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Editorial

o

By the time this new issue of the magazine comes
out, the situation will have changed considerably
for the Gadlician shipbuilding and repair sector. We
stil do not know to what extent, but we do know
how the group has reacted to past unfavourable
contexfs: planning, research, flexibility, know-how,
development, specialisation, technology, quality
and a lot of effort; are some of the characteristics
that define us and that will serve as a solid base
for the so-called recovery, for the continuation.

The spirit of the Cluster is based on the union of the
sector, the promotion of collaboration and the
development of the entire ecosystem of compa-
nies that integrafe it. These, some of which are
called tractors, have already proved to have the
muscle enough when the occasion arises. The
international shipbuiding landscape, which is
where we move, has never been easily predicta-
ble. Perhaps it does have an even more marked
component of uncertainty, but this factor has
always been there in other situations, so it is not
alien to us. However, our certainty, the redlity that
has not changed, nor will it, is the capacity fo over-
come and adapt of each of the members who are
dedicated to making the most sophisticated and
advanced products on the market from Gdlicia.

pl anning,

technol

Since the beginning of this century, shipbuilding in
the Autonomous Community of Galicia has
supplied vessels to more than 32 countries, with a
clear predominance of those that provide great
added value, this is, those that require technologi-
cal specialisation on a par with the best world
builders. Being an absolute reference in fishing
vessels, modem floating factories, with all that this
implies af present. It is not a coincidence either
that leading states trust our sector to manufacture
the most sophisticated prototypes, such as ocea-
nographic or fraining ships, to give a representati-
ve example. Of course the context will hit and
affect the order book and workload, we don't
know yet fo what levels, but we have always
known where to look, where fo lead. And we
certainly dominate construction sectors which are
also necessary.

We therefore propose in this line, and as will be re-
flected below, the powerful and continuous collabo-
rafion between research companies and fechno-
logy centres. Joint confributions to face the situation
with strength and optimism, with facts, for the time
being with a view to the near future, but which are
and will undoubtedly be our foundations; our basis.
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FUEL REFUELLING SYST EMS

WHAT IS THE PURPOSE?

Refuelling systems, either for helicopters, zodiacs, or
land vehicles, are the solution for the supply of the
different types of fuels, both in offshore platforms
(Jack-up, semi-submersible, etc), and in FPSOs,
FSOs, yachts, military ships, orin any other type.

The purpose of the equipment is to receive and
store fuel on board, to supply it safely, in optimal
conditions and at the required time.

Static Tank

Second, is the pumps unit, whose basic components

MAIN COMPONENTS
are the motor-pump groups.

The Systems usually consist of four modules. The first
one comesponds to the fuel storage tank, which
can be static or aero transportable.

Pumps Unit

Thirdly, the Dispensing unit, where the fuel fitering takes
place and from where the supply is made through the
unit's nozzle, which can be over wing or underwing.

Aero fransportable tanks over a Laydown skid
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Dispensing without cabin or with cabin

Finally, the main confrol panel of the system,
which will be installed in a safe area.

¢HOW DOES IT WORK?
The basic operation of the equipment is as follows :

The solenoid valve that operates on the pneuma-
fic discharge valve of the tank is activated, and
the fuel is sucked in by one of the pumps installed
in the pumps module. This unit is protected against
vacuum operation and it is usually attached fo
the fuel tanks.

Fuel will pass through the pipe that connects the
pump module with the Dispensing, which is insta-
lled as close fo the heliport as possible. In this last
module previous fo the supply fo the helicopter
tank, the fuel (JET A-1, JP-5, efc) passes through
the separator fiter, where solid particles and free
water present in the fuel are removed. Subse-
quently, the flow meter indicates the litres that
have been supplied. The quality of the fuel that
arives at the helicopter is guaranteed by the
sampling points, upstream and downstream of the
separator filter, which allows us to check the possi-
ble presence of water in fuel by means of the
detection capsules.

Finally, the fuel enters the helicopter tank through
the nozzle installed in the hose.

DESIGN AND TEST

The helicopter supply systems (Helicopter Refue-
ling Units), currently the most in demand, have
been designed by Detegasa according fo the
recommendations of the Standard CAP
437_"Standards for offshore helicopter landing
areas”. The main goal in the development of this
equipment is fo ensure that the refuelling process
wil be carried out safely and that the fuel supplied
to the helicopter is optimum quality.

Taking info account that the equipment wil work with
fuel, electrical components with ATEX/IECEX certification
are essential, suifable for the specific area in which each
of these components will be installed.

3D Model of a Dispensing Unit

The design is tailored to the different requirements
of the client, both civil and military, to the fempe-
rature conditions, which in some cases are exire-
me, and to the different classification societies.
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Dispensing with dosage of anti-icing

The possibilities that may arise are wide and are
not only given by the type of system to be refue-
lled. The type of fuel and the needs of each custo-
mer will lead fo a custom design in each of the
projects. In this way, it is possible to request that the
system makes defuelling, as well as refuelling. This
also allows greater flexibility in the supply so that
refuelling inflight operations (HIFR), can be camied
out, including the supply of a spill tank to the drains
of the frays are leaded, efc.

Spill tank

For safety reasons, the equipment could have a
leak detection system, both for gases and liquids.

Finally, the relevant internal tests are camied out
in Detegasa. Then, the Factory Acceptance Test
is performed in the presence of a surveyor of the
Classification Society of the ship.

=] -

T GALICIA, a powerhouse of the
Shipbuilding Industry

From the times of the ship’s carpenters to the great
shipyards of the present, Galicia has a very long tradition
in shipbuilding, with the experience that goes with it. Not
only is our knowledge internationally recognized, but also
our strength, our ability fo overcome and our wilingness to
advance in knowledge and technology
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A PRACTICAL CASE FOR THE APPLICATION OF
HYDROGEN & DIESEL INJECTION IN THE MARINE SECTOR

Brais Carballedo, Tristan Coats & Ross SloatbSMI (London)

brais.carballedo@hssmi.org/tristan.coats@hssmi.org/ross.sloan@hssmi.orgDigital Manufacturing Tools

INTRODUCTION

Hydrogen injectfion is a technology proven to
reduce emissions within the automotive industry.
This is achieved by injecting hydrogen into the ICE
(infernal combustion engine) and displacing the
total amount of diesel required. The HyDIME
(Hydrogen & Diesel Injection in Marine Environ-
ment) project is concerned with proving this tfech-
nology in the marine industry, on board the MV
Shapinsay femry in Orkney.

The HyDIME system will utilise carbon free hydro-
gen produced using curtailed energy from wind
and tidal turbines as onboard fuel for the
hydrogen injection system.

The HyDIME project is tackling the following key issues:

- The marine sector is responsiole for 3.3% of global Co2
production, with figures from the EEA suggesting that this
wil fise significantly if the marine industry does nothing o
reduce their environmentalimpact.

- The Orkney Isles curently experience a community
problem with renewable energy curtaiment — where
over 100% of the demand is being produced by rene-
wable assets and some must be tumed off, wasting this
cleanenergy.
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Simulation modelling was used to create a repre-
sentation of the hydrogen-diesel ferry operatfing
with different diesel displacement percentages
and as part of the larger hydrogen infrastructure.
This method allowed for the impact of the system
to be quantified and also highlighted bottlenecks
and threats within the system. It also facilitated
scaled-up versions of the system to be modelled in
order to assess the potential impact of future
developments in this space.
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ENVIRONMENTAL IMPACT

The environmental impact of the system was quan-
tified in ferms of diesel fuel and GHG emissions
displaced and the use of simulation allowed for
parameters of influence such as ferry timetables,
and hydrogen transport logistics to be accounted for.

There were three main emission factors to consider :

- Emissions saved by displacing diesel on the
hydrogen fuelled ferry .

- Emissions displaced by utilising carbon-free elec-
fricity to produce the hydrogenin use .

- Emissions produced by the fransportation of the
hydrogen from the point of production to ufilisation .

The model allowed for all of these factors to be
considered and was simulated for 20% and 60%
hydrogen-diesel displacement levels. The following
results were obtained :

Parameter Value

Displacement Percentage 20% 60%
Total Diesel Displaced (L) 2,998 8,349
Tgtal CO: Displaced from Diesel 8.034 22375
Displacement (kg)

Total H2 Consumed by MV Shapinsay (kg) 937 2,609
Electricity Requireq to Produce  Hz 51,522 143,49
Used by MV Shapinsay (kwh)

Total CO, Displaced from Carbon 14584 40620
Free Hz Production (kg) ' '
Total CO. Displaced (kg) 22,618 62,995
CO; Emissions Associated with Trans-

porting Hydrogen for HyDIME Use (kg) 9,000 20,000
Net CO: Displaced (kg) 13,618 42,995

Results produced after altering the refueliing logistics of the model
(20% and 60% displacement levels; results are per year)

CO, Savings (20% vs 60%)
50,000

42,995
40,620

40,000

30,000
22,375
20,000
14,58 13,61

10,000 8,034

Carbon Free H2
Production

Shapinsay
10,000 Vessel

Amount of CO, Saved (kg)

9,000]

-20,000
-20,000

-30,000
Asset

CO2 savings achieved after changing refuelling logistics for 20%
and 60% displacement levels

The HyDIME project is fackling another energy
problem - the curtaiiment of renewable
energy that is experienced in Orkney when the
full energy demand is met. During fimes of
curtailment, the energy is used to produce
green hydrogen which currently only has one
use - as a fuel for a port side fuel cell. The HyDI-
ME project provides another use of this hydro-
gen allowing more curtailed energy utilisation.
The simulation modelling work estimated that
the refrofitted vessel could utilise between 1
and 2.5 fonnes of hydrogen yearly which
equates to between 52 and 140 MWh worth of
electricity. The diagram below gives an appro-
ximated indication as to how HyDIME provides
a solution to the curtailment issue experienced
by the Eday wind turbine .
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Overview of how the HyDIME system utilizes curtailed energy from the Eday wind turbine

ECONOMIC IMPACT

The economic impact of the HyDIME system was
also addressed. The cost of hydrogen as a fuel is
often regarded as the major pitfall to fully incorpo-
rafing it as an alternative fuel for fransport applica-
tions. This is especially frue for the marine industry
where the cost of marine diesel is so low.

Using the model, it was possible to evaluate some
key economic outcomes such as the cost asso-
ciated with the hydrogen being utilised on the
ferry, as well as the cost savings associated with
reducing diesel consumption.

Utilising other key information about the system
and its operation along with data figures the capex,
it was possible to estimate a high level economic
assessment of the system. Full cost details cannot be
provided due to confidentiality agreements.

As can be seen in the next graphs, the major
challenge with the majority of hydrogen systems -
the cost - is evident in the HyDIME system, where
the cost of hydrogen as a fuel results in a yearly
economic loss.

HyDIME Cash Flow (20% Displacement)

m Capex m Opex m Savings  Net
Vear
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HyDIME Cash Flow (60% Displacement)
' Capex m Opex .

|| | B [' " A"

Cost balance graph of the system operating at 20% and 60%
diesel displacement

It is worth noting that these results have been esti-
mated under the assumption that the cost of pro-
ducing hydrogen and the cost of marine diesel
does not change. In redlity, it is likely that the cost
of hydrogen will decrease as technology and
efficiencies improve, and with the potential of
support from government subsidies. Furthermore,
the cost of marine diesel willincrease due to fighte-
ning legislation around emissions.

It is likely that a carbon tax or other similar incenti-
ves wil be implemented in the near future which
will significantly increase the cost of diesel and
provide a further incentive to move away from
marine diesel and towards utilising green fuels.
Once hydrogen becomes more competitively priced,
a positive net cash balance can be expected.

Furthermore, the hydrogen injection system in
question is a proof of concept and so is installed on
the auxiliary engine of the vessel. This is a relatively
small unit compared to the propulsion engine and
therefore, it was expected that the fuel savings
would be small. The HyDIME system also provides a
further benefit to the community in that it offers a
use for the curtailed renewable energy.

One of the main messages of the HyDIME project
was fo demonstrate the significant emission sa-
vings that could be achieved with the techno-
logy as well as the further benefits the project
brings to the community. It was expected that
until there is a scaled-up version of the system in
operation, and hydrogen is more competitively
priced, it would not result in significant economic
savings.

MODELLING FUTURE SCENARIOS

The model was used to represent potential sca-
led up scenarios of the HyDIME system. The mo-
del was altered to represent a centralised pro-
duction site, eliminating the issues associated with
fransporting hydrogen to and from different is-
lands within Orkney. Furthermore, a scaled-up
version of the MV Shapinsay hydrogen injection
system was also created by alfering the model
parameters fo represent the injection system
operating at 60% diesel displacement on the
propulsion engine. To facilitate for increased
hydrogen consumption, the onboard storage
was increased fo 100kg.

Operafing the system with the propukion unit has a
significantly greafer environmental impact with a net
saving of alimost 500 fonnes of CO . being displaced.

Not only is there a greater amount of diesel being
displaced, but the co 2 emissions associated with
fransporting the hydrogen have been elimi-
nated. If can be argued that there are no nega-
tive emissions associated with the HyDIME system
in this configuration.

The net CO . savings of the system at 60% displace-
ment on the propulsion unit are equivalent to remo-
ving 100 passenger vehicles from the road per year.
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Parameter Value

Displacement Percentage 60%
Total Diesel Displaced (L) 63,192
Total CO > Displaced from Diesel Displacement (kg) 169,361
Total H2 Consumed by MV Shapinsay (kg) 19,748
Electricity Required to Produce Hz Used by MV Shapinsay (kwh) 1,086,155
Total CO; Displaced from Carbon Free H2Production (kg) 307,458
Total CO 2 Displaced (kg) 476,819
CO 2 Emissions Associated with Transporting Hydrogen for HyDIME Use (kg) 0

Net CO : Displaced (kg) 476,819
Cost Reductions Through Fuel Savings (£) 30,333

Results produced for 60% diesel displacement on vessel propulsion engine (one year of operation)

CO2 Savings (60% on Shapinsay Propulsion Unit)
500000 465,469
< 400,000
T 300,139
% 300,000
wv)
165,330
8 200,000
g 100,000
s 0
=1 0
g Shapinsay Vessel Carbon Free H2 Hydrogen Transport Net
< Production
Asset

CO 2 savings achieved from 60% diesel displacement on propulsion engine
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Infographic representing the CO 2 savings achieved from 60% diesel displacement on vessel propulsion engine
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REPLICATION OPPORTUNITIES

A major challenge associated with innovative
technology and fuels in marine is that there is a
lack of application opportunities. However, the
interest in hydrogen as a fuel is growing. The
graphic on the following page details identified
opportunities where a system similar fo the HyDIME
system could be implemented.

CONCLUSION

The HyDIME project focussed on addressing the
issues of the emissions associated with the indus-
try through fossil fuel usage, as well as the com-
munity renewable energy curtailment issue ex-
perienced in Orkney.

Western Isles

- Excellent renewable potential

- Rely on inferisland ferry crossings

- Potential savings of 13,000 tonnes of / ky with 60% diesel
displacement on Stomoway - Ullapool fery

Lancaster Hydrogen Hub

- Looking to develop hydrogen hubs across various industries including the

regions port activities
- Using low carbon hydrogen from nuclear power plants

- Passenger feries and large shipping vessels leave and enter the nearby port
- Aiming fo have a dedicated research hub to assess hydrogen fueling and

fransport logistics

Isle of Wight

- Cumrently operating solar plant generating 4.68 GWh of green electricity

The project was able to address these challenges by
demonstrating that a hydrogen dual fuel system on a
public fery has the potential to significantly reduce
GHG emissions as well as utilise a significant portion of
curtailed energy which would otherwise be lost.

There is an increasing appetite for the use of hydro-
gen as a fuel in the marine industry and there are
growing opportunities within the UK and Europe
where this can be realised.

The main barrier and challenge as addressed in this
arficle is that of the cost of hydrogen. Until it is cost
partitive with marine diesel, it will be difficult to fully
penetrate this technology within the marine indus-
try. However, this will hopefully soon be the case as
the price of hydrogen is only going to decrease,
while diesel prices will increase.

- Experience energy curtaiment - a good opportunity to produce hydrogen /
- Rely on passenger ferries to fransport residents fo and from mainiand (over 200 daily ferry crossings)

- Have ambitions to be self-sustaining island

- Ferry companies have expressed interest in hydrogen as a fuel

UK map showing recommended locations that could benefit from a system similar to that of the HyDIME project
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