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Preface

In two papers published in 2016 and 2017 Brian Songhurst identified the potential for wider use of
floating liquefaction facilities to enable the development of remote gas fields and also the impact of
floating storage and regasification units (FSRUS) to act as game-changers in the opening of new gas
markets. Since those papers were published the global LNG market has continued to develop rapidly,
and the use of floating technology has also progressed. As a result, Brian has produced this update
which covers the full scope of the floating LNG market. He identifies current projects, assesses the
progress in technology used throughout the value chain and evaluates the potential for floating Ing
production, regasification and storage facilities to have an increasing impact on the global gas
economy. Given the high level of interest in his original papers, we hope that this update will prove
equally interesting and useful to analysts of and participants in the gas sector, as floating technology
continues to open new opportunities.

James Henderson
Director, Natural Gas Programme
Oxford 2019
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Glossary

AiP 1 approval in principle

Bcf/d 1 Billion cubic feet per day. A flowrate or production output of typically natural gas commonly
used in North America

Bcma 1 Billion cubic metres per annum. A flowrate or production output of natural gas commonly
used internationally

BW Gas, BW Offshore i part of the BW Group shipping company
Capex or CAPEX i industry term for capital expenditure

Condensate 7 natural gas liquids separated from well stream gas normally comprising ethane and
heavier hydrocarbons. LPG refers to the propane and butane portion of condensate.

Hoses i cryogenic hoses used to transfer LNG at ca. minus162°C.
DSME i Daewoo Shipbuilding & Marine Engineering
EPC i engineering, procurement and construction
Excelerate i Excelerate Energy

FEED 1 front end engineering design

FID 7 final investment decision

FLNG 1 Floating liquefied natural gas

FSRU T Floating storage and regasification unit
FSU T Floating storage unit

GBS i gravity based structures

Golar i Golar LNG (LNG Tanker Company)

HHI or Hyundai i Hyundai Heavy Industries

Hoegh i Hoegh LNG (LNG tanker company)

Liquefaction i the process by which pre-treated natural gas is cooled to minus 160° Celsius when it
becomes a liquid at atmospheric pressure.

LNG i liquefied natural gas

m3i cubic metres

m3/h 1 cubic metres per hour

Membrane 7 LNG thermal insulation method using stainless steel or Invar sheets in contact with LNG
MMscf/d or mmscf/d i millions of standard cubic feet per day

MOL 1 Mitsui O.S.K. Lines

mtpa i millions of tonnes per annum

Opex or OPEX i1 industry term for operating expenditure

PLNG i platform liquefied natural gas

Qmax i Q-Max or Qatar Max - large LNG tanker with 266,000 m?3 storage capacity



Regas 1 regasification or vaporisation of LNG back into natural gas
SHI or Samsung i Samsung Heavy Industries
SMR'i single mixed refrigerant

Sponson - a feature on a vessel that extends from the hull to aid stability while floating and provide
space for additional other equipment.

tpa - tonnes per annum$ - US dollar

$/tpa T metric of capital cost US$/tonne/annum calculated by dividing the capital cost by the
production rate in tonnes/ annum

Vi



1. Context and reason for paper

This paper provides an update on the floating LNG sector (both floating liquefaction and regas
terminals) over the past two to three years. That is since the publication of the floating liquefaction
(FLNG) paper NG 107 in November 2016 and the floating regasification and storage (FSRU) paper
NG 123 in July 2017. It also includes an update on floating storage units (FSUs) and introduces a new
industry acronym PLNG i Platform LNG.

It also includes a review of the current attitude to risk given that the floating LNG business now has
more than 20 years of operating experience albeit mostly with FSRUs and not the more challenging
floating liquefaction facilities.

This paper does not repeat the information provided in the previous papers and in particular the
specific project data. It only advises on what has changed since their publication.

One particular challenge associated with reporting the location of floating facilities is that they move
and often at short notice. Whilst this feature of being a flexible asset is, in many ways, a real benefit
when compared to the sunk cost associated with onshore installations, keeping up to date is a
challenge and some changes may have occurred since the writing and publication of this report.

In this regard it is interesting to note that, even in the new of floating liquefaction sector with just four
vessels completed and operational (Prelude, Tango, Cameroon and Satu), Tango and Satu have
already been relocated demonstrating their advantage over onshore plants which are a sunk cost.

Figure 1: Shell Prelude an example of Offshore FLNG

Source: Photograph courtesy of Photographic Services, Shell International Limited



2. Summary of major changes since the 2016 and 2017 Reports

Floating Liquefaction (FLNG) Sector

Figure 2 shows the locations, capacities and the current status of the eight active projects in the
FLNG sector. At the time of writing this paper, Tango FLNG and the Prelude FLNG have both started
operation and offloaded their first cargoes meaning this sector now has four floating liqguefaction
vessels in operation. This is a major step forward for the LNG industry.

Figure 2: FLNG changes since 2016 Report

Source: By author from published data

The cancellation of the Ophir project has been shown as the project was well advanced at the time of
writing the 2016 paper and OneLNG? had been selected for the delivery of the project. OneLNG was
a joint venture of Golar LNG and Schlumberger and the Golar LNG Gimi vessel had been selected for
the project. The Gimi has now been assigned to the Tortue project in Mauritania again demonstrating
the flexibility of FLNG assets when compared to onshore plants.

Similar recent examples of the flexibility of the FLNG vessels are the reassignment of the Exmar
FLNG barge, originally constructed for Columbia (Caribbean FLNG), to Argentina (Tango)? and the
relocation of Petronas PFLNG1 (Satu) from Sarawak to Sabah.® The Tango FLNG is moored inshore
at Bahia Blanca at the same jetty as the original FSRU import terminal and liquefies natural gas
produced and pre-treated onshore. The Satu vessel produced 19 cargoes on the Kanowit field before

! https://www.Ingworldnews.com/schlumberger-quits-onelng-jv-and-fortuna-fing-project/
2http://www.exmar.be/sites/default/files/media/document_center/reports_and downloads/press_releases/announcement_exmar

ypf.pdf
3 https://www.offshoreenergytoday.com/petronas-moves-flng-satu-to-kebabangan-cluster-field/



https://www.lngworldnews.com/schlumberger-quits-onelng-jv-and-fortuna-flng-project/
http://www.exmar.be/sites/default/files/media/document_center/reports_and_downloads/press_releases/announcement_exmar_ypf.pdf
http://www.exmar.be/sites/default/files/media/document_center/reports_and_downloads/press_releases/announcement_exmar_ypf.pdf
https://www.offshoreenergytoday.com/petronas-moves-flng-satu-to-kebabangan-cluster-field/

being relocated to the Kebabangan field offshore Sabah. It is quite surprising that two of the four
vessels constructed to date have already been re-allocated in just eight years of FLNG development.

Floating storage and regas (FSRU) sector

Figure 3 summarises the major changes in the more established FSRU sector. In summary the total
number of vessels operating as FSRUs has only increased by one from 23 to 24 but the number
operating as trading tankers has increased significantly from three to ten this being a third of the
FSRU fleet.

The number in construction has dropped slightly from ten to nine but the number of construction
options has dropped dramatically from nine to just one indicating that the FSRU market is slowing
down from the rapid growth period of 2015-2017 when fifteen new vessels entered the market
representing a 60 per cent increase in the size of the fleet. Many of these ten surplus vessels need to
find terminal projects before more vessels are ordered.

Figure 3: FSRU changes si

nce 2017 Report

Source: By author from published data

The other interesting change is that the number of owner/operators has more than doubled from six to
fifteen with these nine new companies being energy companies and not leasing companies. This is a
major shift from the original FSRU business model of leasing or tolling from the major leasing
companies* to outright purchase as capital projects by the owners. Leasing refers to charging for the
facility on a day rate basis ($/day) and tolling by charging a fee (typically $/MMBtu) for storage and
vaporisation.

4 Excelerate, Hoegh and Golar and more recently BW.



Changes since 2017 are summarised as follows:

=A =24 =4 =4 =4 A4 4 A A2 1

Three projects have been cancelled i Puerto Rico, Uruguay and Ghana.

Three terminals have closed i Argentina (Bahia Blanca), Abu Dhabi and Egypt (Ain Sokhna 1).
Six new terminals have opened i Kaliningrad, Jamaica, Pakistan, Bangladesh (2), and Indonesia.
Nine are in construction i Acu, Izmir, Jafrabad, Central Java, Greece, plus four to be assigned.
Ten vessels are operating as trading tankers and not as terminals.

One vessel is laid up.

Bahrain platform regas/FSU terminal will commence operations in late 2019.

Bali small scale FSRU is now operating.

New FSRU markets are emerging in Australia and Germany.

Fifteen terminals continue to operate at their previously reported locations.

As mentioned earlier, it would appear that the FSRU market has slowed significantly since the issue
of the 2017 report. The research for this paper seems to indicate several reasons for this:

1

Several FSRUs have left the South American market and moved to new projects due to lower
demand for LNG for power generation and gas imports from Bolivia.®> Hydroelectric power
generation in Brazil has also increased with the rainfall returning after many years of drought.

The drop in the number of new FSRU projects has resulted in an oversupply of vessels with ten
now operating in the alternative back up mode as LNG tankers and not import terminals. This has
not all been bad news as tanker day rates exceeded FSRU rates during late 2018°% but rates have
now returned to normal.

The high demand from China has resulted in a shortage of LNG for FSRU short-term supply
contracts.

The expected terminals in Chile and Ghana have not been realised. In the case of Ghana this is
due to Ghanaian gas now being produced from the Offshore Cape Three Project (OCTP) gas
field.”

Appendix 2 includes the list of FSRU facilities listed in the 2017 paper and has been updated to show
the current fleet and vessels in construction.

5 https://www.petroleum-economist.com/articles/midstream-downstream/Ing/2017/latin-americas-Ing-slowdown

5 https://www.petroleum-economist.com/articles/midstream-downstream/tankers/2019/shipping-s-surge-and-splurge

7 https://www.eni.com/en_IT/media/2018/07/eni-starts-gas-production-from-octp-project-deep-offshore-ghana
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3. Current floating liquefaction (FLNG) projects

As shown in Figure 4, four FLNGs are now in operation, two are in construction, one is at the
engineering stage and one at the negotiation stage. Prelude and Tango have both commenced
production since the issue of the 2016 report and offloaded their first cargoes in June 2109.

Figure 4: Current FLNG projects

FLNG Vessels by Start-up Date

+ Delfin
(Negotiation)

+ Coral {Construction)
+ Tortue (Pre-Engineering)

6 + PFLNG2
(Rotan)
5 +Prelude + Tango (Construction)

(Both Operating)

3 +Golar Hili
(Operating)
2 PFLNG1
(Satu)
L (Operating)
0 :. T T T T
2016 2017 2018 2019 2020 2021 2022 2023

Source: By author from published data

Operating vessels

The Petronas PFLNGL1, also referred to as Satu,® was the first to start production offshore Sarawak on
the Kanowit field in November 2016 but has now been relocated to the Kebabangan field offshore
Sabah demonstrating the flexible nature of floating LNG facilities. Had the Kanowit field been
developed using an onshore plant it would have been an expensive sunk cost. The Satu produced 19
cargoes from the Kanowit field before being relocated. Production of LNG at the new location
commenced in May 2019. No reasons have been published as to why the vessel was moved.

The Cameroon FLNG vessel named the Golar Hilli Episeyo was the second vessel to start production
and is leased from Golar LNG for eight years to produce LNG from the Kribi field. Production started
in Q2 2017 and the 1.2 mtpa production for the contracted eight years has been sold to Gazprom.®
The vessel is a converted LNG tanker built in 19751° with the liquefaction plant mounted on new
sponsons located!! along each side of the hull. The conversion was undertaken by Keppel in
Singapore.1?

8 https://www.nst.com.my/business/2019/03/468866/petronas-relocates-its-floating-Ing-facility-pflng-satu-kebabangan-field
9 https://www.reuters.com/article/us-golar-cameroon-flng/golars-cameroon-flng-project-starts-commercial-operations-
iIdUSKCN1J029H

10 hitp://www.golarlng.com/our-fleet/floating-liguefaction-vessels

1 https://www.offshoreenergytoday.com/golar-hilli-episeyo-in-full-commercial-operation-off-cameroon/

2 hitp://www.gasprocessingnews.com/news/keppel-proceeds-with-$735-mn-flng-conversion-job-for-golar-Ing.aspx
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The Prelude FLNG vessel shipped its first cargo of condensate in late March 20192 and the first
cargo of LNG was offloaded in June 2019.1% The development of Shell Prelude has been an
extremely challenging project with significant delays and cost overruns. Prelude is a very complex
vessel in terms of both size and processing and is a major technology step for a new concept. Shell
has described it as a technology development project with the intent of designing one and building
many. The vessel is the largest floating structure in the world and capable of producing 5.3 mtpa of
liquids of which 3.6 mtpa will be LNG. Shell has not released any information about the reasons for
the cost overruns and delays nor any information about the final cost. Hopefully the learning from this
major project will be shared with the industry to lower costs and reduce development schedules for
future vessels and thereby improve the competitiveness of LNG as a fuel.

The Exmar FLNG barge is completely different to Prelude. It is a simple inshore barge designed to
liguefy lean, pre-treated® gas from onshore fields. It was originally named the Caribbean FLNG and
destined for Columbia but was recently reassigned to Argentina and renamed Tango.'® The vessel
was transported using a heavy lift vessel'” and is now on location as shown in figure 5. Production
has started and the first cargo was exported in June 2019. This is again a demonstration of the
flexibility of floating LNG assets when compared to onshore plants.

Figure 5: Exmar Tango an example of inshore FLNG

Source: Photograph courtesy of Exmar

Construction

The Petronas PFLNGZ2, also referred to as the Dua,'8 is currently being constructedatSa ms ung 6 s
shipyard in Geoje Island, South Korea. The vessel will have a liquefaction capacity of 1.5 mtpa and

will be located on the Rotan field 130 km offshore Sabah. Production is scheduled to start in 2020.

The project was suspended for two years following the oil price crash but has now restarted.

The final investment decision (FID) for Coral South FLNG was taken in June 2017 and the vessel is
currently being constructed by Samsung in Korea. The design is being undertaken by Technip and
JGC and production is scheduled for 2022.1° The estimated cost is $7 billion and the production
stated as 3.4 mtpa.

13 https://www.offshoreenergytoday.com/report-shell-ships-first-cargo-from-prelude-flng/

14 https://www.shell.com/media/news-and-media-releases/2019/first-Ing-cargo-shipped-from-prelude-fing.html

15 Condensate and bulk carbon dioxide removed onshore i often referred to as pipeline quality gas

16 https://www.Ingworldnews.com/tag/tango-flng/

17 https://worldmaritimenews.com/archives/270855/exmars-tango-fing-touches-down-in-bahia-blanca-argentina/

18 https://www.Ingworldshipping.com/news/view,second-petronas-fing-vessel-to-start-operations-in-g1-2020_57369.htm
19 https://www.sourcewatch.org/index.php/Coral South FLNG Terminal









































































