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Section 1: Introduction
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Background

» Overview of the Myanmar gas market
» Energy consumption is among the lowest in the
world, 70% of the population have no access to
electricity.
» Consumption per capita is around 160 kWh per
annum, 20 times less than the world average.
» Only 16% of rural areas have power grid access
» Gas fired power generation demand is growing
» Indigenous gas production is constrained due to
years of under investment. Resulting in a
potentlal supply/demand deficit.
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Possible gas supply options
for Myanmar

With this supply/demand
deficit, there are 3 options.

Option 1 - importing LNG to
supplement domestic gas
while new gas exploration
gets underway.

Option 2 - Myanmar’s
swapping LNG with local gas.

Option 3 — Supply options can
include cooperation with
neighboring countries on
bilateral / regional gas trade,
to jointly benefit from existing
and future natural gas
supply/import infrastructure.
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Objectives of this project

» Providing support to the Government of Myanmar
(GoM) in developing a gas sector development
plan by focusing on the near-to-medium term
options to meet the gas demand in Myanmar.

» Focusing on gas import options related to LNG,
which could initially be used as a bridging fuel
while new gas exploration gets underway in
Myanmar.

» In particular, the focus is on the possibilities for
LNG receiving facilities in Myanmar, which given
the proposed timescales suggest prospects for
development of floating regasification LNG
terminals.

» In particular, this project will be focused on three
key tasks, Tasks 1(a), 1(b) and 1(c) which are
summarised in the right hand panel.

Key deliverables for
this project
Task 1(a) — Siting analysis to
assess potential locations of

LNG import facilities in
Myanmar.

Task 1(b) — Development of a
prioritisation framework and
accompanying analytical tool
for LNG import options and
locations.

Task 1(c) — Prepare an
overview of the LNG markets
that Myanmar may access
with a view of procuring LNG
to be physically swapped with
gas export partners
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The MJMEnergy Team

» MIJMEnergy have developed a bespoke Project Team as
follows:

» MJMEnergy is a UK-based firm providing technical and
commercial consultancy throughout the world with a clear
focus on natural gas and LNG related projects.

» Penguin Energy Consultancy (PEC) is a UK-based,
independent energy industry techno-commercial
consultancy and training provider. PEC has been involved in
46 LNG projects in 28 countries over 20 years, In addition
PEC will be assisted by CA Metocean consultants

» Economic Consulting Associates Limited (ECA) was formed
in 1997 to provide economic and regulatory consulting
services to industry and government. ECA specialises in
advising on economics, policy and regulatory issues in the
utilities industries, with particular expertise in the gas
sector.

» Drennan Marine Consultancy Ltd - is a LNG marine
specialist with experience working in over 20 countries
worldwide and is well used to ranking multiple locations in a
structured and consistent way against relevant marine
criteria including natural shelter, navigational risk and the
capability of local services.

Members of the
consortium
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Section 2: Key Issues
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Key Issues — Schedule and duration

Key Points

There is considerable
pressure on the MOGE to
resolve its gas shortage
quickly.

Whilst additional supplies
of gas from Myanmar’s
upstream resources should
be available this may take
longer than expected.

LNG is needed as bridging
solution but the duration
of the supply is uncertain.
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Key Issues - Metocean environment

Key points

Met-ocean analysis is key to
the site selection




Key Issues - Social, cultural and environmental issues

Key Points
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Key Issues — Weather and geology

Key Points

Severe weather can be
expected during the lifetime
of the LNG facility.

A significant earthquake is
possible during the lifetime of
the LNG facility.
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Key Issues - Local infrastructure

Key Points
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Key Issues — Cost and ownership

Key Points

Capital and operating costs
need to be analysed on the
same basis.
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Key Issues — Storage capacity and vaporisation rates

Key Points
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Key issues — Pipelines

Overview of gas pipeline
infrastucture in Myanmar
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Section 3: Site Selection
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Methodology

A three level selection methodology has been
used

Key Points

» Stage 1 (Concept selection) - Technology 3 level selection process
concept selection is based on overriding which improves in
system performance requirement. (Schedule granularity as it

and ownership, etc.) progresses.

» Stage 2 (Qualitative selection) — A qualitative
tool based on traffic lights provides
preliminary scoping of a range of sites.

Stage 3 (Discounted expenditure selection) —A
simple discounted expenditure tool which
allows both capital costs and operating costs
to be compared simultaneously is used to
provide the 3" stage of selection.

MJMENERGY
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Site overview

» MOGE requested that 3 general areas were
examined for suitable LNG import sites as
shown below

» Kyuak Phyu in Rakhine state
» 2 sites reviewed on the Madegyan River.

» Nga Yoke Kuang in Ayeyarwady state
» 2 site onshore in Ngayok Bay.
» 2 sites offshore in mid depth and deep
water.

» Kalegauk Island in Mon state
» 1 site onshore on the east of the island.
» 1 site offshore in mid water to the
northwest of the Island.

MIMENERGY .,
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Site 1: Kyauk Phyu overview

» Two sites considered on the
Madegyan River to the south east
of Kyauk Phyu i e TR L‘ o ,l,‘\,z* Bl '\\
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Site 1: Kyauk Phyu overview

» Site 1A on Made Island close
to or adjacent to the Shwe Qil
Terminal.
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» Site 1B on Ramree Island close
to the Naval Base at Careening
Point.
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Site 1: Metocean analysis

» Both sites are well sheltered by
Ramree Island from the prevailing
SW wind and monsoon.

Non Cyclonic Storm

» Non cyclonic storms will not affect
the LNG facility.

» Winds are insufficient to challenge
LNG carrier mooring guidelines.

» A very good marine site

MJMENERGY _

serving the cpergy Industry...




Site 1: Metocean analysis
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Site 1: Weather & Geology

» Cyclones are prevalent in Northern » Magnitude 4 and 5 earthquakes
Myanmar and should be expected. have occurred nearby.

» Flooding has occurred twice since » High peak ground accelerations are
2010. anticipated (0.4 — 0.45g).

> Sai Krone mud volcano near SitelB.

Cyclone tracks & flooding events Peak ground accelerations  Sai Krone
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Site 1: Navigation analysis

» A deep water channel to the oil
terminal already exists and is large
enough for LNG carriers.

Navigation requirements

» letty is relatively short but should
be optimised with the minor
dredging required to make a berth
pocket out of the main channel.

» No wave protection required.

» A good marine site.

mJ mENERGY
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Site 1: Environmental, Social & Cultural Impact

» Mangrove is definitely present in
Combermere Bay. Coral and
seagrass may be present. Mangrove

areas

> Oil terminal has upset local around
residents who have made g?azk
environmental and economic ¢
claims

Environmental impacts

» Protests against development
should be expected.

» Anecdotal comments about f’pe,l."eg‘
! ) erminal
issues around the oil and gas protests
pipelines.

MJMENERGY
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Site 1: Pipelines — re-use

Negotiate access to the existing Shwe pipeline to Magway

{

- —_— A e L S

Site 1: Pipeline routes from Kyauk Phyu| Ayadaw Gas F d
1. To Magway (OFS-5km, ONS-290km)  |.. Chauk-Lanywa f

f “Oi i -
2.To Pyay (OFS-5km, ONS-290km) b, Oland (§F O f
3. To Yangon (OFS-5km, ONS-557km) el izk[' m Ls
b ,#’ Yenanyaung
O ke

) MannOIIandGasFl o,

1A

Shwe Gas Field anmlPe N
BAY OF OUMdG %eld
BENGAL g Yone Sell

-
.....
.

. s ™ 1

MJMENERGY j
serving the cnergy ndustry...

©2017




Site 1: Pipelines - new

» Option 1 — New 290km pipeline to

Magway in the ROW of the Shwe Pipeline routes
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Site 1: Local Infrastructure

» Suitable tugs available at oil

terminal — availability uncertain. Tug Infrastructure

» Unable to provide essential business
services for foreign investors.

» Little industry and low skilled
workforce.

» Health care underfunded and poorly 5 tugs at oil terminal
equipped.

» No significant port infrastructure.

» Poor road connections.
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Site 1: Technology selection

» Any near shore solution based on a
Y Jetty moored FSRU
jetty.

» Mid water depth option is possible
but significant additional dredging
required so no advantage.

» Jetty moored FSRU is most flexible

option with a short delivery

timescale.

FSRU Independence in Lithuania

» Onshore terminal should be

considered if LNG supply is for

longer than 10 years or high levels

of security of supply are required.

MJMENERGY _
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Site 1: Results — Site 1: Kyauk Phyu Traffic light scoring

Site@AMadaydsland
Onshore [FSRUBN__[Midwater Jeepwater | FSUn__ [NGRVEn | GBS
terminal

SiteTlBKyauk®Phyu

OnshoreJFSRUDN _ [Midwater Jeepwater | FsUmn

IngRvin | aBs

GETTINGANGITOHEZTERMINAL

How much dredging is required to create a channel to the
terminal?

'What Jetty length is required to be able to moor a near
shore FSRU/LNG Carrier?

\What Subsea pipeline length is required to connect a
midwater or deepwater FSRU or LNGRV?

How much marine traffic is currently being experienced?

4 Are there local visibility limitations?

Are there any other factors that limit the site?

STORINGANG

What is the wave environment like?

How variable is the wind/wave environment?

3 [Might the LNG facility be impacted by extreme weather?

Will the site cause any destruction or exclusion to
environmentally sensitive areas?

Wil the site cause any destruction or exclusion to culturally
and historically sensitive areas?

Will the site development and operation impact the local
community in any detrimental way?

Will the site development and operation increase the risk of
harm/fatality to the local community?

Are there risks to the LNG facility from geological events?

GETTINGEGASITOMMARKET

1 Can LNG be vaporised in sufficient volume and in an
environmentally acceptable way?
\What is the onshore pipeline length?

3 \What is the difficulty in laying the onshore pipeline?

4 \What is the offshore pipeline length?

5 \What is the difficulty in laying the offshore pipeline?

LOCALANFRASTRUCTURE
1 Is there sufficient towage available to berth the LNG carrier?

2 Is there currently any port rules and infrastructure
i hydrocarbon importation at the

rsonnel?
4 Is there emergency response and Health care capability?

5 ion and Skills?
6 Is there access to a major port with connecting roads?
7 Is there access to an international airport with road/rail

links?
8 How adequate is the marine infrastructure?

MJMENERGY }
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Site 1: Results — Summary data inputs for the analysis for Site 1A2
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PHYSICALEPARAMETRS:[

Datal?

LNGHacility®izeR

170,000@m Btored@vith@B00@nmscfd@aporiser
capacityl@

LNGHacility@ypel FSRUPE

Locationl Nearshorel
Ownershipl Leaseld

geologyll <0.4@FEcceleration
Jettydengthl 200@EnE
Breakwaterl® Not@equired®

Dredgingl@

2,000,000@°@

Gasipelinel

S5EmMBDBOEANch@Dffshore@ 35 7&mEEBOEANchE
onshorel

DesignALNGBhipll 163,000EM>R
FINANCIALRANDECONOMICEBPARAMETERS:[ Datal
Project@Btartyearl 20170
LNGEmMportEerm 10y earsl
Discount@atel? 10%0

Lease@atel® 140,000EUSS/dayRl

Fuel@®ilRostk

470RUSS/tonEB80&sBingaporel

Electricity@ostk

0.05[SS/kWhE70Eyats/kWh)E

Tugtostl

USSEL5,000/day@ach@no@mobilisation@osts)kl

CAPITALROSTS:@Description@®fikeyreasl

Valuel®

FSRUE

FDAUS SAMillionFlease)R

Jettyl?

[ 38AJSSEMiIllionR

Dredgingl

[FFLOEUS SENillionE

Gashpipelinel

677.6USSENIllionk

Local@nfrastructurel

FRDAU SSEMillionkl

TOTALRA

826.03EJSSEMIllion

NotePLREANoMBOT/BOOTRuUrchase@ayment@vasis,

sumed@tEheFEndDf@heRontractdife.R

OPERATINGREOSTS:@Mescription@fikeyreas

Operating@ostsk

FSRUdeasel

S51AUSSENIllionEbal

Fixed®ostsl Labour

EBAUSSEMIllionEbal

Insurancel@

FRAJSSEMIllionEpal

Inspection@End@naintenancel

FRAUSSEMIllionEbal

Supporting@nfrastructurel

FDASSEMillionEbal

Variable@ostsE | Fuel@ilE @6.48AJSSEMillionGbal
Electricityl FDAUSSENillionEbal
Towagel? @.6AUSSEMIllion@pal
TOTALR 66.20AUSSENIllionBpall
Notesl
1. TheboveRtalculation@sBasedBn@EEFHBS57kmEonnecting@ipeline@oangon.@fBiteFLA2@Evask

toptForheBhorter290km@®nshore@onnection@oRither@PyayriMagway®hefAPEXE
costs@vouldibe@educediy320.4@nillion,AvithEanEquivalent@eduction@n@heED CFAigure.R
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Site 1: Results — Implementation schedule and cash flow

STUDIES

FiD

LNG FACILITY - TOTAL
ENGINEERING
PROCUREMENT
CONSTRUCTION

MARINE FACILITY - TOTAL
ENGINEERING
PROCUREMENT
CONSTRUCTION

GAS PIPELINE - TOTAL
ENGINEERING
PROCUREMENT
CONSTRUCTION
DELIVERY & COMMISSIONING

_!_
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Site 1: Results Summary

Site 1A2
»Schedule to market: 48 months
» Capital Cost: 826 USS million
»Qperating cost: 66 USS million/year

» Discounted Expenditure: 1032 USS million

» Calculation based on 557 km pipeline to Yangon

MJMENERGY »
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Section 5: Site 2 Nga Yoke Kaung
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Site Locations
Three sites considered as follows:

> Site 2A near the shore
sheltered behind the headland
to the south of Ngayok Bay.

» Site 2B in 20 m of water
beyond the islands to the
north end of Ngayok Bay about
10 — 15 km offshore.

» Site 2C in 80 m of water 30-40
km offshore of Ngayok Bay.

> Site 2D near the shore at the
southern headland about
1.0km off shore
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Site 2: Metocean analysis

Wave height exceedance curves (Pilot Wave height exceedance curves (Pilot
station) Site 2A station) Sites 2D

1 1.5 2 25 3 3.5 a

A5 A‘ Hs [m]

Non Cyclonic Storm

Wave height exceedance curves (Pilot station)
Sites 2B and 2C
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Site 2: Metocean analysis

winds and monsoon

» All four sites are exposed to SW Wave & wind rosettes 2A,B,C

> Sites 2A and 2D have some shelter
behind the headland

» Non cyclonic storms will impact
operations at Sites 2B and 2C

» Winds are insufficient to challenge Wave & wind rosettes 2D

LNG carrier mooring guidelines pst—

@~

B
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Site 2: Weather & Geology

Geology

» Cyclones are prevalent in Northern > Magnitude 3 and 4 earthquakes
Myanmar and should be expected. have occurred nearby_
> Flooding has occurred twice since > H|gh peak ground accelerations are
2010. anticipated (0.4 — 0.45g).
Cyclone tracks & flooding events Peak ground accelera tiqns
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Site 2: Navigational assessment

» Site 2Ais in very shallow

Navigating to Site 2
water (2m) and needs o

extensive dredging to 14 m for :
Approach into

a LNG carrier to berth on a e wind 81

short jetty.

1
’ : Approach into
Ste 28 O ! the wind (SW) »
!

e water RO T
4 . 1 ./ Mid water. "%
» Reducing the dredging by D O e BN
. . ,',’,—”——_‘t:;"\ v " _INGCturned
extending the jetty reduces A 5 Sy and e
. . PPt Ste 2R - Y oo be
and then eliminates the wave . Neargfore e dle2n
0 . “ INGCturned Near shore
protection provided by the and backed

onto berth

headland

» Offshore sites 2B and 2C are in
deep water and present no
navigational issues

MJMENERGY .
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Site 2: Navigational assessment

Navigating to Site 2D

," 2
I
| | Approximately 1700m Between Deep Water and
" Sheltered Area to East of Headland
M Element 1- Channel o N
I
I
" | Water
| , Depth Om | Location of
I 'l Terminal
| Y ——— .
P Land
Water Water
'f Element 2 - Turning Area Depth 14m | \ - Materialto be Dredged Depth 14m
'  J - 5
|\ | Sea Bed
, 1
| I Current
,' _ AreaToBe | Estimated | Required | Depthto |  Volume of
= Element 3 - Berthing Area AreaToBeDredged | Dredged [MeanWater| Water |be Dredged [Dredged Material
Element (Description) (Areainm2) | Depth (m) |Depth (m)| (m) (m3)
1- Channel 1500m channel x 217m wide | 325,500 9.0 14.0 5.0 1,627,500
2 - Turning Circle |285m diameter circle 255,278 30 140 110 2,808,058
3- Berthing Area |(4 x Beam) x (L5 x LOA) 74,214 30 140 110 816,354
TOTAL ESTIMATE OF DREDGED MATERIAL in CUBIC METRES| 5,251,912

meENERGY ;
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Site 2: Environmental, Social & Cultural Impacts

» Coral and mangrove are definitely
present. Seagrass and turtles may
be present.

» Local tourist industry advertises
snorkelling and diving.

» Beach resorts in the general area.

» Coal fired power plant in the bay
rejected after local protests.

» Dredging would damage coral as
would cold water/biocide return
from vaporisation.

» Four local villages potentially
impact by near shore terminal.

MJMENERGY ..,

Environmental impact
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Site 2: Pipelines

» Background - Existing 10 inch
pipeline to Yangon via Pathein to
Thabaung is too small and low
pressure for new flows.

» Option 1 - Lay new 30 inch 50km
pipeline in a new ROW to Pathein.

» Option 2 - Lay a new 30 inch 230km
pipeline via Pathein to Yangon

» No reinforcement costs required
unless gas is required for proposed
power plant at Shwedaung.

mJ mE\ERGY
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Site 2: Local infrastructure

» No tugs, nearest tugs at Shwe oil
terminal.

» No coastal port or port authority.

» Pathein is only able to provide the
most basic business services.

» Little industry and relatively low
skill workforce.

» Technical and IT universities in
Pathein should be able to provide
some skills .

» Health care present.

» Large port at Pathein for river
traffic but with no significant port
infrastructure.

> Poor road connections.

©2017



Site 2: Technology selection

> Near shore site 2A too difficult
environmentally

Technology selection

Callenging!

» Mid (Site 2B) or deep water (Site
2C) options possible but challenging

Site 2C Deep water

» Little difference in wave

environment so deep water, buoy
moored, FSRU preferred as more
robust in extreme weather

» Near shore site 2D is
environmentally difficult

> Site has all the issues as site 2A but
at smaller scale

» Challenging but possible

©2017



Site 2: Results —Nga Yoke Kuang traffic light scoring for 2A, B and C

NearshoreBite2A OffshoreBites2BB2C
Onshore |FSRUEm |M‘\dwater |Deepwater| FSUn I_NGRan | GBS | Onshore |FSRU®n |M\dwater beepwater| FSUn I_NGR\/En | GBS
terminal

GETTINGANGETOTHEATERMINAL
How much dredging is required to create a channel to the terminal?
2 |What Jetty length is required to be able to moor a near shore

FSRUILNG Carrier?
OR  |What Subsea pipeline length is required to connect a midwater or Not? Not?
deepwater FSRU or LNGRV? Possible Possible

3 [How much marine traffic is currently being experienced?
4 |Are there local visibility limitations?
5 |Are there any other factors that limit the site?

What i the wave environment like?
2 |How variable is the wind/wave environment?
3 |Might the LNG facility be impacted by extreme weather? Not? Not?l

Possible Possible

4 |Will the site cause any destruction or exclusion to environmentally
sensitive areas?

5 |Will the site cause any destruction or exclusion to culturally and
historically sensitive areas?

6 |Will the site development and operation impact the local community in
any detrimental way?

7 |Will the site development and operation increase the risk of
harm/fatality to the local community?

Are there risks to the LNG facility from geological events?

1 |Can LNG be vaporised in sufficient volume and in an environmentally
acceptable way?

2 |What s the onshore pipeline length? Not? Not?
Possible Possible

3 |Whatis the difficulty in laying the onshore pipeline?
4 |Whatis the offshore pipeline length?
5 |Whatis the difficulty in laying the offshore pipeline?

15 there sufficient towage available to berth the LNG carrier?
2 |Isthere currently any port rules and infrastructure appropriate to
hydrocarbon importation at the proposed LNG site?

3 |Isthere sufficient infrastructure to accommodate workers and their
families, expatriates and vendor personnel?

4 |Is there emergency response and Health care capability?

Education and Skills?

s there access to a major port with connecting roads?

1 there access to an international airport with road/rail links?
How adequate is the marine infrastructure?

o |~|o |
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Site 2: Results —Nga Yoke Kuang traffic light scoring for 2D

NearBhoreBite®
Onshore | FSRUB®N | Midwater | Deepwater | FSU@n LNGRVEn GBS
terminal Jetty FSRU FSRU Jetty Deepwater
ANGETOETHEETER A
1 How much dredging is required to create a channel to the terminal?
2 What Jetty length is required to be able to moor a near shore
FSRU/LNG Carrier?
OR What Subsea pipeline length is required to connect a midwater or
deepwater FSRU or LNGRY NotBossible Not@possible
3 How much marine traffic is currently being experienced?
4 Are there local visibility limitations?
5 Are there any other factors that limit the site?
OR E
1 What is the wave environment like?
2 How variable is the wind/wave environment?
3 Might the LNG facility be impacted by extreme weather? Notfbossible; Notfpossible
4 Will the site cause any destruction or exclusion to environmentally

sensitive areas?

5 Will the site cause any destruction or exclusion to culturally and
historically sensitive areas?
6 Will the site development and operation impact the local community in
any detrimental way?
7 Will the site development and operation increase the risk of
harm/fatality to the local community?
8 Are there risks to the LNG facility from geological events?
EGASTOMAR Onshorefipeline
1 Can LNG be vaporised in sufficient volume and in an environmentally

acceptable way?

What is the onshore pipeline length?

What is the difficulty in laying the onshore pipeline?
What is the offshore pipeline length?

What is the difficulty in laying the offshore pipeline?

v sfw|n

OCALANFRA
Is there sufficient towage available to berth the LNG carrier?

2 Is there currently any port rules and infrastructure appropriate to
hydrocarbon importation at the proposed LNG site?

3 Is there sufficient infrastructure to accommodate workers and their
families, expatriates and vendor personnel?

Is there emergency response and Health care capability? Notfbossible; NotBossible
Education and Skills?

Is there access to a major port with connecting roads?

Is there access to an international airport with road/rail links?
How adequate is the marine infrastructure?

®(N|o|u|s

MJMENERGY .
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Site 2: Results —-Summary data inputs for the analysis for Site 2D

mJ mE\ERGY

serving the cnergy Industry

PHYSICALEPARAMETRS:

Datal?

LNGHacilityBizeR

170,000E Btored@vithB00@ENmscfd@aporisers
capacityl

LNGHacilityGypel FSRUR

Location[@ Nearshorel
Ownershiplkl Leasel

geologyl <0.43Fccelerationl
Jettydength OB

Breakwaterf Notxequired

Dredgingf

5,200,000 3

Gaspipelinel

1M BOANchBffshore®2 30GkmBDBOENchE

onshorel
DesignA NGB hipk 163,000Em >3
FINANCIALRBANDECONOMICPARAMETERS:2 Datalz
Project@tartdearl 2017®
LNGEmportEerml 10Fearsh
Discount@atel2 10%0]
Lease@atel@ 140,000@USS/dayl

Fuel®il@ostk

470USS/ton@B80RsBingaporel

Electricity@ost?

0.05[USS/kWh[E70Ekyats/kWh)E

Tugostlk

USSEL5,000/day@ach@@ays@nobilisation))?

CAPITALEOSTS:@Description®fikeyGreaslk

Valuel

FSRUEI

DAY S SENillionFlease)E

Jettyl

F6RUSSENIllionRl

Dredgingl

TR 6AUS SENIllionE

Gaspipelinel

278AJSSENIllionk

Local@nfrastructurel

MARADEU S SEnillionE

TOTALE

350@SSENillionE

NoteFEENo@BOT/BOOT@uUrchase@ayment@vaskas

sumed@t@heFREndDbf@heRontractdife.r

OPERATINGEOSTS:@Description®fkeyzhreasl

Operating@ostsh

FSRUHeaselR S1AUSSEIllionBalR
Fixed@ostslk Labourl FBAUSSEMIllionEbal
Insurancel FRAJSSEMIillion@palk
InspectionEnd@naintenancel? FRAJSSEMIllionEbalk
Supporting@nfrastructurel @R.2ASSENIllion@al
VariableXostsk | Fuel®il? [76.48A)SSAMIllionGbal
Electricityl FDRAJSSEMillion@al
Towagel F4.6AUSSEANillionEbal
TOTALR 81.4AUSSEMIllion@alk
Notes[

1. TheboveRalculationds@ased@DnzR30kmREonnecting@ipeline@o® angon.@fBiteDAvask
toptHorheBhorterdbOkm@®nshoreonnection@o@Pathein@hef APEXRosts@Avouldibel
reducediy@204Enillion,AvithEinEquivalent@eduction@n@he@ CFHigure.@
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Site 2: Results — Implementation schedule and cash flow

Implementation Scedule

STUDIES _I_
FiD |3 |
LNG FACILITY - TOTAL E— A ———
ENGINEERING T V—
PROCUREMENT E— fEE—
CONSTRUCTION EEEee— ———)
MARINE FACILITY - TOTAL e T
ENGINEERING uzgne]
PROCUREMENT |===gn #31
CONSTRUCTION e A —— ————]
GAS PIPELINE - TOTAL = e —g= i
ENGINEERING S Fam—
PROCUREMENT U, - TI' ]
|
CONSTRUCTION | E— A —
[
DELIVERY & COMMISSIONING ¢ 3 o]
months
Discounted Expenditure
800.00
700.00
/{/
600.00 e
o
— :
500.00 ===
400.00 T
—
¥ e
300.00 /
y
/
200.00 /’
100.00
0.00 £
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
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Site 2: Results Summary

Site 2D
»Schedule to market: 48 months
» Capital Cost: 350 USS million
»QOperating cost: 80 USS million/year

» Discounted Expenditure: 682 USS million

»230 km pipeline to Yangon, a shorter pipeline to
Pathein may be possible

Site 2C
»Not developed — considered too challenging

......
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Section 6: Site 3 Kalegauk Island

MIJMENERGY
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Two sites considered

» Site 3A in Bentinck Sound to the
east of Kalegauk Island. (NB: Two
sites are possible but proximity to
local populations favours the
southern site — the northern site is
not considered further.)

Site 3B is located offshore in 20 m
of water in the Andaman Sea to
the northwest of Kalegauk Island.

MJMENERGY
serving the cnergy ndustry... ©2017

Site Locations

Site 3B
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Site 3: Metocean Analysis

» Both sites are relatively sheltered from :
SW winds and monsoon by the Andaman Non cyclonic storm
Islands.

» Site 3A has additional protection from
Kalegauk Island.

» Non cyclonic storms will impact
operations at Sites 3B but are infrequent.

» Winds are insufficient to challenge LNG
carrier mooring guidelines.

MIMENERGY .,

austry.




Site 3: Metocean Analysis

Wave height exceedance curve
at berth Site 3A

Wave height exceedance curve
at pilot station Site 3B
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Site 3: Weather & Geology

Geology

» Cyclones are infrequent in this part of
Myanmar, cyclones are deflected by the
Andaman Islands.

» Flooding occurs on a seasonal basis.

Cyclone tracks & flooding events

DTHACT WD
el e 10 &

‘
M v 1 e v N - 0 -

r

MITIENERGY

©2017

» There have been no recorded
earthquakes in the vicinity of Kalegauk
Island. There have been several
Magnitude 4 — 5 earthquakes in the
Andaman Sea to the west.

» Moderate peak ground accelerations
are anticipated (<0.2g).

yitkylna & .

i 4 Peak ground
Ry accelerations

Sittwe

200 km
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Site 3: Navigational assessment

> Site 3Aisin 12 m of water + :
. Key Points

» No dredging is required if LNG
transit times are controlled to
high slack water.

» A dredged berthing pocket to
14 m sufficient for a LNG
carrier to escape an incident
will be required.

» Offshore site 3B is in a water

depth of 20 m and presents :
g : : Heights In Metres Above Chart Datum
n 0 n aVIgat I o n a | ISS u eS * Tidal Condition Mean High Water Mean High Water Mean Low Water | Mean Low Water
Spring Tides Neap Tides Neap Tides Sprlng Tides

mJ mENER(xY
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Site 3: Environmental, Social & Cultural Impacts

» Kalegauk Island has 2 villages and
2 smaller settlements. Avoiding
hazards and impacts is possible ”Pristine” coast but development
but restricts the space available. starting

Foreigners had no access until recently

» Fishing is important to Mon state Some deforestation by rubber
but the muddy seabed here is plantations
probably of lower value than
further south.

Key Points

MIMENERGY .,




Site 3: Pipelines

» Current pipeline: Kaunbauk — Yangon

via power stations at Mawlamyine. Key Points

inn :Wa

» Reinforcement is underway but slow. L. o
habaung Myaun [

Kangyidaung (F5

» Option 1—170 km of 30 inch subsea e Kaung .

\ lawgd

"
; gantay
3 alamyme

pipeline to Yangon + 50km onshore. L. [ 377 Mewaban SR "
/ /‘l - ?hanpyuzayet
» Option 2 — 400 km of 30 inch pipeline |
in ROW to Yangon + 10km offshore. Lo
(B2
> Option 3 — 125 km of 30 inch pipeline f—T R
to Mawlamyine + 10 km offshore. o poes
24 I
Site 3: Pipeline routes from Kalegauk Island i
: : 1. To Yangon via sea (OFS-170km, ONS-50km) T X
> Key assumptions are no compression 5o Meamying (OF S10k, ONS o500y \
or reinforcement. ANDAMAN SEA N (aan g
Condensate Field

MJMENERGY .
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Site 3: Local infrastructure

» No tugs, nearest tugs at Shwe oil
terminal.

No port or port authority. Ye — very limited infrastructure

Key Points

Ye is the nearest town but is unable
to provide the most basic business
services.

Little industry and relatively low skill
workforce.

Mawlamyine has higher education
establishments.

Health care at Ye is seen as poor

Port at Mawlamyine for river traffic
but with no significant port
infrastructure.

Good road & rail connections but
these may be in poor condition.

JMENERGY ...




Site 3: Results — Kalegauk Island traffic light scoring

NearBhoreSiteBA OffshoreBite3B

Onshore | FSRUBN | Midwater [Deepwater] FSUBn | LNGRVAn | GBS | Onshore | FSRUBNn | Midwater [Deepwater] FSUmn | LNGRVAn | GBS
terminal | Jetty Deepwater] terminal

GETTINGANGITOTHETERMINAL
How much dredging is required to create a channel to the terminal?

2 \What Jetty length is required to be able to moor a near shore FSRU/LNQG
Carrier?

OR  |What Subsea pipeline length is required to connect a midwater or deepw|
FSRU or LNGRV

3 How much marine traffic is currently being experienced?

4 Are there local visibility limitations?

5 Are there any other factors that limit the site?

1 What is the wave environment like?

2 How variable is the wind/wave environment?

3 Might the LNG facility be impacted by extreme weather?

4 Wil the site cause any destruction or exclusion to environmentally sensif
areas?

5 Will the site cause any destruction or exclusion to culturally and historic
sensitive areas?
6 Wil the site development and operation impact the local community in
detrimental way?

7 Will the site development and operation increase the risk of harm/fatality

the local community?
8 Are there risks to the LNG facility from geological events?

GASTOMAR 0 el ealpipeline
1 Can LNG be vaporised in sufficient volume and in an environmentally

acceptable way?
2 \What is the onshore pipeline length?

3 \What is the difficulty in laying the onshore pipeline?

4 What is the offshore pipeline length?

5 'What is the difficulty in laying the offshore pipeline?

LOCALANFRASTRUCTURE
1 Is there sufficient towage available to berth the LNG carrier?
2 Is there currently any port rules and infrastructure appropriate to

hydrocarbon importation at the proposed LNG site?

3 Is there sufficient infrastructure to accommodate workers and their famill
expatriates and vendor personnel?

4 Is there emergency response and Health care capability?

5 Education and Skills?

6 Is there access to a major port with connecting roads?

7 Is there access to an international airport with road/rail links?

8 How adequate is the marine infrastructure?

MJMENERGY _ .

serving

G choergy Industry



Site 3A: Technology Selection

» Any near shore solution based on a

jetty. Technology selection

» Mid water depth option is possible N - .
but significant additional dredging . St;)t;;:gn%as’z.
required so no advantage. \to mainland {

» Limited space on the island away
from people which will make an
onshore terminal challenging but its
potential cannot be ruled out at this
stage.

» Jetty moored FSRU is most flexible
option with a short delivery
timescale.

MJMENERGY
sorving the cnorgy industry... ©2017




Site 3: Results — Summary data inputs for the analysis for Site 3A2

PHYSICALEBPARAMETRS: Datal
LNGHacilityBizelR 170,000EN  Btored@vithB00OEN mscfd@aporiser.k
LNGHacility@ypel FSRUR
Locationl Nearshorel
OwnershipR Leasel
geologyl <0.2@FAccelerationd
Jettydengthl 300@EMA
Breakwater® Not@Eequiredd
Dredgingl 450,000 °
Gashpipelinel 10EkKMBOAnchBubseaiipeline@E00E M nshorel
Design@ANGBhipa 163,000EN "
FINANCIALEANDECONOMICEPARAMETERS:Z Datalz
Project@tart¥earl 2017@
LNGAmportEerm[ 10 earsk
Discount@atel 10%0
Lease@atel 140,000SS/dayl
Fuel@®ilXostk 470AJSS/tonB80EsBingaporel
Electricity@ostl 0.05AISS/kWhE70EKyats/kWh)@
Tug@ostR USSEL5,000/dayRach@lusERays@nmobilisationl
CAPITALXOSTS:@escription®fkeyzreas Valuel
FSRURE FDAJSSANillionAlease)d
Mooringhl 167EJSSEMIllion
Dredging® @R .SAJSSEIllionR
Gashpipelinel 498AJSSEMIllionR
Local@nfrastructurel FHDEJSSEMillionE
TOTALR 668@AISSEMIllionE
NoteRL:ENoBOT/BOOTRurchase@ayment@vasBssumed@t@he@ndBf@heRontractHife.?
OPERATINGEOSTS:Mescription®fikeyEreasl Operating®ostsi
FSRUdeasel S51RASSEMillionBpakl
Fixed®ostsh Labour@ EBRAUSSENIllionEal
Insurancel FRAJSSENillionEal
InspectionEndEnaintenancel FRRAJSSENillionGal
Supporting@nfrastructurel FDRAUSSENillion@al
Variable®ostskE | Fuel®il® @65 SSEMillionBbal
Electricity® FDRJSSENillion@al
Towagel Fl4.6AUSSENIllion@al
TOTALE 80.2AUSSEMIllion@al
Notesh
1. TheRhboveRalculation@s@asedbnFEasPpipeline@oH angon.AfEanAntermediate@olution@vasl
developed@vith@he@®nshore@ipelineBtoppingEtmMawlamyine@®nlyEl25kmArom@EvhereRLNGE
meEi\ER(]Y isdlanded@romEheFSRUEBaving@®fEaroundZ330million@vouldibe@ossible.R 60
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Site 3: Results — Implementation schedule and cash flow 3A2

STUDIES

o

LNG FACILITY - TOTAL

ENGINEERING

PROCUREMENTY

CONSTRUCTION

MARINE FACILITY - TOTAL

ENGINEERING

PROCUREMENT

CONSTRUCTION

GAS PIPELINE - TOTAL

Implementation Scedule

!_E—

ENGINEERING — ‘ ‘
PROCUREMENT [ T3 3 Wi
| |
CONSTRUCTION ks TUNIT T T —
| |
DEUIVERY & COMMISSIONING i 4 [l-9 ]
months
Discounted Expenditure
1000.00
900.00 —
—
800.00 e
700.00 /_,//
600.00 e
'
500.00 /
400.00 /
300.00 /
200.00 /
/
100.00
/
0.00
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
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Site 3B: Technology Selection

Technology selection

» The variability in wave direction is
small so an island jetty may be
possible although wave heights will
marginally limit availability.

om 50m 100 m 200

Technology selection

» Water depth is about 20 m and
relatively exposed so a tower yoke
mooring is preferred.

MIMENERGY .,

adustry.
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Site 3: Results — Summary data inputs for the analysis for Site 3B2

PHYSICALEBPARAMETRS: Datal?
LNGHacilityBizel 170,000@n3Btored@vithB00EMMscfd@aporiser
LNGHacilityfypel FSRUE
Locationl Mid@vaterl
Ownership Leasel®
geologyl <0.2@FFAcceleration
Jettydength@ Not@equired®
Breakwaterf Not@equired?®
Dredgingh Notequiredr
Gasbhipelinel 170kmB0OaAnchBubseaiipeline@B0EmEBnshorep]
DesignAINGREhip 163,000 °E
FINANCIALEBANDECONOMICEFPARAMETERS:[ Datal®
Project@tart®dearf 20170
LNGEmportEerm[ 10Fearsk
Discount@atel® 10%0z
Leaselatel@ 140,000[USS/dayh
Fuel@®ilXostkl 470@USS/tonB 80 sBingaporel
Electricity@osthl 0.05AUSS/kWhE70&kyats/kWh)E
Tugtostk USSEL5,000/day@achBlusP@aysEnobilisationl
CAPITALEOSTS:@Description®fikeyzhreaspk ValueR
FSRUR FDEUSSENillionFleased)d
Mooringl B 1ASSENIllionE
Dredgingl@ [HDEAUSSENillionEl
Gasbpipelinel M 66[AISSENIllionE
Local@nfrastructurel AR S SENillionE
TOTALR 397@JSSENIllionEl
NoteFEINoBOT/BOOTPHurchase@ayment@vasBssumed@Et®heREndDbf@heRontractdife.R
OPERATINGEOSTS:@escriptionBfikeyzreasp? Operating@ostsl
FSRUHeasel 51AUSSEillionBbak
FixedRostshl Labourl EBEAJSSEMillionGbal
Insurancep! MRRASSEMillion@pal
InspectionZndEnaintenancel FREAJSSEMillionGbal
Supporting@nfrastructurel MR .2EUSSENillionBbal
VariableRosts| Fuel@il 6. 48A)SSENillion@al
Electricityl MDEAUSSEMillionGbal
meE\ER(lY Towagel [4.50)SSEillion@al 63
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Site 3: Results — Implementation schedule and cash flow 3B2

mJ mEL\ER(nY
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Implementation Scedule

STUDIES l_!_

D =

LNG FACILITY - TOTAL
ENGINEERING
PROCUREMENT
CONSTRUCTION

MARINE FACILITY - TOTAL
ENGINEERING
PROCUREMENT
CONSTRUCTION

GAS PIPELINE - TOTAL

ENGINEERING - @ 1] ‘ \
PROCUREMENT ==y f==—=—ei ::':
|
CONSTRUCTION | IU:J:’ p=——u—=]
DELIVERY & COMMISSIONING | | [lon-c]
months
Discounted Expenditure
800.00
700.00
600.00 ,//
/
500.00 /
////
400.00 |
/

."_/

300.00 /
/
/
200.00 /
100.00 S
0.00 '
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
©2017
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Site 3: Results Summary

Site 3A2
»Schedule to market: 48 months
» Capital Cost: 668 USS million
»QOperating cost: 80 USS million/year

»Discounted Expenditure: 948 USS million

»400 _kbrr onshore pipeline to Yangon, a shorter pipeline to Mawlamyine may be
possible

Site 3B2
»Schedule to market: 48 months
» Capital Cost: 397 USS million
»Qperating cost: 81 USS million/year

»Discounted Expenditure: 720 USS million

»170 km subsea pipeline connecting to 50 km onshore pipeline

mJ mEI\ER(JY
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Section 7: Conclusions and

Recommendations

mJ mEN ERGY
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Conclusions - Schedule

All sites similar in t(?rms- of schedule. Schedule
» LNG supply possible in 3-4 years includes
» 1 year of studies, permitting and FSRU/LNG is not the rate
financing. determining step
» 2-3 years of engineering, procurement
and construction.

» Engineering, procurement & construction
» FSRU 18 - 24 months
» Marine jetty/dredging 18 — 24 months
» Gas pipeline 24 - 30 months

» Schedule should coincide with newbuild
FSRU current under consideration coming to
market

MJMENERGY _
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Conclusions — Capital Investment

» The FSRU is presumed to be on a Capex breakdown
leased basis

» Capital investment required for
» Marine facilities
(May include in FSRU package)
» Gas pipelines

500 B Infrastructure
[
o . .
. . . = gas pipeline
» Operating costs are anticipated to be T 400 e
ST . . B Dredging
USS 60 - 80 million pa including the 3
FSRU lease 300 e
B LNG facility

200

» USS 140,000 per day assumed for

100

lease (USS 51 million pa)

Site 3

MJMENERGY .
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Conclusions — DCF numbers

» To compare capital costs with Cash flow model
operating costs over the lifetime of

the LNG lease/import contract a NPV Discounted Expenditure
model has been used 120000

1000.00

» As no LNG price/sales income 800.00
estimates are part of the scope of 600,00
work a view can only be taken of 400.00
discounted expenditure 20000

0.00
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
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Conclusions — Site comparison

Sitel Schedulel Capital Operating Discountedr
Investmentl Expensel? Expenditurel
SiteFLA20 48@Emonthsk 826[USSENIllionE | 66AUSSENIllion@all| 1,032FUSSENIllionk]

The@boveRtalculationds@asedBnZEBS57kmREonnecting@ipeline@oF angon.AfBiteFLA2@vas@o ptl
for@heBhorter290km@nshore@onnection@oRither@Pyay@riMagway@hef APEXRostsEvould@el
reducediby320.4@million,AvithEnEquivalent@eduction@n@he@ CFHigure.?

Site[2DE 48Emonths 350@USSENillionE | 80.3EUSSENIllionE | 682EUSSENIllionE
pal@
The@boveRtalculationds@asedBnZR30kmEonnecting@ipeline@o angon.AfBite DAvasEo ptHor?]
theBhorter®0Okm@Bnshore@onnection®oPathein@heFCAPEXRostsBvouldibefeducediby204F
million,AvithEn&Equivalent@eductiond@n@hefD CFHigure.Rl

SiteBA2[R 48@Emonthsk 668ASSENIllionE | 80.2AUSSENIllionE | 948AUSSEMIllionk
pal@
TheBboveRtalculation@s@based@BnEFashipeline@oFH angon.AfEdan@ntermediate@olution@vas@eveloped?
with@he@®nshore@ipelineBtopping@Et@Mawlamyine@®nlyEl25kmErom@vhereRLNGAsHandedFromEhel
FSRUBBaving®fBiround®330million@BvouldBeRossible.R

Site@BB2[ 48@Emonthsk 397ASSEiIllionkl 81.4AUSSENIllionE | 720EUSSEMIllionkl
pal@

NoRomments.[

Schedules and costs (+/-50%) for each site examined are shown in the table

Notes: Site 1A new pipeline from Magway to Yangon (via Shwe) or direct to Yangon
Site 2C has a relatively low metocean availability of 85%
Site 2D needs to find a solution to getting a subsea pipeline past coral
Site 3A could use a subsea pipeline direct to Yangon which improves economics




Conclusions — Site selection

Four sites were shortlisted and
examined in more detail.

» Site 1A looks a good site but pipeline
is long.

» Site 2D — In the cheapest route to
Yangon but there may be
environmental concerns and delays.

» Site 3A looks the best marine site but
an onshore pipeline route to Yangon
is long.

» Site 3B is a compromise with the
subsea pipeline option across the
Gulf of Martaban looking promising.

MJMENERGY
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Site options

EAY OF
HBENGAL

ANDAMAN . o
SEA QT‘

71



Site selection conclusions

MJMENERGY
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Sie 1: Pipeline routes from Kyauk Phyu
1 To Magway (OF S-Sk, ONS-290km}
2 To Pyay (OFS-Skm, ONS-200km)
3. To Yargon (OFS-Skm, ONS-557km)

BAY OF
BENGAL

Site 2: Pipeline routes from
1. To Pathes (OFS-Tkm, (NS
2 To Yangon (OFS 1km, ONS

(3} C

l "\ Shwetoe X
) :

\

{

—i— I.uhvem

Zowtka
Gas Fasa

-
. Gue Font . —— !
e 04 Finid Site 3: Pipeline routes from Kalegoauk |sland
o 06 and Gag Fatd 1. o Yangon v sea (OF5-170km, ONS-S50km)
(ine OF 26ks 2. %o Yangon v land (OFS-10km, ONS 400k ) \
. e 3. To Mawlamyine (OFS- 10km, ONS- 126km) ‘ .
- Goe Camp |
.- Indusil Zoae Gas and
- Gus Tuitine e Fald
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Schedule Conclusions

» LNG infrastructure is not on the critical path for Kev Point
most options 2 HIIES

> There are no unchartered FSRUs available Permitting and financing will

until 2019-20 take longer than engineering
pre FID

» Gas pipelines can be on the critical path but are
always close to the critical schedule

» Marine facilities and gas pipelines can be
accelerated by working on multiple fronts
but this may have a cost impact

» Procurement of material/equipment is a key
issue and although schedules are improving
still represents a bottleneck

MJMENERGY
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Cost Conclusions

» All options use a FSRU
» This is assumed to leased for a period (10
years) Lease rates become
» There is no capital expenditure associated significant over the charter
with the FSRU lifetime.

Lease rates

A rate of USS 140,000/day

» All capital expenditure is for onshore/shoreline has been used.

facilities
» Pipeline expenditure dominates capital This is the upper end of the
investment current range but FSRUs are
in short supply so rates may
» Operating costs are dominated by rise further
fuel/electricity

» Towage costs will be high if tugs need to travel
some distance to the LNG facility
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More detailed work will be required in the following areas. The limits of this study

» The site location including;
> Bathymetric and topological surveys. Ideally the Consultants would
> Calibrated metocean assessments preferably using have preferred to have met

measured wave data. with the marine authorities
» Environmental and social studies. and visited the proposed

» LNG supply strategy sites.
» MOGE need to have a clear understanding of how

much LNG volume is to be imported at what rate

and over what period. The pipeline costs are based

on broad Smillion /km no
> FSRU design and availability allowance has been made for
» A detailed design feasibility study for the FSRU. difficult terrain or road and

river crossings.
» Onshore gas transportation
» A detailed design feasibility for the offshore and
onshore pipelines taking into account road and
river crossing, difficulty of terrain and local system
reinforcment costs.
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» This study is based on piping gas to Yangon for power A future study should
» Alternative option would be to produce electricity consist of the following

more locally and transmit by wires o
Compare energy transmission

by wire compared to energy

Site 1 could use the Shwe pipeline to Mingian for a _ ,
delivery by pipe

northern power hub

Site 2 would continue to pipe gas to Yangon for
power generation

Site 3 could be piped to Mawlamyine for a southern
power hub

Economics of Sites 1 and 3 would be improved
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Thank you

Any questions?

Mike Madden, MJM Energy Ltd
Mike@mjmenergy.com

David Haynes, Penguin Energy Consultants Ltd
penguinenergyconsultants@gmail.com
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Mike Madden
Email: Mike@MJMEnergy.com

David Haynes
Email: penguinenergyconsultants@gmail.com

William Derbyshire
Email: william.derbyshire@eca-uk.com
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