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CAPABILITY STATEMENT ON
OIL&GAS / LNG / PORTS AND ENERGY

by
RAMBOLL and SOFREGAZ

RAMBOLL

s ENGINEERING OF LNG IMPORT AND REGASIFICATION TERMINALS
» SELECTED REFERENCES ON LNG PROJECTS

s EMNERGY ANDPOWER TRANSMISSION

s HYDRAULICAND COASTAL ENGINEERING

SOFREGAZ

= REFERENCESIN LNG TERMINALS
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RAMBGLL

MULTIDISCIPLINARY CONSULTANCY
FOR LNG PROJECTS

RAMBOLL PROVIDES INDEPENDENT ENGINEERING
CONSULTANCY SERVICES ON LNG PROJECTS

WORLDWIDE

Liguehad Natural Gas (LNG) is one
of the fastest growing mears of
transporting natural gas. LNG
allows suppfiers of natural gas to
mieet distant dermands in @ oost-
gtfectiva manner

LNG projacts call for large
invastments and specialisad
kniwiadge Therefom tha rignt
consultancy is a decisive factor for
a successful LNG project At
Ramiail we have

expariance with managing @
scale projects in both the pianning
and construction phases

LNG valua chain

We provide professional anc
indepandant consulancy services in
all areas of LNG. Our
multidiscipiinary approach anables
us to provide ali-inchsive
Consultancy sanacas

Dur services cover the entire LNG
yaiue cham from gas produced from
the field to gas conditioning, LNG
storage, LMG transport, LNG re
gasification, gas transmission
systams and underground gas
storage Sarvices

Market and economic studies
Ramboll has an extensive track
record in market and acanormic
studies for the of and gas industry,
QOur studies provide faclity owners,
imvestors and other stakehoidars
with the necessary bagis for making
tha right decsion.

Site selection and environmeantal
assessments

Selection of the optrmal site for an
LNG tarrmenal showld bo based on
the interface with axisting raciities,
gxisting Qas transmission
infrastructure, nisk assescment and
ervironmental impact analysis

Rambaoll has extensive expariance
with conducting infrastructura

risk and ervironmental assessments
in retation to all kinds of onshore
and offshorg oil and gas projects

Process and machanical
enginsaring

Rambol's core competancias within
new LNG projects include ai
servicas from initial eary-phase
studies through concapt
devaloprment to detalied design and
mplementation of propects

LING projects are tensitive to
decisions made ecriy in the process.

SELECTED LMG REFERENCES

Mot all technologees ara sultabls Tor
all climates, same echnologies are
motion sensitrve and typically
thare are significant differonces in
the heat efficiancy. The liquefaction
and re-gasification processes
require significant amounts of
enargy. and tha differences in
anaryy ConsUMmpiion et
gifferant technoioges Nave d great
impact on the overall profitabitity of
tha facilities.

Hambaol is ona of few ndapendant
engineering consultancies that is
competent to access the

prioritory design of others. and we
are accusttamead o evaiuate
differant tachnolagies anad kfe cycie
costs in the oarly phates of LNG
projects.

The processes sot high demands for
facilities, equipment and choloe of
matenals Ramboll offers
consultancy on both the
liquefaction and re-gasiiication
phases

Salacting types of LNG facilities
LMNG can be Iguefied onshore or
offshore. It can be stored ard
gasitied offshore on FRRUS
{Fioating Storage and Re-
gasificaton Units). SRVs (Storage

M9



RAMBOLL

and Re-gasification Vessals) or

in settings where, for example, the
LMG is stomed on 2nd hand vesselis
combned with onshora re-
gasification facilities This is alsoa
robust concept to keep fnitial
investrmants down

Cwvil engingaring

Ramball is one of the langest
Companias in Europe withn civil
enginearing, geophysical analyss,
geatechnical enginearing and
foundation desgn and we hold vast
expearience in-stegl and concreta
structures.

With a mulbdisciplinary approach,
we handle all civil enginaaring
aspects of an LNG project from
planning, initial investigation, design
and tender, to implementaiion
inspaction and Supervision

Ports and marine engingaring
Most LNG facilities will be placed in
connection with jatties or exsting
paort facilites. Ramball is an
independant and kading provider
of prafessional expartise acrass the
spactrum of port planning and
engineanng, coastal engineenng
and engingaring of maring
shructures.

LNG storage tanks

Famboll provides services within
this specific figld of engmneering
from praliminary design and

FEED to detalad cdesign of tha pre
stressed concrets outer
conmtainmant Anks for LNG storage
We carry out advanced analyses,
civil design work and geotechnical
design work, and we have
gxpenence with the relevant diesign
codas and matonal requirements
associated with LMG storage tanks

Risk and safety

Safety 15 a key concem on pll
onshorg and offshore

instatiations. Managermenl of risk
and safaty is anintegral part of our
LMNG service portfoko as well as
indapandant third party reviews of
prajects and installations.

Qur LNG sarvices

Ramboll offers angineering. market
analysas and Managemant services
n different propct roles o support
all phases of LNG projects.

+ Feasibility studies (nol rmarket
analysis)

+ Economic and financal studies

+ Conceptual enginaening and
selectzon

« FEED {ncl. specification of long
laao itemsd

= Datalied design and procurement

« Consiruction and commissioning
rnanagement

= Dporations support

« Coardination with authoribes

= Erwvircnmantal impact
assessments (EIA)

= Qualification of vendors and
drafting of axecution contracts

= Dnwner's representative during
detailed design and construction

Contact

Par Jergensan

Business Development Director
Ramball OF & Gas. Denmark
pei@rambolcom

BICTURES
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Gasum

To whom it may concern
Finngulf LNG project - Services provided by Ramboll

Sinece 7008 Ramboll was working as a main consultant in close cooperation with Gasum in 15

strive to estabiish an LNG import tarminal in Finland, The work was concluded late 2013,
Ramboll undertook a number of tasks in this respect:

Investigation of suitable gecgraphical locations along the snuth ¢oast of Finland, including
sereaning of environmental and land use planning issues
+ Investigation of suitable state-of-the-art technologies to transfer and store LNG - bhoth
affzhore and onshaore
« Inwestigation of cryogenic pipelines for transport ol LNG
« Site investigations of most relevant location options, including bathymetric offshare
surveys, soils inveslinations and lahoratory works
« Preparation of layouts for onshore and maring faciities
+ Preparation of photo reslistic visualisations of plant and facilities
« Preliminary design of LNG regasification facilitizs
« Preliminary risk analyses, incl. review of reguirad safety  distances
« Evaluation of marine fairways and navigational issues, a/o navigation nicy waters
- Evaluation of aspects r elated to land use planning
« Preparation of EIA programme for on- and offshore storage and regasification of LMG,
including a staged development thereof and considering allernative geographical locations
« Parlicipation n meetings with autharities and landowners, olher stakeholders and vendors
« Preparation of development plans and time  schedules
v Preparation of cost estimates for capital investments and operation
Rewiew of enginearing tasks preparsd by other  consultants

« Genaral project management assistance
Cspoo, January 28% 2015

Gasum Oy

/A <<-.

Mme Kallio

Project Dirsctor

Tel +358 20 4471
1] Businezs |3 ]

wrenw gasun i




RAMBOGLL

KLAIPEDA LNG

As preparation for the planning,
design and construction of a LNG
import facility in the port of
Klaipeda, Ramball established a
road map describing the process
and necessary steps.

The services included cost
estimates and time estimates,
including identification of critical
paths for completion within the
given time frame. In additlon,
different LNG import concepts
(i.e. FRU, FSRU or ocnshore
solution) and locations were
identified, described and
assessed. Finally, capacity
considerations regarding the
existing connecting gas grid and
compliance with European
regulation on security of supply
was performed,

- ROAD MAP

Value added for the custamer
Ramball assessed a number of
previously prepared concept
alternatives for import of LNG,
reviewed the Klaipeda harbour
location and vicinity, and derived
a project proposal based on the
use of floating storage and
regasification of LNG. The work
was concluded with the
elaboration of a road map for its
implementation.

The deliverables by Ramboll far
used by the Client as basis for
tendering the engineering of the
terminal,

28]
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CUSTOMER

Klaipedos Nafta AB

LOCATION

Klaipeda

PROJECT COUNTRIES

Lithuania

PERIOD

2010-2011

SERVICES PROVIDED

Panning, cost and time estimates,
location and technical assessment

IMAGE
ort of Elaaeda
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GULFHAVN OIL TERMINAL LNG - TECHNICAL
FEASIBILITY STUDY

The Inter Terminals business is
one of the largest independent
bulk liquid storage providers in
northern Europe, and the largest
in Scandinavia, with more than
4.25 million cubic metres of
storage capacity (approximately
27 million barrels) located
across sixteen terminals.

The terminals in Denmark and
Sweden are located along the
Baltic Sea and Danish Straits, a
majar petroleum trade route.
The facilities function as a
strategic storage and blending
hub for the transhipment aof
petroleum products as well as an
inland distribution hub for retail
petroleum and petrochamical
products.

In Denmark, Inter Terminals
operates deep draft coastal
terminals at Asnaes, Enstad,
Stigsnaes and Gulfhavn.

Inter Terminals' Gulfhavn Qil
Terminal (GOT) is well located at
the deep draflt petroleum trade
route at the shore of the Great
Belt in Denmark.

Background

The MARPOL ("Marine Pollution”)
Convention of 1973 with later
modified Protocol of 1978 "set
limits on 50x% and NOx emissions
fram ship exhausts and prohibit
deliberate emissions of ozone-
depleting substances.” The
Protocol came into effect in 2005
and a/o the Baltic Sea and the
North Sea were identified as
Sulphur Emission Control Areas

CUSTOMER

Inter Terminals SGOT ApS
LOCATION

Skaelskar, Denmark

PERIOD

2014

SERVICES PROVIDED
Engineering: process, piping,
mechanical, layout, E&IT, risk and
environment and authorities.




{SECAs) or Emissicn Control
Areas (ECAs) in which stricter
cankrols for airborne emissions
fram ships wers established.

To meet the reguirement far an
alternative fusl Lo heavy fuel ol
far bunkeoring, & number of LNG
terminals are now being planned
and wnder construction in the
Baltic Sea area. The terminals
will likewise ensure seourity of
the general gas supply and thus
diversily sourcing of natural gas

Ramboll was engaged Lo
ovaluate the Lechnical feasibilivy
of developing a:

i. Large scale LMNG storage
and regasification plant
and an

ii. LMG bunkering terminal

at the Gulfhavn Ol Terminal in
Danmark.,

The study comprisad
development of technically
feasible concepts for gcach of the
terminals together with cost
estimates and tima frame for
implemantaticn of the conceprs.

LMG Bunkering terminal

The LNG Bunkering terminal at
GOT will receive LNG Tram
smaller LNG bunker ships, and
store it at the terminal’s onshore
LMG storage Facilities, The LNG
will e exported from the LNG
terminal by eithar LMNG road
tankers or LMNG export barges.
The LMG Bunkering Larminal will
have a storege capacity of

approximately 22,000 m® of LNG.

Large scale LNG storage and
regasification terminal

The LNG regasification terminal
at GOT will receive LNG oy large
LG carners 2nd slore it at the
terminal in two large onshore
LMG storage kanks, The LNG will
then be regasified in vaparizers
and exporied to the Danish gas
fransmission nat and 0 gas
storage lacilities. The study

283
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included & pipgline connecticn
from the LNG terminal to the
Lransmission net.

Ramboll's feasibility study
The technical aspects of bath the
LMG Bunkering and the lzrge-
srale LMG regasification terminagl
are assessed, including: process
simulations for cquipment Sizing
and heating/power requiraments
25 a basis for the Machanical
Equipmenl List, 25 well as chaoice
of regasification technology (for
the large-scale terminal}. This
forms the technical basis for the
cost eslimate of the Lerminal.

In addition, the most feasible
layout for each of the terminal
concepls were proposad and
ilustrated with a 30
visualization of the terminals.
The project included an overall
evaluation of required maring
facilities/structures and an
environmental screening study.

Mext steps

Inter terminals is, Upan
completion of the Technical
Feasibility studies, procesding
with preparations for starl of the
Enviranmental Tmpact
Assessment process for the LNG
Bun«aring terminal.



FINLAND - NEW LNG TERMINAL FOR GASUM

PROJECT MANAGEMENT

Land-use planning and preliminary environmental impact and

risk assessment of LNG import terminal in Finland

Rambaoll was selected as project
management consultant to
assist Gasum in developing an
LNG Import facility on the south
coast of Finland. The initial key
tasks were to develop a project
plan and to focus on critical
tasks for the project, afo to
arrange an amendment of the
current land-use plan and to
draft a programme for the
environmeantal impact and risk
assessment. Concurrently,
Ramboll continued developing
the concept for the LNG import
terminal.

Value added for the customer
Ramboll's services were directed
towards drafting a strategy and

road map for the development of
the Finnish LNG import terminal.
Environmental and Social Impact

Assessments were identified as
being on the critical path, as
well as further development of
the project concept itsell, These
activities were put in action.

5Ly
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CUSTOMER

GASUM O

LOCATION

Gulf of Finland
PROJECT COUNTRIES
Finland

PERIOD

2010-2011

SERVICES PROVIDED
Technical feasibility




RAMBOLL

FINLAND - LNG IMPORT AND
REGASIFICATION FACILITY
FEASIBILITY STUDY

The project concerned a
feasibility study to investigale
the possibilities to construct an
import and re-gasification plant
in Finland,

The study involved investigation
into novel onshore and offshore
technigues for offloading and re-
gasification of LNG with special
consideration to navigating in
the narrow Finnish archipelago
and to the often cold climate.

Ramboll investigated a wide
spectrurm of technologies
yielding a variety of cutput
capacities, alternative solutions
far storage of cryogenic LNG
cnshore or offshore, and
possibilities for connecting onto
the existing natural gas
transmission system.
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CUSTOMER

Gasum Oy

LOCATION

Finland

PROJECT COUNTRIES
Finland

PERIOD

2008-2009

SERVICES PROVIDED
Feasibility study - novel technical
solutions or import of LNG
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GAVLE LNG - CONCEPT STUDY

In Sweden, Swedegas owns and
operates a gas network
extending from Dragor in the
south to Stenungsund in the
north. Each year Swedegas
supplies eneragy equivalent to
about 15 TWh to distributors
and directly connected
customers. The gas grid services
33 municipalities, several power
plants and industries using
natural gas. Fleet owners and
34000 households are likewise
users of natural gas.

Background

An LNG terminal outside Gavie
would be strategically located in
the centre of a number of major
steal industries in the area north
of Stockholm, bounded by
Avesta in the south, In the west

Falun and Sundsvall in the north.

These industries consume a total
of 2 Twh of oll and LPG in their
processes annually. These
industries would farm the
backbone of an LNG terminal in
Gavle by converting their
processes to utilize LNG as a fuel.

In addition, new strict emission
standards on ships in the Baltic
Sea openad up possibilities for
the establishment of small scale
LMNG plants in & number of ports.

Ramboll carried out a baseline
study to evaluate the technical
feasibility of the development of
a combined small-scale LNG
storage and regasification plant
and an LNG bunker terminal in
Morrsundel outside Gavle in mid
Sweden.

)56
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CUSTOMER

Swedegas

Jesper Engstrand

+46 31 43 93 56
jesper.engstrand@swedegas.se

LOCATION
Narrsundet, Sweden

PERIOD
2014 - {ongoing)

SERVICES PROVIDED
Engineering: Design {process,
plping, mechanical and layout),
Cost estimation, Risk evaluation
and Authority Approvals.
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The study Involved the
development of tech nically
feasible concepts along with the
cost and time frame for the
development of terminal
concepts,

LNG terminal

The LNG bunker terminal at
Norrsundet would receive LNG
by sea delivered by smaller LNG
bunker vessels and towed LNG
barges. The LNG would be
stored at the site in anchored
LNG barges and/or at the
onshore facility in a cryogenic
tank, LNG will be exported from
the LNG terminal either by LNG
tanker trucks or rail wagons, or
it will be regasified and exported
via the gas transmission grid.
The terminal will have a storage
capacity of approximately
14,000 m*of LNG (5,000 m?in
the onshore LNG storage tank
and 7800 m*in the anchored
LNG barge).

Ramboll's feasibility study
The technical aspects of the LNG
terminal were evaluated,
including: process simulations
far the design of equipment and
heating / power requirements as
the basis for the MEL
(Mechanical Equipment List), as
well as the choice of gasification
technology. This formed the
technical basis for estimation of
cost of the terminal.

The project included a
comprehensive evaluation of the
necessary marine facilities and
structures.

Furthermore, Ramboll carried
out risk analyses (risk identifica-
ticn and consequence modelling)
to optirmize layout and design,

as well as prepared a basis for
initial contacts to regulatory
authorities.

Ramboll concluded the work by
recommending a most feasible
concepl and layout.

MNext step

After the completion of the
technical feasibility study,
Swedegas continues with work
on the EIA for the LNG terminal
and by preparing for a
regulatory approvat.

OIL & GAS
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LNG TERMINAL, NYNASHAMN

AGA Gas has established the
first LNG plant in Sweden in
Nyndshamn, the establishment
is located at the northernmaost
part of the island Brunsviks-
holmen, outside the Nynas
refinery.

The road passes the Nynas
lagoon, which is behind an

The plant receives vessels with
LNG, which is transhipped to
trucks. The Nyn&s refinery uses
gas for hydrogen production.
Moreover, Gotland ferries
operate on natural gas.

The project included building a
20000 m” LNG storage tank that
is about 36 m in diameter and
29 m high, service facilities, a
bridge betwesn the mainland
and Brunsviksholmen, and a
new road from the Norvik Road
to the bridge.

embankment bordering the sea.

AS &

OIL & GAS

CUSTOMER
AGA GAS AR

LOCATION
MYMNASHAMN

PROJECT COUNTRIES
Sweden

PERIOD
2008-2011

SERVICES PROVIDED

Assistant project management, Site
management, Qualification of office
manager of pbl,

IMAGE
Myndshamn LHG plant - Sweden
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HIRTSHALS LNG - ENVIRONMENTAL

APPROVALS

On the accasion of the new strict
emission requirements that
came into force in 2015 on
emissions from ships in the
Baltic Sea, the shipping
company Fiord Line considered
installation of the necessary
rreatment facilities for HFO, or
using alternative fuels, In their
fleet of vessels,

The EU and the environmental
authorities of Denmark have
pointed to the LNG as a possiblie
alternative fuel.

Fjord Line decided to establish a
small-scale LNG bunker terminal
of approximately 500 m to
serve their two new passenger
ferries sailing from the port of
Hirtshals in Denmark to various
destinations in Norway. These
will be powered by LNG.

Regulatory Approvals
Rambaoll assisted Fjord Line
through the process of ebtaining
regulatery approvals and
prepared an Environmental
Impact Asssssment including a
safety report.

As part of the latter, a compre-
hensive risk analysis {impact
maodelling) was made to
optimize the design, ensuring
that the risks associated with
the boarding of passenger
ferries and terminal building
would be acceptable.

MNext step

Flord Line has installed the LNG
bunker terminal and has
obtained final governmental
approval. The company is now
considering opportunities for
bunkering of other vessels in
cooperalion with the port af
Hirtshals.

CUSTOMER

Fiord Line Denmark A/S
Morten Larsen

+46 31 43 93 56

marten. larseni@fiordling. com

LOCATION
Hirtshals, Denmark

PERIOD
2012 - {engaing)

PROJEC MANAGER
Claus Fischer Jensen

SERVICES PROVIDED
Engineering, Risk analyses,
Environmental and Authorities
Engineering.
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LNG TANK, PORTUGAL

As part of the upgrade to an
existing LNG terminal in Partugal
Gifford were appointed to carry
oul the detailed design the outer
concrete containment for a new
150,000m* LNG tank. The work
is being carried out in
partnership with the tank
designer Technodyne
International Ltd.

The puter containment tank is
constructed of pre-stressed
concrete walls 0.75m thick sat
atop a reinforced concrete
foundation raft which is 1.50m
thick for a 10m section around
its periphery and 1.00m thick in
its central section. This
unusually thick raft is due to the
1 in 10,000 year Safe Shut
Down Earthquake (SSE) that the
tank had to be designed for. The

tank is among the first in the
world to be designed fully
incorporating the requirements
of the new Eurocodes. This
included the requirement within
the French EN14620 that the
ouler containment is designed to
resist a major spill "avec’ an
Operating Basis Earthquake
(OBE). Under this case the outer
containment has over 33 metres
of -1620C LNG against it and
then is subjected to a 30 second
1 in 500 year seismic event, This
required materiafly non linear
transient analysis of the outer
containment to ensure that the
tank nal only survived but also
remained liquid tight.

OIL & GAS

CUSTOMER

Technodyne International Ltd

LOCATION

Portugal

PROJECT COUNTRIES
Partugal

PERIOD

2008-2012

SERVICES PROVIDED
Power

IMAGE

LG Tank in Portuga
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POLSKIE LNG PROJECT
REVIEW OF PROJECT PROGRESS

Conducting a project
review of the general
state of an LNG project
and its progress

During late 2011 Ramboll
conducted a project review/audit
of the Polskie LNG project with
the intent to clarify an apparent
lack of progress on the
construction site in éwmou_‘js'cie.

The project concept was
developed by Canadian
engineering company SNC-
Lavalin Services. The works on
the LNG project were carried out
as an EPC-LSTK contract by a
consortium under the leadership
of Saipem s.p.a, in joint venture
with Techint, PBG SA and PBG
Export, and under the control of
investor's supervisory consultant,

WS Atkins - Polska Sp. z 0.0.

The contract was signed mid-
2010 and first shipment of LNG
is scheduled for 2014, The
canstruction work was
experiencing serious lack of
progress compared to the
ariginal plan, and Ramboll was
authorised by the investor to
identify reasons why and to
recommend solutions Lo
overcaome these difficulties.

Value added for the customer
The audit report prepared by
Rambaoll will form a valuable

input to the client In his attempt

to streamlining the managerial
procedures on the construction
site in Swinoujscie,

OIL & GAS

CUSTOMER
Ramboll Polska Sp. £.0.0.

LOCATION
Swinoujécle

PROJECT COUNTRIES
Paland

PERIOD
2011-2012

SERVICES PROVIDED
Project execution review/audit
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RASGAS. UPGRADE OF LNG BERTH 2

FOR Q-FLEX

RasGas commissioned a Front
End Engineering Design Study
and a Detail Engineering Study
to determine the modifications
required to upgrade LNG Berth 2
at Port of Ras Laffan, Qatar so
that berth facilities could
accommaodate Q-flex vessels
with typical capacity of 217,000
m?. Existing design capacity was
vessels up to 135,000 m?
capacity,

Primary ocbject of concern was
no modification to existing
topside equipment on loading
platform and no interruption of
narmal operation.

Ramboll performed this
engineering study Involving all
ship-to-shore connections:

& Loading Arms

& Access Gangway

& DQuick Release Hooks
= Fender

& Mooring Dolphins

& Breasting Dolphins

CUSTOMER

RasGas / Chiyoda Almana
Engineering

LOCATION

Port of Ras Laffan, Qatar

PROJECT COUNTRY

Qatar

PERIOD

2011-2013

SERVICES PROVIDED

Project invalved marine design for all
structural elements and a review of
equipment in cooperation with
vendars,

IMAGE
LNG Barth 2 - Loading
Dalphins

Fatlmm and Breasting
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SKANGASS LNG BASE LOAD PLANT - RISAVIKA

Skangass LNG base load
plant — Risavika

The energy and power company
Lyse in Stavanger, Norway,
tegether with an investment
company Celsius Invest AS
established the company
Skangass AS to build and
operate an LNG facility in
Risawvika in Scla Municipality.

Lyse Neon (formerly Lyse Gas)
operates the pipeline network
Rogass supplying the Stavanger
region and North-Jaeren with
natural gas from the Karsta LNG
facility.

CUSTOMER
Lyse Infra AS

LOCATION
Sola Municipality

PROJECT COUNTRIES
Morway

PERIOD
2007-2010

SERVICES PROVIDED

Design coardination during the
construction phase. Project Follow-
up foundation and structural
concrete work. Follow up on
contractual matters.

IMAGE
Skangass LNG base laad plant - Sisavika
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FULL CONTAINMENT LNG TANK DESIGN
DAPENG, CHINA

Detailed design of a new 160,000m3 LNG storage tank for an

existing terminal in China

As part of the upgrade to an
existing LNG receiving terminal
in Dapeng, China, Rambaoll were
appointed to carry out the
detalled design of the outer
concrete containment for a new
160,000m* LNG tank. The work
is being carried out in
partnarship with Technodyne
International Ltd as part of a
long term relationship delivering
cryogenic storage projects in
Europe and Asla.

Ramboll were invalved in the
early stages of the project
providing geotechnical and
structural support through the
design and load testing of the
foundations which are governed
by seismic loading.

The tank is designed to the

Eurocodes, including EN14620.
This requires detailed
engineering analysis of a
number of severe accident
scenarios, including a 1 in
10,000 year earthquake, Cold
Spill, and Vapour Cloud
Explosion, These requirements
are in addition to the in service
conditions, where the LNG is
kept at a constant temperature
of -165°C,

Work included geotechnical,
structural, thermal and seismic
analyses.

CUSTOMER

Technedyne Intermational Limited
LOCATION

Dapeng

PROJECT COUNTRIES

China

PERIOD

2012-2013

SERVICES PROVIDED
Structural engineering, geotechnical
design, seismic analysis, site
SuUpport.

IMAGE

Campitational Analyss
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ADDITIONAL FUNCTIONALITIES AT LNG
TERMINAL IN POLAND

Polskie LNG inquired
companies about the
possibility of expanding
the LNG terminal’s
functionality

Polskie LNG intended to analyse
possible additional functionalities
of the new Polish LNG import
facility which they could offer to
its future clients,

For this reason a special study
was commissioned to PwC with
Rambell as technical advisor to
provide answers o key
questions about the directions
for development of the
infrastructure constructed in
Swinoujscie,

This study and its conclusions
will provide a sound basis on
which to facilitate the decision-
making process regarding a
possible expansion of the
terminal’s functionality.

CUSTOMER
PWC Poland

LOCATION
Swinoujicie

PROJECT COUNTRIES
Poland

PERIOD
2012

SERVICES PROVIDED
Technical suppart
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FEASIBILITY STUDY AND COST-BENEFIT
ANALYSIS OF LNG

Feasibility study and cost-benefit analysis of LNG bunkering
infrastructure construction in the harbours of port of tallinn.

Ramball conducted a study
wherein the feasibility of the
construction of an LNG import
terminal In Tallinn was
investigated. The study included
analysis of the potential
bunkering demand for Tallinn
harbor, the potential supply
sources, the cost and the
resulting financial feasibility of
the terminal. The implications of
the facility on security of supply
in the Estonian and larger
regional service area were also
assessed,

Services provided

Evaluation of the feasibility of an
LNG re-gasification plant in
Muuga Harbour, Tallinn,
Conceptualisation of LNG
terminal, cost estimations and
market and financial analysis for
terminal operations providing
security of supply to Estonian
and Finnish markets and
allowing for commercial uses of
LMNG including use as a bunker
fuel.

CUSTOMER

Elering AS

LOCATION

Tallinn

PROJECT COUNTRIES
Estonia

PERIOD

2012
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FEASIBILITY STUDY FOR AN LNG FILLING

STATION INFRASTRUCTURE

The aim of the project was to
set up recommendations on the
establishment of a marine LNG
infrastructure in Denmark and
its implications an regulation,
security of supply, grid
operations etc.

The future emission constraints
for the shipping industry provide
incentives for adopting LNG in
the shipping industry.
Energinet.dk had been
approached by many possible
value chain participants
regarding their potential
involvement in setting up an
infrastructure for the industry.
The project addressed two main
questions: 1. Who are the actors
in the value chain and what is
their future involvement in this
sector? 2. What is the role of
Energinet.dk and what

arguments exist for their
involvemeant?

Value added for the customer
In depth knowledge of the value
chain, clarifications of possible
involverment in the industry

CUSTOMER

Energinet. dk

LOCATION

Copenhagen Denmark
PROJECT COUNTRIES
Denmark

PERIOD

2011-2012

SERVICES PROVIDED

Value chain analysis, commercial
drivers, pros & cons of public sector
involvement

IMAGE
Caral Methane loadng at Zeebrdgoe LN
el
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ESTONIA - ONSHORE LNG IMPORT TERMINAL
PRE-FEASIBILITY STUDY

Preparing basis for security of national gas supply

The project concerned a pre- The study comprises: CUSTOMER
feasibility study for a proposed Ramboll Festi AS

new LNG terminal for LNG & Techno-economical pre- LOCATION

Estonia Ltd. LNG Estonia is a feasibility study Tallinn

new player an the Baltic gas & Preliminary process and PROJECT COUNTRY
market, owned by the Port of layout study Estonia

Tallinn and private investors. & Preliminary environmental PERIOD

The LNG impart facility is meant sCreening 008

to provide security of natural & Preliminary risk assessment  ggpvyICES PROVIDED
gas supply to Estonia, but |s also study Feasibility stdy

intended to become an
important actor on the
liberalised gas market in the
region, including Finland and
Latvia. The study was an
extension of a preceding site
investigation study, which was
also conducted by Ramboll.
Ramboll's study gives a general
market overview as well as

suggests & location for the piant
on Muuga harbor {Tallinn) -
possibly extending into the sea. IHAGE

LHG tanke




Ramboll - Selected references on LNG projects

Ramboll has bean active in providing knowhow on design of LNG lacilities in the Baltic Sea Region
and in particular the Gulf of Finland since 2004, Ramball has baen involved in assessments of the
overall demand and supply of natural gas to the Nordic countries - including evaluation of the
need to avgment import of piped natural gas with import of LNG to the region,

More specifically, over the last decade Ramboll provided a continued expert assistance Lo
developers of LNG irmport and regasification terminals in primarily Finland, Estonia, Lithuaniz and
Sweden,

Ramboll has besn heavily engaged in developing concepts for Gasum on large-scale LNG import
and regasification terminzls along the southern Finnish coast, cancentrated around the harbours
of Inkoo and Tolkkinen, & description of Ramboll's services for this clisnt 1s presented in Annex 1.

In Lithuanis, Ramboll assisted 2 client in the planning, design and construction of a LNG impart
facility in tha port of Klaipeda, Terminal construction should follow & compressed schedule and
hence Ramball recommended the Floating Storage and Regasification Unit {FSRU} concept.
Ramboll subsequently established 2 road map describing the process and necassary steps Lo Lakes
far rapid implementation of the terminal. CAPEX/OPEX eslimates were preparad and identification
of critical schedule path for completion was provided.

The terminal was located in the river mouth of the busy Klaipeda Part, wherefore navigaltional,
geatechnical and risk issues played a major role and was analysad in depth.

A varicty of selected references is given in the foliowing.



GULFHAVN OIL TERMINAL LNG - TECHNICAL FEASIBILITY STUDY
Customer: Inter Terminals SGOT ApS

Location: Denmark

Period: 2014

Overall project value: Confidential

The technical aspects of both a LNG Bunkering and a large-scale
LNG regasification terminal were assessed, including: process
simulations for equipment sizing and heating/power requirements
as a basis for the Mechanical Equipment List, as well as choice of
regasification technology (for the large-scale terminal). This was
the technical basis for the cost estimate for the terminal.

In addition, the most feasible layout for each of the terminal
concepts were prepared and illustrated with a 3D visualization of
the terminals.

The project included an overall evaluation of reguired marine
facilities/structures and an environmental screening study.

GAVLE LNG - CONCEPT STUDY

Customer: Swedegas

Location: Sweden

Period: 2014

Overall project value: Confidential

The technical aspects of a small to medium sized LNG terminal
were evaluated, including: process simulations for the design of
equipment and heating / power reguirements as the basis for the
MEL {Mechanical Equipment List), as well as the cholce of
gasification technology. This formed the technical basis for
estimation of cost of the terminal.

The project included a2 comprehensive evaluation of the necessary
marine facilities and structures.

Furthermore, Ramboll carried out risk analyses (risk identification
and consequence modelling) to optimize layout and design, as well
as prepared a basis for initial contacts to regulatory authorities.

Ramboll concluded the work by recommending a most feasible
concept and layout,

LIQUEFIED NATURAL GAS [LNG) TANK, DAPENG, CHINA
Customer: Technodyne [nternational Limited

Location: Dapeng

Period: 2012-2013

As part of the upgrade to an existing LNG receiving terminal
in Dapeng, China, Ramboll were appointed to carry out the
detailed design of the outer concrete containment for 2 new
160,000m* LNG tank. The work is being carried out in
partnership with Technodyne International Ltd as part of a
long term relationship delivering cryogenic storage projects
in Europe and Asia,




HIRTSHALS LNG -~ ENVIRONMENTAL APPROVALS

Customer: Fjord Line Denmark A/S

Location: Denmark

Period: 2012

Overall project value: Confidential

Ramball assisted Fjord Line through the process of obtaining
regulatory approvals and prepared an Environmental Impact
Assessment including a safety report,

As part of the latter, a comprehensive risk analysis (impact
modelling) was made to optimize the design, ensuring that the
risks associated with the boarding of passenger ferries and
terminal building would be acceptable,

FINNGULF: LNG PROJECT MANAGEMENT CONSULTANCY AND EIA
Customer: Gasum Oy

Location: Finland

Period: 2012

Overall project value: 370,000 EUR

Ramboll was selected a Project Management Consultant for
concept development of LNG import terminals at two discrete
locations east and west of Helsinki. Ramboll had to consider a
phased development of the facilities from a small-scale terminal
for marine bunker fuel, over a floating storage and regasification
solution, to a large-scale receiving terminal storing some
500,000 m? LNG,

Ramboll provided all technical input to the consultants elaborating
the environmental impact assessment (EIA) and facilitatad the
Client in meeting various authorities and stake halders.

MORTH SEA LNG SUPPLY INFRASTRUCTURE

Customer: Eshierg Harbour

Location: Denmark

Period: 2012

Overall project value: 18.000 EUR

Estahlishment of an LNG supply chain in the North Sea to service
maritirme sector and other sectors within transport.,

FEASIBILITY STUDY AND COST-BENEFIT ANALYSIS OF LNG
Customer: Elering AS

Location: Estonia

Period: 2012

Overall project value: Confidential

Evaluation of the feasibility of an LNG re-gasification plant in
Muuga Harbour, Tallinn. Conceptualisation of LNG terminal, cost
estimations and market and financial analysis for terminal
operations providing security of supply to Estonian and Finnish
markets and allowing for commercial uses of LNG including use as
a bunker fuel,




RASGAS, UPGRADE OF LNG BERTHS 1 AND 2 FOR Q-FLEX
Customer: Port of Ras Laffan

Location: Qatar

Period: 2009-2012

Overall project value: 200.000 EUR

RasGas commissioned a Front End Engineering Design Study and a
Detail Engineering Study to determine the modifications reguired
to upgrade LNG Berth 2 at Port of Ras Laffan, Qatar so that berth
facilities could accommodate Q-flex vessels with typical capacity of
217,000 m3. Existing design capacity was vessels up to 135,000
m? capacity.

Primary object of concern was no modification to existing topside
equipment on loading platform and no interruption of normal
operation.

Ramboll performed this engineering study involving all ship-to
shore connections:

s Loading Arms

« Access Gangway

= Quick Release Hooks

= Fender

* Mooring Dolphins

» Breasting Dolphins

STUDY ON INTRODUCING NATURAL GAS AS FUEL IN THE DANISH
SHIPPING SECTOR

Customer: Danish Environmental Protection Agency

Location: Denmark

Period: 2011-2012

Overall project value: 36.000 EUR

The study looked into the possibilities, environmental benefits and
econamic viability of introducing LNG or CNG as fuel in the Danish
shipping industry. Ramboll contributed to the final repart with
chapters on synergies with land transportation and operational
consequences for the shipping industry. Furthermaore, Ramboll Oil
& Gas served as the study's gas expert and delivered input to
other chapters {e.g. inputs on risk and processing of LNG and CNG
facilities).

FEASIBILITY STUDY FOR AN LNG FILLING STATION
INFRASTRUCTURE

Customer: Energinet.dk

Location: Copenhagen Denmark

Period: 2011-2012

Project budget: 37.000 EUR

The aim of the project was to set up recommendations on the
establishment of a marine LNG infrastructure in Denmark and its
implications on regulation, security of supply, grid operations etc,




FEASIBILITY STUDY OF THE ELECTRICAL INTERCONNECTION AND
ENERGY TRADE BETWEEN THE ARAB COUNTRIES

Customer: The Arab Fund for Economic and

Social Development (AFESD)

Location: Copenhagen Denmark

Period: 2012

Project budget: 225,000 EUR

The Arab league of Countries has sought the assistance of AFESD
te carry out a feasibility study with the goal of determining the
possibility of energy trade among the Arab countries. The main
objectives and scope of this study address the ouflining of a
strategy and master plan to develop the trade of energy among
Arab Countries - focussing on prices of LNG, cost and supply of
natural gas - determining the trade-offs between export of
electricity and/or natural gas.

The work is carried out in cooperation with CESI of Italy.

INDUSTRY PARK OF SWEDEN, FEASIBILITY STUDY, PROJECT
HELGA

Customer: INDUSTRY PARK OF SWEDEN

Location: Helsingborg

Period: 2011-2012

Project budget: 45.000 EUR

Feasibllity study of project HELGA, an LNG-terminal nearby
Helsingborg. Study of the procurement costs of the LNG terminal
and expected demand for LNG from the maritime sector at the
port. Markel assessment on the basis of ship traffic, type and
routing.

POLAND - ADDITIONAL FUNCTIOMALITIES AT LNG TERMINAL
Customer: Polskie LNG

Location: Swinoujécie, Poland

Period: 2011

Overall project value: 120.000 EUR

Polskie LNG intended to analyse possible additional functionalities
the new Polish LNG import facility that they could offer to its future
clients, For this reason a special study was commissioned to PwC
with Ramboll as technical advisor to provide answers to leey
questions about the directions for development of the
infrastructure constructed in Swinoujicie. This elaboration along
with its conclusions will provide reliable information to facilitate the
decision-making process regarding the possible expansion of the
terminal’s functicnality.
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ESTONIA - TALLTNN LNG TERMIMNAL PRE-FEASIBILITY STUDY
Customer: Elering (Estonian TSQ); Vopak; Port of Tallinn
Location: Tallinn, Estonia

Period: 2012

Overall project value: 75.000 EUR

Evaluation of feasibility of an LNG re-gasification plant in Muuga
Harbour, Tallinn. Conceptualisation of LNG terminal, cost
estimations and market and financial analysis for terminal
operations providing security of supply to Estonian and Finnish
markets and allowing for commercial uses of LNG including use as
a bunker fuel.

POLAND - POLISH LNG IMPORT TERMINAL. PROJECT REVIEW
PROGRESS

Customer: Polskie LNG

Location: Swinoujécie, Poland

Period: 2011

Overall project value: 30.000 EUR

During late 2011 Ramboll conducted a project review/audit of the
Polskie LNG project with the intent to clarify an apparent lack of
progress on the construction site in Swinoujscie.

The contract was signed mid 2010 and first shipment of LNG is
scheduled for 2014, The construction work was experiencing
serious lack of progress compared to the original plan and Ramboll
was authorized by the investor to identify reasons why and to
recommend solutions to overcome these difficulties,

FINLAND - NEW LNG TERMINAL FOR GASUM, PROJECT
MAMAGEMENT

Customer: GASUM OY

Location: Gull of Finland

Period: 2010-2011

Project budget: 470.000 EUR

Ramboll was selected as project management consultant to assist
Gasum in developing an LNG import facility on the south coast of
Finland. The initial key tasks were to develop a project plan and to
focus on critical tasks for the project, a/o to arrange an
amendment of the current land-use plan and to draft a programme
for the environmental impact and risk assessment. Concurrently,
Ramboll continued developing the concept for the LNG import
terminal.




SWEDEN - FYRISLUND CNG/LNG FUELLING BUS DEPOT
Customer: Polskic LNG

Location: Fyrislund, Sweden

Period: 2010

Overall project value: Confidential

Liquefied Natural Gas (LNG) or Liquefied Biogas (LGB) will be
supplied to the plant and either used directly by LNG/LBG buses or
vaporised and compressed to a minimum of 230 bar (g) and used
to fuel CNG/CBG buses. Refuelling shall take place from four fast
fill LNG dispensers, BO slow fill CNG dispensers and one CNG fast
fill dispenser, at any time of the day.

Ramboll has developed the specification for this refuelling plant
from which tender documents were produced and submissions
evaluated. Ramboll will remain involved for the testing,
commissioning and handover phases in a co-ordination and project
management capacity, werking with ProcessKontroll and Cryo for
the delivery of the project.

FINLAND - NEW FINNGULF LNG TERMINALS. PROJECT
MANAGEMENT

Customer: GASUM OY

Location: Finland

Period: 2011

Project budget: 800,000 EUR

Ramboll was awarded a contract by Gasum Oy, Finland, for
provision of project management services in connection with their
plans for construction of a terminal on the south coast of Finland
for import of liquid natural gas (LNG).

KLAIPEDA LNG - ROAD MAP

Customer: Klaipedos Nafta AB

Location: Klaipeda

Period: 2010-2011

Project budget: 58,000 EUR

As preparation for the planning, design and construction of a LNG
import facility in the port of Klaipeda, Ramball established a road
map describing the process and necessary steps. Cost and time
estimates, including identification of critical paths for completion
were provided, along with identification, description and
assessment of LNG impart concepts and locations. Finally, capacity
tonsiderations regarding the existing connecting gas grid and
compliance with European regulation on security of supply was
performed,




NYMNAS REFINERY NATURAL GAS SYSTEM

Customer: Nynas AB

Location: Nyndshamn, Sweden

Period: 2008-2010

Overall project value: Confidential

The customer Nynas AB has signed an agreement with AGA for the
supply of natural gas from their LNG terminal to the MNynas
refinery. The gas shall be used as a feedstock in two hydrogen
plants where naphtha was used previously. The agreement also
includes the supply of steam from Nynas AB for the evaporation of
LNG, Ramboll is responsible for the design of the steam and natural
gas pipelines,

FINLAND - LNG IMPORT AND REGASIFICATION FACILITY.
FEASIBILITY STUDY

Customer; Gasum Oy

Location: Finland

Period: 2008-2009

Overall project value: 100,000 EUR

The project concerned a feasibility study to investigate the
possibilities to construct an impart and re-gasification plant in
Finland. The study involved investigation into novel onshore and
offshore technigues for offloading and re-gasification of LNG with
special consideration to navigating in the narrow Finnish
archipelago and to the often cold climate.

Rambell investigated a wide spectrum of technologles yielding a
variety of output capacities.

ESTONIA - ONSHORE LNG IMPORT TERMINAL PRE-FEASIBILITY
STUDY

Customer: Ramboll Eesti AS

Location: Tallinn, Estonia

Period: 2008

Overall project value: 110.000 EUR

The project concerned a pre-feasibility study for a proposed new
LNG terminal for LNG Estonia Ltd, LNG Estonia s a new player an
the Baitic gas market, owned by the Port of Tallinn and private
investors. The LNG import facility is meant te provide sacurity of
natural gas supply to Estonla, but is also intended to become an
important actor on the liberalised gas market in the region,
including Finland and Latvia. The study was an extension of a
preceding site investigation study, which was also conducted by
Ramboll,

SKANGASS LNG BASE LOAD PLANT - RISAVIKA
Customer: Lyse Infra AS

Lacation: Sola, Norway

Period: 2007-2010

Overall project value: Confidential

The Energy company Lyse in Stavanger has together with the
investment company Celcius Invest AS established Skangass AS to
construct and operate an LNG production facility in Sola, Norway,
Ramboll provided assistance with project coordination during the
construction phase as well as with follow-up on project contractual
ISSLUEs.
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BORAS GAS FILLING STATION B LNG STORAGE

Customer: Bords Energl B Miljd AB

Location: Bords

Period: 2007-2008

Overall project value: Confidential

Boras Energl and Miljd appointed Ramboll to act as their consultant
in connection with the engineering and construction of a new
bicmethane vehicle filling station in Bords with an LNG storage
plant as a backup system for the biomethane vehicle fuelling.

BALTIC ENERGY MARKET INTERCOMNECTION PLAN (BEMIP)
Customer: European Commission

Location: Baltic sea region

Period: 2009

Overall project value: 59.000 EUR

The BEMIP is aone of the six priority areas identified by the EU
Commission in the Second Strategic Energy Review as published In
November of 2008.

The BEMIP report analyses and evaluates natural gas infrastructure
projects around the Baltic Sea in terms of evaluating the impact on
market development and security of supply, The report makes
recommendations on how to address the two major challenges of
the region: energy market integration and the depletion of gas
reserves in the North Sea.

Import of LNG played a major role in the evaluations made.

ADIATRIC LNG TERMINAL - TOPSIDES QUOTATION PROJECT
Customer: [nitec S.A,

Location: Spain

Period: 2005

Overall project value: Confidential

The Adriatic LNG Terminal in Italia is the first ever offshore
Gravity Based Structure (GBS) for unloading, storing and
regasifying Liguefied Natural Gas (LNG]).

Qwverall, the offshore Terminal is designed around a large concrete
structure, which houses two LNG tanks, and includes a
regasification plant and facilities for mooring and unleading LNG
vessels, Ramboll's scope of service included supporting the client
in the bidding phase for the terminals topsides modules an the
basis of developed FEED documents.
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Customer: Gasum Oy

Location: Espoo

Period: 2004-2007

Project budget: 2.500.000 EUR

Ramboll was appointed technical project management consultant
and engineering consultant for the Balticconnector offshore
pipeline project. The project comprised of a 100-150 km offshore
pipeline linking the gas networks of Finland and Estonia. The work
involved system layout and flow analyses of the offshore pipeline
and connecting networks, as well as landfall evaluations and
installation design,

Import of LNG to either of the countries was seen as a vital
prerequisite for connecting the gas grids on either side of the
Finnish Gulf.

SAFETY CASE FOR ADGAS LNG PLANT

Customer: ADGAS

Location: United Arab Emirates

Period: 2004

Project budget: 45.000 EUR

The Safety Case covers description of the process facilities and
safety systems, review and performance audit of the HSE
management system, eguipment integrity audit, HAZID, generic
HAZOP, quantitative risk assessment, evacuation, escape and
rescue analysis, temporary safe refuge analysis, and emergency
response analysis. Conclusions from the studies in the Safety
Case resulted in a formal justification for continued operation of
the facilities. The software delivered with the Safety Case may
serve as a framework for risk tracking, and as basis for risk
evaluations in specific cases.




ENERGY AND POWER
TRANSMISSION

Offshore wind, waste-to-
energy, major power plants
and district heating



Ramboll’s approach

At Ramboll we acknowledge that the development of the energy
sector requires a holistic approach |n order to provide long-term
solutions for the coming generations. We focus on providing
solutions that can uphold the quality of supply throughout their
entire lifetime,

For Rambaoll, the technical solutions are only part of the delivery.
It is clear that any project on the global market is characterised by
increasing project complexity, demand for flexible solutions,
greater focus on stakeholder invalvement and decreasing cost
[(CAPEX & OPEX).

Ramboll's consulting expertise

Ramboll can offer engineering consultancy services ranging from
design of HV equipment and substation automation all the way to
offshore platform design and onshore constructions including civil
works.

Furthermore, Ramboll offers consultancy services for engineering
and design of HV overhead lines. We provide solutions for mast
design and predesign covering geotechmical and topographical
investigations and cables.

Consultancy services

Ramboll's power transmission services focus on four disciplines, which all supplement each other:

»  Offshore substations
+  Onshore substations
*  Dwverhead lines

*  H\V cables

For every one of these sagments, Ramboll has the competencies to provide consultancy services covering
all engineering aspacts.

As a preferred solution provider, Ramboll is accustomed to working as the Owner's Engineer at EPC level.
In general, our services include:

« Technical, environmental and financial analysis and recommendations needed to support the
investment decision

- P:'I:I}!'.‘.CT management

« Conceptual design and layout

s Life time extension evaluation

«  Management of the tendering and procurement process

« Contract management

«  Supervision during construction and commissioning

«  Operation and maintenance advisory senvices

+  Project follow-up after delivery of the facility

Our competent power transmission team provide consulting services covering the entire project cycle
from outline design to post canstruction in relation to both refurbishments and green-field power
transmission projects.
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RAMBOLL POLSKA

Ramboll Polska is an engineering consultancy company specializing in energy projects, with annual
sales exceeding 3 million USD. The company has been operating in Poland since 1990 (earlier as
Elsamprojekt Polska) and has participated in & number of projects implemented in Polish energy
sector, The company is based in Warsaw, We currently employ over 30 consultant engineers, most
of whom are highly qualified specialists with huge experience in all engineering disciplines, enabling
Ramboll to perform engineering and consultancy services for power plants and cogeneration plants,
Alter Ramball global organisation took over ENVIRON, leading America consultancy in environment,
the total number of Ramhball specialists in Poland excesded 50 PErsons.

Beside the knowledge and experience of the Polish specialist from our office, in our work we use the
knowledge and experience of engineers from our mother company. Ramboll has a large team of
consultants in energy and engineering with broad international experience gained through designing,
supervision over construction and providing operational support for over 90 large power plants
throughout the world, Ramboll's offer includes maintenance and optimisation of existing thermal
power plants by implementing new technologies, increasing efficiency and reducing noxious
emissions , as well as designing new high-efficiency power plant based on high steam parameters
and cogeneration of heat and power,

As an engineering company Ramboll Polska is fully independent of any suppliers, contractors and
utilities operating in the power sector and our studies are fully acceptable by financial institutions
and hanks.

Rambaoll Polska provides a full range of cansultancy and engineering services for the energy sector,
Our major fields of specialisation cover CHP units, CCGT units, wnits with supercritical steam
parameters, rehabilitation of existing plants as well as large projects within renewable energy area,

We are able to provide services in all phases of an energy projects, starting with a conceptual and
analytical studies in pre-project phase through procurement phase up to Owner's Engineer services
during construction and commissioning.

Over the recent years we performed numerous concept studies and feasibility studies. We have the
knowledoe and experience required to prepare power projects in various technologies, in the power
output range from a few MW to the largest power units. We have taken part in preparing Tender
Specifications for turn-key project implementation and for package based project Implementation.
Among other, we prepared a number of conceptual studies for Vattenfall {(now PGNIG Termika) for
cogeneration units at Warsaw CHP Plants. The analyses included power output range from 125 to
BOOMWe, both with fluidised bed and with pulverised fuel boiler. Basing on our analysis covering
muitiple alternatives, the concept of new 480MWe/500MWt unit at Siekierki CHP Plant with a PF
boiler. We also made feasibility studies for green field power plants: coal fired 2xBOOMW, coal fired
1000MW, gas fired 2 x 450MW. We made feasibility studies for gas based and biomass based
cogeneration plants of lower power output, i.e. 10- 100 MWe at ZEC Kogeneracja, CHP Pruszkdw and
CHP in £od2.

As Technical Advisor/Owner's Engineer we took part in the Implementation of important power
projects. These included the construction of Foland’s first combined cycle units in Nowa Sarzyna,
Rzeszow and Lublin, where we acted as Owner's Engineer. As a Contract Engineer we also
participated in the construction of ELCHO Chorzdw Power Plant.

Our works are performed in compliance with the Quality Management System based on SO
9001: 2008 implementad in our company— certificate number 9444,
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RAMBGLL

SELECTED REFERENCE CHP PROJECTS

Client/Year

Grupa Azoty, Division Pulawy
2015 = in progress

Project description
Technical Advisory in the project of 400 MW CCGT

Ramboll provides consulting services mainly in the procurement
process of the project.

TAURON Wytwarzanie S.A.
2013

Feasibility Study for the construction of CCGT unit with district
heating generation at TAURON Wytwarzanie, tagisza Power Plant
in Bedzin.

As part of the Study, the possibilities of power construction were
analysed, covering power output from 450 MW to 600 MW and
heat autput of approx. 250 MWt. The Study analysed the site
conditions, assessed the possibility of using the existing
infrastructure and systems of taglsza Power Plant for the new
CCGT unit and compared to options of connecting to the gas
system (distribution vs, transmission system). A comparative
analysis of various CCGT locations within the premises of the
existing Power Plant was made. Competitive power projects in
Poland were analysed, as well as electricity prices on the stock
exchange, and probable operation profiles of the new units on the
competitive market were defined.

An active economic model was prepared. Economic analysis,
including sensitivity analysis, was performed, and the conditions
on the power market and natural gas market influencing the
operation mode and profitability of the new gas fired unit
operation were discussed,

PGE GIEK 5.A. and GAZ-
SYSTEM 5.A.

LNG Terminal
2012

Feasibility study for a combined cycle gas turbine (CCGT) unit
with infrastructure for LNG Terminal in Swinoujécie.

The study analysed the possibility of applying cogeneration
systems based on gas engines, gas turbines and a CCGT unit,
with outputs in the range of 40-140 MW. Conditions and
limitations for the new unit construction in terms of site/local
conditions, environment, connection to the power grid were
assessed, taking into account the existing and new facilities and
infrastructure. Alternative technical connections were analysed to
use heat for LNG regasification. A detailed concept of selected
alternatives was prepared, including an economic and financial
analysis together with active economic modael.

Energa Invest
2012 - 2015

Services for the construction of CCGT unit in Gdansk,

The scope of work included preparation of Feasibility Study
analysing & 420-520 MW CCGT unit with closed cooling system.
The study analysed site conditions and limitations, connection to
the infrastructure and to the power grid.

The 5tudy included analysis of energy market, analysis of
environmeantal impact, detailed technical concept, legal and
organizational analysis, detailed time schedule for project
implementation, economic and financial analysis, including an
active technical and economic moadel.

Services also include preparation of EIA as well as preparing
necessary documentation, technical and legal advice in the
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permitting process of documentation, technical and legal
consultancy in the administrative process of obtaining the
Envirenmental Decision for the project.

PGNIG Termika
2013 - 2014

Preparing Tender Specification and permitting process for the
public procurement for a new CHE Plant in Pruszicdw

Work included developing a concept of Pruszkéw CHP Piant in the
conditions of limited gas supply. The study analysed a technical
concept for installation of gas engines of total output approx. 10
MWe, modifying the existing HOB boiler WR25 to mest
environmental requirements and a new peak-ioad and reserve
boiler plant.

A complete tender documentation was prepared for 3 tendering
procedures: for modernisation of K12 and K13 water boilers far
stricter environmental standards, for the construction of water
pre-treatment plant; for the delivery and erection of a
cogeneration unit based on gas engines and a peak-load and
reserve boiler plant (cogeneration unit of approx, 10MWe, 3-5 gas
engines).

An information sheet was prepared for the modernisation of K12
and K13 HOB boilers for stricter environmental standards and
environmental decision for the project was obtained. An
environmental impact assessment (EIA) report was prepared, and
environmental decision was obtalned.

Energa Invest
2012-2013

Technical Advisor services in a project of approx, 200MW CCGT
unit construction in Grudzigdz,

The scope of works included preparing Feasibility Study analysing
the application of F&H class turbines. The study included a review
of current applications of gas turbines and solutions for CCGT
units, case study analyses (detailed contracting and management
systems in projects similar to the analysed project, in Poland and
internationally), reference to  Polish public  procurement
conditions, analysis of energy market In terms of competition,
power trade market, detailed technical concept, legal an
organisation analysis, econemic and financial analysis. Besides
environmental analyses were made and input to EIA report was
prepared. SWOT analysls was also conducted, as well as risk
analysis and competition analysis for the project neighbourhood.
Detailed concept of CCS installation was presented in the study
as well as CCS information as an input to investor's environment
impact analysis.

Tharmal balance calculations were made and Lthermadynamic
model was prepared in Thermoflex.. And active technical and
economic (financial) model was prepared, enabling flexible
change of unit ocperation mode following power price changes
during the day and during the week, and including maintenance
plan for gas turbines.
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Vattenfall Heat Poland
2011

Environmental impact report for plannod 450MW CCGT at Zeran CHP
Flant

Environmental impact report for a project of modemization and extending
Zeran CHP by constructing a 450MW CCGT plant with all necessary
infrastruciure and elements of spatial arrangement, including S-month full
nature inventory and thermal analysis of the discharge of posi-cooling
water o the Vislulz and Zeran Canal, and an analysis covering COZ
capture from flue gas (CCS). A detailed concept of CCS system was
presented in the Feasibilty Study. Analysis of a project invohving
construction of a gas fired unit at Zeran CHP Plant, Warszawa, including
optimisation of technical and operational parameters”

Basing on the report, Environmental Condition Decision was
Issued.

MPEC Olsztyn
2014

Feasibility Study for a CHP plant in Olsztyn, including ROF as main
fuel, 90 MW total availabie capacity.

The study analysed various alternatives for CHP plant with an RDF
fired unit {grating boilers, CFB, BFB). Extension of the CHP plant
with an installation firing natural gas, biomass or coal was also
analysed. Site related conditions and limitations were analysed.
CAPEX was evaluated, economic analysis was made and an active
technical and economic model for the project developed, Basing
on the study, the technological alternative for the CHP plant was
selected from Implementation, consisting in a cogeneration WtE
unit and a gas/oil fired pezk loading boiler plant, and guidelines
for Terms of Reference were defined.

Vattenfall Heat Poland
2010

Feasibility Study: Analysis of a project involving construction of a
gas fired wunit at Zeran CHP Plant, Warszawa, including
optimisation of technical and operational parameters.

The study included analysis of multiple project alternatives for the
construction of CCGT wnit of approx. 300-500 MWe and approx..
250 MWL, Optimisation analyses were conducted, taking Into
account several sizes of gas turbines and CCGT units, in one-shaft
and multi-shaft configurations, with backpressure stream turbine
and with extraction/condensing steam turhine.

Thermal balances and a thermodynamic model using Thermoflex
software were prepared,

An economic analysis of project profitability was carried out.
Various operation modes were analysed depending on the change
of power prices throughout the day and on the gas price structure.
The analysis included operation of VHPS other generating
facilities.
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CHP STUDY AND LNG IN SWINOUICIE

Feasibility study and cost-benefit analysis of LNG bunkering
infrastructure construction in the harbours of port of tallinn.

In 2012 Ramboll Polska Options to co-generate power
prepared a feasibility study for based on heat demand of SCV
Gas-System covering technical regasification units served as the

concepts of CHPF on the premises  background for the study.

of LNG terminal in Swinoujécie
Six technological options were
analysed in the study, including:
CCGT, gas turbine, gas engines.

CUSTOMER
Gas-Systemn

LOCATION
Swinoujicie

PROJECT COUNTRIES
Peland

PERIOD
2012




+ Units of 425128 MWe
electrical output and 38
+112 MWt thermal output
were considered

& Expected heat demand of
SCV regasificators (110 MWt
peak demand, 1500 T1/fa
heat consumption) was used
as the basis for technical
solutions of planned CHP

& [nvestment schedule: CCGT
- 26-30 months; gas
engines/gas trurbine — 18-
22 months

& Capex (2012 prices): CCGT
- 374-579 min PLN; gas
engines — 177 min PLN; gas
trurbine - 192 min PLN

& 50 MWe/50 MWE unit (gas
turbine) was recommended
for further analysis
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Constraints in grid
infrastructure were identified
as the main obstacie for
larger electrical output
capacities

Profitability of the
investments highly
dependent on regulations
(support scheme for CHP)

Study needs to be updated

in arder to take into account:
changes In the regulatory
environment, price forecasts,
conclusions from first
operational experience of
the terminal, any grid
reinforcements realised by
DS0O in the meantime, new
concepts raised by the client

etC.
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RAMBGLL

HYDAULIC AND COASTAL

ENGINEERING

DESIGN AND ANALYSIS OF STRUCTURES EXPOSED TO
HYDRODYMAMIC AND COASTAL PROCESSES

Coastal and mar ine structures are
stbject to the changing
mataaroiogical and oosanographic
Conditong in terms of wing, waves,
current and water lavals This has to
b takan nto account in 1he design,
bt Bizo the effact of the structures
on the local condifians often has ta
D& anatysad. This could be tha
influence from a Dreakwater on the
wive Ciimate and the effect an tha
current conditions and sediment
transport In the area The most
effactive tool for evaluating tha
hdrodynamic and ocaanographic
conditions is numercal hydraukic
madeis,

Wave models

Wave modalling constitutes ons of
the core areas in Rambolls hydraubc
expertice. For analysing the wave
climate and design wave conditions
wave modeliing is oftan the bast
tool to use. On basis of bathymetry
and mateorological data waves
genaratad in an enciosed aras can
be analysed usng a spectral wave
micedel and in the same way
frar=formation of affshore waves o
neaEr shore areas can be mooalizg
Settng up a spectral wave modst s
oftan the first step N analysing the
wave climate in a specific arga. The
wave modealing can both be made
for represant alive directionsl
SCANAnos and for axtrems averts
SuCh 5% Lyphoons or hurricanes

Datailed studies of wave tranquibility
In ports and bornd breakwaters is a
cantral pert whean aptimizing tho
lzyout ang design In ports wave
disturbance simutatons are
important in order ta plan the
bexrthirg faciktias ang n retion to
downtinne analysis for the ships at
thie hartaour. The wave tranguillity

analysas are camied out UsINg 3
Bousssinesq wave modal whch is
capabla of taking factors such as
shoaling, refraction, diffraction ancd
partia reflectiontransmission for
rraguilar waves into sccount.

Sediment transport and coastal
impacts

Coastal structuras often have an
mfluence an tha current conditions
ang sedimant transport i the aroa
Ramboll carnes oul analyss of
sediment transport problems such
as sadimeantainon n entranca
channals, coastal arosion and
shorgling devalopment. and also the
nacessary sedimeant transport
madelling Furthermons Rambol
carries out planning and dasign of
coastal protection solutaons,
orovidas expert consultancy for
shoreling management and
prepares coastal pratection
strategies

Enviranmantal impacts

For larger coastal and port projects
an anvironmantal impact
assessment s required Analysas of
the effect of aredging and
reciamation on water guality and
sedimantation will be analysea
using particle transport and
sediment transport models. The
remyits of tho modoiling will be fed
In to the anviranmantal assessmant
and constituies an important basis
Also blocking eMects influsncing
the current condtions and water
Quality can be analysod Dy hydaulc
modelling

Dasign input

Whan dasigning structures in
coastal and marine Sreas Jasign
crivana’s for wed woves watar
el and current afo raguirad.

Dasign crtera are evaluated based
on statstical analyses of oxvbrame
‘waathar evanls. Complax proDisms
are avalualed on basis of n-situy
invastigations and numeancal
mMooading usg nydraukc modsts

Whan commplate metocean studies
are regquined Ramboll provaes all
the hygrodynamic modetfing of
Waves, currents and waler leveis az
well as the data analyses The data
analyses wil Include extreme valug
analyses and exadance and
persistence probabilibies as wall 35
prasantation of dats in rose plots
and scatter tables All analysas will
ba made with respect to directionat
intervals and season

Hydraulic modsalling using MIKE by
DHI

Tha intemationaliy recognized MiKE
23 ang LITPACK modals
developed by DHI are wiifized to
analyse the hydrodynamee climate
of coastal ragions, wave modeiling
well a5 sediment processes coastal
developmant and particie
disparsion N oceans, rivers and
estuaries The modals sre used by
an axperigrced stafl with expariss
withan ports, Pydrodynamics and
coasial morphology

T +45 5161 1000
F +45 5181 1001

oty



Barrieship Mormansk - Technbca
evaluations, Norway - |

The sunien Russian batileshn
Flurmansk® in Sorveer in northom
Horway has been attempted
salvaged, Broakwaters and retaimng
walls worn cohstructed around the
battieship. but darmaged denng a
storm. Subseguantly Rambaoll has
‘bean respormibln kor technical
evaluations of the doetign including an
aralysis of dengn waves using ME
2T 5W and BW. to assess the
sontractors design assumphbons.

Coasta! hyoraulic asseserment,
Hambantota, Sri Lasks - 2

As part of the feasibiity study for o
new seaport af Hambantota, Ramboll
carriad cut wive tranguility analyses
and simulated wave condstions for the
new harbour. Sedimant transport
araiyses were carned out to investi-
gate possine sedimentabion probiems
i the entrance channel and the opti-
mum arrannemont of the entrance
channel and braakwaters suggested
Impacts on the coadtal emeronmant
wera irvestipated as part of an EIA

ElA for expancon of Port of Nuuk,
Gresnjand - 3

In commection with an expanson of
the Port of Muuk to sccommaodate
larger condmnes and cnase vessals
Ramiboll has performed an E1A for the
ot evpanson, sdhuding hydreuhc
model g ard assescments aof
manoeviTg conditions for the large
versels. Tha bydraulc assessment
consisted of numarical rmodal
analyses for evalugting the current
conditions 35 well as sediment
ZFpersion modaling for evaluating
tre affect of dradging



RAMEBGLL

FEASIBILITY STUDIES AND
PORT MASTER PLANNING

ASSISTING THE PORT WITH PLANNING AND DECISION

Feasibility Studies

Based on the construction of
cons=tent development scenarios,
Ramboll prepares feasbility studiss

Further, Ramboll asssts with con-
ceptual and preliminary dessgns,
authonty management and
development policy. Financial and
economic svaluations are typcaily
based on the set up of sobd raffic
forecasts.

Ramiboil is umquely gualified to
identify and analyse port cargo-
potentials and to subseguently
prepare the reliable vability
anatysis. in-depth technical,
emaronmantal and economic isswes
must be evaluated when gresnfisld
sEEport projects ane consadaned,

Ramboll can assist port authorities.
municipalites. ahd other decision-
makers with preparing a basis fior
decision-making We hawe vast
sxperence within project manage-
ment of Brge progects thrugh afl
phases from preinvesbgations and
planning to design and project
mmplamentation in the feld.

Feasibility studies typicaily form the
basis for smvestor decisionmaking.
Rambol = well gualifed to prepan
feasibillty studies that fulfil the
specife requremeants of
development banics. Based on our
feazibaity studies. we have halped
crierits get (manchng for ther
proyacts from financial instibutes.

Port Master Planning

When port authorities consider
expancing and upgrading port
tatiities to accommodate new or
larger vessels, 3 number of faciiities
may red to be reconfigumed such
as, for example, berths, and storage
areas, MoDrng systermns, and scour
protection. The first step however,
= evaluating and analysing the
faciitie=. Ramboll will assist port
gutharities with sil necessary
evaluations and analyses

The need to keep up operations
during expansion and upgrades ane
ouly corsidered in all our studies.

Iri owr evaluation of the
ManoeuyTing conditions at project
sites, weanclude real-time ship
simulations—preferably carned out
by local captaing In the design of
mmmgmwmqrs.
the dynamics of moored ships,
wiich aré nfluenced by wind,
WEVES CUITEnNts and oassing ships,
are analysid using numencal
macring madak

The crucial anaiyss of wave cimate
in coastal regions, wave agtation
and sediment processes in ports,
coastal deveiopment and particle
CHEpErsion M oceans, rivers and
state-of - the-art and mntermationally
recognized MIWE 21/3 and LITRACK
rnumarical models developed by
DHI. The models are used by our
rughly gualified staff. who are
experts in ports hydrodynamics
and coastal morphaiogy

Our Sarvices

+ Feashility studes

+ Port master planning

= Traffic forecasts

= Site |gentfications and @na-use
BESEsLments

+ Technical pre-investigations

= Wave disturbence and sediment
transport analyses

+ Coastal impact aisessmants

= Enwironmenial and socio-
ECOoNoIMIC assessments (EIA and
SIAY

= Aszessments and real-bme
sirnulztions of manguvenng
conditions

* Port and terminal planning

« Economic and financ=l viahility
assessmients

* Commercial and financial project
struchoring

« Conceptua! design

Contad:

Fambol!

Ports & Marine
Hannemanns Alle 53
DE-2300 Copenhagen 5
Dienmark

T +45 5161 1000
F+ 45 5161 1001

Cower photo - Port of Copenhagen
Copynght ‘D CMP
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Faas:bikty surty for Sanglay Arport
and S=aport Miaject. Manila
(Phifippdoe ) -1

Ramiboll hae perfonmed & feasbifity
Suddy for the comibined Sangley
dirport and Seaport Project m Manila,
The sty covers 4 new intermaticnal
airpart and sesport with supporting
tratfic infrastructurs comprising
roadi. bridges. an mmersad unne!
ond & Ight @il conrection

Feasiifity sty Tor mew graaonfieln
seapart, Hombantota (5r Lanka) - 2
Rambuol has essisted Sl | snks Port
Hugrhorties CSLPA) with planning of 3
i major greenfield seaport al
Hambaniota The seaport will contain
a wide vanely of terminah, including
adry bulk, bopnd buik, break bk, Bo-
Ho snd & contaner Larminal,

Port Extension, Sissmiut

(Greeniand] - 3

The Musicipality of Ssimat extended
the existing Port of SEmat Bamboll
has asssted the Municipabity with shup
Lraftic asspaymanis, port plannisg,
wave Tranguility anshyses, conceptuad
Gesgn ahd preparstion of tender
COCurTeEnls

Mow Crubse Terminal for Port of
Conprenhagen [Denmars ; - 4

The Port of Copenhagen mtends o
develop a now modern Crose Termi
i in'the Morth Harbour of Copan-
hagen The project ergplios dewelop-
ot of 900 m new Glay, connection
ropds. karrrangl buldings and achust
mants to the ansting approadch chan
nel. Ramboll has been responsibis for
the preliminary swestigations, ship
sxmulations; and esboration of desige
bags and conceptual design

ad
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ADVANCED DESIGN OF PORT
AND MARINE STRUCTURES

RAMBOLL HAS VAST EXPERIENCE WITH THE DESIGN OF
ADVANCED PORT AND MARINE STRUCTURES FROM

PROJECTS WORLDWIDE.

Rambol has through a various
furrber of projects around the
worid guined wide superience with
the design of advanced manns
structures. Ramboll pifers 3 design
which is optimized with regard ta
rratarial use fabrication and
instaliation cost, a5 well as
operation and maintenance cost
Furthermore, limiting the
environmental impact is an
integrated part of the design
procass

Port and Marine structures
Famboll has exparience with design
of all types of marnine structures:

Shant Pile Quay Wall

Sizal shest pile wall with 3 conorste
Capping besm on top, with one oF
mare anchor levels conssting-of
stratch, anchears and anchor heads:

Diaphragm Guay Wall

Reinforced soncrete wall cast ina
desp ditch with = capping GEam an
bop, anchored with 2 tie md 5 3
structure of piles, 3 barette wall or a
déad man

Block Gusy Wall

Precast concrete blocke stacked an
top of each other and thanety
farming & wall which = stabile by f#ts
deadwsaight

Cancrete Caisson Quay Wall

Precast concrate caissons piaced m
a kne, forming & quay wall The
CEIESONE 2re typically cast in @ dry
dock., on a barge or similar, fisated
2 the site ano Filled with ballzst
The caissons can if necessary be
anchared by @ I+ rod and a dead
mar

Grawity based foundations for
oftshore wing Lurbiine peneratars
Concrete structires Casted on land,
trensported to saa and lifted m
placa, wheres it is filled with ballast
material,

Gravity based foundations far
atishore traniformer stations
Priecast concrete calsson, flosted B
the site and Riled with baitast On
top of the concrete caisson a steel
transibon phece which carmes the
topsita structure will be placed The
feuridation additionally consists of
secondary sruckures sweohas boat
larvdinig. fenders, J-tubes ats

Design process.

Marine structures are cften highly
Sormpdey, and the design requires a
wide range of compstences.
Ramboll has the expartisa to cover
the antire spectrum of disciplnes
reguited for the desigh of marine
structures The most importans
aspects of the deign are-

Geostatic analyts

Tha geostatic analysis contsins soil

begring capacity, stability,
seitlemant analysis abtc

Structural desigeof stesl and
concrate strugiums

The structurs! design of stes| 2nd
ooncta structures ame carried out
oy numerical matlefing. The design
oomphses of LS, 5LS, FLE ALSes
well a5 weisrmic 2nalysis

Flaaling stability

For flaating steuctures, the aspth of

immersion as well as the stability =
analyzed

29'L

Software

Besides yarnes kind of-spedialized
in=howte developed software pro-
grams, Rambal uses the following
cormmercisl programs for anaslyzing
advanced marine structures;

Plaxis 30

DLAXIE 3D s & fifwte alemant
package intendsd for e
dimensional anatyss of daformason
and statsiity in geotechrics!
enginsanng. it is eqguipoeg with
features to deal with various
aspects of comphes pectechmes!
structires ang consiructhss
PrOCeBIT wsing robusl end
thearetically sound computationsl
ProcRdures

LUSAS

LUSAS s @ world-leading finits ele-
mant anslysis software application
for the analysis. design and assens-
et of 28 types of structiess,

Degheet

C-sheet & & too) used t2 desigr
sheat pile retaining walls, D-shast
automatally alcudates the
optimized length for 2 retaining
structure. D-Shaet Plllng verifies the
safaty of the sheet pile wall for
sslected congtruction stages. The
stablity of the anchor wall o
checkad sccording to the Kranz
theary. A Bishop ship-circle snalyss
& used to check the overall stability
of fhe wall and saolf

Contact:

Rambaoll

Pares & Manne
Hannemanns Allé 52
2300 Koberhavn §
T =45 5161 1000

F +43 35161 1001
wwrw, ramboll.com
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Pary of Jorf Lasfir (Mormcoe)
Frorpage and upper pheto

Ramboll has carred out detalled
design for remedial and extersion
vdrh:itmpwldhjll._nﬁm
Maoroooo. The work includes

of 6 existing quays and eanstuctian
of soven additiona! quays,

Ramboll has carried out all datalled
design work for the ste including:
RAemadial works and durabiity oesign,
Quzy wall design, Concrete caisson
datign, 30 & 3D Plaxiz Modeliing,
Revetrnant & soour, Design of MAE
works, Dranage design, Design of
crana rails, Planning of Dredging
WADINkE,

Ramball has been working for the
EPC Contractor.

Part of Beirst (Lebanon)
Lavererr prhoto

Rambold has been responsible for all
design works refated to the expansion
of the new Guay 12-4 - incleding the
constraction of 3 new 500 miong
Sewp water block guay wal, dredging
warks in front of the new quay wail,
reclamation of the obd harbour basin
o maksd gpace For an additional 20
hectares contalnar terminzl, as well @
new fenders, bollards, crane rails,
pavemants.

Rambol has prepared detalsd design
for the Contractor and participated in
the Approval process with Port of
Barut.
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SOFREGAZ Industrial References in LNG Terminal

GNPC
TEMA LNG FSRU
TEMA, GHANA

LNG Send-out capacity design. 3.4 MTPA FRSU

Contract: Due Diligence
Review of the study prepared by co-investor of GNPC
including budget estimates. Assist and advise GNPC in
relation to tender preparation and evaluation activities.

Scope of work: - Review and validation of the operational objectives,
scope and level of services offered as stated by
Quantum Power
- Review and validation of the Standards to be met by
the project

- Review and validation of developmentcosts

- Review and validation of the Engineering Salution

- Review of Construction phase

- Review of the facility Operation and Maintenance
arrangements

- FSRU

- Review of compliance with industry standards

- Review and validation of the Standards to be met by
the project

Ongoing
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SOFREGAZ Industrial References in LNG Terminal

:E:A MA LNG IMPORT TERMINAL

PANAMA

LNG Send-out Capacity design: (0.4 MTPA

Vaporizers: SCV and IFV

Tanks: 10 000 m3 PHASE 1 + FSU

160 000 m3 PHASE 2
Contract: Lumpsum FEED
Finished in 2016

PHASE 2 will be done in parallel which consist of expansion of vaporization and
erection of a 160 000m storage tank full containment.

PHASE 1
OPTIONAL 1 LNG Hp LNG
P BUKEER . PUMPS  vAPORIZER
RM
mﬁcﬁ::é;q i LNG FLOATING o T——
STORAGE

I-_.-_-_.-—...-—.-.

VAPORIZATION

|
LDADING I LNG TANKS
l
FLEXIBLE I

INTAKE
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SOFREGAZ Industrial References in LNG Terminal

%

DESFA
REVITHOUSSA LNG IMPORT TERMINAL
REVITHOUSSA, GREECE

LNG Send-out capacity design:  1MTPA

2 MTPA 2" expansion
2.5 MTPA 3" expansion

Vaporizers: ORVs and SCVs

Tanks: 2 x 85,000 m* (9%Ni Full Containment Tanks) +1 in
construction

Contract: 1998 - 2000 EPC

2006 - 2008 EPC of 2™ expansion

2008-2009 Feasibility study on additional services
and 3" expansion

2016 — ongoing Basic Engineering and detailed
engineering during EPC of 3" vaporization
expansion

Ongoing

SOFREGAZ is the privileged engineering company of REVITHOUSSA LNG TERMINAL
since its construction in 1998. SOFREGAZ has participated in all the expansion
phases of the terminal since 1998,
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