural gas conditioning
Materials 46,000 and feed up system to
Natural gas the engines.
system Assembly 5,000
Homologation 6,400
Engines and machine homologation 14,750 A cost of 8,750€ for the
homologation of the
engines and a cost of
6,000€ for the
homologation of the
machine has been
considered. It is
considered that the two
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Concept Cost (€) Observations

engines are the same, so
it is only necessary to
homologate one.

Conversion total cost 889,185.1
Industrial benefit 177,837.02 An industrial benefit of
20% on the total cost of
the conversion has been
considered.
TOTAL COST FOR 12aSC 1,067,022.12
TRANSFORMATION

Table 12: Costs of conversion of first APMT straddle carrier

For the transformation of the following APMT machines, the conversion costs are the
following:

Concept Cost (€) Observations
Engines conversion 404.710,1 The cost of each engine is
202,355.05 euros.
Engineering 6,000 Includes two LNG tanks,
natural gas conditioning
Materials 46,000 and feed up system to
Natural gas the engines.
system Assembly 5,000
Homologation 6,400
Engines and machine homologation 0 It is considered that all

the engines of the
machines are the same,
as well as the machines,
so only the first engine
and the first machine
have to be homologated.

Conversion total cost 468,110.1

Industrial benefit 93,622.02 An industrial benefit of
20% on the total cost of
the conversion has been
considered.

CONVERSION TOTAL COST FOR 561,732.12
FOLLOWING MACHINES
TRANSFORMATION

Table 13: Costs of conversion for second and following APMT straddle carriers
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5. LNG supply solution

The following supply solutions are analyzed for each of the two BEST and APMT
terminals to determine the most suitable solution for each scenario:

A) Mobile supply station with LNG dispenser and payment system.

B) Fixed LNG storage station with two LNG dispensers with payment system and one
LNG tank.

The conventional tanker truck supply solution is not considered because it does not
have an integrated payment system.

5.1 Supply solution for BEST terminal

For the analysis of the supply solution, the logistics costs of LNG with a mobile supply
station for 10 years will be analyzed, compared to the cost of the fixed LNG storage
station.

5.1.1 Cost analysis of the solution with mobile supply
station

The mobile service station that would be used to supply LNG to the gas-converted
machines would have the same technical characteristics as the one used to supply
LNG to the APMT converted machine in the pilot tests, whose main technical
characteristics have been indicated in section 3 above.

The mobile supply station will be left fixed in the terminal and the only movements
will be the displacements to the regasification plant for the refilling with LNG. The
mobile supply station has a maximum filling volume of 46 m3.

Two options are analyzed for this case supply station rent and supply station
purchase.

The LNG logistics costs are calculated to refill the LNG tank of the mobile supply
station for each scenario over 10 years and will be added to the cost of the mobile
supply station rent or purchase. In the supply station purchase option maintenance
cost of the supply station shall be added.

The table below shows the breakdown of unit costs for each refueling operation of
the mobile supply station.

We consider 1.5 hours of the technical assistant to consider the time for the
displacement of the mobile supply station to the regasification plant for filling LNG
and the loading time at the regasification plant.
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COSTS PER REFUELING OPERATION OF THE MOBILE SUPPLY
STATION
Type of cost Unit costs Costs per refilling operation
Technical 165 €/h 1.5x 165 €/h = 247.5€
assistant (3,960 €/day
24h)
Logistics 1.95 €/ km of 106 km x 1.95 €/km = 206.7 €.
dlsplacen_went The minimum of 300€ is
(round trip). considered
Minimum 300 €. )
TOTAL COST 547.5 €

Table 14: Costs per refuelling operation of the mobile supply station

With Best converted straddle carriers LNG consumptions indicated in table 3 and the
maximum volume of 46 m3 of the LNG tank of the mobile supply station the number
of refilling operations of the mobile supply station in 10 years for each scenario are
calculated.

To the logistic cost of the refilling operations for the option of supply station rent the
cost of the mobile supply station rent will be added. The mobile supply station rent
is 15,000 €/ month. For 10 years the mobile station rent cost is 1,800,000 €.

In the supply station purchase option to the logistic cost of the supply station refilling
operations will be added the cost of purchase of the supply station which is 535,000
€ and the cost of maintenance which is 10,500 €/ year. The maintenance cost
includes three maintenance visits per year to the terminal (1,100 €/visit) and a
monthly cost of 600 € to consider 24 hours attention for incidences. The cost of all
wear parts required is included. For 10 years the costs of supply station purchase
option are 640,000 € including the maintenance.

The table below shows the total costs of the mobile supply station solutions in 10
years for the scenarios analyzed:
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Scenario N° N©° of N©° of Cost of Total costs Total costs
refilling refilling refilling of mobile for mobile
operations | operations | operations supply supply
per month in 10 in 10 station for station for
years years rent option purchase
(€) in 10 years | optionin 10
(€) years (€)
1.5 SC 2 240 131,400 1,931,400 771,400
transformed
2.10 SC 3 360 197,100 1,997,100 837,100
transformed
3. 20 SC 6 720 394,200 2,194,200 1,034,200.
transformed

Table 15: Best costs of the mobile supply station solutions in 10 years for the
scenarios analyzed

Due to the high cost of the mobile supply station rent in 10 years (1,800,000 €) the
alternative option of purchase it is selected between the two options which has a
much lower cost in 10 years (640,000 €).

5.1.2 Cost analysis of the fixed LNG station solution

5.1.2.1 Description of the main equipment of the fixed LNG
supply station

Below are described the main equipment of the fixed LNG supply station.
1. LNG storage tank

The supply station would have an LNG storage tank. The fixed station LNG tank is
sized so that the tank only needs to be refilled once a week. Each machine consumes
33.11 | of LNG/h and works 14 hours a day, so each machine consumes 33.11 x 14
= 463.54 | per day.

In the table below, the amount of LNG required daily and weekly for all the
transformed machines of the terminal, the required capacity of the tank and the
estimation of its dimensions are calculated for each of the analyzed scenarios.
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. LNG | LNG supply Proposed Estimated

Scenario N° m37:g$ v m3/week nominal dimensions
capacity of D x H (m)
the LNG tank
(m3)

1.5 SC 2.32 16.22 20 3x2.8
transformed
2.10 SC 4.64 32.48 40 3x5.7
transformed
3. 20 SC 9.28 64.96 70 3.5x7.3
transformed

Table 16: Best LNG tanks sizes of the fixed LNG supply station for the scenarios
analyzed

The LNG tank would be a vertical cryogenic double walled tank with vacuum perlite
insulation, the inner tank made of austenitic stainless steel and the outer one of
carbon steel, protected with a special anti-corrosion surface finish for weathering.
The chamber between the two concentric tanks is filled with perlite and a vacuum is
created in the chamber (<5 * 10-2 mbar), constituting the thermal insulation of the
tank.

The maximum working pressure is 9 bar and the design temperature range is -196
°C/ + 50 ©ocC.

The tank would have CE marking and would be designed and manufactured in
accordance with the European Directive 2014/68 / EU, UNE-EN 13458 "Cryogenic
vessels, design, manufacture, inspection and testing", PED (97 / 23EC) (Pressure
Vessels Directive).

The tank is equipped with the following monitoring instrumentation:
e Level indicator and level transmitter.
e Pressure gauge and pressure transmitter.

The inner tank is equipped with the following connections with their corresponding
isolation valves:

e Filling connection.

e Qutlet connection to consumption.

e Connection for safety valves, three-way valve and redundant safety valves.
e Connection for overflow.

e Connections for instrumentation.

The external tank is equipped with the following connections:
e Connection for vacuum measuring device.
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e Vacuum intake.
e Safety device.
The tank incorporates the following equipment:
e Venting with flame arresters.
e Sensor for vacuum measurement.
e Pressure regulating valves.

e Atmospheric pressure elevator (PPR). It is an atmospheric exchanger
installed to increase the tank pressure if necessary. This serves to improve
the NPSH of the pump and facilitate the discharge of the tank.

Figure 5: Best LNG tank of the fixed LNG supply station

2. LNG transfer pumps

For the transfer of LNG, two horizontal centrifugal cryogenic pumps are considered,
driven by an electric motor, each with 100% capacity, which operate alternately, one
will be in operation during LNG loading and the other on stand-by. These pumps are
connected in parallel, located outside the LNG tank and will be connected by pipe to
the tank to allow discharge at a maximum pressure of 16 bar, which is the maximum
working pressure of the LNG tank of the straddle carriers. The pumps will be
supported on the ground by a bench.

For the calculation of the pump flow we considered the scenario of higher flow
demand, simultaneous refueling of two straddle carriers with the machines' LNG tank
empty and a recharge time of 5 min.
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Considering that the LNG tank of the straddle carriers has a maximum volume to fill
of 410 |, the required flow would be Q = 410 Ix 2/5 min = 164 |/min.

For the calculation of the pump head, the following data was considered:

- The tank of the straddle Carrier is located 0.5 m above the ground.

- The maximum pressure of the LNG tank of the straddle Carrier is 16 bar.
- The minimum pressure in the suction of LNG pumps is around 0.2 bar.

With this data the approximate maximum differential pressure required of the pumps
would be AP = 16-0.2 = 15.8 bar. If we estimate the pressure drop of 10%, AP =
17.38 bar, equivalent to AH = 393.7 m considering an LNG density of 450 kg/m?3)

The preliminary technical characteristics of the pumps are listed below:
-Q =164 1 / min.
-AP = 17.38 bar.
-AH = 393.7 m
The pumps will comply with the regulations indicated below:
e UNE-EN ISO 24490 Cryogenic vessels. Pumps for cryogenic use.

e Machinery Directive 2006/42/CE: Essential Health and Safety Requirements
related to the Design and construction of machines.

e ATEX Directive 2014/34/UE: Equipment and protection systems intended for
use in potentially explosive atmospheres.

Figure 6: Best LNG pump of the fixed LNG supply station

3. LNG pipes

To conduct the LNG, simple 316L stainless steel pipe of the diameter and thickness
required to fulfill the plant's mission will be installed. The vent pipes will also be made
of this material. If necessary, in some sections it will be thermally insulated by means
of a polyurethane shell for cryogenic applications and exterior aluminum.

The pipes will be duly protected against the corrosion of the marine environment
when necessary, either by means of surface protection systems, insulation or similar.
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The pipes will comply with the following regulations:

e UNE-EN 13645 Installations and equipment for liquefied natural gas. Design
of land facilities with storage capacity ranging from 5t to 200 t

e UNE-EN13480 Industrial metal pipes. Parts 1,2,3,4 and 5 (Generalities,
materials, design and calculation, manufacture and installation, inspection and
tests.

4. Electrical panel, control system and instrumentation

The fixed LNG supply station will have the necessary means for a correct
automatically operation. The system will consist of a main panel and different boxes,
according to the needs of the project. The main panel will be arranged in a control
room in a protected area.

The system will be based on a PLC or similar with a touch screen and control interface.
All the cards and electrical elements necessary to be able to control and monitor the
processes in a totally autonomous way will be installed inside the panel.

Emergency push buttons for the station shutdown will be placed next to the pumps
and in the LNG dispenser.

The system will comply with the following regulations:

e UNE-EN 13645 Installations and equipment for liquefied natural gas. Design
of land facilities with storage capacity ranging from 5t to 200 t

e UNE-60210 Satellite liquefied natural gas plants.

e RD482/2002 Low voltage electrotechnical regulation.
e IEC 60079 Explosive atmospheres.

e IEC 60204-1

e The electrical panel will comply with RD482/2002 Low Voltage
Electrotechnical Regulations.

For the balance of electric potentials, all metallic structures will be electrically
connected to a common ground in accordance with the IEC 60204-1 Standard.

All power and control cables shall comply with IEC 60079.

Methane detectors will be installed above the sites where gas leaks are most likely
to occur. At least one methane detector will be installed in the LNG refueling area,
under the roof that covers the LNG dispenser. An adequate number of detectors will
be installed in the interior area of the retention container where the LNG supply
station equipment is located to cover all possible sources of gas leaks.

Properly located flame detectors will be installed to cover in the LNG supply station
all places where there may be a risk of ignition.

Low temperature detectors will be installed at the base of the LNG storage tank.

Properly located manual ESD devices will be installed throughout the LNG filling
station in locations where the operator can safely access it. A manual ESD device will
be located near each LNG supply point and adjacent to all exit points from the LNG
filling station.
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The locations of manual ESD devices will be clearly marked.

An emergency power supply will be installed to power the flame and methane
detection systems without interruption.

The service station will have an automatic ESD emergency stop system that can be
part of the installation's control system.

The ESD system shall be designed in accordance with IEC 61508 and IEC 61511
standards. All system components shall be designed with a failsafe safety mode in
the event of power failure or equipment failure.

The ESD system will be activated by:

- Gas detectors; the standard value of the set point for a high methane
concentration is detected at 40% of the LEL; an alarm will be activated at
20% of the LEL.

- Flame detectors.
- Low temperature detectors; the standard value of the set point is -75 ©C.

- Failure of the main power supply, the instrument power supply or the air /
nitrogen supply.

- Manual activation of any ESD push button.
5. Containment basin and civil works

The LNG tank, the LNG pumps and pipes will be located inside a concrete containment
basin with a minimum net volume of the geometric capacity of the tank.

The containment basin walls must be at least 1.5 m from any side or front surface of
the tank. The containment basin will be in accordance with the LNG plant regulation
UNE 60.210 2018.

The table below indicates the dimensions of the containment basin for each of the
scenarios analyzed based on the capacity of the LNG storage tank:

Scenario No | Propesetl | \\Gank | comonosee | dimensions of
capacity | dimensions | pagin capacity the
LNG tank | P XH (™ (m3) O basin
(m3) Lx W x H (m)
1.5 SC 20 3x2.8 21.60 6x6x0.6
transformed
2.10 SC 40 3x5.7 41.40 6x6x1.15
transformed
3. 20 SC 70 3.5x7.3 71.83 6.5x6.5x1.70
transformed

Table 17: Best LNG tanks containment basin sizes of the fixed LNG supply station
for the scenarios analyzed
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The civil work includes the preparation of the area for the placement of the equipment
and the construction of the containment basin and the control room to place the
electrical panel and the control system from which the installation will be powered.
The control room will be located at least 6 m from the outer shell of the tank and its
dimensions will be adequate to locate inside the power and control panel and the
auxiliary panels of the plant.

The dispenser will be located outside the tank at least 4 m from the outer shell of the
tank and will have a protection roof.

As it is an area close to the sea, the cements and other materials will have special
characteristics.

A grounding net will be installed in the station to which all the equipment will be
connected, those located inside the containment basin and the rest of the equipment
located outside, the electrical and control equipment located in the control room.

Slabs will be made for the positioning of the pumps located inside the containment
basin and the foundation for the LNG storage tank.

The containment basin will be fenced with a minimum height of 2 m and 2 entrances
to the interior of the basin with stairs and doors will be installed.

6. LNG dispenser and payment system

The LNG dispenser will have 2 LNG refueling lines so that two straddle carriers can
be supplied simultaneously. The maximum pressure in each supply nozzle will be 16
bar and the nominal flow rate in each refueling line 82 | / min, then the dispenser will
be able to deliver a total flow of 164 | / min. The dispenser will have a roof that will
cover the dispenser and will be located outside the containment basin at a minimum
distance of 4 m from the outer shell of the LNG tank.

Each refueling line will have the following equipment:

- Nozzle for LNG refueling with vapor return / recovery.

- Flexible cryogenic hose with 316 stainless steel corrugated and 304L
stainless steel outer mesh, 3.5 m in length, DN25 nominal diameter, 25 bar
operating pressure and swivel female unions, for the refueling of LNG with
return / recovery steam.

- Housing or attachment device for the nozzle when the refueling hose is not
in use.

- Uncoupling device, break away.

- Manual shut-off valves.

- Excess flow valve.

- Automatic shut-off valve.

- Non-return valve.

- Coriolis mass flow meter.

- Temperature and pressure probes and transmitters.

- Electronic calculator that can communicate with the payment terminal.

- Display with indication of quantity, price, etc.
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- Start / stop switch.

- Emergency push button.

- Payment system.

- Pipes and control valves including thermal and overpressure safety valves.

- Electrical and pneumatic power supply.

- Envelope.

- Deadman button or handle (or similar manually operated element) so that
refueling begins and continues only when this button or handle is manually
operated continuously or intermittently with short intervals of maximum 60
seconds.

The type of nozzle to connect to the LNG tank of the straddle Carrier will be LNG RC
ECE R110 coupling according to ISO 12617.

The refueling hose shall comply with ISO 21012, must be suitable for LNG and service
pressure, be resistant to corrosion and mechanical deterioration, protected by a
braided stainless-steel wire or an equivalent design.

The design and installation of the hose must include provisions to allow the liquid
accumulated in the refueling hose after refueling and the corresponding vapor to
return to the LNG storage tank. It will also allow the recovery of the overpressure
gas in the tank of the straddle carrier.

7. Firefighting installation
Suitable sized dry powder extinguishers shall be available at the facility.

There should be at least one dry powder extinguisher near the dispenser. A 12 kg
portable dry powder extinguisher will be installed in this area.

Dry powder wheeled extinguishers shall be installed in the LNG tank area in
proportion to 10 kg of dry powder per 1000 kg of LNG to be placed and distributed
in easily accessible places.

The following table indicates the extinguishers to be installed in the LNG tank area
for each of the scenarios depending on the capacity of the LNG tank:

Scenario No. | Proposed | Kg of Minimum Number of fire
nominal LNG kg of dry extinguishers and
capacity powder capacity
of the required
LNG tank

(m?3)

1.5 SC 20 9,000 90 2 extinguishers of 50 kg

transformed

2.10 SC 40 18,000 180 4 extinguishers of 50 kg

transformed

3. 20 SCs 70 31,500 315 6 extinguishers of 50 kg and

transformed 1 of 25 kg.
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Table 18: Best number of fire extinguishers and capacity for the fixed LNG supply
station considering the scenarios analyzed
A portable CO:2 extinguisher will be installed in the control room where the electrical
panel and control system are located.

8. Other
The station will have a water supply point equipped with a hose with a reel.

For the illumination of the entire enclosure of the installation, explosion-proof
luminaires will be used.

A line is installed that starts from each equipment that leads all the vents that may
occur in the different elements that form the installation to a common collector, so
that possible gas leaks in each equipment are avoided, leading to the highest point
of the installation.

The end of the vent collector is arranged in such a way that no water can be
introduced into it.

5.1.2.2 Cost of the fixed station for each scenario

The following table indicates the cost of each supply station for each of the scenarios
based on the capacity of the LNG tank. To this cost the maintenance cost of the fixed
station for 10 years shall be added. The cost of maintenance is 10,500 €/ year. The
maintenance cost includes three maintenance visits per year to the terminal (1,100
€/visit) and a monthly cost of 600 € to consider 24 hours attention for incidences.
The cost of all wear parts required is included.

Scenario No. LNG tank | Fixed Station | Fixed station Fixed
capacity Cost maintenance | Station Cost
3 cost for 10 including
(m*) (€) years (€) maintenance
for 10 years
(€)
1.5SC 20 465,000 105,000 570,000
transformed
2.10 SC 40 490,000 105,000 595,000
transformed
3. 20 SC 70 550,000 105,000 655,000
transformed

Table 19: Best cost of the fixed supply station for each of the scenarios
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The LNG logistics costs are then calculated to refill the LNG tanks of the fixed station
for each scenario over 10 years that would have to be added to the cost of the fixed
LNG station. It is considered that one tank refilling operation is performed a week.
Then 52 operations would be carried out per year and for 10 years, 520 operations
would be carried out.

In the table below it is indicated the amount of LNG to be delivered each week. As
the tanker truck with which the LNG supply would be made would have a maximum
filling volume of 45 m3, for the LNG tank of 70 m?3 it would be required to unload two
LNG tanker trucks so the tanker truck once unloaded would have to return to the
regasification plant to refill LNG to perform a second discharge into the LNG tank to
complete the 64.96 m3. Therefore, for this case it would be necessary to consider
twice the kilometers of displacement and an additional 1.5 h to consider the travel
time of the round trip of the tanker truck to the place of supply and the time of
loading at the regasification plant.

For the calculation of the time required of the unloading assistance technician for
each of the analyzed scenarios, it has been considered that the pump of the tanker
truck with which the discharge is carried out has a nominal flow of 36 m3/h. The filling
time for each scenario is indicated in the following table:

Scenario No. LNG tank LNg suppll(y LNG supply time
capacity m3/wee (h)
(m?3)
1.5SC 20 16.22 16.22/36=0.45
transformed
2.10 SC 40 32.48 32.48/36 =0.9
transformed
3. 20 SC 70 64.96 64.96 /36= 1.8
transformed

Table 20: Best filling time of the fixed supply station LNG tank for the scenarios
analyzed

The following table shows the breakdown of unit costs for each refilling operation
with the tanker truck, as well as the cost of each operation for the three LNG storage
tanks of the fixed stations of 20 m3, 40 m3 and 70 m3.
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COSTS PER REFILLING OPERATION WITH A TANKER TRUCK

Type of Unit costs Costs per Costs per Costs per
cost operation operation operation
20 m3 LNG 40 m3 LNG 70 m3 LNG

tank tank tank

Tanker 500 €/day 1 day x 500 1 day x 500 | 1 day x 500
truck rent (15,000 €/day = 500 € €/day = 500 € €/day = 500 €

€/month)
Technical 165 €/h (0.45 +1.5) x | (0.9+1.5) x 165 | (1.84+3) x 165
assistant (3,960 €/day 165 €/h = €/h = 396 € €/h =792 €
24h) 321.75 €

Logistics 1.95€/ km | 106 km x 1.95| 106 km x 1.95| 212 km x 1.95
of €/km = 206.7 | €/km =206.7 €. | €/m =413.4€
displacement | €.

(round trip). The minimum

. . The minimum
Minimum of 3_00€ is of 300€ is
300 €. considered. .
considered.
TOTAL 1,121.75 € 1,196 € 1,705.4 €

COSsT

Table 21: Best costs per refilling operation of the LNG tank of the fixed supply
station for the scenarios analyzed

The table below shows the operating costs for each of the three scenarios analyzed,
as well as the total cost of the operations in 10 years.

Scenario No. Cost per No Total costs of

operation operations | operations in

(€) in 10 years | 10 years (€)
1.Supply to 5 SC 1,121.75 520 583,310
2.Supply to 10 SC 1,196 520 621,920
3.Supply to 20 SC 1,705.4 520 886,808

Table 22: Best total costs in 10 years for the refilling operations of the LNG tank of
the fixed supply station for the scenarios analyzed
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The table below indicates the total cost of the logistics solution with the fixed station:

. . Total costs of
Scenario No | GNL tank | Fixed station | " ogying | Total cost
capacty in c‘;zztl n operations of | ©f fixed
(m?3) maintenal?ce the LNG tank station
in 10 years solution
for 10 years €
(€) (€)
(€)
1.5 SC 20 570,000 583,310 1,153,310
transformed
2.10 SC 40 595,000 621,920 1,216,920
transformed
3. 20 SC 70 655,000 886,808 1,541,808
transformed

Table 23: Best total cost of the logistics solution with the fixed station for the

scenarios analyzed

5.1.3 Conclusions and definition of the LNG supply solution

The table below shows the costs of the logistics solution with mobile supply station
and the costs with a fixed supply station considering a supply period of 10 years.

Scenario No Total costs of Total costs for | Total cost with
mobile supply mobile supply fixed supply
station for rent station for station for the
option in 10 purchase operations in
years option in 10 10 years
(€) years (€) (€)
1.Supply to 5 SC 1,931,400 771,400 1,153,310
2.Supply to 10 SC 1,997,100 837,100 1,216,920
3.Supply to 20 SC 2,194,200 1,034,200 1,541,808

Table 24: Best costs of the logistics solution with mobile supply station and the
costs with a fixed supply station considering a supply period of 10 years for the
scenarios analyzed
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T

From the above it is concluded that the total cost of operations with a mobile supply
station with the purchase option in 10 years is lower than the cost of logistics of the
rent option of a mobile supply station and the cost of a fixed supply station, so
between these three solutions the optimal supply solution would the purchase of a
mobile supply station to be installed in the terminal.

The supply station shall be located in an area that does not interfere with the normal
operation of the terminal.

The pre-selected point for the supply installation at the Best terminal is as follows:

Figure 7: Pre-selected point for the supply installation at the Best terminal
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5.2 Supply solution for APMT terminal

For the analysis of the supply solution, the logistics costs of LNG with a mobile supply
station for 10 years will be again analyzed, compared to the cost of the fixed LNG
storage station.

5.2.1 Cost analysis of the solution with mobile supply
station

The mobile service station that would be used to supply LNG to the gas-converted
machines would have the same technical characteristics as the one used to supply
LNG to the APMT converted machine in the pilot tests, whose main technical
characteristics have been indicated in section 3 above.

The mobile supply station will be left fixed in the terminal and the only movements
will be the displacements to the regasification plant for the refilling with LNG. The
mobile supply station has a maximum filling volume of 46 m3.

Two options are analyzed for this case supply station rent and supply station
purchase.

The LNG logistics costs are calculated to refill the LNG tank of the mobile supply
station for each scenario over 10 years and will be added to the cost of the mobile
supply station rent or purchase. In the supply station purchase option maintenance
cost of the supply station shall be added.

The costs per refilling operation of the mobile supply station are the costs indicated
in table 13.

With APMT converted straddle carriers LNG consumptions indicated in table 8 and the
maximum volume of 46 m3 of the LNG tank of the mobile supply station the number
of refilling operations of the mobile supply station in 10 years for each scenario are
calculated.

To the logistic cost of the refilling operations for the option of supply station rent the
cost of the mobile supply station rent will be added. The mobile supply station rent
is 15,000 €/ month. For 10 years the mobile station rent cost is 1,800,000 €.

In the supply station purchase option to the logistic cost of the supply station refilling
operations will be added the cost of purchase of the supply station which is 535,000
€ and the cost of maintenance which is 10,500 €/ year. The maintenance cost
includes three maintenance visits per year to the terminal (1,100 €/visit) and a
monthly cost of 600 € to consider 24 hours attention for incidences. The cost of all
wear parts required is included. For 10 years the costs of supply station purchase
option are 640,000 € including the maintenance.

Page 41 Status: Final Version: 2 Date: 28/12/2021



CORE LNGas

hive

EPM3-LNG STRADDLE CARRIERS

D 3.1 - LNG supply logistics study

The table below shows the total costs of the mobile supply station solutions in 10
years for the scenarios analyzed:

Scenario N° N° of N° of Cost of Total costs Total costs
refilling refilling refilling of mobile for mobile
operations | operations | operations supply supply
per month in 10 in 10 station for station for
years years rent option purchase
(€) in 10 years | optionin 10
(€) years (€)
1.5 SC 3 360 197,100 1,997,100 837,100
transformed
2.10 SC 5 600 328,500 2,128,500 928,500
transformed
3. 20 SC 10 1,200 657,000 2,457,000 1,297,000
transformed

Table 25: APMT costs of the mobile supply station solutions in 10 years for the
scenarios analyzed
Due to the high cost of the mobile supply station rent in 10 years (1,800,000 €) the
alternative option of purchase it is selected between the two options which has a
much lower cost in 10 years (640,000 €).

5.2.2 Cost analysis of the fixed LNG station solution

5.2.2.1 Description of the main equipment of the fixed LNG
supply station

Below are described the main equipment of the fixed LNG supply station.

1. LNG storage tank

The supply station would have an LNG storage tank. The fixed station LNG tank is
sized so that the tank only needs to be refilled once a week. Each machine consumes
93.16 | of LNG / h and works 8 hours a day, so each machine consumes 93.16 x 8 =
745.28 | per day.

In the below table, the amount of LNG required daily and weekly for all the
transformed machines of the terminal, the required capacity of the tank and the
estimation of its dimensions are calculated for each of the analyzed scenarios.
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Proposed
LNG supply LNG supply nominal Estimated
Scenario N° m3/day m3/week capacity of dimensions

the LNG D x H (m)
tank (m3)

1.5 SC 3.73 26.11 30 3x4.24

transformed

2.10 SC 7.45 52.15 60 3 x 8.49

transformed

3. 20 SC 14.91 104.37 115 3.80 x 10.14

transformed

Table 26: APMT capacity and dimensions of the LNG tank of the fixed supply station
for the scenarios analyzed

The LNG tank would be a vertical cryogenic double walled tank with vacuum perlite
insulation, the inner tank made of austenitic stainless steel and the outer one of
carbon steel, protected with a special anti-corrosion surface finish for weathering.
The chamber between the two concentric tanks is filled with perlite and a vacuum is
created in the chamber (<5 * 10-2 mbar), constituting the thermal insulation of the
tank.

The maximum working pressure is 9 bar and the design temperature range is -196
o°C/ + 50 ocC.

The tank would have CE marking and would be designed and manufactured in
accordance with the European Directive 2014/68 / EU, UNE-EN 13458 "Cryogenic
vessels, design, manufacture, inspection and testing”, PED (97 / 23EC) (Pressure
Vessels Directive).

The tank is equipped with the following monitoring instrumentation:
¢ Level indicator and level transmitter.
e Pressure gauge and pressure transmitter.

The inner tank is equipped with the following connections with their corresponding
isolation valves:

e Filling connection.
e Qutlet connection to consumption.
e Connection for safety valves, three-way valve and redundant safety valves.
e Connection for overflow.
e Connections for instrumentation.
The external tank is equipped with the following connections:
e Connection for vacuum measuring device.

e Vacuum intake.
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e Safety device.
The tank incorporates the following equipment:
¢ Venting with flame arresters.
e Sensor for vacuum measurement.
e Pressure regulating valves.

e Atmospheric pressure elevator (PPR). It is an atmospheric exchanger
installed to increase the tank pressure if necessary. This serves to improve
the NPSH of the pump and facilitate the discharge of the tank.

Figure 8: APMT LNG tank of the fixed supply station

2. LNG transfer pumps

For the transfer of LNG, two horizontal centrifugal cryogenic pumps are considered,
each driven by an electric motor, both having 100% capacity, which will operate
alternately, one in operation during LNG loading and the other on stand-by. These
pumps will be connected in parallel, located outside the LNG tank and will be
connected by pipe to the tank to allow discharge at a maximum pressure of 16 bar,
which is the maximum working pressure of the LNG tank of the straddle carriers. The
pumps will be supported on the ground by a bench.
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For the calculation of the pump flow we considered the scenario of higher flow
demand, simultaneous refueling of two straddle carriers with the machines' LNG
tanks empty and with a recharge time of 5 min.

Considering that the two LNG tanks of the straddle carriers have a maximum volume
to fill of 820 | considering the two tanks, the required flow would be Q = 820 Ix 2/5
min = 328 I/min.

For the calculation of the pump head, the following data was considered:
- The tanks of the straddle Carrier are located 0.5 m above the ground.
- The maximum pressure of the LNG tanks of the straddle Carrier is 16 bar.

- The minimum pressure in the suction of LNG pumps is around 0.2 bar.

With this data the approximate maximum differential pressure required of the pumps
would be AP = 16-0.2 = 15.8 bar. If we consider an estimated pressure drop of 10%,
AP = 17.38 bar, equivalent to AH = 393.7 m considering an LNG density of 450
kg/m?3)

The preliminary technical characteristics of the pumps are listed below:

-Q = 328 I/min.
-AP = 17.38 bar.
-AH = 393.7 m

The pumps will comply with the regulations indicated below:
e UNE-EN ISO 24490 Cryogenic vessels. Pumps for cryogenic use.

e Machinery Directive 2006/42/CE: Essential Health and Safety Requirements
related to the Desigh and construction of machines.

e ATEX Directive 2014/34/UE: Equipment and protection systems intended for
use in potentially explosive atmospheres.

Figure 9: APMT LNG pump of the fixed supply station
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3. LNG pipes

To conduct the LNG, simple 316L stainless steel pipe of the diameter and thickness
required to fulfill the plant's mission will be installed. The vent pipes will also be made
of this material. If necessary, in some sections it will be thermally insulated by means
of a polyurethane shell for cryogenic applications and exterior aluminum.

The pipes will be duly protected against the corrosion of the marine environment
when necessary, either by means of surface protection systems, insulation or similar.

The pipes will comply with the following regulations:

e UNE-EN 13645 Installations and equipment for liquefied natural gas. Design
of land facilities with storage capacity ranging from 5t to 200 t

e UNE-EN13480 Industrial metal pipes. Parts 1,2,3,4 and 5 (Generalities,
materials, design and calculation, manufacture and installation, inspection and
tests.

4. Electrical panel, control system and instrumentation

The fixed LNG supply station will have the necessary means for a correct
automatically operation. The system will consist of a main panel and different boxes,
according to the needs of the project. The main panel will be arranged in a control
room in a protected area.

The system will be based on a PLC or similar with a touch screen and control interface.
All the cards and electrical elements necessary to be able to control and monitor the
processes in a totally autonomous way will be installed inside the panel.

Emergency push buttons for the station shutdown will be placed next to the pumps
and in the LNG dispenser.

The system will comply with the following regulations:

e UNE-EN 13645 Installations and equipment for liquefied natural gas. Design
of land facilities with storage capacity ranging from 5t to 200 t

e UNE-60210 Satellite liquefied natural gas plants.

e RD482/2002 Low voltage electrotechnical regulation.
e IEC 60079 Explosive atmospheres.

e IEC 60204-1

e The electrical panel will comply with RD482/2002 Low Voltage
Electrotechnical Regulations.

For the balance of electric potential, all metallic structures will be electrically
connected to a common ground in accordance with the IEC 60204-1 Standard.

All power and control cables shall comply with IEC 60079.

Methane detectors will be installed above the sites where gas leaks are most likely
to occur. At least one methane detector will be installed in the LNG refueling area,
under the roof that covers the LNG dispenser. An adequate number of detectors will
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be installed in the interior area of the retention container where the LNG supply
station equipment is located to cover all possible sources of gas leaks.

Properly located flame detectors will be installed to cover in the LNG supply station
all places where there may be a risk of ignition.

Low temperature detectors will be installed at the base of the LNG storage tank.

Properly located manual ESD devices will be installed throughout the LNG filling
station in locations where the operator can safely access it. A manual ESD device will
be located near each LNG supply point and adjacent to all exit points from the LNG
filling station.

The locations of manual ESD devices will be clearly marked.

An emergency power supply will be installed to power the flame and methane
detection systems without interruption.

The service station will have an automatic ESD emergency stop system that can be
part of the installation's control system.

The ESD system shall be designed in accordance with IEC 61508 and IEC 61511
standards. All system components shall be designed with a failsafe safety mode in
the event of power failure or equipment failure.

The ESD system will be activated by:

- Gas detectors; the standard value of the set point for a high methane
concentration is detected at 40% of the LEL; an alarm will be activated at
20% of the LEL.

- Flame detectors.
- Low temperature detectors; the standard value of the set point is -75 ©C.

- Failure of the main power supply, the instrument power supply or the air /
nitrogen supply.

- Manual activation of any ESD push button.

5. Containment basin and civil works

The LNG tank, the LNG pumps and pipes will be located inside a concrete containment
basin with a minimum net volume of the geometric capacity of the tank.

The containment basin walls must be at least 1.5 m from any side or front surface of
the tank. The containment basin will be in accordance with the LNG plant regulation
UNE 60.210 2018.

The table below indicates the dimensions of the containment basin for each of the
scenarios analyzed based on the capacity of the LNG storage tank:
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Proposed . Proposed _Estimated
nominal Estimated LNG | cgntainment | dimensions of
Scenario N° | capacity of | tank dimensions basin t!\e
the LNG tank D x H (m) capacity containment
(m3) (m3) basin
LxWxH (m)
1.5SC 30 3x4.24 30.6 6 x 6 x 0.85
transformed
2.10SC 60 3x8.49 61.2 6x6x1.7
transformed
3.20SC 115 3.80 x10.14 11.6 6.8 X 6.8 2.5
transformed

Table 27: APMT LNG tanks containment basin sizes of the fixed LNG supply station
for the scenarios analyzed

The civil work includes the preparation of the area for the placement of the equipment
and the construction of the containment basin and the control room to place the
electrical panel and the control system from which the installation will be powered.
The control room will be located at least 6 m from the outer shell of the tank and its
dimensions will be adequate to locate inside the power and control panel and the
auxiliary panels of the plant.

The dispenser will be located outside the tank at least 4 m from the outer shell of the
tank and will have a protection roof.

As it is an area close to the sea, the cements and other materials will have special
characteristics.

A grounding net will be installed in the station to which all the equipment will be
connected, those located inside the containment basin and the rest of the equipment
located outside, the electrical and control equipment located in the control room.

Slabs will be made for the positioning of the pumps located inside the containment
basin and the foundation for the LNG storage tank.

The containment basin will be fenced with a minimum height of 2 m and 2 entrances
to the interior of the basin with stairs and doors will be installed.

6. LNG dispenser and payment system

The LNG dispenser will have 2 LNG refueling lines so that two straddle carriers can
be supplied simultaneously. The maximum pressure in each supply nozzle will be 16
bar and the nominal flow rate in each refueling line 164 I/min, then the dispenser will
be able to deliver a total flow of 328 I/min. The dispenser will have a roof that will
cover the dispenser and will be located outside the containment basin at a minimum
distance of 4 m from the outer shell of the LNG tank.
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Each refueling line will have the following equipment:

- Nozzle for LNG refueling with vapor return / recovery.

- Flexible cryogenic hose with 316 stainless steel corrugated and 304L
stainless steel outer mesh, 3.5 m in length, DN25 nominal diameter, 25 bar
operating pressure and swivel female unions, for the refueling of LNG with
return / recovery steam.

- Housing or attachment device for the nozzle when the refueling hose is not
in use.

- Uncoupling device, break away.

- Manual shut-off valves.

- Excess flow valve.

- Automatic shut-off valve.

- Non-return valve.

- Coriolis mass flow meter.

- Temperature and pressure probes and transmitters.

- Electronic calculator that can communicate with the payment terminal.

- Display with indication of quantity, price, etc.

- Start / stop switch.

- Emergency push button.

- Payment system.

- Pipes and control valves including thermal and overpressure safety valves.

- Electrical and pneumatic power supply.

- Envelope.

- Deadman button or handle (or similar manually operated element) so that
refueling begins and continues only when this button or handle is manually
operated continuously or intermittently with short intervals of maximum 60
seconds.

The type of nozzle to connect to the LNG tank of the straddle Carrier will be LNG RC
ECE R110 coupling according to ISO 12617.

The refueling hose shall comply with ISO 21012, must be suitable for LNG and service
pressure, be resistant to corrosion and mechanical deterioration, protected by a
braided stainless-steel wire or an equivalent design.

The design and installation of the hose must include provisions to allow the liquid
accumulated in the refueling hose after refueling and the corresponding vapor to
return to the LNG storage tank. It will also allow the recovery of the overpressure
gas in the tank of the straddle carrier.

7. Firefighting installation
Suitable sized dry powder extinguishers shall be available at the facility.

There should be at least one dry powder extinguisher near the dispenser. A 12 kg
portable dry powder extinguisher will be installed in this area.

Dry powder wheeled extinguishers shall be installed in the LNG tank area in
proportion to 10 kg of dry powder per 1000 kg of LNG to be placed and distributed
in easily accessible places.
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The following table indicates the extinguishers to be installed in the LNG tank area
for each of the scenarios depending on the capacity of the LNG tank:

Scenario No. Proposed Kg of Minimum Number of fire
nominal LNG kg of dry extinguishers and
capacity powder capacity

of the LNG required
tank
(m?)

1.5 SC 30 13,500 135 3 extinguishers of 50 kg

transformed

2.10 SC 60 27,000 270 5 extinguishers of 50 kg

transformed and 1 of 25 kg

3. 20 SC 115 51,750 517,5 10 extinguishers of 50

transformed kg and 1 of 25 kg.

Table 28: APMT number of fire extinguishers and capacity for the fixed LNG supply
station considering the scenarios analyzed

A portable CO:2 extinguisher will be installed in the control room where the electrical
panel and control system are located.

8. Other
The station will have a water supply point equipped with a hose with a reel.

For the illumination of the entire enclosure of the installation, explosion-proof
luminaires will be used.

A line is installed that starts from each equipment that leads all the vents that may
occur in the different elements that form the installation to a common collector, so
that possible gas leaks in each equipment are avoided, leading to the highest point
of the installation.

The end of the vent collector is arranged in such a way that no water can be
introduced into it.

5.2.2.2 Cost of the fixed station for each scenario

The following table indicates the cost of each supply station for each of the scenarios
based on the capacity of the LNG tank. To this cost the maintenance cost of the fixed
station for 10 years shall be added. The cost of maintenance is 10,500 €/ year. The
maintenance cost includes three maintenance visits per year to the terminal (1,100
€/visit) and a monthly cost of 600 € to consider 24 hours attention for incidences.
The cost of all wear parts required is included.
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Scenario No. LNG tank | Fixed Station | Fixed station Fixed
capacity Cost maintenance | Station Cost
3 cost for 10 including
(m*) (€) years (€) maintenance
for 10 years
©)
1.5 SC 30 475,000 105,000 580,000
transformed
2.10 SC 60 535,000 105,000 640,000
transformed
3. 20 SC 115 630,000 105,000 735,000
transformed

Table 29: APMT cost of the fixed supply station for each of the scenarios

The LNG logistics costs are then calculated to refill the LNG tanks of the fixed station
of each scenario for 10 years that would have to be added to the cost of the fixed
LNG station. It is considered that one tank refilling operation is performed a week.
Then 52 operations would be carried out per year and in 10 years 520 operations
would thus be carried out.

In the table below it is indicated the amount of LNG to be supplied weekly. As the
tanker truck with which the supply would be made have a maximum filling volume of
45 m3, for the LNG tank of 60 m?3, it would be required to unload two LNG tanker
trucks so the tanker truck once unloaded would have to return to the regasification
plant and refill with LNG to perform a second discharge into the LNG tank to complete
the required volume. Therefore, for this case it would be necessary to consider double
the kilometers of displacement and an additional 1.5 h for the travel time of the extra
round trip of the tanker truck to the place of supply and the time of loading at the
regasification plant.

For the 115 m?3 tank it would be required to unload three LNG tanker trucks so for
this case it would be necessary to consider three times the kilometers of displacement
and an additional 3 h to consider the time of the round trips of the tanker truck to
the place of supply and the loading times at the regasification plant.

For the calculation of the time required of the unloading assistance technician for
each of the analyzed scenarios, it has been considered that the pump of the tanker
truck with which the discharge is carried out has a nominal flow of 36 m3/h. The filling
time for each scenario is indicated in the following table:
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Scenario No. LNG tank ",':',f/f,;'::,'(" LNG supply time
capacity
(m3)

1.5SC 30 26.11 26.11/36=0.73
transformed
2.10 SC 60 52.15 52.15/36 =1.45
transformed
3. 20 SC 115 104.37 104.37 /36= 2.9
transformed

Table 30: APMT filling time of the fixed supply station LNG tank for the scenarios

analyzed

The following table shows the breakdown of unit costs for each refilling operation
with the tanker truck, as well as the cost of each operation for the three LNG storage
tanks of the fixed stations of 30 m3, 60 m3 and 115 m3.

COSTS PER REFILLING OPERATION WITH A TANKER TRUCK
Type of Unit costs Costs per Costs per Costs per
cost operation operation operation
30 m3 LNG 60 m3 LNG 115 m3 LNG
tank tank tank
Tanker 500 €/day 1 day x 500 | 1 day x 500 | 1 day x 500
truck rent €/day = 500 € | €/day =500 € | €/day = 500 €
(15,000
€/month)
Technical 165 €/h (0.73 +1.5) x | (1.45+3) x | (2.944.5) x
assistant 165 €/h = 165 €/h =|165 €/h =
(3,960 €/day 367.95 € 734.25 € 1,221 €
24h)
Logistics 1.95€/ km | 106 km x 1.95| 212 km x 1.95 | 318 km x 1.95
of €/ km = 206.7 | €/ km =413.4 | €/ km = 620.1
displacement | €. €. €
(rl(\)/llijrr:idn']tl,lr:'\lf])). The minimum | The minimum
of 300€ is of 300€ is
300 €. . .
considered. considered.
TOTAL 1,167.95 € 1,647.65 € 2,930.2 €
COST

Table 31: APMT costs per refilling operation of the LNG tank of the fixed supply
station for the scenarios analyzed
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The table below shows the operating costs for each of the three scenarios analyzed,
as well as the total cost of the operations in 10 years.

Scenario No. Cost per | N° operations | Total costs of
operation in 10 years operations in
(€) 10 years (€)
1.Supply to 5 SC 1,167.95 520 607,334
2.Supply to 10 SC 1,647.65 520 856,778
3.Supply to 20 SC 2,930.2 520 1,523,704

Table 32: APMT total costs in 10 years for the refilling operations of the LNG tank of
the fixed supply station for the scenarios analyzed

The following table shows the total cost of the logistics solution with the fixed station:

Scenario N° | GNL tank | Fixed station TOtalfFIf.Sts of Total cost
capacity cost renitiing ¢ fixed
includin operations of or Tixe
(m3) maintenalgce the LNG tank station
for 10 years in 10 years solution
©) (€) (€)
1.5SC 30 580,000 607,334 1,187,334
transformed
t2. 1ofsc ; 60 640,000 856,778 1,496,778
ransrorme
f- 2°f5C 4 115 735,000 1,523,704 2,258,704
ransrorme

Table 33: APMT total cost of the logistics solution with the fixed station for the
scenarios analyzed
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5.2.3 Conclusions and definition of the LNG supply solution

The table below shows the costs of the logistics solution with mobile supply station
and the costs with a fixed supply station considering a supply period of 10 years.

Scenario No

Total costs of
mobile supply

Total costs for
mobile supply

Total cost with
fixed supply

3.Supply to 20 SC

station for rent station for station for the
option in 10 purchase operations in
years option in 10 10 years
(€) years (€) (€)
1.Supply to 5 SC 1,997,100 837,100 1,187,334
2.Supply to 10 SC 2,128,500 928,500 1,496,778
2,457,000 1,297,000 2,258,704

Table 34: APMT costs of the logistics solution with mobile supply station and the
costs with a fixed supply station considering a supply period of 10 years for the
scenarios analyzed

From the above it is concluded that the total cost of operations with a mobile supply
station with the purchase option in 10 years is lower than the cost of logistics of the
rent option of a mobile supply station and the cost of a fixed supply station, so
between these three solutions the optimal supply solution would the purchase of a
mobile supply station to be installed in the terminal.

The supply station shall be located in an area that does not interfere with the normal
operation of the terminal.

The pre-selected point for the supply installation at the APMT terminal is as follows:
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Figure 10: Pre-selected point for the supply installation at the APMT terminal

6. Evaluation of the profitability of machines
transformation

Considering a 10-year business model and the costs of transforming BEST and APMT's
straddle carriers, the profitability of the machine transformation is then evaluated for
both of the terminals.

6.1 Evaluation of the profitability of the
transformation of the machines of the BEST terminal

In the following table the costs of the transformation of the machines for the Best
terminal is indicated for each of the three scenarios studied 5SC, 10SC and 20SC
transformed. It is considered that the cost of the transformation of the first machine

Page 55 Status: Final Version: 2 Date: 28/12/2021



CORE LNGas
hive

EPM3-LNG STRADDLE CA

RRIERS

D 3.1 - LNG supply logistics study

is 418,380 euros and the cost of the following machines transformations will be

400,680 euros.

Scenario N°

Cost of machines
transformation (€)

1. 5 SC transformed 2,021,100
2. 10 SC transformed 4,024,500
3. 20 SC transformed 8,031,300

Table 35: Best costs of the machines’ transformation for the scenarios analyzed

In the following table, the LNG total costs including logistics over 10 years for each
of the scenarios analyzed are shown. The LNG logistics costs considered are the costs
of the option of purchase a mobile supply station, which is the more economic

logistics solution.

Cost of LNG

Scenario N° consumed in 10
years excluding

logistics costs (€)

Total costs for Total cost of LNG

mobile supply
station for
purchase option in
10 years (€)

in 10 years
including
logistics (€)

1.5 SC 1,919,261.25 771,400 2,690,661.25
transformed

2.10 SC 3,838,522.5 837,100 4,675,622.5
transformed

3.20 sC 7,677,045 1,034,200 8,711,245
transformed

Table 36: Best LNG costs including logistics of the SCs in 10 years for the scenarios
analyzed

The following table shows the cost of transforming the machines, the total cost of
supplying diesel B, total cost of LNG supply including logistics costs with the option
of purchase a mobile supply station and the difference between the total diesel B

costs and total LNG costs in 10 years:
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Cost of Total cost Total cost Diesel B
. machines of diesel B of LNG in cost - LNG
Scenario N° . .
transformation | in 10 years 10 years cost
(€) (€) (€) (€)
1.5 SC 2,021,100 4,443,050 | 2,690,661.25| 1,752,388.75
transformed
2.10 SC 4,024,500 8,812,100 4,675,622.5 4,136,477.5
transformed
3. 20 SC 8,031,300 17,550,200 8,711,245 8,838,955
transformed

Table 37: Best fuel savings for the converted SCs in 10 years for the scenarios
analyzed

The total costs of diesel B in 10 years are for all scenarios higher than those of LNG.
In the scenario number 1 of 5 straddle carriers transformed in the terminal the fuel
savings using LNG do not cover the total costs of transforming the machines to gas
but the 86,7 % of the costs of the conversion are covered. In the other two scenarios
2 and 3 where 10 and 20 straddle carriers are converted to gas all the cost of the
machines’ conversion is covered and there are even savings.

6.2 Evaluation of the profitability of the
transformation of the machines of the APMT
terminal

In the following table, the costs of the transformation of the machines of the APMT
terminal is indicated for each of the three scenarios studied 5SC, 10SC and 20SC
transformed, considering that the cost of the transformation of the first machine is
1,067,022.12 euros and the cost of the following machines transformations will be
561,732.12 euros.

Scenario N° Cost of machines
transformation (€)
1. 5 SC transformed 3,313,950.6
2. 10 SC transformed 6,122,611.2
3. 20 SC transformed 11,739,932.4

Table 38: APMT costs of the machines’ transformation for the scenarios analyzed
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In the following table, the LNG total costs including logistics over 10 years for each
of the scenarios analyzed are shown. The LNG logistics costs considered are the costs
of the option of purchase a mobile supply station, which is the more economic

logistics solution.

Cost of LNG Total costs for Total cost of LNG
Scenario N° consumed in 10 mobile supply in 10 years
years excluding station for including
logistics costs (€) purchase option in logistics (€)
10 years (€)
1.5SC 3,492,119.25 837,100 4,329,219.25
transformed
2. 10 SC 6,974,876.25 928,500 7,903,376.25
transformed
3. 20 SC 13,959,114.75 1,297,000 15,256,114.75
transformed

Table 39: APMT LNG costs including logistics of the SCs in 10 years for the

scenarios analyzed

The following table shows the cost of transforming the machines, the total cost of
supplying diesel B, total cost of LNG supply including logistics costs with the option
of purchase a mobile supply station and the difference between the total diesel B
costs and total LNG costs in 10 years:

Cost of Total cost | Total cost of | Diesel B cost
- machines of diesel B | LNGin 10 - LNG cost
Scenario N° . N
transformation in 10 years
years (€)
(€) (€)
(€)

1.5 SC 3,313,950.6 7,553,288 4,329,219.25 3,224,068.75
transformed
2.10 SC 6,122,611.2 15,032,576 | 7,903,376.25 7,129,199.75
transformed
3. 20 SC 11,739.932.4 29,991,152 | 15,256,114.75 | 14,735,037.25
transformed

Table 40: APMT fuel savings for the converted SCs in 10 years for the scenarios
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The total costs of diesel B in 10 years are for all scenarios higher than those of LNG.
In the scenario number 1 of 5 straddle carriers transformed in the terminal the fuel
savings using LNG do not cover the total costs of transforming the machines to gas
but the 97,29 % of the costs of the conversion are covered. In the other two scenarios
2 and 3 where 10 and 20 straddle carriers are converted to gas all the cost of the
machines’ conversion is covered and there are even savings.

7. Conclusions

In both terminals, Best and APMT, the total logistics costs over a 10-year operating
period for the refilling operations of the straddle carriers with a mobile supply station
with the purchase option is lower than the cost of logistics of the rent option of a
mobile supply station and the cost of a fixed supply station, so between these three
options the optimal supply solution is the purchase of a mobile supply station to be
installed in the terminal.

The mobile supply station will be left fixed in the terminal and the only movements
will be the displacements to the regasification plant for the refilling with LNG. The
supply station shall be located in an area that does not interfere with the normal
operation of the terminal.

The total costs of diesel B in 10 years are for both terminals and all scenarios
considered higher than those of LNG. In the scenario number 1 of 5 straddle carriers
transformed for both terminals the fuel savings using LNG do not cover the total costs
of transforming the machines to gas but the 86,7 % of the costs of the conversion
are covered for Best terminal and the 97,29 % for APMT terminal. In the other two
scenarios 2 and 3 where 10 and 20 straddle carriers are converted to gas for both
terminals all the cost of the machines’ conversion is covered and there are even
savings.

Given the fluctuations that both fuels costs LNG and Diesel B are suffering, these fuel
savings could be reduced or increased in the 10-year period considered.

To encourage the transformation of the straddle carriers to gas, one measure would
be to subsidize the cost of the transformation due to the environmental benefits of
LNG with respect to Diesel B.
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INTRODUCCION

El presente documento constituye el Andlisis de Riesgo (en adelante AR) del proyecto de
pruebas piloto a realizar con dos Straddle Carrier (en adelante SC) propulsadas con Gas
Natural (en adelante GN) en las terminales de contenedores APM TERMINALS (TCB) y BEST,
en el Puerto de Barcelona. En cada terminal operara una SC propulsada por GN. Para estas
pruebas piloto se trasformara una SC, de cada una de las terminales, para que pueda funcionar
con GN, basicamente instalando en la SC un depdsito de Gas Natural Licuado (en adelante
GNL) y sustituyendo sus motores, o si fuese posible modificandolos, para que puedan

funcionar con GN.
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ALCANCE

a) Circulacion de una Estacién Mévil de carga de GNL (cisterna de GNL; en adelante EM)
por el interior de la Terminal de Contenedores hasta la ubicacién del punto de carga,
conexion, descarga y desconexion.

b) Operacion de repostaje de GNL a las SC.

c) Circulacion y Operaciones de las SC con depdsito de GNL por el interior de las

terminales.

OBJETIVO

El objetivo del presente andlisis es la identificacion de los peligros potenciales y problemas de
operatividad que puedan afectar a la seguridad, el medio ambiente y a la propiedad y a las
operaciones, derivados de las actividades realizadas con las SC durante la pruebas piloto del
proyecto; en concreto: la circulacién de una EM hasta el punto de carga, conexion, descarga y
desconexion, el repostaje de combustible (GNL) a las SC desde esa EM y la circulacién/
operaciones de las SC propulsadas con GN (una por terminal) en las terminales APM

TERMINALS (TCB) y BEST. Entre otros se consideran los siguientes aspectos:

a) Analisis del emplazamiento seleccionado para el estacionamiento de la cisterna de GNL
y de las SC.

b) Identificacion de riesgos asociados al proceso de carga de GNL en la SC y a la
operativa de la SC con GN.

c) Anadlisis de salvaguardas y medidas correctoras.

d) Propuesta de medidas adicionales para reducir el riesgo.

e) Planteamiento de hipotesis de accidente.

f) Calculo de los efectos que se derivan de los accidentes planteados.

g) Priorizacion de las medidas adicionales propuestas.

h) Resumen y conclusiones.

Los cuatro primeros aspectos fueron objeto del estudio What if?, el cual constituye el Anexo
Il de este AR.
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SEGURIDAD
VEDIO AMBIENT

1 Descripcion del proyecto

El estudio se enmarca en el proyecto Core LNGas hive, dentro del programa de reduccién de
combustibles contaminantes y su sustitucion por combustibles mas limpios, como el GN, de

esta forma se reduce la dependencia del petréleo y de emisiones al medio ambiente.

El interés mundial por el GNL se ha incrementado significativamente tanto del lado de
abastecimiento como del lado de su demanda. La limitada experiencia asociada a esta fuente
de energia ha creado muchas dudas y preocupaciones, particularmente sobre el potencial
impacto a la salud, seguridad y el medio ambiente, a pesar de que el historial de seguridad de
la industria de GNL, es excepcional y uno de los mejores, sino el mejor de todas las industrias

energéticas.

Los inversionistas, autoridades y el publico en general se enfrentan a un crecimiento mundial
de la industria del GNL que, aunque no es una industria nueva, es practicamente desconocida.
El desconocimiento de esta industria y regulaciones especiales que le aplican, crea temores y

percepciones erroneas de los peligros reales que presenta.

El proyecto consiste en el estudio del motor diésel de dos maquinas existentes fuera de
carretera, cada una operando en una de las dos terminales de contenedores del puerto (APM
TERMINALS (TCB) y terminal BEST), para ver la viabilidad de su sustitucion por un motor de

GNL, y la factibilidad de su homologacion.

El GNL se trasegara mediante un equipo dotado de todos los elementos necesarios para el
suministro del GNL en las condiciones requeridas por el sistema de combustible de la SC o

bien por diferencia de presion entre el tanque de suministro y los depdsitos de las SC.

Las condiciones de suministro del GNL cumpliran con las condiciones de trabajo especificadas

por el fabricante del motor y el de los depdsitos instalados en los SC:

* indice de metano igual o superior a: 75 (a confirmar segun especificaciones motor)
= Presion: 8 barg
= Temperatura: - 130°C

El volumen neto de los depdsitos de GNL sera de 0,5 m? (Escenario 1) o 1 m?® (Escenario 2)
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2 Identificacién y analisis del lugar de implantaciéon

2.1 Entorno

Los terminales de BEST y APM TERMINALS (TCB) a donde se transportaran las cisternas de
GNL, se presenta la ubicacién propuesta de la zona de suministro en cada terminal en el

Puerto de Barcelona. En las siguientes figuras se presenta la ubicacion de cada terminal.

Figura 1. Punto de repostaje en APM TERMINALS (TCB).
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Figura 2. Punto de repostaje en Terminal BEST.

Las coordenadas geograficas y UTM correspondientes a los puntos de repostaje de GNL, son
las siguientes:

Tabla 1, Coordenadas UTM de las terminales.

PROYECCION UTM (ETRS89 31N)
APM X 429.741Em
TERMINALS
(TCB) Y 4578.444 N m
X 428.538 Em
BEST
Y 4.573.450 N m
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2.2 Personal expuesto

De acuerdo con la ubicacion de los puntos de repostaje de GNL a las SC tanto en la terminal
de BEST como en APM TERMINALS (TCB), y debido al tipo de operacién que representa la
SC, tanto el operario encargado del repostaje de las SC con GNL, los operadores de la SC con
depdsito de GNL, como los demas operadores y personal de mantenimiento, podrian estar

expuestos a los efectos de radiacion contemplados en este estudio.

2.3 Condiciones meteoroldégicas

Para el calculo del alcance de las consecuencias de las hipétesis planteadas, es necesario
disponer de datos relativos a las variables meteorolégicas mas representativas de la zona de
estudio. Los datos meteoroldgicos utilizados en el presente AR han sido registrados por la
estacion meteorologica existente en la Fitxa Meteorologica de I'’Aeroport de Barcelona.

Los valores meteoroldgicos considerados son los siguientes:

Tabla 1. Valores meteorolégicos considerados

TEMPERATURA (°C) 16,2
HUMEDAD RELATIVA (%) 70
VELOCIDAD MEDIA (m/s) 3,5

Estabilidad D/5,1
ESTABILIDAD / VELOCIDAD VIENTO (m/s)

Estabilidad F/1,7

La estabilidad de clima D se presenta aproximadamente el 66% del tiempo, y la estabilidad F el

restante 33%, tomando como base un afio.
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3 Identificacién de peligros

La identificacion de peligros se realizé mediante un estudio What if...?. Esta técnica es un
método inductivo que utiliza informacion especifica de un proceso para generar una serie de
preguntas pertinentes durante el tiempo de vida de una instalacién. Consiste en definir
tendencias, formular preguntas, desarrollar respuestas y evaluarlas, incluyendo la mas amplia
gama de consecuencias posibles. No requiere métodos cuantitativos especiales o una

planeacion extensiva.

El método utiliza informacién especifica de un proceso como los diagramas de proceso y
diagramas de tuberias e instrumentacidn para generar una especie de preguntas de lista de
verificacion. Un equipo especial realiza una lista de planteamientos empleando preguntas ;Qué
pasa si?, las cuales son contestadas colectivamente por el grupo de trabajo resumidas en

forma tabular.

Esta técnica es ampliamente utilizada durante las etapas de disefio del proceso, asi como
durante el tiempo de vida o de operacién de una instalacion, asi como cuando se introducen

cambios al proceso o a los procedimientos de operacion.
El propdsito del método What If? tiene tres aspectos:

= |dentificar las condiciones y situaciones peligrosas posibles que pueden resultar de barreras

y controles inadecuados.
= |dentificar eventos que pudieran provocar accidentes mayores

= Recomendar las situaciones requeridas para iniciar el proceso de reducir el riesgo de una

instalacion asi como para mejorar la operabilidad de la misma.

Mediante la realizacion de un estudio What if...? Para el proyecto de abastecimiento de GNL a

los Straddle Carrier se contempla:

= Analisis de la ruta seguida por la cisterna hasta el punto de abastecimiento del Straddle
Carrier.
= Abastecimiento del Straddle Carrier con GNL.

= Operativa del Straddle Carrier en la campa.
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El estudio What if...?, (Revision 0) se realiz6 el 12 de Enero 2017, y se presenta en el Anexo Il

3.1 Peligrosidad intrinseca de la sustancia considerada.

De acuerdo con las tablas incluidas en el anexo | del RD 948/2005', la sustancia peligrosa

manejada en las terminales es GNL/ GN:

= ElI Gas Natural Licuado (GNL) y el gas natural (GN), se trata de una sustancia
especificamente nombrada en la Parte | del citado anexo | como “Gases licuados
extremadamente inflamables (incluidos GLP) y gas natural”.
El Gas Natural Licuado (GNL) esta compuesto fundamentalmente por metano, en una
proporcion usualmente superior al 90%. El resto es fundamentalmente etano, con
proporciones menores de propano, butano y nitrégeno. A efectos practicos, las propiedades

y caracteristicas de inflamabilidad del metano son aplicables.

A continuacién se resumen las caracteristicas de peligrosidad que la normativa vigente (R.D.
255/2003") establece para el GNL.

I Real Decreto 948/2005, de 29 de julio, por el que se modifica el Real Decreto 1254/1999, de 16 de julio, por el que
se aprueban medidas de control de los riesgos inherentes a los accidentes graves en los que intervengan sustancias
peligrosas

"' REAL DECRETO 255/2003, de 28 de febrero de 2003, por el que se aprueba el Reglamento sobre clasificacion,
envasado y etiquetado de preparados peligrosos. BOE n° 54 04/03/2003
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; Indicaciones o .
Sustancia de peligro Frases R Frase S  Caracteristicas del peligro
Gas Natural _ R12 S2 CARACTERISTICAS
?(i;;\lul.a)d/oG SSQ « Gas incoloro e inodoro.
as 16
Natural (GN) 333 Extremadamente Inflamal?le. '
* Gas mas ligero que el aire a temperatura ambiente. Se
comporta como gas pesado a las bajas temperaturas de
almacenamiento criogénico. El fuego puede iniciarse a
F+ cierta distancia de la fuga.
* Insoluble en agua. Flota, generando Vviolentas
explosiones fisicas derivas de la vaporizacién violenta del
producto sobre el medio acuoso.
» Evitar cargas electrostaticas, calor, fuego, chispas y
cualquier fuente de ignicion. En escapes puede acumular
carga electrostatica.
« Dafiino por inhalacién y contacto. En caso de inhalacién
se comporta como un gas asfixiante, pudiendo desplazar al
oxigeno. En caso de contacto en condiciones criogénicas
puede generar “quemaduras frias” por congelacion de la
piel.
* Incompatible con agentes oxidantes y halégenos.
« Se utiliza como combustible, en sintesis quimica, etc.
» Transporta por carretera como gas licuado a baja
temperatura. Se transporta por tuberia (gasoducto) como
gas comprimido a alta presion.
PROPIEDADES
* Limite inferior de inflamabilidad (LII) = 5% vol.
* Limite superior de inflamabilidad (LSI) = 15,4% vol.
* Calor de combustion = 11.954 kcal/kg
» Temperatura de auto igniciéon = 537°C
* Punto de ebullicién = -162°C
+ IPVS = 21.000 ppm (por proximidad al LII)
* Densidad relativa del liquido (agua=1) = 0,46
* Densidad relativa del gas a T ambiente (aire=1) = 0,55.
En condiciones criogénicas se comporta como gas pesado.
+ Soluble en etanol, acetona, benceno, tolueno.
ALMACENAMIENTO Y TRANSPORTE
» Almacenar en areas frias, secas, bien ventiladas,
alejadas de la radiacion solar y de fuentes de calor e
ignicion.
» Almacenar alejado de agentes oxidantes, halégenos.
» Almacenar en contenedores con valvula de seguridad.
TRASVASE
» Para evitar descargas eléctricas, contenedores vy
conducciones se conectaran entre si y a tierra.
* No utilizar aire comprimido para llenar, vaciar o manipular
el compuesto.
* No utilizar herramientas que puedan producir chispas.
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Gas Natural Licuado / Gas Natural.
R.D. 255/2003

Indicaciones

de peligro Frase S

Frases R

Gas Natural R12 S2
Licuado S9
(GNL) / Gas S16
Natural (GN) S33

Sustancia

F+

elnesa

Caracteristicas del peligro

* No llenar completamente los contenedores.

« CONTENEDORES: acero, acero inoxidable, aluminio,
hierro, cobre, bronce.

COMPORTAMIENTO EN CASO DE FUGA/INCENDIO
Incendio/ explosién

» Gas inflamable.
» Gas mas ligero que el aire a temperatura ambiente.

SE COMPORTA COMO GAS PESADO A LAS BAJAS
TEMPERATURAS DE ALMACENAMIENTO
CRIOGENICO. EL FUEGO PUEDE INICIARSE A CIERTA
DISTANCIA DE LA FUGA.

+ FORMA MEZCLAS INFLAMABLES AL AIRE LIBRE. EL
RIESGO DE EXPLOSION EN ESTAS CONDICIONES ES
MUY BAJO. EN TODOS LOS ENSAYOS
EXPERIMENTALES DE ESCAPES MASIVOS DE
VAPORES CRIOGENICOS EN CAMPO ABIERTO, LOS
ENSAYOS DE IGNICION NUNCA HAN GENERADO
EFECTOS DE SOBREPRESION APRECIABLES.

» Las acumulaciones de vapor en espacios cerrados
pueden explotar si se inflaman.

* Puede acumular carga electrostatica. Se puede inflamar
por descarga eléctrica.

* Productos de combustion: H20, CO, y CO en caso de
combustion incompleta.

* Los contenedores pueden explotar si se exponen al
fuego.

Fuga / derrame

* Gas inflamable.

» Gas asfixiante. Puede desplazar al oxigeno.

» Gas mas ligero que el aire. Se acumula en zonas altas
creando una atmosfera inflamable y asfixiante.

» Forma mezclas explosivas con el aire.

» Las acumulaciones de vapor en espacios cerrados
pueden explotar si se inflaman.

* Insoluble en agua. Flota.

* La fuga masiva de GNL originaria un derrame de
producto con una importante emisién de vapores debida a

la ebulliciéon del mismo, formando una nube inflamable que,
por encontrarse frio el GNL, se desplazaria a ras del suelo.

En caso de encontrar un punto de ignicién, la nube puede
desarrollar una llamarada (flash-fire) que combustionaria
rapidamente hasta llegar al punto de fuga, donde se
originaria un incendio (pool fire, en caso de escape liquido,
jet fire en caso de escape gaseoso).

INTERVENCION.
INCENDIOS

» COy, polvo BC, agua nebulizada o pulverizada.

AGENTES DE EXTINCION DE
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Gas Natural Licuado / Gas Natural.
R.D. 255/2003

Indicaciones

Sustancia 2 el

Frases R Frase S  Caracteristicas del peligro

 La aplicacion de agua a dardos es inefectiva porque no
enfria el producto por debajo del punto de inflamacién y
ademas contribuye a esparcir el material y vaporizarlo
intensamente.

Por tanto, el GNL, presenta caracteristicas intrinsecas de peligro y riesgo que hay que

considerar:
= Por sus propiedades de inflamabilidad. Se trata de un producto extremadamente inflamable.

= Por tratarse de un gas a baja temperatura capaz de generar importantes cantidades de

vapor inflamable en caso de escape accidental (evaporacion masiva).

3.2 Peligrosidad derivada de las condiciones de operacion.

Las condiciones operativas pueden introducir circunstancias de peligro adicionales a las
comentadas anteriormente. Son variables de riesgo las condiciones de presion y temperatura
del GNL y del GN.

Las operaciones principales que se llevan a cabo en las instalaciones son las debidas al

repostaje de GNL en las SC.

La baja temperatura del GNL en fase liquida afade los siguientes riesgos:

= Comportamiento como gas pesado de los vapores que se producen al ser derramado sobre
superficies a temperatura ambiente. Estos vapores son visibles facilmente (tienen aspecto
blanquecino) por la condensacion de la humedad ambiente, y se desplazan a ras de tierra
siguiendo la direccién del viento o buscando las depresiones de las superficies sobre las
que se dispersa (pendientes, vaguadas, oquedades, redes de drenaje, etc.). Una vez gana
temperatura, la nube pierde visibilidad (siendo aun inflamable) y se dispersa como gas mas
ligero que el aire (dispersion neutra) por tener un peso molecular inferior a este ultimo.

= Posibilidad de producir grandes nubes inflamables (por sus dimensiones y por cantidad de
producto en condiciones de inflamabilidad) debido al fuerte intercambio térmico con el

terreno en caso de derrame (de hecho el producto hierve sobre el suelo). Los vapores
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pueden expandirse a lo largo del suelo, extenderse sobre grandes distancias y en contacto
con una fuente de ignicion inflamarse, con retroceso de llama y explotar.
Quemaduras frias por contacto directo con la piel. Se ha de manipular con Equipo de

Proteccion Individual (EPI) adecuado.

Las condiciones de presiéon del GN en fase gas anaden los siguientes riesgos:

4

El escape a través de un orificio de un gas a alta presion determinara la formacién de un
dardo turbulento que diluye rapidamente el producto en el ambiente. Si el gas es inflamable
y encuentra un punto de ignicién (por chispa, electricidad estatica o energia cinética) se

desarrollara un dardo de fuego.

Seleccion de escenarios para analisis de riesgo

De acuerdo con los criterios anteriormente expuestos, las hipotesis accidentales evaluadas en

el presente Analisis de Riesgos de la operacion de la Straddle Carrier abastecida con GNL, se

presentan en esta seccion.

Se consideran dos escenarios en funcion del volumen final de los depdsitos instalados en los

SC:

Escenario 1 (en los sucesivo E1): 500 I/dia (~ 225 kg/dia)
Escenario 2 (en lo sucesivo E2): 1000 I/dia (~ 450 kg/dia)

Las hipoétesis accidentales para los escenarios citados son las siguientes:

1)

2)

3)

4)

5)

H.1.a. Fuga de GNL por orificio de 2,5 mm en la manguera de entrada al depdsito de 225
kg de GNL de la SC.

H.1.b. Fuga de GNL por orificio de 5 mm en la manguera de entrada al depésito de 225 kg
de GNL de la SC.

H.1.c. Fuga de GNL por orificio de 10 mm en la manguera de entrada al depdsito de 225 kg
de GNL de la SC.

H.1.d. Rotura catastréfica de la manguera de GNL (orificio de 25 mm) de entrada al
depdsito de 225 kg de GNL de la SC.

H.2.a. Fuga de GNL por orificio de 2,5 mm en la manguera de entrada al depésito de 450
kg de GNL de la SC.
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6) H.2.b. Fuga de GNL por orificio de 5 mm en la manguera de entrada al depodsito de 450 kg
de GNL de la SC.

7) H.2.c. Fuga de GNL por orificio de 10 mm en la manguera de entrada al depésito de 450 kg
de GNL de la SC.

8) H.2.d. Rotura catastréfica de la manguera de GNL (orificio de 25 mm) de entrada al
depdsito de 450 kg de GNL de la SC.

9) H.3. Rotura catastrofica de la manguera de GN (orificio de 12,5 mm) del depdsito de GNL
de 255 kg de la SC.

10) H.4. Rotura catastroéfica de la manguera de GN (orificio de 12,5 mm) del depdsito de GNL
de 450 kg de la SC.

11) H.5. Rotura catastréfica del depédsito de GNL de 255 kg de la SC.

12) H.6. Rotura catastroéfica del depdsito de GNL de 450 kg de la SC.

4.1 Condiciones de fuga y modelos empleados

Los riesgos del GNL dependen fundamentalmente de su estado fisico (riesgos inherentes al
producto) y de las condiciones de manejo u operacion (riesgo en el ciclo de vida del producto).
El GNL es un liquido incoloro, inodoro, no téxico que sin embargo, la exposicion al GNL en
estado gaseoso puede desplazar el oxigeno y causar asfixia y en su estado liquido puede
causar quemaduras de tercer grado. Se trata de un producto extremadamente inflamable, con
un rango de inflamabilidad entre el 5% y el 15% de su estado gaseoso en el aire, pudiendo
formar una atmoésfera explosiva. En funcién de las condiciones de operacién del GNL, la
secuencia de posibles sucesos accidentales generados por una fuga de GNL liquido, fuga
bifasica o fuga gaseosa se concreta en los siguientes accidentes: incendio de charco, dardo de
fuego o llamarada (accidentes de tipo térmico con efectos de radiacion térmica) y/o explosion

(accidente de tipo mecanico con efectos de sobrepresion).

4.2 Modelos de calculo

Para la realizaciéon de los calculos de consecuencias se han utilizado los modelos de calculo
implementados en el software EFFECTS 10.0.6. de TNO.

4.3 Condiciones de fuga

Los tamafios de fuga seleccionados y la duracion de las mismas son presentados en la

siguiente tabla.
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Tabla2. Condiciones de fuga.

Tipo de fuga Diametro de orificio (mm) | Duracion de fuga (s)
Fuga pequefa (a) 2,5 3.600
Fuga mediana (b) 5 1.800
Fuga grande (c) 10 600
Rotura catastrofica Diametro total de la tuberia 120

Tal y como ha quedado resefiado en el What If? (ver Anexo Il) tanto la manguera de GNL como
la de GN disponen de dispositivos, “break away”y “dry coupling” respectivamente, que en caso
de rotura de manguera impiden la fuga a la atmésfera. Estos dipositivos no se consideran para
el calculo de consecuencias, ya que de hacerlo no habria fuga, por lo tanto los resultados

obtenidos pueden entenderse consevadores.

4.4 Charcos

Para el calculo de la superficie se siguen los siguientes criterios: en las areas de estudio, se

21

considera un area maxima de charco de 1.500 m“" (superficie terrestre). En la realizacién de las

simulaciones se considera suelo de hormigdn pesado.

4.5 Evaporacion de charco

Dadas las caracteristicas de las instalaciones de los terminales BEST y APM TERMINALS
(TCB), se ha determinado de forma general como sustrato, el cemento, el cual presenta un

valor de rugosidad de 0,005 m.
Se ha considerado una duracién de evaporacion de charco de 1.800 s (30 minutos).

4.6 Dispersidon de vapores

Para la dispersion del GNL se ha considerado un comportamiento de gas neutro tras su

liberacién a la atmoésfera.

Como factor de rugosidad del terreno se ha tomado el valor de 0,1 m (Low crops; occasional
large obstacles, x/h > 20).

" Reference Manual Bevi Risk Assessments version 3.2
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4.7 Criterios de letalidad adoptados

La evolucion de los sucesos iniciadores puede dar lugar a los siguientes sucesos accidentales

finales:

Tabla 3. Efectos de los sucesos finales correspondientes a cada escenario accidental.

EVENTO EFECTO FiSICO
Incendio Radiacion térmica
Llamarada Radiacién térmica

Para los efectos que generan dafo sobre las personas (radiacion térmica) y para los diferentes
escenarios accidentales, es necesario plantear los criterios de vulnerabilidad que permiten

determinar el alcance de las areas letales.

Para la definicion de las areas letales se han tenido en cuenta los criterios indicados en el

apartado 3.4.9 del Manual Bevi", los cuales se exponen en los siguientes apartados.

4.7.1 Umbrales para la definicion de las zonas de planificacién y efecto démino

Una Zona de Riesgo se define como aquella zona situada alrededor del foco de un accidente
donde las magnitudes fisicas representativas del fendmeno peligroso asociado al accidente

adquieren valores superiores a los denominados valores umbral.

La Directriz Basica de Proteccion Civil para el control y planificacion ante el riesgo de
accidentes graves en los que intervienen sustancias peligrosas (apartado 2.3.3. del articulo 2)

establece que se deben evaluar los alcances de tres niveles de dafios, que son:

e Zona de Intervencion definida como aquella en la que las consecuencias de los accidentes

producen un nivel de dafos que justifica la aplicacion inmediata de medidas de proteccion.

e Zona de Alerta como aquella en la que las consecuencias de los accidentes provocan

efectos que, aunque perceptibles por la poblacion, no justifican la intervencién, excepto para

los grupos criticos de poblacion.

e Zona de efecto dominé: Por otro lado, y tras la publicacién del RD 840/2015" y el RD

1196/2003"', se deben evaluar el dafio material y consecuente Efecto Dominé entre las

IV Reference Manual Bevi Risk Assessments version 3.2

CORE LNGas Pagina: 18 de 132

ANALISIS DE RIESGOS (AR) Fecha: Febrero 2017

hive Rev.: 1



v'\ -

instalaciones de un mismo establecimiento y entre los vecinos. En el presente AR se
definiran las zonas de dafios materiales Z.D. (Zonas de Efecto Domind) para los escenarios
accidentales derivados de las hipétesis de accidentes postuladas, y se analizaran en detalle
el alcance y riesgo de concatenacién de accidentes por afectacion de un primero sobre otras
instalaciones, dentro del establecimiento de las terminales BEST y APM TERMINALS (TCB)

objeto del presente estudio.

Los accidentes que pueden tener lugar en las instalaciones objeto de este estudio, son

incendios y dispersiones inflamables, que generan fendmenos de radiacion térmica.

La variable representativa para estos fenomenos es la Dosis de Radiacion, D, definida como

la dosis recibida por los seres humanos procedentes de las llamas o cuerpos incandescentes

en incendios y explosiones.

Para definir la zona de intervencion (ZI), zona de alerta (ZA) y el efecto dominé (ZD) se

tomaran en cuenta los siguientes valores de radiacion:

Efecto Fisico Evento Zona Intervencion Zona Alerta Efecto Domino

Incendio 6,64 KW/m? 3,71 (kW/m2 8 kW/m?
Radiacién Térmica

Llamarada LEL (*) - -

(*) LEL: Lower Explosive Limit

V Real Decreto 840/2015, de 21 de septiembre, por la que se aprueban medidas de control de los riesgos inherentes
a los accidentes graves en los que intervengan sustancias peligrosas.
V! Real Decreto 1196/2003, de 19 de septiembre, por el que se aprueba la Directriz basica de proteccion civil para el

control y planificacion ante el riesgo de accidentes graves en los que intervienen sustancias peligrosas.
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5 Determinacién del alcance de las consecuencias de accidentes para los escenarios

seleccionados.

El objetivo de esta fase es la determinacién de las areas de planificacién de emergencia y

efecto démino asociadas a accidentes finales que se deriven de los iniciadores de accidentes

seleccionados en el apartado 4 del presente documento, asi como los alcances obtenidos de

llamarada.

En el Anexo |, se presentan las salidas de calculo de cada hipoétesis planteada en el apartado 4,

y en las siguientes tablas se presenta un resumen de los resultados obtenidos.

Tabla 2. Areas de planificacién de emergencia y letalidad. Fugas desde depésito de GNL de la SC de 225 kg.

Iniciador de accidente

Sustancia

Estabilidad

Areas de planificacion de emergencias y letalidad

Dardo de fuego (H.1.a., H.1.b., H.1.c.,

H.1.d.yH.3.)/

Incendio de charco (H.5.)

Llamarada

ZI (m)

ZA (m)

ZD (m)

LC100 (*)
(LEL) (m)

H.1.a. Fuga de GNL por
orificio de 2,5 mm en la
manguera de entrada al
depdsito de 225 kg de GNL
de la SC.

GNL

51D/ 1,7F

45/54

491/5,9

4,4/5,3

1,1/5

H.1.b. Fuga de GNL por
orificio de 5 mm en la
manguera de entrada al
depdsito de 225 kg de GNL
de la SC.

GNL

51D /1,7F

8,5/10,4

95/11,3

8,3/10,2

2,7/127

H.1.c. Fuga de GNL por
orificio de 10 mm en la
manguera de entrada al
depdsito de 225 kg de GNL
de la SC.

GNL

51D/ 1,7F

16,1/19,5

17,9/21,2

15,6 /19,1

6,8/42,4

H.1.d. Rotura catastrofica de
la manguera de GNL (orificio
de 25 mm) de entrada al
depdsito de 225 kg de GNL
de la SC.

GNL

51D/ 1,7F

35,8/42,6

40,1/46,6

34,7/41,6

29,1/155,8

H.3. Rotura catastréfica de la
manguera de GN (orificio de
12,5 mm) de salida del
depdsito de GNL de 225 kg
de la SC.

GN

51D /1,7F

8,1/9,8

9/10,6

7,9/95

3,2/15,3

H.5. Rotura catastroéfica del
depdsito de GNL de 225 kg
de la SC

GNL

51D/ 1,7F

117,9/110,5

143,3/141,2

110,7/101,7

96,1/171,6

(*) LC100: 100% Lethal Concentracion
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Tabla 3. Areas de planificacion de emergencia y letalidad. Fugas desde depésito de GNL de la SC de 450 kg.

Areas de planificacién de emergencias y letalidad
Dardo de fuego (H.2.a., H.2.b., H.2.c.,
. . . - H.2.d.y H.4.)/ Llamarada
Iniciador de accidente Sustancia | Estabilidad Incendio de charco (H.6.)
LC100
ZI (m) ZA (m) ZD (m) (LEL) (m)
H.2.a. Fuga de GNL por orificio
de 2,5 mm en la manguera de
entrada al depésito de 450 kg GNL 51D /1,7F 45/5,5 5/5,9 44/54 1,2/51
de GNL de la SC.
H.2.b. Fuga de GNL por orificio
de 5 mm en la manguera de
entrada al depsito de 450 kg GNL 51D/1,7F | 8,6/10,4 95/11,3 8,3/10,2 2,7/12,8
de GNL de la SC.
H.2.c. Fuga de GNL por orificio
de 10 mm en la manguera de GNL | 51D/17F | 161/196 | 17.9/213 | 156/19,1 | 6.8/427
entrada al depdsito de 450 kg
de GNL de la SC.
H.2.d. Rotura catastrofica de la
manguera de GNL (orificio de | o\ | 51p/17F | 36/42,8 | 40,2/468 | 348/417 | 29,3/156,9
25 mm) de entrada al depdsito
de 450 kg de GNL de la SC.
H.4. Rotura catastrdéfica de la
manguera de GN (orificio de
12,5 mm) de salida del GN 51D/ 1,7F 16/19,2 17,8/20,9 15,5/18,7 771472
depdsito de GNL de 450 kg de
la SC.
H.6. Rotura catastrdéfica del
deposito de GNL de 450 kg de GNL 51D /1,7F |117,9/110,5 | 143,3/141,2|110,7/101,7 | 124,6 / 224,3
la SC
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6 Representacion grafica de las consecuencias sobre planos del muelle e
instalaciones portuarias.

En este apartado se presentan las ZI, ZA y ZD correspondientes a los accidentes finales:
llamarada, dardo de fuego e incendio de charco, de las hipdtesis accidentales de rotura
catastréfica de la manguera de GNL y rotura catastrofica del depésito de GNL de la SC, ya que

son estos los accidentes para los que se ha obtenido los mayores alcances.

En los siguientes planos, son presentados los resultados sobre las ubicaciones tanto de la
terminal BEST como para la APM TERMINALS (TCB):

* H2d-NI"": Llamarada. Rotura catastréfica de manguera de GNL (orificio de 25 mm) de
entrada al depdsito de 450 kg de GNL de la SC.

= H5-NI: Llamarada. Rotura catastréfica de depdsito de GNL de 225 kg de la SC.

= H6-NI: Llamarada. Rotura catastréfica de depdsito de GNL de 450 kg de la SC.

»  H2d-RT"": Dardo de fuego. Rotura catastréfica de manguera de GNL (orificio de 25 mm) de
entrada al depdsito de 450 kg de GNL de la SC

= H.5-RT: Incendio de charco. Rotura catastrofica de depdsito de GNL de 225 kg de la SC.

En el plano H2d-NI, se presenta la llamarada para la rotura catastréfica de manguera de GNL
de entrada al depdsito de 450 kg de GNL de la SC. Estos alcances son los mismos tanto para
la hipétesis H.1.d. como para la H.2.d., de acuerdo con los resultados indicados en la Tabla 2 y
Tabla 3.

El plano H2d-RT se presenta los alcances de ZI, ZA y ZD por eventos de dardo de fuego para
la estabilidad de clima F, que es en la que se obtienen los alcances mayores. Esta
representacion se aplica igualmente a la hipodtesis H.1.d., de acuerdo con los resultados

indicados en la Tabla 2 y Tabla 3.

El plano H5-RT se presenta los alcances de ZI, ZA y ZD por eventos de incendio de charco

para la estabilidad de clima D, que es en la que se obtienen los alcances mayores. Esta

VI'NI: Nube Inflamable

VIl RT: Radiaciéon Térmica
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representacion se aplica igualmente a la hipotesis H.6., de acuerdo con los resultados

indicados en la Tabla 2 y Tabla 3.
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7 Analisis de efecto domind con instalaciones vecinas

En este apartado se realiza una evaluacion del efecto ddmino que puede originar las hipétesis
estudiadas tanto en las propias terminales de APM TERMINALS (TCB) y BEST como a

los establecimientos de alrededor.

De acuerdo al plano H2d-RT presentado en el apartado 6, la rotura catastrofica de la manguera
de GNL puede generar una radiacién de 8 kW/m? (por dardo de fuego) de 41,6 m, lo que indica
que la zona de efecto dominé debido a la hipotesis H.2.d. o H.1.d. esta alrededor de los 42
metros, lo cual afectaria a las vias del tren que se encuentran adyacentes a la zona de
repostaje de la terminal BEST. En APM TERMINALS (TCB) el efecto dominé cubre
completamente los depdsitos de diésel que se encuentran adyacentes a la zona en estudio y

una pequefia parte de las vias de tren.

En el plano H.5-RT, la rotura catastréfica del depdsito de GNL de la SC tanto de 225 kg como
de 450 kg puede generar una radiaciéon de 8 kW/m? (por incendio de charco) de 110,7 m, lo
que indica que la zona de efecto domin6é debido a cualquiera de dichas hipotesis esta
alrededor de los 111 metros, lo cual afectaria a las zonas de operacion delimitadas en el plano,

ademas de alcanzar las vias del tren y los viales internos de las terminales.
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Para determinar las frecuencias de ocurrencia de los eventos estudiados, se parte de la

siguiente informacion:

= En la terminal de APM TERMINALS (TCB), el horario de trabajo de la SC durante la prueba

piloto es de 8 horas/ dia.

= En la terminal de BEST, el horario de trabajo de la SC durante la prueba piloto es de 23,5

horas /dia

elnesd

8 Estimacion de las frecuencias de los escenarios de accidente seleccionados.

= El periodo de prueba (operacién) para ambas terminales es de 3 meses (90 dias)

= Se realizara un repostaje diario, a una tasa de 20 min/repostaje, por lo que se tendra un

total de 30 horas de operacién anual.

= Probabilidad de presencia de personas en el area (tanto para APM TERMINALS (TCB)

como BEST)=1

* Probabilidad de ignicién de una nube inflamable por vehiculos= 0,5

Tabla 4. Frecuencias de ocurrencia de hipotesis estudiadas.

Escenarios Frecuencia | Frecuencia | Frecuencia
(horas ) (ano™) |[final (afio™)

Rotura catastréfica de manguera de GNL/ GNJ[1] 4,00E-06 1,20E-04 |6,00E-05 [4]

Rotura parcial de manguera de GNL[2] 4,00E-05 1,20E-03 |6,00E-04 [4]

Rotura catastréfica del depdsito de GNL (APM

TERMINALS (TCB) ) - 5,70E-07 [3] | 7,50E-06 [5]

Rotura catastréfica del depdsito de GNL (BEST) - 5,70E-07 [3] | 2,20E-05 [6]

[1] Tabla 50 BEVI: Rupture of loading/unloading hose per hour

[2] Tabla 50 BEVI: Leak on loading/unloading hose with an effective diameter of 10% of the
nominal diameter, up to the maximum of 50 mm per hour

[3] Tabla 13 BEVI: Scenarios for a pressurized storage tank aboveground

[4] Frecuencia final= Frecuencia (afio-1)*Probabilidad de ignicién de una nube inflamable por
vehiculos*Probabilidad de presencia de personas en el area

[5] Frecuencia final= Frecuencia (afio-1)* 8h/24h(horario trabajo APM TERMINALS (TCB) )*90

dias

(periodo de prueba)*Probabilidad de ignicion de wuna nube inflamable por

vehiculos*Probabilidad de presencia de personas en el area

[6] Frecuencia final= Frecuencia (afo-1)* 23,5h/24h(horario trabajo BEST)*90 dias (periodo de
prueba)*Probabilidad de ignicidon de una nube inflamable por vehiculos*Probabilidad de presencia
de personas en el area

La frecuencia final obtenida para la rotura catastréfica de manguera aplica para las
hipotesis H.1.d, H.2.d, H.3., y H.4.

La frecuencia final obtenida para la rotura parcial de manguera aplica para las hipotesis
H.1.a.yH.2.a.

Para el resto de roturas parciales de la manguera de liquido, la frecuencia de ocurrencia
seria un valor entre la frecuencia correspondiente a la rotura del 10% del diametro nominal

X Tabla 1 del Manual BEVI: Adjacent process installation

Pagina: 30 de 132
Fecha: Febrero 2017
Rev.: 1

CQRE LNGas
hive

ANALISIS DE RIESGOS (AR)



v'\ 0
ccunono O elnNSesal

y la de la rotura total. Estas roturas parciales se ha considerado no necesarias valorar su
riesgo.

= La frecuencia final obtenida para la rotura catastréfica de depdsito aplica para las hipétesis
H.5. y H.6. Cabe destacar que la frecuencia utilizada es la que aplica para un depdsito fijo*.

9 Tipificacién de peligros mediante el uso de una matriz cualitativa de riesgo.

En base a las normas UNE-EN 61511-3 y UNE-EN 1473-2008, se elaboro la matriz de riesgo

que se presenta a continuacion:

X Tratandose de una prueba piloto, y bajo el supuesto de que se adoptaran todas las medidas necesarias para
garantizar una conduccion responsable y segura de la SC, y dado que no se conoce una frecuencia para la rotura
total de un depésito instalado sobre una maquina (SC) que en operacion estara moviéndose, se ha utilizado la

frecuencia correspondiente al depdsito fijo.
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MATRIZ DE RIESGO

elnesda

Incremento de probabilidad

pd
~

Probabilidad de ocurrencia

Probabilidad

Severidad

Probable (I)

Puede ocurrir (ll)

Poco probable (lll)

Muy improbable (IV)

No creible (V)

Ocurre por lo
menos una vez en
un ano operativo.

Ocurre una vez o
mas en 10 afos
operativos.

Ocurre por lo menos
una vez durante la vida
util de las
instalaciones.

Ocurre menos de una
vez durante la vida util
de las instalaciones. No
se espera que suceda.

Nunca ha sucedido
hasta ahora. No hay
constancia que
ocurra.

A | Catastrofico

Personal -Varias muertes
Imagen publica - Vidas
accidentes peligrosos

Medio ambiente -Gran fuga incontrolada
Pérdida econémica muy importante.

expuestas a

B | Critico

Personal — Lesiones graves, conllevando
discapacidad hasta una sola muerte.

Imagen publica — Expuesto a un accidente que
puede causar dafos.

Medio ambiente — Gran fuga no confinada.
Pérdida econémica importante.

C | Marginal

Personal — Lesiones, no
discapacidad ni muerte.

Imagen publica — Ningun impacto
Medio ambiente — fuga que se mantiene
confinada.

Pérdida econémica moderada.

implicando

D | Despreciable
Personal — lesiones
primeros auxilios.
Medio ambiente — pequefia fuga que se
mantiene confinada.

Pequefa pérdida econdmica.

que implican sodlo

E | Ningun impacto (Nada sucede).

4

4

1 — Intolerable: Necesario un cambio de disefio o afiadir un SIS

2 —Incorporar medidas de reduccion de riesgo o protecciones

3 — Gestién de mejora continua

4 —NC: No creible. NI: Ningun impacto
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De acuerdo con los calculos de frecuencias realizados, se asume que la probabilidad de

ocurrencia de las hipotesis planteadas son las indicadas en la matriz como “Muy improbable

(IV)” (no se espera que suceda durante la prueba piloto).

Por lo que respecta a la severidad, se asume que las llamaradas de la rotura catastréfica de la
manguera de GNL y del depdsito de GNL de la SC, potencialmente pueden provocar mas de
un muerto tanto en el interior de las terminales como en el exterior, dado que dentro del
alcance de las llamaradas se encuentran viales interiores del puerto con alta densidad de
trafico, por lo que de acuerdo con la matriz el nivel de severidad que les corresponde es el
“Catastroéfico” (A)

En base a todo ello, el nivel de riesgo en el interior y en el exterior de las terminales, tanto en lo
que respecta a la rotura total de la manguera de GNL como a la rotura catastrdéfica del depodsito
de GNL en la SC, seria 2.

De acuerdo a lo indicado en la matriz de riesgo, para el nivel 2 se deben incorporar medidas de
reduccién de riesgo o protecciones. Estas medidas son las medidas adicionales propuestas en
el estudio What if...?7 (Anexo II).

El nivel de riesgo correspondiente la rotura total de la manguera de GN es 3. Para este caso y
de acuerdo con la matriz de riesgo deberian implementarse medidas dentro de los programas

de gestion de mejora continua del riesgo.
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10 Anadlisis de salvaguardas existentes y propuesta de medidas de prevenciéon para
aquellos riesgos con riesgo inaceptable

Se ha de recomendar la inclusion de salvaguardas tecnoldgicas adicionales para reducir las
consecuencias de aquellos accidentes cuyos alcances sean superiores a 1.500 m paralaZloa
300 m para la LC100.

De acuerdo a los alcances obtenidos para las hipotesis planteadas, ningun escenario tiene un
alcance para la zona de intervencién superior a 1.500 m y las llamaradas obtenidas son
menores a 300 m, por lo que no se recomienda la inclusién de salvaguardas tecnolégicas

adicionales.
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11 Conclusiones y recomendaciones

La ocurrencia de las hipotesis planteadas es muy improbable, por lo que no se espera que

suceda durante la prueba piloto.

Por lo que respecta a la severidad, se asume que las llamaradas de la rotura catastrofica de la
manguera de GNL y del depdsito de GNL de la SC se ha tipificado la severidad como

catastrofica.

El nivel de riesgo en el interior y en el exterior de las terminales, tanto en lo que respecta a la
rotura total de la manguera de GNL como a la rotura catastréfica del depésito de GNL en la SC,
seria 2, por lo que se deben incorporar medidas de reduccién de riesgo o protecciones. Estas

medidas son las medidas adicionales propuestas en el estudio What if...? (Anexo Il).

A tener en cuenta que entre las salvaguardas existentes una es el “break away” de la
manguera de liquido de GNL y otra es el “dry coupling” de la maguera de GN. Tal y como se
indico en el estudio What if..?, estos dispositivos impiden la fuga de GNL a la atmdsfera y no se
han tenido en cuenta en el célculo del riesgo, por lo que los resultados obtenidos en este AR

son conservadores.

El nivel de riesgo correspondiente la rotura total de la manguera de GN es 3, por lo que se

deben implementar medidas dentro de los programas de gestion de mejora continua del riesgo.

Ningun escenario tiene un alcance para la zona de intervencion superior a 1.500 m vy las
llamaradas obtenidas son menores a 300 m, por lo que no se recomienda la inclusién de

salvaguardas tecnoldgicas adicionales.

La zona de efecto domind debido a la rotura catastréfica de la manguera de GNL esta
alrededor de los 42 metros, por lo que afectaria las vias del tren que se encuentran adyacentes
a la zona de repostaje de la terminal BEST, en APM TERMINALS (TCB) cubre completamente
los depdsitos de diésel adyacentes a la zona en estudio y una pequefia parte de las vias de

tren.

La rotura catastréfica del depdsito de GNL de la SC, tanto de 225 kg como de 450 kg, puede

generar una zona de efecto dominé alrededor de los 102 metros, lo cual afectaria a las zonas
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de operacion delimitadas en el plano, ademas de alcanzar las vias del tren y los viales internos

de las terminales.

La zona de intervencién de mayor alcance se encuentra alrededor de los 43 m, para las roturas
catastréficas de la manguera de GNL, y alrededor de 118 m para la rotura catastrofica de un
depdsito de GNL de la SC.

La zona de alerta para las roturas catastréfica de la manguera de GNL es de 47 m, y de 143 m

para la rotura catastréfica de un depdsito de GNL de la SC.
Ademas de las medidas propuestas en el What if...? se recomienda:

= Estudiar la posibilidad de reubicar las zonas de repostaje de GNL a las SC, de manera que
la zona de ZD debido a la rotura catastréfica de la manguera de GNL no alcance las vias de
tren adyacentes, ni los depdsitos de diésel en APM TERMINALS (TCB).

= Durante las pruebas piloto, las SC con depésito de GNL no transporten contenedores de

mercancias peligrosas (IMO).
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12 Anexos

En el Anexo | de este informe se se presentan las salidas de calculo para cada hipotesis

estudiada.

En el Anexo Il, se incluye Estudio What If...?
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ANEXO I. SALIDAS DE CALCULO EFFECTS
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H.1.a. Fuga de GNL por orificio de 2,5 mm en la manguera de entrada al depésito de 225

kg de GNL de la SC

Fuga de gas licuado

v" Grado de llenado del depdsito: 80%

Longitud de la manguera: 5 m
Duracién de fuga: 3.600 s

N N NN

Presién del depdsito: 8 bar

Volumen del depésito: 0,76 m?
Longitud del depdsito (cilindro horizontal): 1,51 m

Temperatura del depdsito: -130°C

Model: Liquefied Gas Bottom Discharge (TPDIS model)

version: v2017.01.10003 (16/01/2017)

Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 2 and Modelling source terms for the atmospheric dispersion of hazardous

substances, Jaakko Kukkonen
Parameters

Inputs

Chemical name

Use which representative step

Type of vessel outflow

Fixed Mass flow rate of the source (kg/s)
Pipeline length (m)

Pipeline diameter (mm)

Pipeline roughness (mm)

Hole diameter (mm)

Hole rounding

Discharge coefficient (-)

Height difference between pipe entrance and exit (m)

Height leak above tank bottom (m)
Initial temperature in vessel (°C)
Vessel volume (m3)

Vessel type

Length cylinder (m)

Filling degree (%)

Expansion type

n value

Pressure inside vessel determination
Initial (absolute) pressure in vessel (bar)
Type of calculation

Maximum release duration (s)
Ambient pressure (bar)

Results

Initial mass in vessel (kg)

Initial (vapour) pressure in vessel (bar)
Time needed to empty vessel (s)
Massflowrate at time t (kg/s)

Total mass released at time t (kg)
Pressure in vessel at time t (bar)
Temperature in vessel at time t (°C)
VapourMass fraction at time t (-)
Liquid mass in vessel at time t (kg)

METHANE (DIPPR)

First 20% average
(flammable)

Release from vessel through
(a hole in) pipe

5

25

0,045

2,5

Sharp edges
0,62

0

0

-130

0,76
Horizontal cylinder
1,51

80

Adiabatic

Use actual pressure

8

Calculate until specified time
3600

1,0151

227,16

8

15625
0,017337
63,043
7,105
-131,13
0,027187
162,38
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VEDIO AMBIENTE

Vapour mass in vessel at time t (kg) 3,5671
Height of liquid at time t (m) 0,44654
Fillingdegree at time t (%) 57,344
Exit pressure at time t (bar) 4,6915
Exit temperature at time t (°C) -138,93
Maximum mass flow rate (kg/s) 0,020025
Representative release rate (kg/s) 0,018421
Representative outflow duration (s) 1800
Representative temperature (°C) -137,75
Corresponding pressure (bar) 5,0114

Representative vapour mass fraction (-) 0,027316

Model: Liquefied Gas Spray Release
version: v2017.01.10783 (16/01/2017)

Reference: Yellow Book CPR14E, Page: 2.105 / 2.112, Section: 2.5.3.7 [Finite duration spray releases] AMINAL - Richtlijn voor het
berekenen van Flash en Spray, 1997 C. Hulsbosh-Dam, An Approach to Carbon Dioxide Particle Distribution in Accidental Releases,

Chemical Eniiineerini Transactions Vol.26, 2012, ISBN 978-88-95608-17-4; ISSN 1974-9791

Inputs
Chemical name

Type of Spray calculation

Mass flow rate of the source (kg/s)
Exit temperature (°C)

Exit pressure (bar)

Exit vapour mass fraction (-)

Hole diameter (mm)

Height leak above ground level (m)
Ambient temperature (°C)

Ambient pressure (bar)

Ambient relative humidity (%)

No of samples (accuracy)

Results

Adiabatic vapour flash fraction (-)

AFTER FLASHING AND RAINOUT: liquid mass fraction (-)
Nett mass flow to air (jet) (kg/s)

Temperature jet/cloud (°C)

Diameter jet/cloud (m)

Nett mass flow rained out (kg/s)

Temperature of the pool (°C)

Density of the airborn mass (kg/m3)

Used Sauter Mean Diameter (micron)

LEL

Model: Neutral Gas Dispersion: Concentration

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Inputs
Chemical name

Type of neutral gas release

Total mass released (kg)

Mass flow rate of the source (kg/s)

Duration of the release (s)

Height of release (Z-coordinate) (m)

Offset X direction (distance) start dispersion (m)
Offset Z direction (height) start dispersion (m)

METHANE (DIPPR)
Spray release model (Yellow

LEL (1.7/F)
METHANE
(DIPPR)
Continuous
63,043
0,018421
1800

1

0

0

Book)
0,018421
-137,75
5,0114
0,027316
2,5

1

16,2
1,0151
70

0,16903
0,78654
0,018421
-161,49

0,0032763

0
-161,49
8,0935

LEL (5.1/D)
METHANE
(DIPPR)
Continuous
63,043
0,018421
1800

1

0

0
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Length source in wind (x) direction (m) 0,1 0,1
Length source in crosswind (y) direction (m) 0,1 0,1
Length source in vertical (z) direction (m) 0,1 0,1
Ambient temperature (°C) 16,2 16,2
Ambient pressure (bar) 1,0151 1,0151
Meteorological data Pasquill Pasquill
Pasquill stability class F (Very Stable) D (Neutral)
Wind speed at 10 m height (m/s) 1,7 51
North/South latitude of the location (deg) 41 41
Inverse Monin-Obukhov length (1/L) (1/m)
Mixing height (m)
Stand. dev. of turbulent velocity in vertical direction (m/s)
Stand. dev. of turbulent velocity in horizontal direction (m/s)
L . Low crops;
OW Crops; )
R T occasional large ekl
oughness length description obstacles, x/h > large
20. obstacles, x/h
> 20.
Time t after start release (s) 120 120
Concentration averaging time (s) 20 20
Reporting distance (Xd) (m) 1000 1000
Distance perpendicular to wind direction (Yd) (m) 0 0
Height (Zd) (m) 1 1
Lower Lower
Predefined concentration Flammability Flammability
Limit Limit
Threshold concentration (mg/m3) 33352 33352
Contour plot accuracy (%) 1 1
Integration tolerance (%) 0,1 0,1
Predefined wind direction w w
Wind comes from (North = 0 degrees) (deg) 270 270
Use dynamic concentration presentation No No
Results LEL (1.7/F) LEL (5.1/D)
Concentration at (Xd, Yd, Zd, t) (mg/m3) 16,679 0,89636
Maximum concentration at (Yd, Zd) (mg/m3) 6,7823E05 3,6083E05
...at distance (m) 0 0
Mixing height used (m) 50 500
Stand. dev. of turbulent velocity in vert. direction used (m/s) 0,10914 0,59167
Stand. dev. of turbulent velocity in horiz. direction used (m/s) 0,15951 0,86127
Maximum distance to Lower Flammability Limit concentration (m) 5,0287 1,1386
Width of Lower Flammability Limit outer contour (m) 0 0
Inverse Monin-Obukhov length (1/L) used (1/m) 0,073006 0
Masa explosiva
Model: Neutral Gas Dispersion: Flammable Cloud
version: v2017.01.10898 (16/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4
Parameters
Masa Masa
Inputs explosiva explosiva
(1.7/F) (5.1/D)
Chemical name METHANE  METHANE
(DIPPR) (DIPPR)
Type of neutral gas release Continuous  Continuous
Total mass released (kg) 63,043 63,043
Mass flow rate of the source (kg/s) 0,018421 0,018421
Duration of the release (s) 1800 1800
Height of release (Z-coordinate) (m) 1 1
Offset X direction (distance) start dispersion (m) 0 0
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Offset Z direction (height) start dispersion (m)
Length source in wind (x) direction (m)
Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)

Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Predefined wind direction
Wind comes from (North = 0 degrees) (deg)

Reporting time flammable cloud

Time t after start release (s)
Concentration averaging time (s)
Integration tolerance (%)

Use 50% LFL for cloud contour

Use mass between LFL and UFL

Use dynamic concentration presentation
Resolution of the time consuming graphs

Results

Flammability threshold concentration (mg/m3)
Maximum distance to flammable concentration (m)
Width of flammable cloud outer contour (m)
Maximum flammable mass (kg)

Area of explosive cloud (m2)

Time T reported (s)

Flammable mass at time t (kg)

Area flammable cloud at time t (m2)

Height to LEL (m)

Length of cloud (between LEL) (m)

Width of cloud (between LEL) (m)

Offset between release location and LEL (m)

Offset between release and cloud centre at time t (m)

=

0

0,1

0,1

0,1
16,2
1,0151
Pasquill
F (Very
Stable)
1,7

41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(1.7/F)
33352
5,0287

-1E30

(cleolololNeoleolloNelNolNoNe]

IpESe@

0

0,1

0,1

0,1
16,2
1,0151
Pasquill

D (Neutral)

5,1
41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(5.1/D)
33352
1,1378

-1E30

[cloNolloNolelloNoeNoloNo]
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Dardo de Fuego

Model: Jet Fire (Chamberlain model)

version: v2017.01.10780 (16/01/2017)

Reference: Chamberlain, G.A., Development in design methods for predicting thermal radiation from flares~Chem. Eng. Res. Des. Vol.65

July 1987 pagina 299 - 309~Cook,J. et al, A comprehensive program for the calculation of flame radiation levels~Loss Prev. in Process Ind.

January 1990, vol.3 ~Damage: Green Book 1st edition 1992, chapter 1 (Heat radiation); pages 11-36

Parameters

Inputs JF (5.1/D)  JF (1.7/F)
METHANE  METHANE

Chemical name (DIPPR) (DIPPR)

(Calculated) Mass flow rate (kg/s) 0,018421 0,018421
Exit temperature (°C) -137,75 -137,75
Exit pressure (bar) 5,0114 5,0114
Hole diameter (mm) 2,5 2,5
Hole rounding Sharp edges Sharp edges
Discharge coefficient (-) 0,62 0,62
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg) 0 0
Release height (Stack height) (m) 1 1
Ambient temperature (°C) 16,2 16,2
Ambient pressure (bar) 1,0151 1,0151
Ambient relative humidity (%) 70 70
Meteorological data Pasquill Pasquill
Pasquill stability class D (Neutral) ey

Stable)
Wind speed at 10 m height (m/s) 51 1,7

Inverse Monin-Obukhov length (1/L) (1/m)
Low crops;  Low crops;
occasional  occasional

Roughness length description large large
obstacles, x/h obstacles, x/h
> 20. > 20.
Flame temperature (°C) 926,85 926,85
Amount of CO2 in atmosphere (-) 0,0003 0,0003
Fraction of the flame covered by soot (-) 0 0
Maximum heat exposure duration (s) 20 20
Reporting distance (Xd) (m) 100 100
Height of the receiver (m) 1 1
Predefined wind direction w w
Wind comes from (North = 0 degrees) (deg) 270 270
Heat radiation level (lowest) for first contour plot (kW/m2) 3,71 3,71
Heat radiation level for second contour plot (kW/m2) 6,64 6,64
Heat radiation level (highest) for third contour plot (kW/m2) 8 8
Report heat radiation grid Yes Yes
Resolution for surface discretization Medium Medium
Take protective effects of clothing into account No No
Correction lethality protection clothing (-)
Percentage of mortality for contour calculations (%) 1 1
Heat radiation lethal damage Probit A ((sec*(W/m2)"n)) -36,38 -36,38
Heat radiation lethal damage Probit B 2,56 2,56
Heat radiation damage Probit N 1,3333 1,3333
Results JF (5.1/D) JF (1.7/F)
Type of flow of the jet U th?se W7 P
ow flow
Wind speed at avg height of jet (m/s) 2,55 0,54422
Exit velocity of expanding jet (m/s) 81,848 81,848
Angle between hole and flame axis (alpha) (deg) 0 0
Frustum lift off height (b) (m) 0,048216 0,064409
Width of frustum base (W1) (m) 0,057396  0,0045621
Width of frustum tip (W2) (m) 1,2146 1,262
Length of frustum (flame) (RI) (m) 3,1662 4,2295
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Surface area of frustum (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Heat radiation at Xd (kW/m2)

Atmospheric transmissivity at Xd (%)

View factor at Xd (-)

Heat radiation dose at Xd (s*(kW/m2)"4/3)
3,71 kW/m2 Heat radiation distance (m)
6,64 kW/m2 Heat radiation distance (m)
8 kW/m2 Heat radiation distance (m)
Percentage first degree burns at Xd (%)
Percentage second degree burns at Xd (%)
Percentage third degree burns at Xd (%)
1% First degree burns distance (m)

1% Second degree burns distance (m)

1% Third degree (Lethal) burns distance (m)

elnesa

7,5922 9,7577
32,924 25,617
32,924 25,617
0,00090059 0,00077555
69,496 69,574

3,936E-05 4,3515E-05
0,0017394  0,0014251

4,914 5,85
4,4471 5,4124
4,3494 5,3109

0 0
0 0
0 0
4,9765 5,9602
4,4678 5,4536
4,4365 5,408

CORE LNGas
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H.1.b. Fuga de GNL por orificio de 5 mm en la manguera de entrada al depésito de 225 kg

de GNL de la SC

Fuga de gas licuado

v" Grado de llenado del depdsito: 80%

Volumen del depésito: 0,76 m?

Longitud de la manguera: 5 m
Duracién de fuga: 1.800 s

NN NN

Presiéon del depdsito: 8 bar

Longitud del depdsito (cilindro horizontal): 1,51 m

Temperatura del depdsito: -130°C

Model: Liquefied Gas Bottom Discharge (TPDIS model)

version: v2017.01.10003 (16/01/2017)

Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 2 and Modelling source terms for the atmospheric dispersion of hazardous

substances, Jaakko Kukkonen
Parameters

Inputs

Chemical name

Use which representative step

Type of vessel outflow

Fixed Mass flow rate of the source (kg/s)
Pipeline length (m)

Pipeline diameter (mm)

Pipeline roughness (mm)

Hole diameter (mm)

Hole rounding

Discharge coefficient (-)

Height difference between pipe entrance and exit (m)

Height leak above tank bottom (m)
Initial temperature in vessel (°C)
Vessel volume (m3)

Vessel type

Length cylinder (m)

Filling degree (%)

Expansion type

n value

Pressure inside vessel determination
Initial (absolute) pressure in vessel (bar)
Type of calculation

Maximum release duration (s)
Ambient pressure (bar)

Results

Initial mass in vessel (kg)

Initial (vapour) pressure in vessel (bar)
Time needed to empty vessel (s)
Massflowrate at time t (kg/s)

Total mass released at time t (kg)
Pressure in vessel at time t (bar)
Temperature in vessel at time t (°C)
VapourMass fraction at time t (-)
Liquid mass in vessel at time t (kg)
Vapour mass in vessel at time t (kg)
Height of liquid at time t (m)

METHANE (DIPPR)

First 20% average
(flammable)

Release from vessel through
(a hole in) pipe

5

25

0,045

5

Sharp edges
0,62

0

0

-130

0,76
Horizontal cylinder
1,51

80

Adiabatic

Use actual pressure

8

Calculate until specified time
1800

1,0151

227,16

8

3598,7
0,070841
132,66
6,4527
-133,02
0,026212
91,925
5,1806
0,28657

CQRELNGas
hive
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Fillingdegree at time t (%)

Exit pressure at time t (bar)

Exit temperature at time t (°C)
Maximum mass flow rate (kg/s)
Representative release rate (kg/s)
Representative outflow duration (s)
Representative temperature (°C)
Corresponding pressure (bar)
Representative vapour mass fraction (-)

Model: Liquefied Gas Spray Release
version: v2017.01.10783 (16/01/2017)

elnesd

32,163
4,2494
-140,67
0,086442
0,078617
1800
-138,33
4,8521
0,029167

Reference: Yellow Book CPR14E, Page: 2.105 / 2.112, Section: 2.5.3.7 [Finite duration spray releases] AMINAL - Richtlijn voor het
berekenen van Flash en Spray, 1997 C. Hulsbosh-Dam, An Approach to Carbon Dioxide Particle Distribution in Accidental Releases,

Chemical Eniiineerini Transactions Vol.26, 2012, ISBN 978-88-95608-17-4; ISSN 1974-9791

Inputs
Chemical name

Type of Spray calculation

Mass flow rate of the source (kg/s)
Exit temperature (°C)

Exit pressure (bar)

Exit vapour mass fraction (-)

Hole diameter (mm)

Height leak above ground level (m)
Ambient temperature (°C)

Ambient pressure (bar)

Ambient relative humidity (%)

No of samples (accuracy)

Results

Adiabatic vapour flash fraction (-)

AFTER FLASHING AND RAINOUT: liquid mass fraction (-)
Nett mass flow to air (jet) (kg/s)

Temperature jet/cloud (°C)

Diameter jet/cloud (m)

Nett mass flow rained out (kg/s)

Temperature of the pool (°C)

Density of the airborn mass (kg/m3)

Used Sauter Mean Diameter (micron)

LEL

Model: Neutral Gas Dispersion: Concentration

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Inputs
Chemical name

Type of neutral gas release

Total mass released (kg)

Mass flow rate of the source (kg/s)

Duration of the release (s)

Height of release (Z-coordinate) (m)

Offset X direction (distance) start dispersion (m)
Offset Z direction (height) start dispersion (m)
Length source in wind (x) direction (m)

METHANE (DIPPR)
Spray release model (Yellow
Book)

0,078617

-138,33

4,8521

0,029167

5

1

16,2

1,0151

70

0,1647
0,78805
0,078617
-161,49
0,0068618
0

-161,49
8,1502

LEL (5.1/D) LEL (1.7/F)
METHANE METHANE
(DIPPR) (DIPPR)
Continuous  Continuous

132,66 132,66
0,078617 0,078617
1800 1800

1 1

0 0

0 0

0,2 0,3

CQRE LNGas ANALISIS DE RIESGOS (AR)
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Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)
Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Time t after start release (s)

Concentration averaging time (s)

Reporting distance (Xd) (m)

Distance perpendicular to wind direction (Yd) (m)
Height (Zd) (m)

Predefined concentration

Threshold concentration (mg/m3)
Contour plot accuracy (%)

Integration tolerance (%)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)
Use dynamic concentration presentation

Results

Concentration at (Xd, Yd, Zd, t) (mg/m3)

Maximum concentration at (Yd, Zd) (mg/m3)

...at distance (m)

Mixing height used (m)

Stand. dev. of turbulent velocity in vert. direction used (m/s)

Stand. dev. of turbulent velocity in horiz. direction used (m/s)
Maximum distance to Lower Flammability Limit concentration (m)
Width of Lower Flammability Limit outer contour (m)

Inverse Monin-Obukhov length (1/L) used (1/m)

Masa explosiva

Model: Neutral Gas Dispersion: Flammable Cloud

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4
Parameters

Inputs

Chemical name

Type of neutral gas release

Total mass released (kg)

Mass flow rate of the source (kg/s)

Duration of the release (s)

Height of release (Z-coordinate) (m)

Offset X direction (distance) start dispersion (m)

=

IpESe@

0,2 0,3

0,2 0,3

16,2 16,2
1,0151 1,0151
Pasquill Pasquill

F (Very

D (Neutral) Stable)
51 1,7

41 41

Low crops;  Low crops;
occasional occasional
large large
obstacles, x/h obstacles, x/h
> 20. > 20.

120 120

20 20

1000 1000

0 0

1 1

Lower Lower
Flammability Flammability
Limit Limit
33352 33352

1 1

0,1 0,1

W w

270 270

No No

LEL (5.1/D) LEL (1.7/F)
3,8254 71,18
3,8529E05 5,1384E05
0 0

500 50
0,59167 0,10914
0,86127 0,15951
2,7228 12,685
0,25 0,52778

0 0,073006

Masa Masa
explosiva explosiva
(1.7/F) (5.1/D)
METHANE METHANE
(DIPPR) (DIPPR)
Continuous  Continuous
132,66 132,66
0,078617 0,078617
1800 1800

1 1

0 0

CQRE LNGas
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Offset Z direction (height) start dispersion (m)
Length source in wind (x) direction (m)
Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)

Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Predefined wind direction
Wind comes from (North = 0 degrees) (deg)

Reporting time flammable cloud

Time t after start release (s)
Concentration averaging time (s)
Integration tolerance (%)

Use 50% LFL for cloud contour

Use mass between LFL and UFL

Use dynamic concentration presentation
Resolution of the time consuming graphs

Results

Flammability threshold concentration (mg/m3)
Maximum distance to flammable concentration (m)
Width of flammable cloud outer contour (m)
Maximum flammable mass (kg)

Area of explosive cloud (m2)

Time T reported (s)

Flammable mass at time t (kg)

Area flammable cloud at time t (m2)

Height to LEL (m)

Length of cloud (between LEL) (m)

Width of cloud (between LEL) (m)

Offset between release location and LEL (m)

Offset between release and cloud centre at time t (m)

=

0

0,3

0,3

0,3
16,2
1,0151
Pasquill
F (Very
Stable)
1,7

41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(1.7/F)
33352
12,685
0,52778
0,35213
4,5056
0
0,35213
-1E300
1,2
13,119
0,5
-0,3125
6,2471

IpESe@

0

0,2

0,2

0,2

16,2
1,0151
Pasquill

D (Neutral)

5,1
41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(5.1/D)
33352
2,7215
0,25
0,025949
0,44858
0
0,025949
-1E300
0,8
3,0108
0,25
-0,1875
1,3179

CQRE LNGas
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Dardo de Fuego

Model: Jet Fire (Chamberlain model)

version: v2017.01.10780 (16/01/2017)

Reference: Chamberlain, G.A., Development in design methods for predicting thermal radiation from flares~Chem. Eng. Res. Des. Vol.65

July 1987 pagina 299 - 309~Cook,J. et al, A comprehensive program for the calculation of flame radiation levels~Loss Prev. in Process Ind.

January 1990, vol.3 ~Damage: Green Book 1st edition 1992, chapter 1 (Heat radiation); pages 11-36

Parameters

Inputs JF (5.1/D)  JF (1.7/F)

METHANE  METHANE
(DIPPR) (DIPPR)

Chemical name

(Calculated) Mass flow rate (kg/s) 0,078617 0,078617
Exit temperature (°C) -138,33 -138,33
Exit pressure (bar) 4,8521 4,8521
Hole diameter (mm) 5 5
Hole rounding Sharp edges Sharp edges
Discharge coefficient (-) 0,62 0,62
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg) 0 0
Release height (Stack height) (m) 1 1
Ambient temperature (°C) 16,2 16,2
Ambient pressure (bar) 1,0151 1,0151
Ambient relative humidity (%) 70 70
Meteorological data Pasquill Pasquill
Pasquill stability class D (Neutral) ey

Stable)
Wind speed at 10 m height (m/s) 51 1,7

Inverse Monin-Obukhov length (1/L) (1/m)
Low crops;  Low crops;
occasional  occasional

Roughness length description large large
obstacles, x/h obstacles, x/h
> 20. > 20.
Flame temperature (°C) 926,85 926,85
Amount of CO2 in atmosphere (-) 0,0003 0,0003
Fraction of the flame covered by soot (-) 0 0
Maximum heat exposure duration (s) 20 20
Reporting distance (Xd) (m) 100 100
Height of the receiver (m) 1 1
Predefined wind direction w w
Wind comes from (North = 0 degrees) (deg) 270 270
Heat radiation level (lowest) for first contour plot (kW/m2) 3,71 3,71
Heat radiation level for second contour plot (kW/m2) 6,64 6,64
Heat radiation level (highest) for third contour plot (kW/m2) 8 8
Report heat radiation grid Yes Yes
Resolution for surface discretization Medium Medium
Take protective effects of clothing into account No No
Correction lethality protection clothing (-)
Percentage of mortality for contour calculations (%) 1 1
Heat radiation lethal damage Probit A ((sec*(W/m2)"n)) -36,38 -36,38
Heat radiation lethal damage Probit B 2,56 2,56
Heat radiation damage Probit N 1,3333 1,3333
Results JF (5.1/D) JF (1.7/F)
Type of flow of the jet U th?se W7 P
ow flow
Wind speed at avg. jet height (m/s) 2,55 0,54422
Exit velocity of expanding jet (m/s) 76,243 76,243
Angle between hole and flame axis (alpha) (deg) 0 0
Frustum lift off height (b) (m) 0,091275 0,12193
Width of frustum base (W1) (m) 0,2433  0,0097506
Width of frustum tip (W2) (m) 2,3317 2,4075
Length of frustum (flame) (RI) (m) 5,9938 8,0067
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Surface area of frustum (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Heat radiation at Xd (kW/m2)

Atmospheric transmissivity at Xd (%)

View factor at Xd (-)

Heat radiation dose at Xd (s*(kW/m2)"4/3)
3,71 kW/m2 Heat radiation distance (m)
6,64 kW/m2 Heat radiation distance (m)
8 kW/m2 Heat radiation distance (m)
Percentage first degree burns at Xd (%)
Percentage second degree burns at Xd (%)
Percentage third degree burns at Xd (%)
1% First degree burns distance (m)

1% Second degree burns distance (m)

1% Third degree (Lethal) burns distance (m)

elnesa

28,925
37,281
37,281
0,0040015
69,702
0,00015399
0,012705
9,4518
8,5259
8,3022

0

0

0

9,4174
8,2478
8,0357

35,293
30,554
30,554
0,0036658
69,849
0,00017177
0,011305
11,268
10,391
10,152

0

0

0

11,216
9,9914
9,9735

CORE LNGas
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H.1.c. Fuga de GNL por orificio de 10 mm en la manguera de entrada al depodsito de 225

kg de GNL de la SC

Fuga de gas licuado

v" Grado de llenado del depdsito: 80%

Longitud de la manguera: 5 m
Duracién de fuga: 600 s

NN NN

Presiéon del depdsito: 8 bar

Volumen del depésito: 0,76 m?
Longitud del depdsito (cilindro horizontal): 1,51 m

Temperatura del depdsito: -130°C

Model: Liquefied Gas Bottom Discharge (TPDIS model)

version: v2017.01.10003 (16/01/2017)

Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 2 and Modelling source terms for the atmospheric dispersion of hazardous

substances, Jaakko Kukkonen
Parameters

Inputs

Chemical name

Use which representative step

Type of vessel outflow

Fixed Mass flow rate of the source (kg/s)
Pipeline length (m)

Pipeline diameter (mm)

Pipeline roughness (mm)

Hole diameter (mm)

Hole rounding

Discharge coefficient (-)

Height difference between pipe entrance and exit (m)

Height leak above tank bottom (m)
Initial temperature in vessel (°C)
Vessel volume (m3)

Vessel type

Length cylinder (m)

Filling degree (%)

Expansion type

n value

Pressure inside vessel determination
Initial (absolute) pressure in vessel (bar)
Type of calculation

Maximum release duration (s)
Ambient pressure (bar)

Results

Initial mass in vessel (kg)

Initial (vapour) pressure in vessel (bar)
Time needed to empty vessel (s)
Massflowrate at time t (kg/s)

Total mass released at time t (kg)
Pressure in vessel at time t (bar)
Temperature in vessel at time t (°C)
VapourMass fraction at time t (-)
Liquid mass in vessel at time t (kg)
Vapour mass in vessel at time t (kg)
Height of liquid at time t (m)

METHANE (DIPPR)

First 20% average
(flammable)

Release from vessel through
(a hole in) pipe

5

25

0,045

10

Sharp edges
0,62

0

0

-130

0,76
Horizontal cylinder
1,51

80

Adiabatic

Use actual pressure

8

Calculate until specified time
600

1,0151

227,16
8
873,69
0,273
1781
5,7865
-135,1
0,024872
45,663
5,803
0,17236
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VEDIO AMBIENTE

Fillingdegree at time t (%) 15,819
Exit pressure at time t (bar) 3,8224
Exit temperature at time t (°C) -142,48
Maximum mass flow rate (kg/s) 0,35575
Representative release rate (kg/s) 0,32363
Representative outflow duration (s) 600
Representative temperature (°C) -138,59
Corresponding pressure (bar) 4,7817
Representative vapour mass fraction (-) 0,029404

Model: Liquefied Gas Spray Release

version: v2017.01.10783 (16/01/2017)
Reference: Yellow Book CPR14E, Page: 2.105 / 2.112, Section: 2.5.3.7 [Finite duration spray releases] AMINAL - Richtlijn voor het
berekenen van Flash en Spray, 1997 C. Hulsbosh-Dam, An Approach to Carbon Dioxide Particle Distribution in Accidental Releases,

Chemical Eniiineerini Transactions Vol.26, 2012, ISBN 978-88-95608-17-4; ISSN 1974-9791

Inputs
Chemical name METHANE (DIPPR)
Type of Spray calculation Sl (ElESE ELE] (YBe(I)I(())I\(A;
Mass flow rate of the source (kg/s) 0,32363
Exit temperature (°C) -138,59
Exit pressure (bar) 4,7817
Exit vapour mass fraction (-) 0,029404
Hole diameter (mm) 10
Height leak above ground level (m) 1
Ambient temperature (°C) 16,2
Ambient pressure (bar) 1,0151
Ambient relative humidity (%) 70
No of samples (accuracy)
Results
Adiabatic vapour flash fraction (-) 0,16277
AFTER FLASHING AND RAINOUT: liquid mass fraction (-) 0,78939
Nett mass flow to air (jet) (kg/s) 0,32363
Temperature jet/cloud (°C) -161,49
Diameter jet/cloud (m) 0,014061
Nett mass flow rained out (kg/s) 0
Temperature of the pool (°C) -161,49
Density of the airborn mass (kg/m3) 8,201
Used Sauter Mean Diameter (micron)
LEL
Model: Neutral Gas Dispersion: Concentration
version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4
Inputs LEL (5.1/D) LEL (1.7/F)
Chemical name METHANE  METHANE
(DIPPR) (DIPPR)
Type of neutral gas release Continuous  Continuous
Total mass released (kg) 178,1 178,1
Mass flow rate of the source (kg/s) 0,32363 0,32363
Duration of the release (s) 600 600
Height of release (Z-coordinate) (m) 1 1
Offset X direction (distance) start dispersion (m) 0 0
Offset Z direction (height) start dispersion (m) 0 0
Length source in wind (x) direction (m) 0,3 0,5
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Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)
Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Time t after start release (s)

Concentration averaging time (s)

Reporting distance (Xd) (m)

Distance perpendicular to wind direction (Yd) (m)
Height (Zd) (m)

Predefined concentration

Threshold concentration (mg/m3)
Contour plot accuracy (%)

Integration tolerance (%)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)
Use dynamic concentration presentation

Results

Concentration at (Xd, Yd, Zd, t) (mg/m3)

Maximum concentration at (Yd, Zd) (mg/m3)

...at distance (m)

Mixing height used (m)

Stand. dev. of turbulent velocity in vert. direction used (m/s)

Stand. dev. of turbulent velocity in horiz. direction used (m/s)
Maximum distance to Lower Flammability Limit concentration (m)
Width of Lower Flammability Limit outer contour (m)

Inverse Monin-Obukhov length (1/L) used (1/m)

Masa explosiva

Model: Neutral Gas Dispersion: Flammable Cloud

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Parameters

Inputs

Chemical name

Type of neutral gas release

Total mass released (kg)

Mass flow rate of the source (kg/s)

Duration of the release (s)

Height of release (Z-coordinate) (m)

Offset X direction (distance) start dispersion (m)

=

IpESe@

0,3 0,5

0,3 0,5

16,2 16,2
1,0151 1,0151
Pasquill Pasquill

F (Very

D (Neutral) Stable)
51 1,7

41 41

Low crops;  Low crops;
occasional occasional
large large
obstacles, x/h obstacles, x/h
> 20. > 20.

120 120

20 20

1000 1000

0 0

1 1

Lower Lower
Flammability Flammability
Limit Limit
33352 33352

1 1

0,1 0,1

W w

270 270

No No

LEL (5.1/D) LEL (1.7/F)
15,748 292,99
6,7819E05 6,7823E05
0 0

500 50
0,59167 0,10914
0,86127 0,15951
6,7768 42,377

0,5 1,1667

0 0,073006

Masa Masa
explosiva explosiva
(5.1/D) (1.7/F)
METHANE METHANE
(DIPPR) (DIPPR)
Continuous  Continuous
178,1 178,1
0,32363 0,32363
600 600

1 1

0 0
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Offset Z direction (height) start dispersion (m)
Length source in wind (x) direction (m)
Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)

Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Predefined wind direction
Wind comes from (North = 0 degrees) (deg)

Reporting time flammable cloud

Time t after start release (s)
Concentration averaging time (s)
Integration tolerance (%)

Use 50% LFL for cloud contour

Use mass between LFL and UFL

Use dynamic concentration presentation
Resolution of the time consuming graphs

Results

Flammability threshold concentration (mg/m3)
Maximum distance to flammable concentration (m)
Width of flammable cloud outer contour (m)
Maximum flammable mass (kg)

Area of explosive cloud (m2)

Time T reported (s)

Flammable mass at time t (kg)

Area flammable cloud at time t (m2)

Height to LEL (m)

Length of cloud (between LEL) (m)

Width of cloud (between LEL) (m)

Offset between release location and LEL (m)

Offset between release and cloud centre at time t (m)

=

0

0,3

0,3

0,3

16,2
1,0151
Pasquill

D (Neutral)

5,1
41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(5.1/D)
33352
6,7768
0,5
0,26813
2,7379
0
0,26813
-1E300
1,6
7,133
0,5
-0,3125
3,254

IpESe@

0

0,5

0,5

0,5
16,2
1,0151
Pasquill
F (Very
Stable)
1,7

41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(1.7/F)
33352
38,096
1,1667
4,5149
33,456
0
4,5149
-1E300
2,2
38,556
1,0298
-0,5
18,778
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Dardo de Fuego

Model: Jet Fire (Chamberlain model)

version: v2017.01.10780 (16/01/2017)

Reference: Chamberlain, G.A., Development in design methods for predicting thermal radiation from flares~Chem. Eng. Res. Des. Vol.65

July 1987 pagina 299 - 309~Cook,J. et al, A comprehensive program for the calculation of flame radiation levels~Loss Prev. in Process Ind.

January 1990, vol.3 ~Damage: Green Book 1st edition 1992, chapter 1 (Heat radiation); pages 11-36

Parameters

Inputs JF (5.1/D)  JF (1.7/F)

METHANE  METHANE
(DIPPR) (DIPPR)

Chemical name

(Calculated) Mass flow rate (kg/s) 0,32363 0,32363
Exit temperature (°C) -138,59 -138,59
Exit pressure (bar) 4,7817 4,7817
Hole diameter (mm) 10 10
Hole rounding Sharp edges Sharp edges
Discharge coefficient (-) 0,62 0,62
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg) 0 0
Release height (Stack height) (m) 1 1
Ambient temperature (°C) 16,2 16,2
Ambient pressure (bar) 1,0151 1,0151
Ambient relative humidity (%) 70 70
Meteorological data Pasquill Pasquill
Pasquill stability class D (Neutral) ey

Stable)
Wind speed at 10 m height (m/s) 51 1,7

Inverse Monin-Obukhov length (1/L) (1/m)
Low crops;  Low crops;
occasional  occasional

Roughness length description large large
obstacles, x/h obstacles, x/h
> 20. > 20.
Flame temperature (°C) 926,85 926,85
Amount of CO2 in atmosphere (-) 0,0003 0,0003
Fraction of the flame covered by soot (-) 0 0
Maximum heat exposure duration (s) 20 20
Reporting distance (Xd) (m) 100 100
Height of the receiver (m) 1 1
Predefined wind direction w w
Wind comes from (North = 0 degrees) (deg) 270 270
Heat radiation level (lowest) for first contour plot (kW/m2) 3,71 3,71
Heat radiation level for second contour plot (kW/m2) 6,64 6,64
Heat radiation level (highest) for third contour plot (kW/m2) 8 8
Report heat radiation grid Yes Yes
Resolution for surface discretization Medium Medium
Take protective effects of clothing into account No No
Correction lethality protection clothing (-)
Percentage of mortality for contour calculations (%) 1 1
Heat radiation lethal damage Probit A ((sec*(W/m2)"n)) -36,38 -36,38
Heat radiation lethal damage Probit B 2,56 2,56
Heat radiation damage Probit N 1,3333 1,3333
Results JF (5.1/D) JF (1.7/F)
Type of flow of the jet U th?se W7 P
ow flow
Wind speed at avg. jet height (m/s) 2,55 0,54422
Exit velocity of expanding jet (m/s) 73,966 73,966
Angle between hole and flame axis (alpha) (deg) 0 0
Frustum lift off height (b) (m) 0,16811 0,22457
Width of frustum base (W1) (m) 0,61682 0,02055
Width of frustum tip (W2) (m) 4,3199 4,4493
Length of frustum (flame) (RI) (m) 11,039 14,746

Pagina: 55 de 132
CORE LNGas ANALISIS DE RIESGOS (AR) Fecha: Febrero 2017

hive Rev.: 1



i
tema

SEGURIDAD

Surface area of frustum (m2)

Surface emissive power (max) (kW/m2)
Surface emissive power (actual) (kW/m2)
Heat radiation at Xd (kW/m2)

Atmospheric transmissivity at Xd (%)

View factor at Xd (-)

Heat radiation dose at Xd (s*(kW/m2)"4/3)
3,71 kW/m2 Heat radiation distance (m)
6,64 kW/m2 Heat radiation distance (m)
8 kW/m2 Heat radiation distance (m)
Percentage first degree burns at Xd (%)
Percentage second degree burns at Xd (%)
Percentage third degree burns at Xd (%)
1% First degree burns distance (m)

1% Second degree burns distance (m)

1% Third degree (Lethal) burns distance (m)

elnesa

101,75
43,819
43,819
0,018174
70,071
0,00059191
0,095565
17,861
16,066
15,583

0

0

0

17,554
15,331
15,139

120,25
37,08
37,08

0,01784
70,35
0,00068389
0,093229
21,24
19,513
19,049

0

0

0

20,959

18,815

18,614
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H.1.d. Rotura catastrofica de la manguera de GNL (orificio de 25 mm) de entrada al
deposito de 225 kg de GNL de la SC

Fuga de gas licuado

v" Grado de llenado del depdsito: 80%

Duracion de fuga: 120 s

SN NN

Presidn del depdsito: 8 bar

Volumen del depésito: 0,76 m?

Longitud del depdsito (cilindro horizontal): 1,51 m

Temperatura del depdsito: -130°C

Model: Liquefied Gas Bottom Discharge (TPDIS model)

version: v2017.01.10003 (16/01/2017)

Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 2 and Modelling source terms for the atmospheric dispersion of hazardous

substances, Jaakko Kukkonen
Parameters

Inputs

Chemical name

Use which representative step

Type of vessel outflow

Fixed Mass flow rate of the source (kg/s)
Pipeline length (m)

Pipeline diameter (mm)

Pipeline roughness (mm)

Hole diameter (mm)

Hole rounding

Discharge coefficient (-)

Height difference between pipe entrance and exit (m)

Height leak above tank bottom (m)
Initial temperature in vessel (°C)
Vessel volume (m3)

Vessel type

Length cylinder (m)

Filling degree (%)

Expansion type

n value

Pressure inside vessel determination
Initial (absolute) pressure in vessel (bar)
Type of calculation

Maximum release duration (s)
Ambient pressure (bar)

Results

Initial mass in vessel (kg)

Initial (vapour) pressure in vessel (bar)
Time needed to empty vessel (s)
Massflowrate at time t (kg/s)

Total mass released at time t (kg)
Pressure in vessel at time t (bar)
Temperature in vessel at time t (°C)
VapourMass fraction at time t (-)
Liquid mass in vessel at time t (kg)
Vapour mass in vessel at time t (kg)
Height of liquid at time t (m)
Fillingdegree at time t (%)

Exit pressure at time t (bar)

METHANE (DIPPR)

First 20% average
(flammable)

Release from vessel through
(a hole in) pipe

5

25

0,045

25

Rounded edges
1

0

0

-130

0,76

Horizontal cylinder
1,51

80

Adiabatic

Use actual pressure

8

Calculate until specified time
120

1,0151

227,16

8

142,71
1,4191
220,85
4,2196
-140,79
0,019809
2,6238
5,0868
0,024231
0,88586
2,9159
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VEDIO AMBIENTE

Exit temperature at time t (°C) -146,88
Maximum mass flow rate (kg/s) 2,2871
Representative release rate (kg/s) 2,0707
Representative outflow duration (s) 110
Representative temperature (°C) -138,36
Corresponding pressure (bar) 4,8463
Representative vapour mass fraction (-) 0,029238

Model: Liquefied Gas Spray Release

version: v2017.01.10783 (16/01/2017)
Reference: Yellow Book CPR14E, Page: 2.105 / 2.112, Section: 2.5.3.7 [Finite duration spray releases] AMINAL - Richtlijn voor het
berekenen van Flash en Spray, 1997 C. Hulsbosh-Dam, An Approach to Carbon Dioxide Particle Distribution in Accidental Releases,

Chemical Eniiineerini Transactions Vol.26, 2012, ISBN 978-88-95608-17-4; ISSN 1974-9791

Inputs

Chemical name METHANE (DIPPR)
Type of Spray calculation PR R moe] (YBecl)lgl\(’;
Mass flow rate of the source (kg/s) 2,0707
Exit temperature (°C) -138,36
Exit pressure (bar) 4,8463
Exit vapour mass fraction (-) 0,029238
Hole diameter (mm) 25
Height leak above ground level (m) 1
Ambient temperature (°C) 16,2
Ambient pressure (bar) 1,0151
Ambient relative humidity (%) 70
No of samples (accuracy)

Results

Adiabatic vapour flash fraction (-) 0,16453
AFTER FLASHING AND RAINOUT: liquid mass fraction (-) 0,78728
Nett mass flow to air (jet) (kg/s) 2,0707
Temperature jet/cloud (°C) -161,49
Diameter jet/cloud (m) 0,036
Nett mass flow rained out (kg/s) 0
Temperature of the pool (°C) -161,49
Density of the airborn mass (kg/m3) 8,1213

Used Sauter Mean Diameter (micron)

LEL

Model: Neutral Gas Dispersion: Concentration

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4

Inputs LEL (5.1/D) LEL (1.7/F)
METHANE  METHANE

Chemical name (DIPPR) (DIPPR)

Type of neutral gas release Continuous  Continuous
Total mass released (kg) 220,85 220,85
Mass flow rate of the source (kg/s) 2,0707 2,0707
Duration of the release (s) 110 110
Height of release (Z-coordinate) (m) 1 1
Offset X direction (distance) start dispersion (m) 0 0
Offset Z direction (height) start dispersion (m) 0 0
Length source in wind (x) direction (m) 0,8 1,3
Length source in crosswind (y) direction (m) 0,8 1,3
Length source in vertical (z) direction (m) 0,8 1,3
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Ambient temperature (°C)
Ambient pressure (bar)
Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)
Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Time t after start release (s)

Concentration averaging time (s)

Reporting distance (Xd) (m)

Distance perpendicular to wind direction (Yd) (m)
Height (Zd) (m)

Predefined concentration

Threshold concentration (mg/m3)
Contour plot accuracy (%)

Integration tolerance (%)

Predefined wind direction

Wind comes from (North = 0 degrees) (deg)
Use dynamic concentration presentation

Results

Concentration at (Xd, Yd, Zd, t) (mg/m3)

Maximum concentration at (Yd, Zd) (mg/m3)

...at distance (m)

Mixing height used (m)

Stand. dev. of turbulent velocity in vert. direction used (m/s)

Stand. dev. of turbulent velocity in horiz. direction used (m/s)
Maximum distance to Lower Flammability Limit concentration (m)
Width of Lower Flammability Limit outer contour (m)

Inverse Monin-Obukhov length (1/L) used (1/m)

Masa explosiva

Model: Neutral Gas Dispersion: Flammable Cloud

version: v2017.01.10898 (17/01/2017)
Reference: Yellow Book (CPR-14E), 3rd edition 1997, Chapter 4
Parameters

Inputs

Chemical name

Type of neutral gas release

Total mass released (kg)

Mass flow rate of the source (kg/s)

Duration of the release (s)

Height of release (Z-coordinate) (m)

Offset X direction (distance) start dispersion (m)
Offset Z direction (height) start dispersion (m)
Length source in wind (x) direction (m)

=

IpESe@

16,2 16,2

1,0151 1,0151
Pasquill Pasquill

F (Very

D (Neutral) Stable)
51 1,7

41 41

Low crops;  Low crops;
occasional occasional
large large
obstacles, x/h obstacles, x/h
> 20. > 20.

120 120

20 20

1000 1000

0 0

1 1

Lower Lower
Flammability Flammability
Limit Limit
33352 33352

1 1

0,1 0,1

W w

270 270

No No

LEL (5.1/D) LEL (1.7/F)
100,75 1873,5
6,3441E05 6,7823E05
0 0

500 50
0,59167 0,10914
0,86127 0,15951
29,116 155,83

2 4,5783

0 0,073006

Masa Masa
explosiva explosiva
(5.1/D) (1.7/F)
METHANE METHANE
(DIPPR) (DIPPR)
Continuous  Continuous
220,85 220,85
2,0707 2,0707

110 110

1 1

0 0

0 0

0,8 1,3
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Length source in crosswind (y) direction (m)
Length source in vertical (z) direction (m)
Ambient temperature (°C)

Ambient pressure (bar)

Meteorological data

Pasquill stability class

Wind speed at 10 m height (m/s)

North/South latitude of the location (deg)

Inverse Monin-Obukhov length (1/L) (1/m)

Mixing height (m)

Stand. dev. of turbulent velocity in vertical direction (m/s)
Stand. dev. of turbulent velocity in horizontal direction (m/s)

Roughness length description

Predefined wind direction
Wind comes from (North = 0 degrees) (deg)

Reporting time flammable cloud

Time t after start release (s)
Concentration averaging time (s)
Integration tolerance (%)

Use 50% LFL for cloud contour

Use mass between LFL and UFL

Use dynamic concentration presentation
Resolution of the time consuming graphs

Results

Flammability threshold concentration (mg/m3)
Maximum distance to flammable concentration (m)
Width of flammable cloud outer contour (m)
Maximum flammable mass (kg)

Area of explosive cloud (m2)

Time T reported (s)

Flammable mass at time t (kg)

Area flammable cloud at time t (m2)

Height to LEL (m)

Length of cloud (between LEL) (m)

Width of cloud (between LEL) (m)

Offset between release location and LEL (m)

Offset between release and cloud centre at time t (m)

=

0,8

0,8

16,2
1,0151
Pasquill

D (Neutral)

51
41

Low crops;
occasional
large
obstacles, x/h
> 20.

W

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(5.1/D)
33352
27,8

2

7,1121
42,081

0

7,1121
-1E300
2,8
28,546
1,8967
-0,83333
13,44

IpESe@

1,3

1,3

16,2
1,0151
Pasquill
F (Very
Stable)
1,7

41

Low crops;
occasional
large
obstacles, x/h
> 20.

w

270

Time
maximum
explosive
mass

20
0,1
No
No
No

Masa
explosiva
(1.7/F)
33352
151,84
4,5783
113,57
535,55
0
113,57
-1E300
3,6
152,94
4,5783
-1,25
75,22
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Dardo de Fuego

Model: Jet Fire (Chamberlain model)

version: v2017.01.10780 (16/01/2017)

Reference: Chamberlain, G.A., Development in design methods for predicting thermal radiation from flares~Chem. Eng. Res. Des. Vol.65

July 1987 pagina 299 - 309~Cook,J. et al, A comprehensive program for the calculation of flame radiation levels~Loss Prev. in Process Ind.

January 1990, vol.3 ~Damage: Green Book 1st edition 1992, chapter 1 (Heat radiation); pages 11-36

Parameters

Inputs JF (5.1/D)  JF (1.7/F)

METHANE  METHANE
(DIPPR) (DIPPR)

Chemical name

(Calculated) Mass flow rate (kg/s) 2,0707 2,0707
Exit temperature (°C) -138,36 -138,36
Exit pressure (bar) 4,8463 4,8463
Hole diameter (mm) 25 25
H . Rounded Rounded
ole rounding

edges edges

Discharge coefficient (-) 1 1
Outflow angle in XZ plane (0°=horizontal; 90°=vertical) (deg) 0 0
Release height (Stack height) (m) 1 1
Ambient temperature (°C) 16,2 16,2
Ambient pressure (bar) 1,0151 1,0151
Ambient relative humidity (%) 70 70
Meteorological data Pasquill Pasquill
Pasquill stability class D (Neutral) ey
Stable)

Wind speed at 10 m height (m/s) 51 1,7

Inverse Monin-Obukhov length (1/L) (1/m)
Low crops;  Low crops;
occasional  occasional

Roughness length description large large
obstacles, x/h obstacles, x/h
> 20. > 20.
Flame temperature (°C) 926,85 926,85
Amount of CO2 in atmosphere (-) 0,0003 0,0003
Fraction of the flame covered by soot (-) 0 0
Maximum heat exposure duration (s) 20 20
Reporting distance (Xd) (m) 100 100
Height of the receiver (m) 1 1
Predefined wind direction w w
Wind comes from (North = 0 degrees) (deg) 270 270
Heat radiation level (lowest) for first contour plot (kW/m2) 3,71 3,71
Heat radiation level for second contour plot (kW/m2) 6,64 6,64
Heat radiation level (highest) for third contour plot (kW/m2) 8 8
Report heat radiation grid Yes Yes
Resolution for surface discretization Medium Medium
Take protective effects of clothing into account No No
Correction lethality protection clothing (-)
Percentage of mortality for contour calculations (%) 