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Background: gas transportation -

Marine Gas Transportation Market
Marine Gas Transportation Market

Today
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* Big reservoir / distance LESS than 1000 km - pipeline
* Big reservoir / distance MORE than 1000 km - LNG carrier

* Limited reservoir / distance less than 1000 km - no proven technology economically viable at the moment
* Containment cylinders based on existing technologies too small and too heavy
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European
Commission

* CONSORTIUM formed by 13 Partner Companies

* 8 Countries represented:
Belgium, Cyprus , Germany, Greece, Italy, Norway, Slovenia, Ukraine

* Project duration: 48 months (started June 1st 2017)

EU contribution = Project’s financial value = 12 M€
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Transportation scenarios

* Analysis of 3 real-life geo-economical gas exploitation scenarios (East Mediterranean, Barents Sea,
Black Sea)

®* ESTECO Mathematical model to optimize
e Ship carrying capacity

No. of ship

Ship main design parameters
* Pressure vessels dimensions (diameter and length)

Transportation tariff

#estecoUM18
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Design of Pressure Cylinders

PATENTED+ABS AIP ultra-thin stainless steel+carbon/glass
300 bar (70% lighter than any other previous technology)

Optimization of winding process by ESTECO

* Pre-industrial Prototyping Pressure
Cylinders.Custom built/self designed
facility in Italy.

Tests on LOA= 8.0 m, diameter 2.5 m
Results valid for LOA=11 m (40’ Container)

#estecoUM18
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CNG Ship Design smcme

@W @ @F f i@f by Navalprogetti

CNG Ship Design (AIP from ABS covering concept and safety), Ship deadweight according with
ESTECO decision support model, CFD studies of fire and explosions
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Safety Analysis |
3

Ref.: TASK#: T1265825
Project# 3374211
Date: 15 April 2015

®* FEM analysis
Certificate of Approval in Principle

Contour Plot

Composite Stresses(P1 (major) Stress, Max) 300 bar
603
53 As requested by
469

s NAVALPROGETTI SRL, Italy
|

ABS bas reviewed documentation as specified in ABS letter dated 15 April 2015 for;

0
ETS‘

B& ' 2 .

4 New Compressed Natural Gas (CNG) Containment System
et and found the system 10 be satisfoctory with respect to the intent of the following:
Min = -1
20111

1« ABS Guice for Vessels Intended to Carry Compressed Natural Gases in Bulk, April
2005 (Updated Feb, 2014)

2. ABS Guicance Notes on Review and Approval of Novel Concepts , June 2003

3- Intemational Standard for Gas cylinders - Refillable composite remfoeced tubes of
waler capacity between 4501 and 30001, ~ Design, construstion and testing (ISO
11515:2013)

subject o compliance with the comments in the above letter and the Rules. All drawings,
calculations, test meports, and certificates for components are 10 be found scceptable 1o ABS

* Patented Technology PCT/IB2015/050668 for issuing this contificae

Dimitrios G Kostaras ABS CORPORATE, Technology
Vice Presadent of Enginocring
ABS Eumr‘t Division

S
(>

/
i 12
By: Y% J‘v(.,’__‘
Lucio Trevisan ung S. Shin,
Senior Managing Principal Engineer Head of Cargo Contsitument
Systems Group

®* Approval in principle from ABS

Noe This sonificew eviesses conpiance wih one of mure of 1 reben. Lisden. vmndands o oder ondore of Areraoss Haroms of
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oF afwtr weberipad awre serificas) curges 9 (0 sfororationed grodedt withond ADUS apgoord il oot o din sontifme
Dosnndng vard This comiicse b poversad by (e tooem s corsddurm (n the ARS Hufes
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Expected Achievements

* Main goal:
Prove the viability of the CNG concept
Offer to the market a customizable technology package composed by the pressure cylinder and the
ship design

* Introduction of CNG transport at competitive costs where pipeline and LNG is not economically
attractive

* Secure and affordable energy supply for Central and South East Europe
* Europe less dependent on gas import

* Supply natural gas to places where natural gas is not yet part of the energy supply system

L

q,/
Al ; #estecoUM18



Decision support tool creation "
(modeFRONTIER)

Gas_Demand ship_capacity

ship_velocity

compute. «w@mree usage

transportgtion_tariff

min_tariff

¢,
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Destinations Ports Departures Port
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const_shjp_usage
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Inputs

+ totalgasdemand [Nm?/year] in the local reg

» shipvelocity [knots

* shipcapacity [Nm

* coastal storage autonomy [days

* portsdistances matrix [Nautical Miles]

* loadingand unloadingtime [hours]

= operational time [hours

» working days peryear [day]

>

EFFICIENCY

Optimization workflow
(modeFRONTIER)

Optimized results

Number of ships fleet
= Shipusage, [time % over year]
* CNGTransportation tariff [€/Nrr

* Gas downstream tariff [E/Nm?] (include the unloading cost)

#estecoUM18



(VOLTA)

No constraints inserted

Inputs

Name Constant Value Lower Bound
Requirements_Nm3 v SO7ES

v 00
interest r v
mortgagePeriod_years
shipCapacity_Nm3 9 1
shipVelocity_knots ] 1€
working v
W String

Description Value

not tr

ar option for the ship path

Deseri

on

File containing geographic character

it etc)

Planner
definiton

import Constraints
mpert Inputs
Step Base Arrangement
11100000 2 rdered ¥
1 rdered ¥

VOLTA

s REsuTs

shipCapacity N3 shipVelocity_knots  warkingDaysPervear_days  Raport i ship_usage

1.7600E1 0 R 5.6

3,8.66635718434:

* ©.5683196452962962, 8. 56631904

O O

shipsumber

Mumber of fleet ships:

Snip number 1
requested size: 12000000.0
used at 97.0193009259% of the time

2 Ship number 2
|2 requested size: 12000000.0
used at 96.3151342593% of the time

works from source port 1 to delivery port

works from source port 1 to delivery port 1
Works from source pert 1 to delivery poIt 3

o
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Structural optimization of vessel -

FEM model o
Elastic properties (Chamis model) £ mode Opimization msghs,.
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Parameterization and integration in
modeFRONTIER optimization workflow

Experimental validation (model)
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Thanks for your attention

Spartaco ANGELINI, offshore@navalprogetti.net
Trieste — Italy / Phone +39 040 21 29 18

www. navalprogetti.net

For info:
gasvessel@navalprogetti.net
WWW.gasvessel.eu

G#SvesseL/

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 723030
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