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25 thinking storage tanks
 Nazery Khalid, renowned maritime 

analyst and commentator sheds light 
on the LNG storage tank situation 
in East and West Malaysia. The 

 Peninsular based expert is in his 
element as he gives Fuels & Power a 
well-rounded 360˚ view.

31 advancement of lng tank 
technologies

 This article highlights the 
 advancement of various LNG 
 storage tank technologies developed 

over the years. It also discusses how 
the existing and newly built LNG 
storage tanks can play a major role 
in the future.

39 lng tanks: a cybersecurity 
Perspective

 Storage tank instrumentation and 
control system can be daunting with 
an array of field devices, distributed 
control systems, and sophisticated 
management software. How do we 
better ensure security of digital assets?

42 lng: Better safe than sorry
 There are certain risks and 

environmental hazards associated with 
the transportation, handling, storage, 
and processing of LNG. Fuels & Power 
takes a look at the safety angle.

44 catalysing the energy 
 transition
 Fuels & Power is delighted to have 
 the opportunity to speak with Chong 

Wen Sin, VP (Technical & Project 
 Development) of SLNG and gain 

some insights on LNG storage, 
 storage tank design and how the 

Energy Transition can be met.

46 lng storage: Is there a safer 
Way?

  In a candid response to Fuels & 
 Power’s queries, Nazery Khalid, 

Malaysia-based maritime analyst 
sheds light on recent trends and 
developments and salient aspects of 
LNG storage safety.
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Across the world, talk is deluged by reference to natural gas 
and its liquid accompaniment in liquefied natural gas or 
LNG as it is known, in industry speak. 

LNG has been touted as a clean fuel despite its methane 
properties. And because of that, what we see in Asia is an 
explosion of LNG storage tanks. As Singapore embarks on 
building storage tanks- plans are also afoot to build a second 
LNG terminal – Malaysia for all of its outward appearances, 
does not want to be outclassed!

Just days ago, Malaysia’s national oil and gas company, 
Petronas, issued an Expression of Interest (EOI) which is an 
industry-type edict, outlining the entity’s interest in a storage 
tanks project. 

“The facility (meaning the storage tank) will be an effective 
solution to support the anticipated increase in LNG demand 
in Asia, as the world transitions towards a cleaner energy 
landscape,” says Petronas, the world’s fourth-biggest LNG 
exporter”, in a news report carried by Reuters News Agency. 

Over its website, Petronas Gas says, “In supporting the growth 
of the LNG emerging market in Asia, Pengerang LNG (Two) 
Sdn Bhd, is considering [building] an additional LNG tank in 
Pengerang. The utilisation of Tank 3 is for LNG to be brought 
into and stored solely for LNG transhipment’. The proposed 
tank is targeted to be completed earliest by Q4 2025”.

Those sentiments fit snugly with the projections by the 
International Energy Agency (IEA), projecting increases 
in natural gas demand. The authoritative body forecasts 
‘natural gas demand [is set] to grow to around 4500bcm 
in 2030 (15% higher than in 2020) and to 5100 bcm in 
2050. Use in industry and in the power, sector [will increase] 

Will We 
see more 

stoRage 
tanKs?

editorial

to 2050 and natural gas remains the default option for 
space heating’. And by 2050, more than 50% of natural gas 
consumed would be used to produce low-carbon hydrogen, 
proclaimed the body. 

For that reason and more, the only logical ancillary for LNG’s 
rosy projection is for an upshot in more storage tanks unless 
a brand new technology emerges, to store them either in 
pipelines, storage facilities submerged beneath waters, and 
away from urban population centres or from the prying eyes 
of modern-day drones!

Still if there is something that begets a rationalisation, it is 
with Malaysia’s four-square commitment to gas storage. 
Being one of the largest producers of the fossil fuel and with 
dedicated shipping liner of chemical tankers, Malaysia is 
worth taking note of. 

Understandably, there can and will be problems with LNG 
storage not just in Asia but also across the globe. And these 
can range from Boil-On and Boil-Off treatment to cracks 
and fractures in tanks and the adequate design of such 
tanks. A fire at an oil facility in 2020 at Pengerang did cause 
a scare which sadly, was on the heels of an earlier explosion 
in 2019. 

Inferentially, there is a lesson in safety for all end users. It 
is an issue that is not as often heard of, as the potential for 
LNG utilisation and growth in the world. Only if the global 
narratives on LNG could be prefaced with all the safety 
quotients would ‘talk’ across the world have arrived as being 
in ‘complete’ tandem with increases in storage facilities. 

Jaya Prakash
Editor

Photo: PantherMediaSeller  Liquid Natural Gas storage tanks and tanker at dusk, 
Port of Rotterdam
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VINCI has already built about 20 LNG tanks worldwide 
over the past 15 years, including three which are still under 
construction: two in Russia (160,000 m3 each) and one 
in Canada (225,000 m3). The Group is recognised for its 
capacity to meet the expectations of major players in the sector 
and confirms its leading position in the design-build of large-
scale cryogenic storage tanks in any type of environment.

cNooc BUILdING WoRLd’S LARGeSt 
LNG StoRAGe tANKS

CNOOC has launched the construction of world’s largest 
LNG storage tanks in Yancheng Binhai Port Industrial Park 
in Jiangsu Province. CNOOC Chairman Wang Dongjin 
attended the groundbreaking ceremony of Jiangsu LNG 
Phase I expansion project and announced its kick-off.

Wang Dongjin expressed that CNOOC, as the leading 
LNG player in China, will further boost its clean energy 
supply capacity to help achieve China’s carbon peak and 
neutrality targets.

In addition to four existing LNG storage tanks, each with a 
volume of 220,000 cubic metres, 6 new ultra-large tanks 
and auxiliary facilities will be built. The ultra-large tanks are 
independently developed and designed by CNOOC, each 
with a volume of 270,000 cubic metres. Upon the completion 
in 2023, Jiangsu Binhai LNG receiving terminal will have 
an annual LNG processing capacity of 6 million tons, and 
Jiangsu LNG will become one of the largest LNG storage 
bases in China.

Compared with coal and petroleum, 6-million-ton LNG can 
help reduce carbon dioxide emissions by 18.82 million tons 
and reduce nitrogen oxides by 334,000 tons.

AeGIS & VoPAK: LPG & cHeMIcAL 
StoRAGe IN INdIA

Aegis and Vopak joining forces for LPG and chemical storage 
in India

Aegis and Vopak have decided to join forces in India with 
the aim to grow together in the LPG and chemicals storage 
and handling business. 

The new partnership Aegis Vopak Terminals Ltd will operate 
a network of 8 terminals that are located in five strategic 
ports along the east and west coast of India. With a total 
capacity of around 960 thousand cbm, the partnership 
will become one of the largest independent tank storage 
companies for LPG and chemicals in India. LPG is earmarked 
by the Indian government to provide cleaner and safe cooking 
fuels for households.

The partnership is well positioned for further growth, which 
targets mainly LPG and also chemicals and industrial 
terminal opportunities. This investment is another step for 
Vopak towards its strategy to allocate capital to grow in 
gas markets.

“This joint venture with Vopak will accelerate the growth 
of Aegis in the terminals business and has the potential to 
allow Aegis to diversify into new areas of gas storage such 
as LNG and other energy projects including renewables in 
partnership with the world’s leading independent tank 
storage company. We expect the deal to be significantly 
earnings enhancing for Aegis shareholders due to the 
deployment into growth opportunities of the combined 
financial firepower of the two groups and management in 
the terminals business.” said Raj Chandaria, Chairman of 
Aegis Logistics Ltd. 

“This is an investment in a growth market and by joining 
forces with Aegis we aim to deliver growth over the next 
ten years in line with the new joint ventures’ and India’s 
ambition for LPG.” said Eelco Hoekstra, Chairman of the 
Executive Board and CEO of Royal Vopak. “We are very 
excited for this new partnership. Aegis is a reputed local 
partner with a ready organisation and proven track record 
of conceiving and executing tank farm assets in strategic 
locations along the Indian coastline.”

Gtt ANd coSco SHIPPING QINGdAo 
SIGN MeMBRANe tANK AGReeMeNt

On the occasion of the CWC China LNG & Gas Summit, 
held in Shanghai, GTT signed a Technical Assistance and 
License Agreement (TALA) with its Chinese partner COSCO 
Shipping Qingdao, a subsidiary of COSCO Shipping Group. 
This agreement enables the licensed outfitter to offer 
solutions using GTT’s membrane containment systems for 
the construction of several types of LNG storage for both 
marine and onshore applications.

COSCO Shipping Qingdao obtained its license from 
GTT after having successfully completed a qualification 
process that began in June 2019, including the con-
struction of a GST technology mock-up.

This agreement represents a further step forward in 
the deployment of GTT technologies in China, making 
COSCO Shipping Qingdao the second Chinese licensed 
GTT Outfitter.

COSCO Shipping Qingdao is investing in a large scale 
mock-up, training centre as well as set of equipment 
for the installation and welding of the GTT’s Membrane 
technology. 

 U-StoRe-It!

VINcI AWARded coNtRAct FoR LNG tANK IN UK

Entrepose Contracting, VINCI Construction Grands Projects and Taylor Woodrow, 
all VINCI Construction subsidiaries, have been awarded an EPC contract by 
National Grid to construct a 190,000 m3 liquefied natural gas (LNG) tank in 
the United Kingdom.

This project is part of the programme to expand the capacity of the largest LNG 
terminal in Europe, located on the Isle of Grain - east coast of England, 60 km 
from London.

This full containment tank has a 9% nickel steel inner tank with a pre-stressed 
concrete outer shell, poured in-situ using slipforming. The works, for a budget 
of €200 million, are set to continue until June 2025.

“  FUeLS & PoWeR 

tAKeS A LooK At StoRAGe 

deVeLoPMeNtS HAPPeNING 

ARoUNd tHe WoRLd. ” 

UPDATES 

Photo: Vinci     Construction of a 190,000 cubic meters liquefied natural gas tank, 
a €200 million contract. 
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“The engineering ingenuity of this design became a 
reality through the collaboration of many skilled and 
talented individuals across our two companies,” said 
Cesar Canals, Senior Vice President of CB&I Storage 
Solutions. “Companies all over the world are looking 
for tangible solutions to reduce their carbon footprint 
and this design provides a valuable hydrogen solution 
to accomplish that goal.”

Each facility leverages New Energy’s proprietary design to 
power a series of electrolysers to produce green hydrogen 
and oxygen. The design also provides the flexibility to 
incrementally expand production and storage capabilities 
through modular additions.

“Working closely with our strategic partner, CB&I Storage 
Solutions, we believe New Energy’s innovative, flexible 

design can provide the most cost-effective application of 
green hydrogen technologies for the natural gas industry,” 
said Alexander “Hap” Ellis, New Energy Managing Partner.

The hydrogen design is ideal for grid-scale blending with 
natural gas pipelines, blending existing or new power 
generating facilities and energy storage injection into salt 
caverns and above ground storage tanks. The facility 
design allows for incremental 15 megawatts of 100 percent 
hydrogen-fuelled power generation to support grid-scale 
energy storage applications.

“As we look toward the future, we strongly believe that 
hydrogen will have a very prominent role and we will 
continue to apply our collective expertise to make that future 
a reality,” said Matthew Harwood, McDermott’s Senior Vice 
President of Strategy, Risk and Sustainability.

McderMott & 
New eNergy: 

EnginEEring grEEn HydrogEn 
gEnEration Facility

McDermott International, Ltd and New Energy Development Company LLC today 
announced the completion of engineering for two transformative 50-megawatt 
energy projects. Each modular, expandable hydrogen facility will produce nearly 
24,000 kilograms per day of renewable hydrogen.

industry nEws 

Photo: McDermott                                          Green Hydrogen Production, Storage and End-use
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NextDecade announced its wholly owned subsidiary, NEXT 
Carbon Solutions, is developing one of the largest carbon 
capture and storage (CCS) projects in North America at 
Rio Grande LNG. NEXT Carbon Solutions‘ CCS project 
at Rio Grande LNG is expected to enable the capture and 
permanent geologic storage of more than five million 
tonnes of carbon dioxide (CO2) per year.

MHI Group has developed the KM CDR Process, owned by 
Mitsubishi Heavy Industries Engineering, Ltd, part of the 
industrial group, over three decades and has deployed 13 
carbon capture systems around the world, including the 
world‘s largest post-combustion carbon capture facility 
that is comparable in size to the first phase of the carbon 
capture project at Rio Grande LNG.

“We are pleased to have executed an ESA with MHI 
Group, a widely recognised leader in commercial-scale 
carbon capture technology,” said Matt Schatzman, Next-
Decade‘s Chairman and Chief Executive Officer. “MHI 

Group‘s carbon capture solution is an ideal complement 
to NextDecade‘s proprietary processes. We look forward 
to working with MHI Group on the CCS project at Rio 
Grande LNG, which we expect to be the greenest LNG 
project in the world.”

“We are proud to work with NextDecade on this world leading 
project,” said Yoshihiro Shiraiwa, MHIA‘s President and 
Chief Executive Officer. “This will be the world‘s first 
application of post-combustion capture for LNG, and we 
expect this initiative will contribute to realising carbon 
neutrality in the years ahead. MHI Group is committed to 
being an innovative solution provider as the energy industry 
transitions to lower carbon options. We will work diligently 
with NextDecade to bring this project to fruition.”

Through NEXT Carbon Solutions‘ CCS project at Rio 
Grande LNG, NextDecade and MHIA will contribute 
to solving the global challenge of effectively reducing 
greenhouse gas emissions.

Nextdecade & MHIA: 
Rio GRande LnG CCS PRojeCt

NextDecade Corporation (NextDecade) and Mitsubishi Heavy Industries America, 
Inc. (MHIA), part of Mitsubishi Heavy Industries (MHI) Group, have announced 
an engineering services agreement (ESA) for the design, license, and performance 
guarantee of the KM CDR Process, a post-combustion carbon capture technology 
to be applied at NextDecade‘s Rio Grande LNG project in the Port of 
Brownsville, Texas.

Photo: MHI    Rio Grande LNG project in the Port of Brownsville, Texas

induStRy newS 
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The UK’s first-ever Hydrogen Strategy drives forward the 
commitments laid out in the Prime Minister’s ambitious 10 
Point Plan for a green industrial revolution by setting 
the foundation for how the UK government will work 
with industry to meet its ambition for 5GW of low carbon 
hydrogen production capacity by 2030 – the equivalent of 
replacing natural gas in powering around 3 million UK homes 
each year as well as powering transport and businesses, 
particularly heavy industry.

A booming, UK-wide hydrogen economy could be worth 
£900 million and create over 9,000 high-quality jobs by 
2030, potentially rising to 100,000 jobs and worth up to £13 
billion by 2050. By 2030, hydrogen could play an important 
role in decarbonising polluting, energy-intensive industries 
like chemicals, oil refineries, power and heavy transport like 
shipping, HGV lorries and trains, by helping these sectors 
move away from fossil fuels. Low-carbon hydrogen provides 
opportunities for UK companies and workers across its 
industrial heartlands.

With government analysis suggesting that 20-35% of the 
UK’s energy consumption by 2050 could be hydrogen-
based, this new energy source could be critical to meet 
targets of net zero emissions by 2050 and cutting emissions 
by 78% by 2035 – a view shared by the UK’s independent 
Climate Change Committee. In the UK, a low-carbon hydrogen 
economy could deliver emissions savings equivalent to the 
carbon captured by 700 million trees by 2032 and is a key 
pillar of capitalising on cleaner energy sources as the UK 
moves away from fossil fuels.

Business & Energy Secretary Kwasi Kwarteng said: “Today 
marks the start of the UK’s hydrogen revolution. This home-
grown clean energy source has the potential to transform 
the way we power our lives and will be essential to tackling 
climate change and reaching Net Zero.”

“With the potential to provide a third of the UK’s energy in 
the future, our strategy positions the UK as first in the global 
race to ramp up hydrogen technology and seize the 
thousands of jobs and private investment that come with it.”

Energy & Climate Change Minister Anne-Marie Trevelyan said: 
“Today’s Hydrogen Strategy sends a strong signal globally that 
we are committed to building a thriving low carbon hydrogen 
economy that could deliver hundreds of thousands of high-
quality green jobs, help millions of homes transition to green 
energy, support our key industrial heartlands to move away 
from fossil fuels and bring in significant investment.”

The government’s approach is based on the UK’s previous 
success with offshore wind, where early government action 

coupled with strong private sector backing has earned the 
UK a world leading status. One of the main tools used by 
government to support the establishment of offshore wind in 
the UK was the Contracts for Difference (CfD) scheme, which 
incentivises investment in renewable energy by providing 
developers with direct protection from volatile wholesale prices 
and protects consumers from paying increased support costs 
when electricity prices are high.

As such, the government has today launched a public 
consultations on a preferred hydrogen business model which, 
built on a similar premise to the offshore wind CfDs, is designed 
to overcome the cost gap between low carbon hydrogen and 
fossil fuels, helping the costs of low-carbon alternatives to 
fall quickly, as hydrogen comes to play an increasing role in 
our lives. Alongside this, the government is consulting on the 
design of the £240 million Net Zero Hydrogen Fund, which 
aims to support the commercial deployment of new low 
carbon hydrogen production plants across the UK.

Other measures included in the UK’s first-ever Hydrogen 
Strategy include: 

•	outlining	 a	 ‘twin	 track’	 approach	 to	 supporting	 multiple	
technologies	 including	 ‘green’	 electrolytic	 and	 ‘blue’	
carbon capture-enabled hydrogen production, and 
committing to providing further detail in 2022 on the 
government’s production strategy

•	collaborating	 with	 industry	 to	 develop	 a	UK	 standard	
for low carbon hydrogen giving certainty to producers 
and users that the hydrogen the UK produces is consistent 
with net zero while supporting the deployment of hydrogen 
across the country

•	undertaking	 a	 review	 to	 support	 the	 development	 of	
the necessary network and storage infrastructure to 
underpin a thriving hydrogen sector

•	working	with	 industry	 to	 assess	 the	 safety,	 technical	
feasibility, and cost effectiveness of mixing 20% hydrogen 
into the existing gas supply. Doing so could deliver a 7% 
emissions reduction on natural gas

•	launching	a	hydrogen	sector	development	action	plan	in	
early 2022 setting out how the government will support 
companies to secure supply chain opportunities, skills 
and jobs in hydrogen

The Hydrogen Strategy is one of a series of strategies the 
UK government is publishing ahead of the UN Climate 
Summit COP26 taking place in Glasgow in November. 
The UK government has already published its Industrial 

the 

Hydrogen 
AlternAtive

UK governMent lAUncHeS PlAn For A Hydrogen 
econoMy 

First-ever vision to kick start world-leading hydrogen economy set to support over 
9,000 UK jobs and unlock £4 billion investment by 2030.

Tens of thousands of jobs, billions of pounds in investment and new export 
opportunities will be unlocked through government plans to create a thriving low 
carbon hydrogen sector in the UK over the next decade and beyond, the Business 
and Energy Secretary Kwasi Kwarteng has set out on 17 August.

“ AddreSSing net zero, 

develoPing Hydrogen 

tecHnologieS At ScAle, 

And tHe develoPMent oF 

Hydrogen bUnKering 

inFrAStrUctUre Are jUSt 

SoMe oF tHe objectiveS 

tHAt MAjor PlAyerS AiM to 

AcHieve For tHe MArine 

And Port indUStrieS. 

FUelS & Power tAKeS A 

tiMely looK At recent 

develoPMentS tHAt 

Are cAUSing SoMe 

exciteMent. ” 

Industry news – hydrogen specIal supplement
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Decarbonisation Strategy, Transport Decarbonisation Strategy 
and North Sea Transition Deal, while its Heat and Buildings 
and Net Zero Strategies will be published this year.

SeMbcorP MArine, SHell And 
PengUin internAtionAl Sign MoU 
For Hydrogen-Powered veSSel

Sembcorp Marine, Shell and Penguin International have 
signed a Memorandum of Understanding (MoU) to jointly 
develop hydrogen as a marine fuel – a first for Singapore as 
it champions decarbonisation in the marine industry.

The collaboration will see Sembcorp Marine designing, 
fabricating and integrating a hydrogen fuel cell system onto a 
roll-on/roll-off vessel. Shell will supply the hydrogen fuel and 
is the charterer of the trial vessel. The RoRo vessel is owned 
and operated by Penguin International.

As the world pivots towards cleaner and greener energy 
sources, interest in hydrogen as an alternative fuel has 
increased in recent years. The lightest element in the Periodic 
Table and most abundant chemical substance in the 
universe, hydrogen produces zero emission when used as 
a power source, making it an ideal and sustainable fuel. 
However, while widely produced, hydrogen is still untested 
as a marine fuel due to the low technological maturity for 
hydrogen-based engines.

This project will be a pilot to test hydrogen fuel cell and also the 
first step in establishing the feasibility of hydrogen as a marine 
fuel. If successful, the project not only paves the way for zero-
emission shipping, but also reinforces Singapore’s reputation 
as a world class marine and offshore engineering centre.

Sembcorp Marine President and CEO, Mr Wong Weng Sun, 
said: “Sembcorp Marine is delighted to partner Shell on this 
project. It holds exciting possibilities for decarbonisation in 
the marine and energy industry. Hydrogen fuel cells have 
the potential to revolutionise shipping and transportation, 
enabling the industry to become greener with the ambition 
to achieve the 2050 target set by the International Maritime 
Organization to reduce total greenhouse gas emissions from 
international shipping by at least 50%.”

“This trial is an important step in demonstrating the 
applicability of hydrogen and fuel cells on ships,” said Nick 
Potter, General Manager of Shell Shipping and Maritime, 
Asia Pacific & Middle East. “We see fuel cells and hydrogen as 
a promising pathway for decarbonising shipping and working 
with partners in this way will develop our understanding of 
this critical technology. This trial is a testament to the thriving 
sector ecosystem in Singapore that makes this possible. It is 
also part of our ambition to help accelerate progress towards 
net-zero emissions in the shipping sector, an important pillar 
of the Singapore economy.”
 
“Hydrogen is generally regarded as a new frontier in 
alternative fuels for shipping,” said James Tham, Managing 
Director of Penguin International. “This trial is significant for 
Singapore and for the maritime community at large. The 
outcome of this trial, which is based on retrofitting a RoRo which 
we operate for Shell, could quickly bring many ship owners 
to the forefront of this alternative fuel. As a Singaporean 
shipbuilder, owner and operator, we believe in playing an 
active part in decarbonisation.”

Mr Wong, who is also the Co-Chairman of the International 
Advisory Panel on Maritime Decarbonisation, said: “This 
collaboration dovetails perfectly with Sembcorp Marine’s focus 
on sustainability and innovation which we have embedded 
into our operations and product developments. Our flagship 
Tuas Boulevard Yard’s sustainable facilities have harnessed 
smart and green technologies to decrease our carbon foot-
print.  This is how we want to continue delivering innovative 
and sustainable engineering solutions to the global offshore, 
marine and energy industries.”

Sembcorp Marine received the Sustainability Award at the 
Singapore International Maritime Awards 2021 earlier this 
week for its steadfast commitment to Sustainability, which is 
integrated into the Group’s business strategy and embedded 
into its operations.

“The Maritime and Port Authority of Singapore (MPA) 
welcomes this initiative on the use of hydrogen fuel cells as 
a cleaner source of energy. We appreciate the confidence 
the companies have placed on Singapore in trialling 

Picture from left to right: Yu Aonuma (Roberto) CMB / Jun Kamabara 
TFC / Alexander Saverys CMB /Ambassador Roxane de Bilderling 

/ Hirotatsu Kambara KAMBARA KISEN and Mitsuo Kambara TFC

the applicability of this new technology within the Port of 
Singapore. This project, together with the other joint industry 
projects, complements efforts in Singapore to come up with 
commercially viable solutions to decarbonise the industry,” 
said Ms Quah Ley Hoon, Chief Executive, MPA.

breaking new Frontiers, enabling transformation, 
remaining relevant

In addition to augmenting Sembcorp Marine’s Sustainability 
credentials, this latest collaboration highlights Sembcorp 
Marine’s technological bench strength to undertake complex 
and cutting-edge projects. The Group continuously boosts its 
capabilities by investing in human capital, making strategic 
acquisitions and collaborating with best-in-class partners.

Notably, the Group has embraced Industry 4.0 technologies 
such as additive manufacturing (or 3D printing) and the 
Industrial Internet of Things (IIoT). In 2019, Sembcorp Marine 
received certifications qualifying its 3D printing procedures 
for making and restoring parts used in construction and 
repair projects, and completed the proof of concept for ap-
plying IIOT to improve the precision of steel-plate tracking at 
its steel fabrication facility. 

Mr Wong added: “The global transition towards cleaner, 
greener and renewable energy is underpinned by multiple 
complex social, political and economic factors. There is a push 
for businesses to embrace digitalisation, alternative propulsion 
technologies and fuels, and Industry 4.0 applications. To 
remain relevant, the maritime community must continuously 
invest in innovation and remain flexible and agile to future-
proof the industry for current and future generations.”
 
cMb And tSUneiSHi lAUncH jAPAneSe 
Hydrogen joint ventUre

jPn H2ydro & H2ice APPlicAtion center

CMB and TSUNEISHI aim to develop the hydrogen internal 
combustion engine (H2ICE) technology for the Japanese 
industrial and marine market. CMB’s subsidiary CMB. TECH 
has built up extensive know-how over the years and has 
successfully developed concrete applications with dual fuel 
and monofuel hydrogen engines.

To accelerate the adoption of this revolutionary technology, 
CMB and TSUNEISHI have agreed to invest additional capital 
in the Bingo Research Institute and change the name to “JPN 
H2YDRO CO.,LTD” for the import, marketing and engineering 
service of H2ICE solutions in Japan. JPN H2YDRO CO.,LTD will 
establish a H2ICE Application Center in Japan.

Hydrobingo & HydroPHoenix

CMB and TSUNEISHI have already been working together, 
with the development of the HydroBingo, the next generation 
80 passenger ferry that uses hydrogen as marine fuel for 
propulsion.

Both companies will build a hydrogen-powered tugboat, the 
HydroPhoenix. This landmark development and Asia’s first 
hydrogen tugboat will increase local demand for hydrogen 
and catalyse the construction of further sister ships and other 
industrial hydrogen applications.

Furthermore, both companies will also focus on the 
development of hydrogen-powered equipment for the land-
based port industry and ships of different categories, such as 
support ships for offshore wind farms, like CTV, SOV and CSOV, 
through the H2ICE application centre, as mentioned above.

beHydro dUAl FUel engineS

Since 2017, CMB has developed a wide variety of hydrogen-
powered engines and applications, including the world’s 
first 1 MW dual fuel hydrogen diesel engine developed by 
BeHydro which is a joint venture vehicle with ABC Engines. 
The new joint venture will be the sole agent for the import of 
BeHydro engines in Japan.

Ambassador, Roxane de Bilderling, Embassy of Belgium in 
Japan says: “It was a great honor to witness the signing 
ceremony of the MOU between CMB N.V., Tsuneishi Facilities 
& Craft Co., Ltd. and Kambara Kisen Co., Ltd. on 20 April 
2021. I was particularly pleased to hear about the business 
partnership between the three companies and I believe that 
this partnership will enhance the business case for hydrogen 
fuel propulsion engines in the shipping industry in Japan and 
support the Green Growth Strategy of the Japanese govern-

Photo: Sembcorp Marine         Company representatives at the signing 
of the MoU on Industry Development Project on the Use of Hydrogen 
as a Marine Fuel (from left to right): Mr James Tham, Managing 
Director, Penguin International; Ms Aw Kah Peng, Chairman, Shell 
Companies in Singapore; and Mr Simon Kuik, Vice-President and 
Head of Research & Development, Sembcorp Marine
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ment. Green energy is crucial in pursuing the fight against 
climate change and ensuring a sustainable development 
for all. This collaboration is an excellent example of how 
Belgium and Japan can cooperate for a better future and 
I look forward to many more of this kind of cooperation 
between our two countries.”

CEO of CMB, Alexander Saverys says: “With this new joint 
venture, CMB reaffirms its commitment to the Japanese market 
and its support for Japan’s vision of a hydrogen society. We are 
honoured to partner up with the well-respected Kambara family 
and look forward to developing this new line of business 
with the TSUNEISHI Group. This will allow us to accelerate our 
business plan on our journey to a zero carbon world.”

President of TSUNEISHI CRAFT & FACILITIES, Jun Kambara 
says: “We have been working to contribute to society with 
shipbuilding technology. We are proud and rewarded to take 
over this identity and make an effort to get closer to the 
carbon-neutral world as soon as possible at this company 
that works with CMB. We will continue to develop for the 
realisation of the coming hydrogen society.”

President Director of KAMBARA KISEN, Hirotatsu Kambara 
says: “We are so excited about our strategic partnership to 
gain further entry into the market of carbon neutral business, 
with engineering, mainly developed for alternative fuels, 
applicable to the marine and port industries. I am confident 
that this new joint venture will achieve our immediate 
project of completing the HydroPhoenix, Asia’s f irst 
hydrogen-powered tugboat.”

MSc, FincAntieri And SnAM PArtner 
For Hydrogen-Powered crUiSe SHiP

The Cruise Division of MSC Group, Fincantieri and Snam 
have announced the signing of a Memorandum of 
Understanding (MoU) to jointly determine the conditions 
for the design and construction of what would become the 
world’s first oceangoing hydrogen-powered cruise ship.

The owner of the world’s third largest cruise brand and part 
of the leading global shipping and logistics conglomerate 
MSC Group, one of the world’s largest shipbuilding groups 
and a leading international energy infrastructure operator, 
have joined forces to initially carry out a study that will as-
sess the feasibility of designing and building the world’s first 
oceangoing cruise ship powered by hydrogen, which would 
allow zero-emissions operations in certain areas, and the 
development of the related hydrogen bunkering infrastructure.

Green hydrogen can be produced without fossil fuels, using 
renewable energy to split water in a process called electrolysis 

and can therefore be emissions-free on a full lifecycle basis. 
It can be used to generate electrical power through a fuel 
cell, emitting only water vapor and heat. This type of 
‘green’	hydrogen	holds	great	potential	 to	contribute	 to	 the	
decarbonisation of the shipping industry, including cruising, 
whether in its pure form or as a hydrogen-derived fuel.

Pierfrancesco Vago, Executive Chairman of the Cruise Division 
of MSC Group said, “As a Company that has long made 
environmental sustainability its focus, we want to put our-
selves at the forefront of the energy revolution for our sector 
and hydrogen can greatly contribute to this. However, today, 
production levels remain low and hydrogen fuel is still far 
from being available at scale. With this project, we’re taking 
the lead to bring this promising technology to our fleet and 
the industry while sending the strongest possible signal to 
the market about how seriously we take our environmental 
commitments. As we advance with the development of the 
maritime technology required, we will also see that energy 
providers take note and ramp up production to unlock this, 
and that governments and the public sector step to provide 
the necessary support for a project that is critical to the 
decarbonisation of cruising and shipping.”

Giuseppe Bono, Fincantieri’s CEO said: “Every opportunity 
for new solutions and technologies is a source of growth for 
us. This one allows us to offer our customers the best of 
innovation to help minimise the environmental impact”.

Marco Alverà, Snam’s CEO said, “Hydrogen could be a key 
enabler in achieving the target of net zero emissions in 
shipping, accounting for approximately 3 percent of global 
CO2 emissions, as well as in all the hard to abate sectors. 
Snam is strongly committed to concrete initiatives for 
sustainable heavy transport - on road, rail and by sea - 
promoting the use of renewable gases such as hydrogen 
and bioLNG. This agreement for us is part of a wider 
strategy to leverage on our experience, competences and 
technologies in green gases and energy efficiency in order 
to contribute to the full decarbonisation of the shipping value 
chain, including ports and logistics, which will be increasingly 
crucial in our economies.”

As per the terms of the MoU, during the next 12 months 
the three companies will study key factors related to the 
development of oceangoing hydrogen-powered cruise ships. 
These include arranging ship spaces to accommodate H2 
technologies and fuel cells, technical parameters of onboard 
systems, calculating the potential greenhouse gas emissions 
savings, and a technical and economic analysis of hydrogen 
supply and infrastructure.
 
The Cruise Division of MSC Group is committed to achieving 

net carbon neutral operations by 2050. To accomplish this 
objective, the Company is working in partnership with a wide 
range of shipyards, suppliers, manufacturers and other 
organisations as well as investing in different upcoming 
technologies and solutions for its fleet.

The implementation of the cooperation above described 
will possibly be object of future binding agreements to be 
discussed by the Parties in relation thereto.

Uc SAn diego receiveS $35 Million 
in StAte FUnding For new coAStAl 
reSeArcH veSSel

California legislators have allocated UC San Diego $35 
million to design and build a new coastal research vessel 
with a first-of-its-kind hydrogen-hybrid propulsion system.

The new vessel, which will be operated by Scripps Institution 
of Oceanography at UC San Diego, will serve as a platform 
for essential education and research dedicated to under-
standing the California coast and climate change impacts to 
the coastal ecosystem.

California’s ocean is the source of food, jobs, health and 
recreation, and vital to the $44 billion annual coastal economy. 
Especially relevant to the economic vitality of California 
include issues such as the health of marine fisheries, harmful 
algal blooms, severe El Niño storms, atmospheric rivers, 
sea-level rise, ocean acidification, and oxygen depletion 
zones. This new vessel will be dedicated to California 
research missions, and will enable scientists to observe and 
measure biological, chemical, geological and physical 
processes associated with a variety of environmental issues.

“Scripps Institution of Oceanography has guided countless 
UC San Diego students, faculty, and staff through invaluable 
scientific projects aboard the Robert Gordon Sproul, and 

conducted groundbreaking research on climate change and 
the impact of plastics in our oceans,” said Senate President 
pro Tempore Toni G. Atkins. “After a four-decade run, it is 
high time Scripps built a new research vessel that can keep 
up with the high-calibre work they continue to churn out, and 
help our state navigate the troubled waters of sea level rise 
and our evolving climate.”

The proposed 125-foot vessel will take three years to design, 
build, and commission, and replace Research Vessel Robert 
Gordon Sproul, which has served thousands of University 
of California students in its nearly 40 years of service but is 
nearing completion of its service life. UC San Diego is a stu-
dent-centred, research-focused public university, and seago-
ing experiences are a cornerstone of educational programs 
for graduate and undergraduate students. This new vessel 
will continue the university’s educational mission to train the 
next generation of scientists, leaders, and policymakers.

“With 840 miles of coastline, it is important for California 
to manage its access to the vast resources of the Pacific 
Ocean,” said UC San Diego Chancellor Pradeep K. Khosla. 
“To do that, we need to better understand our coastal 
environments, and how climate change is affecting them. 
That’s where Scripps Institution of Oceanography can help. 
This new state-of-the-art research vessel will expand our 
capability to understand and protect our coastline and train UC 
San Diego undergraduate and graduate students through 
unparalleled hands-on learning.”

The hybrid-hydrogen design of this new vessel represents an 
innovation in the maritime industry. Development of this and 
subsequent zero-emission vessels is essential to the University 
of California’s Carbon Neutrality Initiative, the goal to be 
carbon neutral by 2025. Currently, emissions from diesel 
engines on ships contribute to greenhouse gases and pollution. 
This new vessel will feature an innovative hybrid propulsion 
system that integrates hydrogen fuel cells alongside a 
conventional diesel-electric power plant, enabling zero-
emission operations. The design is scaled so the ship will be 
able to operate 75 percent of its missions entirely using 
a non-fossil fuel--hydrogen--with only pure water and 
electricity as reaction products. For longer missions, 
extra power will be provided by clean-running modern diesel 
generators. The vessel represents a major step in advancing 
California’s pledge to reduce global climate risk while 
transitioning to a carbon-neutral economy.

“Our vision is to build an uncompromising, fully capable 
oceanographic research vessel that can be powered 
independently from fossil fuels, and be free from the criteria 
pollutants and greenhouse gas emissions that diesel-powered 
ships emit,” said Bruce Appelgate, associate director and 

Photo: Scripps Institution Of Oceanography at UC San Diego
Conceptual Design For UC San Diego’s New Hydrogen-Hybrid 
Vessel
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head of ship operations at Scripps Oceanography. “In doing 
so, we hope to both serve our scientists and students while 
being a world leader for transformational change to clean, 
non-polluting shipboard power systems.”

The vessel will be equipped with instruments and sensing 
systems, including acoustic Doppler current profilers, seafloor 
mapping systems, midwater fishery imaging systems, 
biological and geological sampling systems, and support for 
airborne drone operations. These capabilities, along with state-
of-the-art laboratories, will enable broadly multidisciplinary 
research, advancing our understanding of the physical and 
biological processes active in California’s coastal oceans.

It is envisioned that the vessel will carry up to 45 students and 
teachers to sea on day trips, improving the university’s capacity 
for experiential learning at sea. UC graduate students, post-
doctoral scholars, and early-career faculty will also be able 
to apply for research time at sea through the UC Ship Funds 
Program, which provides support for expeditions on Scripps 
vessels through a competitive peer-reviewed proposal 
process. The feasibility study to conceptualise the hydrogen 
fuel-cell propulsion technology for the vessel was initially 
completed in 2020, by Sandia National Laboratories, Glosten, 
and Scripps. The study was funded by the US Department of 
Transportation’s Maritime Administration.

In addition to the state funds for this vessel, the budget 
includes essential environmental research to UC San Diego 
including $15 million towards the ALERTWildfire program to 
help reach the goal of 1,000 wildfire camera installations 
in California by 2022; $10 million towards the Department 
of Water Resources atmospheric rivers research program to 
expand forecast-informed reservoir operations and support 
advanced observations, forecasts, and decision support of 
atmospheric river precipitation events, the storms that account 
for 50 percent of California’s total annual precipitation and 
90 percent of its flooding; and $1.5 million for the State 
Parks Oceanography program to support sea-level rise fore-
casts, advance cliff erosion monitoring and predictions, and 
sustain real-time wave condition data and coastal ocean 
observations maintained by the Coastal Data Information 
Program at Scripps.

“The environmental phenomena we study are profoundly 
important and connected to the economic vitality of 
California,” said Margaret Leinen, vice chancellor for marine 
sciences at UC San Diego and director of Scripps Institution 
of Oceanography. “The research conducted through Scripps 
programs and on this vessel will provide decision makers 
essential resources and information needed to develop 
science-based policy and climate resilience solutions.”

Scripps Oceanography will also petition that the new coastal 
vessel serve as a shared-use facility within the US Academic 
Research Fleet under the auspices of the University-National 
Oceanographic Laboratory System (UNOLS). When completed, 
it will join the fleet of vessels managed by Scripps including the 
Navy-owned research vessels Sally Ride and Roger Revelle, 
which conduct global oceanographic research, and the 
R/V Bob and Betty Beyster, a nearshore scientific workboat. 
All research vessels are stationed and maintained at the 
university’s Nimitz Marine Facility in Point Loma.

wÄrtSilÄ lAUncHeS teSt ProgrAMMe 
witH Hydrogen And AMMoniA

The technology group Wärtsilä continues to lead the ongoing 
transformation of the energy and marine sectors towards 
carbon-free solutions through its future fuel development 
work. The company is pioneering the adoption of hydrogen 
and ammonia as viable engine fuels through advanced testing 
in Wärtsilä’s fuel-flexible combustion engines.

Hydrogen and ammonia contain no carbon, meaning the 
combustion releases no CO2 emissions. Full-scale engine tests 
have been recently carried out in Wärtsilä’s engine laboratory 
in Vaasa, Finland, to assess the optimum engine parameters for 
running on these fuels. The test results are very encouraging, 
with one test engine performing very well when running on 
a fuel with 70% ammonia content at a typical marine load 
range. Tests were also completed successfully on another 
engine in pure hydrogen operation. 

Testing will continue throughout the coming years with the 
aim of defining the most feasible internal combustion engine-
based solutions for power plant and marine applications, 
thereby enabling the transition to a decarbonised future with 
green fuels. 

For the energy market, Wärtsilä expects to have an engine 
and plant concept for pure hydrogen operation ready by 
2025. For the marine market, the company expects to have 
an engine running on an ammonia blend already this year. 
Wärtsilä anticipates having an engine concept with pure 
ammonia fuel in 2023. In the energy sector, it is anticipated 
that green hydrogen will deliver 7 percent of the global energy 
demand by 2050.

Håkan Agnevall, CEO of Wärtsilä said: “These are mile-
stone moments in Wärtsilä’s transition to future fuels. 
Society will have to invest significant amounts into the 
infrastructure needed to develop green hydrogen, but those 
investments require market-ready engines that can run on 
the fuel once it is readily available. The energy and marine 

industries are on a decarbonisation journey, and the fuel 
flexibility of the engines powering these sectors is key to enable 
the transformation.” 

Wärtsilä is also developing ammonia storage and supply 
systems as part of the EU’s ShipFC project. The company has 
already gained significant experience with ammonia from 
designing cargo handling systems for liquid petroleum 
gas carrier vessels, many of which are used to transport 
ammonia. In addition, Wärtsilä will begin testing ammonia 
in a marine four-stroke combustion engine together with 
customers Knutsen OAS, Repsol Norway and Equinor at the 
Sustainable Energy Catapult Centre in Stord, Norway, as 
part of the Demo2000 project.

Wärtsilä’s fuel agnostic approach enables the company to 
support the energy and marine sectors on how to shape 
sustainable, and efficient, future fuel strategies in several 
cost-optimal steps. For example, hydrogen can be used as a 
fuel in its existing state or as a raw material for producing a 
wide range of future fuels, including ammonia and synthetic 
methane, each of which has different benefits for industrial 
and mobility applications. Wärtsilä’s gas engines are highly 
flexible and are capable of rapidly ramping up or down 
in power. When wind and solar power vary with weather 
conditions, Wärtsilä engines can support the power system 
by ramping up power to meet the required load, reaching full 
capacity in under two minutes

The company’s engines can currently run on natural gas, 
biogas, synthetic methane or hydrogen blends of up to 25% 
hydrogen. Another important part of the way forward is that 
Wärtsilä engines will be capable of transitioning to future 
fuels, including pure hydrogen and ammonia, future-proofing 
customer assets.

“For electricity generation, the amount of renewables globally is 
growing rapidly, which is vital for being able to comply with the 
Paris Agreement. To achieve the transition to 100% renewable 
energy by the middle of the century, a significant amount of 
flexible balancing power is needed as a complement to ensure 
stable energy supply, when the sun is not shining or the 
wind is not blowing. There will be different balancing power 
technologies, but combustion engines and battery storage will 
be part of the core solutions. By developing engines that can 
run on green hydrogen, we are enabling that grid balancing 
can be done via a 100% renewable process, thereby enabling 
the energy systems of tomorrow,” added Håkan Agnevall.

“Wärtsilä is united in its aim of limiting climate change to below 
2 degrees, and the development of engines capable of 
running on future fuels is crucial to that. The International 

Maritime Organization (IMO) has set a target to reduce total 
greenhouse gas emissions from shipping by 50 percent by 
2050, compared to 2008 levels. In addition, a target has been 
set to reduce the carbon intensity of shipping by 40 percent 
by 2030, thus emphasising the need for the rapid introduction 
of existing and new smart technologies. Our successful engine 
testing will help us to consider a variety of future fuels and 
determine the optimum use case for each sustainable fuel,” 
commented Mikael Wideskog, Director of Sustainable Fuels 
and Decarbonisation at Wärtsilä Marine Power.

jAPAneSe MAnUFActUrerS collAbo-
rAte on Hydrogen FUelled engineS

Kawasaki Heavy Industries, Ltd, Yanmar Power Technology 
Co, Ltd, and Japan Engine Corporation has formed a 
consortium of Japanese engine manufacturers, to pursue 
joint development of hydrogen fuelled marine engines for 
ocean-going and coastal vessels, towards establishing a 
world-leading position in hydrogen engine technologies.

With the growing need to reduce greenhouse gas emissions, 
marine engines are expected to transition to various alternative 
fuels in the coming years. Among the many alternatives, 
hydrogen is attracting global interest for its application in 
a wide range of energy and mobility industrial sectors as 
a fuel that offers zero-emissions. The companies are looking 
to develop technologies in the hydrogen value chain 
towards global expansion of this important alternative fuel. 
By cooperating on common fundamental technologies such 
as basic experiments and analysis on hydrogen combustion, 
materials, and sealing techniques, as well as classification 
society requirements, each company aims to bring hydrogen-
fueled engines to the market by 2025.

Kawasaki Heavy Industries will develop medium-speed 4-stroke 
engines, Yanmar Power Technology will focus on medium- and 
high-speed 4-stroke engines, and Japan Engine Corporation 
will embark on the development of low-speed 2-stroke 
engines. All three simultaneous developments will enhance 
the product lineup of propulsion and auxiliary (generator) 
engines for a wide range of vessels. In addition, a hydrogen 
fuel storage and supply system will be developed as part of 
the integrated hydrogen fuel system.

By developing advanced hydrogen marine engine technologies 
based on the distinctive engines and quickly launching in the 
market, the consortium will contribute to the Japanese ship-
building industry. Furthermore, the companies aim to revitalise 
the Japanese maritime industry and realise a sustainable 
society by promoting the uptake of hydrogen fuelled engine 
technology for marine vessels.
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The FLL project comprises a floating barge with LNG 

bunkering facilities for harbour crafts and small vessels. 

It will also house an embedded power generation system 

to power Keppel O&M’s operations, with excess electricity 

to be exported to the national grid or stored in the FLL’s 

Energy Storage Systems.

The power generation system will operate on two Wärtsilä 

34SG engines running on natural gas/LNG and having a 

combined output of 11.6 MW. The Wärtsilä engines are 

also capable of operating on gas with up to 3 percent 

hydrogen, and with modifications can utilise up to 25 

percent hydrogen. The engines are scheduled for delivery 

in the third quarter of 2021, and the power generation 

system is expected to be fully operational by the first quarter 

of 2022.

“As the maritime industry moves towards cleaner energy 

solutions, Keppel O&M is leveraging its expertise 

to optimise energy consumption and reduce carbon 

emissions for marine vessels by exploring different energy 

mixes such as blending hydrogen into LNG, and using 

its Floating Living Lab to testbed these solutions. This 

is in line with Keppel’s Vision 2030, which includes 

seizing opportunities in new energy such as hydrogen. We 

are looking for future-proof solutions and engines with 

overall efficiency and capability for burning hydrogen was 

an important consideration in the award of this contract,” 

said Mr Tan Leong Peng, Managing Director (New Builds), 

Keppel O&M.

“The Wärtsilä generating sets will use the boil-off gas 

from the LNG process for power generation, and will 

be running in parallel with the grid, energy storage, 

and solar energy. With the focus being on developing 

competencies for greener fuels, our solutions for incorporating 

future fuels, such as hydrogen, is gaining solid interest 

for innovative projects such as this one,” commented 

Nicolas Leong, Energy Business Director, North & South 

East Asia, Wärtsilä.

Wärtsilä has a longstanding relationship with Keppel 

O&M with whom the company has partnered in several 

marine projects.

WÄRtSILÄ: 
ENGINES RUNNING ON 

HYDROGEN BLENDS SELECTED 
FOR KEPPEL O&M’S FLL

Photo: Wärtsilä       Hydrogen blends for testbed

Wärtsilä will provide engine generating sets, which will run on a hydrogen and 

natural gas blend, for Keppel Offshore & Marine’s (Keppel O&M) ‘Floating 

Living Lab’ (FLL), the first-of-its-kind offshore floating testbed in Singapore. The 

order with Wärtsilä was placed in December 2020 by Keppel FELS, a subsidiary 

of Keppel O&M.
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PAVILIoN eNeRGY 
IMPORTS SINGAPORE’S FIRST 

CARBON NEUTRAL LNG CARGO

Photo: Pavilion Energy    Pavilion – importing carbon neutral LNG cargo.

Pavilion Energy Singapore Pte. Ltd. (“Pavilion Energy”) has imported a carbon 
neutral LNG cargo into Singapore – the first for Singapore and Pavilion Energy. 
Carbon emissions associated with the LNG cargo from well-to-tank1 including the 
extraction, production, transportation, and regasification will be offset by retiring a 
corresponding amount of high-quality carbon credits sourced from its portfolio of 
carbon offset projects.

The carbon credits used for the offset are from Natural Climate Solutions projects 
certified under the Verified Carbon Standard (VCS) and Climate, Community and 
Biodiversity Standard (CCB) - Evio Kuinaji Ese’Eja Cuana in Peru and Liangdu 
Afforestation in China. Both projects are designed for the protection and restoration 
of forests, and promote co-benefits through supporting local communities and 
protecting biodiversity.

Mr Frédéric H. Barnaud, Group CEO of Pavilion Energy, said, “This carbon neutral 
cargo is another important milestone for Pavilion Energy in our ambition to provide 
cleaner energy and develop our carbon trading activities. Our aim is to support our 
customers in their transition towards a lower carbon future with solutions to meet their 
climate targets and potential regulatory requirements.”

1Assuming an average LNG cargo size of 70,000 tonnes, the ‘well-to-tank’ emissions is 
approximately 60,000 tonnes of carbon dioxide equivalent (CO2e).

INdUSTRy NEwS 

INcReASING 
LNG deMANd 

IS EXPECTEd TO dRIVE 
GLOBAL STORAGE TANK MARKET

The global LNG storage tank market size is projected to reach more than 

USD 22 billion by 2028. In addition, it is projected to gather a CAGR of above 

7.0% over the forecast years 2020-2028. Rising LNG trade followed by rapid 

industrialisation in emerging economics is expected to open new avenues for 

LNG storage tank industry over the coming years.

Over the past few years, global natural gas consumption has increased 

tremendously, and the trend is expected to continue over the coming years. 

The increasing demand from large markets such as China and India coupled 

with increasing adoption in smaller markets has induced the development of 

new liquified natural gas facilities all over the world. Increasing exploration 

activities followed by significant natural gas reserves are further expected to 

increase demand for LNG storage tanks over the coming years.

“ the coAL to GAS 

SwItchING IN eNeRGY ANd 

PoweR SectoR IS exPected 

to PRoVIde oPPoRtuNItIeS 

foR the LNG StoRAGe tANk 

MARket GRowth. ” 

MARKET NEwS 
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A report by Adroit Market Research also outlines the 

various aspects of the global LNG storage tank industry 

by assessing the market from its value chain analysis. 

Moreover, the LNG storage tank market report comprises 

various qualitative parts of the LNG storage tank industry in 

market restraints, essential industry drivers, opportunities, 

Porter’s Five Forces Model, and PESTEL analysis. Further-

more, the report provides a complete assessment of the 

market through company profiling and the competitiveness 

of the local as well as global vendors.

The LNG storage tank market has solid competition amongst 

the already well-known and new market players. Also, the LNG 

storage tank industry players are pursuing potential markets to 

seize a competitive lead among the other industry players by 

forming mergers & acquisitions, agreements, acquiring other 

companies & new startups, establishing collaboration & 

partnerships, and growing their business existence.

Based on the materials, the market is bifurcated into steel, 

9% nickel steel, aluminium alloy, and others. In the year 

2019, the steel material segment gathered major growth 

and it is likely to maintain its position during the forecast 

years. Easy raw material availability and economical 

aspects of steel material is expected to increase its market 

traction over the coming years. Apart from steel, and 9% 

nickel steel, aluminium alloys are increasingly utilised for 

the manufacturing of LNG storage tanks. Lightweight, safe, 

corrosion resistant, and temperature resistant properties 

of aluminium alloys are expected to increase its market 

concentration over the coming years.

The Asia-Pacific region is projected to accumulate the 

highest growth during the forecast years. The market 

growth in this region is mainly ascribed to the growing 

LNG trades in China, Japan, India, South Korea, and 

Southeast Asia over the past few years. Besides, the 

increasing investment in manufacturing industry will 

further add market growth. The Middle East & Africa 

region is the base of nearly 50% of the global natural 

gas reserves. Yet, the region is facing gas shortage 

problems over the past few years. Wealthy GCC countries 

are expected to be the fastest growing countries in 

energy demand by virtue of increasing energy and power 

consumption followed by strong industrial growth over 

the past few years. Which in turns is expected to open 

new opportunities for LNG storage tank manufacturers 

over the coming years.

The major players of the global LNG storage tank market 

are Vijay Tanks and Vessels Ltd., Corban Energy Group, 

Luxi New Energy Equipment Group Co. Ltd., Vinci 

Construction, MHI Engineering and International Project 

India Ltd., Lloyds Energy, Transtech Energy Llc., Cryocan, 

Cryogas Equipment Pvt. Ltd., and Whessoe. Moreover, 

the market comprises several other prominent players in 

the LNG storage tank market that are Bechtel, Karbonsan, 

Sener Group, Maverick Engineering Inc., and Cryoteknik. 

The LNG storage tank market consists of well-established 

global as well as local players. In addition, the previously 

recognised market players are coming up with new and 

advanced strategic solutions and services to stay competitive 

in the global market.

Thinking
Storage tankS

on the future of Lng storage within the country (Malaysia) … can you tell 

us about the current status of land-based Lng storage tank facilities within 

the country?

nk: The development of land-based storage tank facilities is gaining traction 

in Malaysia. Its LNG exports accounted for 7% of global total in 2019, 

according to data provided by BP’s authoritative 2020 Statistical Review of 

World Energy. 
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facilities for alternative fuels in Malaysia, as the 

country embarks on its energy transition journey.

 Malaysia acknowledges the potential of low-carbon 

hydrogen and ammonia in fossil fuel power plants 

in playing a key role in maintaining energy security 

during the transition to greener power, echoing the 

position of International Energy Agency (IEA). In this 

regard, I expect players in the energy sector, local and 

international, will invest in storage facilities for hydro-

gen and ammonia. This is in line with the increased 

activities in co-firing from low-carbon sources to cut 

emissions from existing fossil fuel plants. 

 Malaysia is  a s ignatory of the Paris  Cl imate 

Agreement in 2015 and is committed to reducing 

greenhouse gas (GHG) emissions by 45% by 

2030. To attain this target, the Government has 

undertaken various initiatives to address the impact 

of climate change by exploring energy alternatives 

to substitute fossil fuels. Hydrogen has been identified 

worldwide as the most promising alternative 

energy and Malaysia is certainly taking note of 

this. Hence, I foresee a rise in the use of hydrogen in 

heavy industries such as oil refinery processes and the 

manufacturing of methanol, ammonia as well as iron 

and steel. With this, more storage facilities for these 

alternative fuels will be built in the country as the 

economy recovers post-pandemic.

 Petronas has expanded beyond its traditional oil 

and gas business into renewable energy by making 

a major push into the solar energy space with its 

M+ rooftop solar range in 2019. Its subsidiary, Petronas 

New Energy offers a range of clean energy options 

and battery storage, while its Hydrogen Division 

focuses on blue hydrogen as an energy alternative. 

Smart money is on the division to invest further 

in R&D in hydrogen and play a key role in the 

development of Malaysia’s hydrogen economy. 

What do you see as the future of energy storage and 

LNG storage tank design?

NK: I foresee demand for storage rising in tandem with 

the global shift to cleaner energy and alternative fuels. 

More producers will be exporting commodities such as 

LNG in storage tanks as demand rises from countries 

and economies which are off-grid from the energy 

supply chains. Design of tanks will see improvements 

in capacity of the commodities they store and carry, 

in line with demand for bigger volumes of those 

commodities. International standards agencies are also 

likely to increase safety specifications and robustness 

of storage tanks to cater to the bigger volumes and 

greater distance of transporting them under challenging 

circumstances and environments.  

 

Are there plans to expand LNG storage terminals within 

the country and any upcoming storage tank projects in 

the planning?

NK: Several projects are already in the pipeline. The state of 

Sarawak on Borneo Island, blessed with stunning biodi-

versity and renewable natural resources (with the coun-

try’s biggest hydropower dam), is leading the way in this 

field. In 2019, the first integrated hydrogen production 

plant and refueling station in South East Asia was 

launched in the state in 2019. The project – under-

taken by Sarawak Energy Berhad (SEB), a state-owned 

company, in collaboration with Linde EOX – entails a 

plant producing hydrogen through electrolysis and a 

refueling station for the state’s first hydrogen-powered 

vehicles. In October 2020, a subsidiary of another 

state owned agency Sarawak Economic Development 

Corporation, SEDC Energy entered into an MoU with 

Japan’s Sumitomo Corporation and ENEOS (a company 

related to JX Nippon Oil & Energy Corporation, 

Japan’s largest oil company) to build a hydrogen 

plant in Bintulu, Sarawak. The plant will have a capacity 

of 1,000 tons per annum and is targeted to be up and 

running by 2023.

 In November 2020, Petronas signed an MoU with SEB 

to collaborate to explore the commercial production of 

Green Hydrogen and its supply chain in Asia. The 

objective is for Petronas to meet global clean energy 

 Petronas is the main player in LNG storage tank ac-

tivities in the country. The national oil company is 

the largest exporter in Asia and the third largest in the 

world in 2019. It has a filling facility in Pengerang 

in the state of Johor in Peninsular Malaysia, the lo-

cation of its massive Refinery and Petrochemical Inte-

grated Development (RAPID) site.

 In April 2021, Petronas LNG commenced its maiden 

export of LNG to China in ISO tanks from Pasir 

Gudang Port in Johor, under a contract signed 

between Petronas and Tiger Gas (Hong Kong) Ltd. 

This pioneering development underscores Petronas’ 

intent to be at the forefront of innovative solutions to 

enable LNG to reach off-grid customers domestically 

and internationally. It is an extension of the reach 

of its Virtual Pipeline System to cater to the growing 

demand for LNG which is expected to rise as economies 

reopen and the world shifts towards cleaner energy 

to replace oil.

 S&P Global Platts Analytics forecasts global LNG 

demand to grow 3% in 2021, despite the pandemic, 

as economies and industrial/business activities 

recover. Demand for LNG is on the uptick from 

the petrochemical, infrastructure and transportation 

sectors. Some countries have increased import for 

LNG to store Covid-19 vaccines in extremely low 

temperatures. In addition, LNG regasification 

projects are also on the rise hence creating more 

demand for LNG. This has caused a surge of LNG 

prices to historical highs. This and the projected 

spike in global demand augurs well for more LNG 

storage tanks facilities to be built in Malaysia, in the 

near future.

can you tell us about the design of the LNG storage 

tanks prevalent in the country? (It is generally known 

that several types of storage tank design exists, most 

notably, 9%Ni Steel - single containment, double 

containment, full containment; membrane technology, 

as well as underground storage.)

NK: Among the typical storage LNG tanks used in 

Malaysia are LNG cryogenic storage tanks or cylindrical 

pressure vessels made of double-layered cylindrical 

structure. The inner cylinder and piping are made of 

stainless steel while the outer casing is made of alloy 

steel. The tanks used in the country are designed to 

meet all international standards and specifications on 

safety of carriage of LNG. They have proven to be 

a reliable and cost-effective method of transporting 

Malaysian LNG and hazardous and non-hazardous 

bulk liquids to international markets.

Are they sufficient to meet the country’s present and 

future energy security needs and are there plans to 

increase these facilities for LNG storage?

NK: I am very sure that Petronas will continue to allocate the 

needful resources to invest in LNG storage to cater to 

the growing local and international demand for LNG. 

As it is, the national oil company has already invested 

heavily in such facilities, namely the Regasification 

Terminals (RGTs) in Melaka and Johor. Through 

Petronas Gas, Petronas operates the two RGTs in Sungai 

Udang, Melaka (RGTSU) and Pengerang, Johor (RGTP) 

with capacity of 500 mmscfd and 490 mmscfd (million 

standard cubic feet per day) respectively.

 The capacities of both are already fully booked via 

long-term contracts, and Petronas is expecting stable 

earnings for the segment regardless of actual 

utilisation. This is a reflection of the growing demand 

for LNG and a positive impact of Malaysia’s move 

towards gas market liberalisation under a third 

party access (TPA) arrangement. Following this 

move, RGTSU received Malaysia’s first LNG cargo 

from a third party in October 2019.

 

In order to better manage any future energy transition, 

are there storage facilities catering to alternative fuels, 

such as ammonia, hydrogen or biofuels?

NK: There is a growing number of projects in storage 
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demand and to position Sarawak as an international 

hub for the hydrogen value chain. This is in line with 

its strategy of using hydrogen as a key commodity in 

its decarbonisation effort to reduce GHG emissions 

along its value chain and using hydrogen as an 

enabler for potential business growth.

 Malaysia Investment Development Authority (MIDA), 

an agency under the Ministry of International Trade 

and Industries of Malaysia, has stepped up efforts to 

form collaborations with strategic partners to attract 

potential investors and to support the development 

of the country’s hydrogen economy. Among the key 

areas of focus are production and supply of clean 

commercial hydrogen for export, storage facilities 

and infrastructures, transportation carrier (converting 

hydrogen into methylcyclohexane or MCH to enable 

efficient hydrogen transport) and fuel cell applications 

(including components, material and technologies) 

for the automotive sector. These efforts underscore 

Malaysia’s intent to shift to cleaner energy and reduce 

its carbon footprint, with hydrogen economy among 

the key drivers.

 With the rise in domestic and global demand for 

gas, it is foreseen that more LNG storage terminals 

will be built in Malaysia and existing ones expanded 

and upgraded. Petronas and Malaysia are committed 

to making the energy transi t ion smooth and 

successful, in line with the national agenda of 

curbing emissions and developing the economy based 

on sustainable principles.

 Underscoring its strong focus on LNG, the Malaysian 

government is targeting to introduce the Natural Gas 

Roadmap (NGR) which will act as a strategic plan for 

the development of the natural gas sector. LNG will 

continue to be the energy of choice as the country 

shifts towards cleaner energy sources and does its part 

to tackle the issue of climate change.

ProfILe
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McderMott:  
AWARDED EPC CONTRACT FOR 

BATANGAS LNG STORAGE TANK

“We are confident we made the right choice to work in close cooperation with CB&I 
Storage Solutions on this technically advanced and challenging project,” said Roeland 
Uytdewilligen, Project Director of AG&P.

CB&I Storage Solutions will provide the first of two 60,000 cubic metre full 
containment steel LNG tanks along with geotechnical investigation, soil improvement, 
foundation and topside platform structure, pre-commissioning, purging and 
commissioning activities.

“We are proud to support AG&P in the delivery of the Philippines’ first LNG import 
terminal. The design of this first-of-a-kind full containment steel LNG tank highlights 
our innovation and technology leadership in the LNG storage industry and positions 
CB&I Storage Solutions to serve the growing small-scale LNG market in Asia and 
other regions with similar demands,” said Cesar Canals, Senior Vice President of CB&I 
Storage Solutions. “We have an extensive history of executing world-class projects in 
the Philippines and are confident in our ability to deliver this tank safely, on time and 
within budget.” 

Mechanical completion is slated for the third quarter of 2023 with purging and 
commissioning activities to follow.

PROjECT NEWS

Photo: McDermott                      EPC contract for LNG storage tank.
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QAtAR PetRoLeUM: 
LNG SHIP ORDERS FOR NORTH 

FIELD EXPANSION PROJECTS

These four carriers are the first batch of orders in Qatar Petroleum’s massive LNG 
shipbuilding program, which will cater for future LNG fleet requirements for the North 
Field expansion projects as well as for existing vessel replacement requirements. This 
order is also the first ever placed by Qatar Petroleum or any of its affiliates with a Chinese 
shipyard for LNG ships, and the first with Hudong in connection with the agreement to 
reserve ship construction capacity that was executed in April 2020.

His Excellency Mr Saad Sherida Al-Kaabi, the Minister of State for Energy Affairs, the 
President and CEO of Qatar Petroleum, commented on this occasion and said, “We 
continue to push forward with our LNG expansion projects, and today’s announcement 
is yet another step in our journey. I am especially pleased with the signing of this order 
as it marks our first ever new LNG carrier to be built in the People’s Republic of China.”

His Excellency Minister Al-Kaabi added, “We are proud to contribute to the success story 
of the LNG ship construction industry in China. We are also confident in Hudong’s 
capabilities to execute this order, worth in excess of 2.8 billion Qatari Riyals, to the 
highest safety and technical standards and to deliver top quality LNG carriers that will 
facilitate continued safe and reliable delivery of LNG to the world.”

“I would like to take this opportunity to thank Hudong’s team for all the hard work to bring 
this order to fruition during these challenging times. I would also like to thank the leader-
ship of our esteemed partner, CSSC, for their valuable support to this effort in line with 
our mutual desire to further strengthen the excellent relations between China and Qatar. 
I am very grateful to the Qatar Petroleum and Qatargas teams, whose dedicated efforts 
were instrumental in reaching this milestone,” His Excellency Minister Al-Kaabi concluded.
The North Field expansion projects will increase Qatar’s LNG production capacity from 
77 million tons per annum to 126 million tons per annum. Qatar Petroleum’s LNG carrier 
fleet program is the largest of its kind in the history of the LNG industry and will play 
a pivotal role in meeting the shipping requirements of Qatar Petroleum’s local and 
international LNG projects, as well as replacing some of Qatar’s existing LNG fleet.

PROJECT NEwS

Photo: Qatar Petroleum First order ever placed by Qatar Petroleum with a Chinese shipyard
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intRodUction

Natural gas is an efficient, abundant, and economical energy source used for 

heating, electric power generation, cooking, and also as fuel for vehicles. Natural 

gas is also a cleaner energy source compared to other fossil fuels and supports 

the increasing demand for energy transition by reducing CO2 emission.

Liquefied natural gas, or LNG, is the liquid form of natural gas that can be produced 

by cooling the gas to a temperature below the boiling point of methane. At tem-

peratures below -160°C, the volume of natural gas in the form of LNG is reduced 

to 1/600 of its original volume. This significant reduction in volume allows the bulk 

storage and transportation of natural gas on a commercial scale to be efficient and 

economical.

LNG storage tanks are required for both LNG export terminals and LNG receiving 

terminals. The storage capacity required for the terminal depends on the 

production or regasification capacities of the terminal. According to IGU 2021 

World LNG Report (Reference 1), the global LNG storage capacity in receiving 

terminals neared 66.6 million cubic meters.

This article highlights the advancement of various LNG storage tank technologies 

developed over the years. This article also discusses how the existing and newly 

built LNG storage tanks and its surrounding infrastructure can play a major role 

in the global decarbonisation efforts in the future.

ADVANCEMENT OF 

LnG stoRAGe tAnK
TECHNOLOGIES AND 

ITS FUTURE ROLE

TECHNOLOGY NEwS

By Hidemichi Iizuka
Black & Veatch Corporation

September 2021
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outer tank wall. The concrete outer tank wall is typically 

a cylindrical concrete wall with a thickness of 600mm and 

above. The cylindrical concrete wall is post-tensioned 

after the cast-in-place concrete is poured between the 

formworks.

The conventional method of constructing the concrete outer 

tank wall is the jump-form method (Figure 5). The jump-

form system consists of inner and outer formwork panels 

(shutters) with a height of up to 4m. The shutters can be 

opened or removed allowing access for installing rebars, 

post-tensioning ducts, and embedments. The jump-form 

system is also equipped with upper, middle, and lower 

platforms that provide access to all levels.  

The sections of formwork will be lifted by cranes to “jump” 

to the next lift. Each lift requires about a minimum of 2 to 

3 weeks to complete, hence for a wall height of 40m, 

it requires 6 months or more to complete the entire wall 

construction. Inside the tank wall, the steel dome roof will 

be erected after the 2nd or 3rd wall lift, and the steel dome 

roof will be air raised after the final wall lift. Then, the thin 

steel liner plates will be welded to the concrete embedments. 

This construction method requires good interface man-

agement between the civil works and the mechanical works 

so that any delay does not affect the other work. Additionally, 

the quality control of concrete work has been a challenge 

due to its difficulty in achieving tight tolerances and preventing 

honeycombs and cracks that may occur. 

While the jump-form method was used by most LNG storage 

tank contractors, an innovative method as known as “self-

standing liner plate” was proposed.  In this method, the steel 

wall liner will be erected first and will act as the inner formwork 

for the concrete. Because the steel wall liner must be designed 

to be self-standing and must be capable of supporting its 

self-weight and the pressure of fresh concrete, the thickness 

of the wall liner was significantly increased compared to 

the jump-form method. The advantage of this method is 

to eliminate the schedule interface between the civil and 

mechanical works. The dome roof can be lifted as soon as the 

self-standing liner plate is completed and does not need 

to wait for the completion of the concrete wall, resulting in 

accelerating the start of internal work. The concrete wall can 

be constructed outside the tank using the jump-form system 

only on the outer side without interfering with the internal work.

Another innovative method named Jack Climbing Method 

was proposed and patented by IHI (Reference 2). Jack 

Climbing Method uses the same jump-form system to 

construct the concrete wall. However, after the lower half 

of the concrete wall has been completed, the steel dome 

roof will be jacked up to the intermediate level and will 

be temporarily secured to the concrete wall. Then, the inner 

tank will be erected under the roof from the top shell course. 

The inner tank is jacked up using the steel dome roof, 

allowing the lower shell courses to be erected at the tank 

bottom. Once the concrete wall construction is complete, 

the steel dome roof along with the inner shell will be jacked 

up to the final position. The main advantages of this method 

are, (1) early start of the inner tank work, and (2) the inner 

tank work can be done safely at the bottom of the tank.

An alternative method without the use of the jump-form 

system is the slipform system (Figure 6).  Slipforming is a 

method to construct a concrete structure by placing concrete 

continuously into the formwork while the formwork system 

slowly slides upwards with the hydraulic jacks.

Figure 5.  Jump-form System

LNG StoRAGe tANK deSIGN coNcePtS

The design concept of LNG storage tanks has evolved from 

single containment tank (Figure 1) to double containment 

tank (Figure 2), and to full containment tank (Figure 3). 

The development of these tank types emanated from 

increasing awareness of safety considerations. The primary 

containers of single, double, and full containment tanks 

are self-supporting inner tanks. In the event of leakage 

from the inner tank, the secondary container for full 

containment tank provides liquid-tightness and is designed 

to release the gas in a controlled manner. However, the 

secondary containers for single or double containment 

tanks are open-top hence will release the gas in an 

uncontrolled manner. For many LNG plant owners and 

operators, full containment tanks have become the 

preferred choice over single and double containment 

tanks considering the advantage of reduced land requirement 

and improved features against safety risks.

Figure 1.  Single Containment LNG Storage Tank

Figure 2.  Double Containment LNG Storage Tank

Figure 3. Full Containment LNG Storage Tank

Apart from single, double, and full containment tanks, 

membrane containment system is widely used for inground 

and above-ground LNG storage tanks (Figure 4), as well as 

for the cargo tanks for LNG carriers. Membrane is made of 

thin stainless steel (1.2 to 2.0mm thick) with “corrugations” 

designed to absorb the thermal contractions resulting from the 

very low temperature. The fundamental difference between the 

membrane system and the single, double, and full contain-

ment tanks is that the membrane system is not self-supporting 

and does not support the liquid pressure. The liquid pressure 

is transferred through the load-bearing insulation blocks 

supported by the outer wall and bottom.  

Figure 4.  Above-ground Membrane Containment 

LNG Storage Tank
(Courtesy of GTT North America)

LNG StoRAGe tANK coNStRUctIoN 
tecHNoLoGIeS

CONCRETE OUTER TANK WALL CONSTRUCTION 
METHOD

One of the main components of a typical full containment 

tank or membrane containment tank is the concrete 
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protection system, and application of zinc on weld seams, 

have been used to protect the inner tank from corrosion.

Cryogenic camera system is a technology that can 

provide means to visually inspect inside the LNG storage 

tank while in operation. The cryogenic camera and the 

lighting system can be inserted through the roof nozzle 

and submerged into LNG, allowing the operator to visually 

inspect the internal condition of LNG storage tanks. This 

system can be useful for confirming the internal conditions 

of LNG storage tanks that have been in operation near or 

over their design life.

tHe FUtURe RoLe oF LNG StoRAGe 
tANKS

As the world continues to shift towards decarbonisation 

and strong market demand drives the transition from fossil 

fuel to carbon-free energies such as hydrogen and ammonia, 

the existing LNG infrastructures can play a major role in the 

global decarbonisation efforts. LNG storage tanks and 

surrounding systems for regasification have the potential 

to be converted into liquefied ammonia storage and 

regasification systems with minimum cost. (Reference 5) 

Although further study will be required on the protection of 

the steel from corrosion in anhydrous ammonia environment, 

the existing LNG storage tanks have the potential of storing 

liquefied ammonia with reduced storage capacities. LNG 

storage tanks that will be newly built can be designed and 

constructed such that the tanks can store liquefied ammonia 

at full capacity.  

coNcLUSIoN

In summary, the advancements of the technologies 

utilised for the design and construction of LNG storage 

tanks have contributed in various ways. The competition 

amongst the LNG tank contractors and technology 

holders curated the innovation in the construction methods 

and techniques which provided benefits to the owners 

and operators in lowering the capital cost, reducing 

construction schedule, and enhancing safety in construction 

and operation. Looking forward, LNG storage tanks and 

its surrounding infrastructures can support the global 

decarbonisation efforts by repurposing the systems into 

liquefied ammonia systems.
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Figure 6.  Cross-section of Slipform System

Slipforming has been widely used for the construction 

of tall and slender structures such as chimneys and towers.  

However, slipforming was not considered suitable for 

structures with large diameters because of its difficulty to 

meet the dimensional tolerances. The advancement of the 

measuring system using laser sensors and the adjustment 

system for the slipform has allowed the slipform system 

to achieve tolerances in high accuracy. Slipform system, 

when used for large capacity LNG storage tank wall, will 

allow the outer concrete wall to be constructed in only 2 to 

3 weeks. Additionally, unlike the jump-form method, the 

slipform system physically eliminates construction joints 

between each lift. The challenge for the slipform system is 

that this system requires concrete work to continue without 

stopping during the process. This may not be suited for 

certain sites where work schedules are restricted.

NON-DESTRUCTIVE EXAMINATION (NDE) 
TECHNOLOGIES

The inner tank of an LNG storage tank is constructed by 

welding 9% Nickel steel plates. 9% Nickel steel provides 

excellent strength and toughness under extremely low 

temperature.  In order to guarantee the liquid tightness of 

the inner tank under cryogenic condition, the weld seams 

of the inner tank shell plate are required to be 100% 

examined. The conventional method applied for the 

non-destructive examination of 9% Nickel steel welds 

is radiographic testing (RT). Conventional RT uses films 

that react to the emitted radiation to capture the image of 

the welds. This technique requires chemical processing 

to develop the film before evaluating the weld quality. In 

addition, significant downtime and exclusion zones are 

required for the safety of the workers while this examination 

is being performed.

Automated Ultrasonic Testing (AUT) for 9% Nickel steel welds 

was developed as an alternative examination technique. Most 

of the AUT techniques developed by NDE providers used the 

new phased array technique in order to meet the requirements 

specified in Annex U of API 620 (Reference 3). The AUT 

technique allowed the test results to be stored in digital 

format and be reviewed by the examiner immediately after 

the individual scans. Since the AUT techniques do not use 

radiography, it eliminated the need for the exclusion zone.

Digital radiographic testing (DRT) is the latest evolution in 

NDE techniques.  DRT is a filmless radiographic technique 

that has many benefits over conventional RT. DRT requires 

no film development, and the images can be stored in 

digital format. DRT also allows the examiner to review the 

images in real-time. In addition, the exclusion zone 

required for DRT is significantly reduced compared to the 

conventional RT.

OTHER TECHNOLOGIES

Seven Percent Nickel steel utilising the thermo-mechanical 

control process (TMCP) was developed by Nippon Steel 

(Reference 4) and has been used for the inner tank material 

in lieu of 9% Nickel steel. Seven per cent Nickel TMCP steel 

provides equivalent physical and mechanical properties as 

9% Nickel steel under cryogenic conditions, even though 

the steel contains 20% less Nickel. This new steel is avail-

able up to 50mm in thickness and has been incorporated 

into the industry standards for LNG storage tanks.

Seawater hydrotesting method has been developed by many 

LNG storage tank contractors as well. In some construction 

sites where water required for the tank hydrotesting may not 

be available, seawater can be used instead of freshwater. 

Several methods, including water treatment, cathodic 
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According to Adroit Market Research, the global LNG storage tank market size is 

projected to reach more than USD 22 billion by 2028. In addition, it is projected 

to gather a CAGR of above 7.0% over the forecast years 2020-2028. Rising LNG 

trade followed by rapid industrialisation in emerging economics is expected to 

open new avenues for LNG storage tank industry over the coming years.

Storage tanks are essentially part and parcel of taking care of the long-term 

energy needs of the city. This means the consistent delivery of LNG gas has to 

be provided for and assured. And not just ensuring that supply contracts are 

LNG
STORAGE TANK DESIGN

TECHNOLOGY NEWS

renewed, storage facilities have to be provided for. This en-

sures that the basis of LNG-To-Power conversion in supply-

ing electricity to millions of ordinary households are provi-

sioned. An estimated 95 percent of Singapore’s electricity is 

generated by natural gas.

LNG terminal facilities allows LNG gas to be imported from 

alternative sources, ensuring an uninterrupted supply of 

LNG gas. The gas has to be cryogenically cooled and main-

tained in a liquefied state and stored in LNG transportation 

vessels or carriers.

tecHNoLoGY BeHINd StoRAGe tANKS

LNG storage tanks are fabricated based on either the 9% Ni 

Steel plate or membrane technology.

The essential storage tank design is a modular tank, with 

single containment capability. The tank is erected on a 

concrete base. Welding for the inner 9% Ni tank needs to 

be carried out with skill and precision. A specialist yard 

that is selected, would usually allow for the prefabrication 

of parts.

Site specific conditions that need to be fulfilled include: 

1.  soil conditions and foundation design

2.  seismic conditions and inertial loads on tank and foun-

dation

3.  environmental conditions such as wind and slate

4.  temperature effects on insulation design

LNG has to be kept and maintained at a very low tempera-

ture of -162°C. LNG tanks can have double containment, 

where the inner tank contains LNG, and the outer container 

contains insulation materials. In the tank, if LNG vapours 

are not released, pressure and temperature within rises. 

LNG is kept in a cryogenically cooled liquefied state. The 

temperature in the tank will be kept constant if pressure is 

kept constant by allowing the boil off gas (BOG) to be re-

leased from containment.

BoG MANAGeMeNt

Boil-Off Gas (BOG) has to be managed well to prevent 

any untoward hazards. What happens is that natural gas 

is cooled to a liquefied state in order to be transported. It 

is kept in cryogenic tanks on board vessels, for example, 

during shipment and on arrival at the LNG receiving 

terminal. As the ambient temperature is much warmer than 

the inside of the cryogenic storage tanks, heat is transferred 

from the outside into the tank to where the LNG is kept 

at a temperature of -162 deg C. The vaporised LNG or 

BOG during the voyage and/or transfer of LNG may be 

‘vented’ due to the pressure differences and this is not 

favourable either to humans or the environment in the 

immediate vicinity. However, this BOG from the vessel 

storage tank is compressed and recondensed at the 

recondenser before it is mixed in with the LNG from the 

onshore in-tank low pressure (LP) pump before arriving at 

the high pressure (HP) sendout pump. It is vapourised to 

fuel gas and transferred to users.

SeISMIc eFFect

Some tank designs have seismic isolation for earthquake 

protection. Damping is increased with vibration isolation that 

also reduces base shear. The tank height may need to be 

adjusted to address sloshing effect. GTT provides membrane 

tank technology and has developed a modular membrane 

installation system. While membrane tanks do not require 

hydrotesting, leak tightness is demonstrated through the 

ammonia leak test. Other results have shown membrane 

tank design to be generally lighter than 9%Ni Steel.

eLeMeNtS oF SAFetY

Safety aspects related to LNG storage tanks can be 

summarised as being attributable to the following factors:

1. Inherent or intrinsic risks to do with LNG material 

properties

2. BOG management

3. Storage and Transportation

Photo: PantherMediaSeller Liquid Natural Gas storage tanks and tanker at dusk, Port of 
Rotterdam



 2021 oct to dec 39oct to dec 202138

The volume of natural gas is compressed by a volume of 

more than 600 times, to arrive at the LNG product. From 

its stored disposition, LNG is converted back into gas 

to be transferred through the LNG gas pipe systems to 

diverse locations.

Risks associated with LNG, may arise during storage and 

transportation. Care has to be taken to prevent asphyxiation 

within confined spaces, lung damage due to inhalation, 

and cryogenic burns due to contact with the human skin. 

These can be safely prevented with the effective enforcement 

and enactment of security codes and practices.

tHe FReNcH coNNectIoN

GTT and Beijing Gas Group (BGG) have concluded an 

additional cooperation agreement related to the Tianjin 

Nangang LNG terminal, currently under construction in 

its first phase. This new agreement mainly covers the 

collaboration for the phase II and III of the terminal, which 

include the construction of six additional 220,000 m3 

latest generation LNG storage tanks.

This agreement has been signed in a ceremony held 

on March 3rd at the French Embassy in Beijing in the 

presence of the French Ambassador, his Excellency Mr. Laurent 

Bili, Mr. Tian Zhenqing, Chairman of Beijing Enterprises 

Group (BEG), Mrs. Li Yalan, Chairwoman of the board of 

BGG, and Mr. Adnan Ezzarhouni, General Manager of GTT 

China. Several key leaders in the industry and government 

officials were in attendance.

His Excellency Mr. Bili said at the occasion: “I am convinced 

that GTT, a company of excellence in the field of natural 

gas, has a great future in China, which has resolutely 

embarked on the path of energy transition.”

Mr. Tian Zhenqing, Chairman of the board of BEG, said: 

“We are glad to be part of this technological partnership 

between France and China; and proud to be the first in 

China to use the latest generation LNG storage tank.”

This agreement follows the first agreement signed in 

November 2019 between GTT and the Chinese major state-

owned company BEG, on the occasion of the presidential 

visit to China of French President Emmanuel Macron, in the 

presence of Chinese President Xi Jinping.

On June 2020, GTT had received an order for the design 

of two 220,000 m3 membrane Full Containment tanks. 

Built as part of BGG’s Tianjin Nangang LNG terminal, 

these two tanks are the largest LNG tanks in China, currently 

under construction.

In this new agreement, GTT will also support BGG to 

upgrade the National Standards of this new generation 

LNG onshore tank.

Phil ippe Berterott ière, Chairman and CEO of GTT, 

said: “We are very pleased to extend our partnership 

with BGG, proof that the membrane Full Containment 

techno logy  mee ts  BGG expec ta t ions  in  te rms o f 

technological  performance, cost  compet i t iveness, 

and level of safety, while significantly reducing their 

environmental impact.”

Mrs. Li Yalan, Chairwoman of the board of BGG, added: 

“Being the first in China to implement this latest generation 

storage technology has been challenging. The project is 

going smoothly. I hope BGG and GTT continue to strengthen 

cooperation, and jointly promote the adoption of lower 

carbon footprint Membrane Full Containment technology 

among the Chinese gas companies.”  

Storage tank instrumentation consists of devices such as level gauges, temperature 
transmitters, leak detectors, emergency shut off valve systems, and cool down 
temperature systems… Process instrumentation are often linked to programmable 
logic controllers (PLCs) and distributed control systems (DCS). Configuration 
and maintenance tasks can typically be handled through a laptop, tablet or 
industrial PC.

A typical DiD or (Defense-in-Depth) system as applied to ‘computer systems’ is 
shown below:

LNG StoRAGe tANKS: 
A CYBERSECURITY PERSPECTIVE
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PReVeNtIoN IS BetteR tHAN cURe

Prevention can be achieved through anti-viral programs 
that fend off malicious code. Anti-spam and internet filters 
and DDOS (distributed denial of service) mitigation, data 
loss and intrusion prevention, firewalls and proxies and 
vulnerability scanning.

PRotectIoN ANd coUNteRMeASUReS

Protection would include user authentication, identity 
management, versions and patching, backup and recovery, 
user and admin access management and encryption, and 
BCP (business continuity planning).

cIA

CIA (Confidentiality, Integrity and Availability) does not 
necessarily mean the Central Intelligence Agency but refers to 
a conceptual model that helps IT/Storage tank management 
take a considered approach towards industrial and IT security.

Some simple tools used to manage and ensure IT confidentiality 
include user access control lists, assigning folder and file 
permission as well as turning on data encryption settings. Data 
integrity means that unauthorised access is prevented. Data can 
be prevented from being deleted or modified unless permissions 
have been given. Availability means that information or data is 
given or made available when it is needed.

AAA

AAA is not Alcoholics Anonymous but refers to authentication, 
authorisation and accounting. Authentication refers to identity 
management and user access control and usernames and 
passwords are issued to legitimate users. These access control 
lists are typically kept on centrally managed or distributed 
servers and can also reside in the ‘cloud’ on software 
defined data centres. Care should be taken to ensure that 
access is not compromised.

A useful conceptual understanding for authentication is that 
it often relates to “something you know”, like a password, 
“something you have”, like a USB key; and “something you 
are”, such as fingerprint.

While authentication could refer to the login process, 
authorisation refers to the access or privilege given to the 
user such as folder and file level user access permissions. 
Accounting relates to keeping track of user behavioural 

patterns and trends, including the amount of time spent 
logged in, etc.

cLoUd ANd VIRtUALISAtIoN

Increasingly, IT architectures, resources, networks, and even 
hardware are being virtualized. It is therefore important to 
have IT/Storage tank management that is familiar with the 
essential issues pertinent to cloud security to ensure successful 
cloud migration and deployment. Software relating to industrial 
and plant performance management can be provided based 
on the “as a service” model. Digital twins are often deployed 
to simulate, manage, maintain, upgrade and troubleshoot 
physical infrastructure and systems. However, hardware 
virtualisation also means that the physical artifacts and 
infrastructure are disappearing from view, and drones can be 
deployed to provide physical surveys and capture data as well 
as model and provide information, where AI algorithms and 
machine learning can be used to optimise performance.

In the ‘race’ to virtualise assets, it is possible to reduce the 
numbers and quantity of physical assets managed “on prem” 
or on site. Physical hardware infrastructure such as backend 
servers have increasingly been virtualized and “kept” in the 
cloud. IT/Storage tank management can now look at the 
virtualisation of its data centres and explore public and private 
cloud managed server solutions together with the hybridisation 
of its infrastructure. This is also looking at the possibility 
of cost optimisations, such as the possibility of “pay per 
use” model and bringing the “as a service” model to the 
maintenance of storage tanks.

This will lead to shore LNG storage tank management being 
able to focus on its core activities and explore new revenue 
opportunities. The issue for onshore LNG storage facility 
managers is the ability to form a solid strategic plan with a 
clear vision of what they can achieve, which can help them 
embrace virtualisation and cloud computing.

As more and more storage tank owners are investigating 
cloud computing, it is very important that the security of data 
should be taken into account before adopting the technology. 
Management must follow good governance to help them 
control costs, maintain quality, measure performance, protect 
their information assets, comply with audit requirements and 
meet legal regulatory compliance.

Emerging cloud technology, together with the ability to overlap 
storage tank management between LNG fleets means that 
physical infrastructures can be managed by external sources 
without compromising security.

Photo: TLG                Figure 1: Defense-in-Depth strategy

A DiD strategy can scarce do without the elements as illustrated 
in Figure 1. The strategy can be conceptually ‘scaled’ to be 
applied to software systems, physical hardware, premises, 
physical and computer networks, etc. All it takes is a systems 
thinking approach to apply the methodology. Essentially, data 
stored in the cloud or servers has to be protected from hackers 
and prying eyes, through ‘layers’ of ‘arguably’ increasing 
sophistication. As visualized in figure 1, at its most simplistic, 
the outermost layer consists of the periphery fencing or 
perimeter control, that can be as simple as installing a security 
guard at the perimeter guardhouse, card key and biometrics 
systems such fingerprint and facial recognition access, a CCD 
(charge coupled device) closed circuit TV monitoring system 
and perchance windows AD (Active Directory) identities and 
email addresses as applied to the security management 
system computers, or even physical logbooks.

The network layer strategy could involve for example, the setting 
up of IP addresses and subnet masking for network segmentation 
so that uncompromised physical computers can be ‘isolated’ 
from viral or ransomware ‘infected’ ones. Software such as IPS/
IDS (intrusion prevention or intrusion detection systems) can 
be a considered investment when there are a large number 
of computing devices in the network. And anti-virus programs 
can be installed at the networking level to keep out intruders.

Photo: K. Mitch Hodge on Unsplash

eNdPoINt coMPUtINg

At the ‘host’ layer, security for endpoint computing devices 
such as desktops, tablet or touch screen input devices, 
laptops, or notebooks, etc has to be considered. Software (and 
sometimes firmware or hardware) may have to be installed 
including anti-viral programs and firewall systems at the 
‘host’ layer or level. Access control, the lack of, thereof, or 
even the circumvention of such measures, is an important 
aspect that can be scarce be overlooked. The ‘ADs’ could be 
residing on centralized servers or in the ‘cloud’. Appropriate 
policy setting that takes into consideration staff, vendors, 
clients, guests and other end users will relate to success in 
cybersecurity interventions.

Typically, device instrumentation such as field i/o (input and 
output) devices that may include sensors, transducers, gauges, 
transmitters, etc, are segregated from the hosts or device 
management computing equipment through low level 
analogue device networks and fieldbus networking 
implementations. These are industrial networks where “islands 
of data” are set up to segregate important ‘live’ information or 
“mission critical” data for decision making. The process control 
system might include data ‘historian’, SCADA system, or even 
programmable logic and embedded systems.

Typically, where internet access is to be ‘given’ or provided 
for access to cloud-based software or databases, an internet 
‘DMZ’ (literally, demilitarized zone) can be set up between 
the internet, devices such as web servers, email server, 
enterprise laptop/desktop and domain controller.

The natural gas supply chain has to be looked at in a holistic 
manner at first, considered in detail and understood down 
to each endpoint computing device, device instrumentation 
for data acquisition and data management, in turn for 
analytics-based decision making.

tHe HUMAN FActoR

The human element is an arguably ‘good’ thing to have, 
when it comes to ‘nuances’ that expert systems and ML/AI 
(machine learning and artificial intelligence) systems nowadays 
fail to detect or understand. However, humans and their 
emotions, inevitably result in the possibility of ‘lapses’ in 
vigilance, that could lead to weaknesses, and vulnerabilities 
such as “social engineering” exploits and penetrations or 
attacks. Recent “ransomware” attacks such as “Death Kitty”, 
“Notpetya” and the “Colonial Pipeline” incidents have 
demonstrated this. A king’s bounty in ransom, has often 
been the price to pay for negligence! Nevertheless, it 
has been shown that such incidents can be prevented or 
minimized through the adoption of “best practices”, and 
adequate countermeasures. 
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The storage of LNG at cryogenic temperatures near ambient pressure is the most efficient 
and cost-effective means currently available for large-scale natural gas storage. However, 
storing, transferring, and transporting LNG may result in leakage or accidental release 
from tanks, pipes, hoses, and pumps used to handle bulk quantities of LNG. Therefore, it 
poses additional risks over and above those associated with conventional gaseous fuels.

LNG spilled from transport vessels of sufficient size will form a pool on the water sur-
face that can pose a severe danger to ships’ hulls as well as cause significant damage 
to their marine growth-infested outer surfaces during prolonged periods of calm seas. 
Discharge into or onto coastal waters has potential environmental consequences if the 
fuel escapes into the marine environment. Some LNG tankers have experienced cargo 
containment failure with consequent release of their contents and/or fire damage affect-
ing a large area of their cargo containment systems, resulting in the need for them to 
be towed to port. Fire and explosion may result from an accident involving LNG carriers 
or when ships’ cargo containment systems are breached, resulting in the escape of their 
LNG cargoes. The potential negative impacts on people and property around such inci-
dents could be severe and widespread (e.g., death, injury and large-scale evacuations).

StRUctURAL INteGRItY

Regulatory and industry standards and guidance (e.g., American Society of Mechanical 
Engineers [ASME], American Petroleum Institute [API]) set out procedures for 
certification, inspection, and/or testing of LNG storage tanks. Guidance documents on 
the design of small diameter steel piping systems that are part of a large-scale LNG 
storage facility have been published by the American Petroleum Institute.

LNG spills from tanks during filling or from leaks from piping can be hazardous for a 
number of reasons including asphyxiation resulting from an intake of LNG vapors, and 
because LNG rapidly absorbs heat, causing rapid cooling of any surroundings with the 
potential for causing frostbite. In addition, spilled liquefied natural gas is invisible in 
daylight and very difficult to detect at night, which can create a dangerous environment 
if a spill goes unnoticed during nighttime operations. Liquefied Gases are also highly 
flammable and may form explosive mixtures with air over wide range of vapor concen-
trations (lower explosive limit 8% - upper explosive limit 74%). However, there is little 
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Photo: MikeMareen  Liquefied gas tanks in the LNG terminal in Swinoujscie in Poland

chance that this gas will explode in a ship’s hold due to the low 
oxygen concentration (~2-18%) and high pressure of the gas.

Another threat with LNG ships is that if it catches fire, the extent of 
damage is very severe. There have been accidents where several 
crew members were killed because they could not escape from a 
burning ship. In addition, most conventional firefighting methods 
are ineffective for fighting fires on LNG vessels or storage tanks. 
The extreme cold from LNG spills can also cause environmental 
mutilation as well as economic harms to nearby areas through 
weather changes and destruction of landscape and marine life.

moNItoRING SYStemS

Monitoring systems are required to assess the pressure, tem-
perature, volume, or flow rate of stored substances. All storage 
tanks should be situated in an area where there is no potential for 
criticality with any other tank containing a hazardous material (e.g., 
readily ignitable vapours). A location away from public access is 
preferable. Furthermore, special consideration should be given to 
placement so as to avoid ice formation which could result in rupture 
of the tank. The ambient air temperature extremes at site locations 
also influence siting decisions because colder temperatures can 
increase operating pressures and warmer temperatures decrease 
densities thus reducing storage volumes. Tanks may also be sub-
jected to sloshing due to variations in terrain that may cause 
increases in internal pressure during filling/emptying operations.

Since steel pipelines transporting natural gas are subject to 
external corrosion due to their exposure to the atmosphere, and 
since they transport gas under pressure, it is essential that: (i) 
all construction joints comply with relevant standards; (ii) all fit-
tings and welding be done in accordance with relevant stand-
ards; and (iii) there is a continuous inspection and surveillance 
program in place.

tRANSfeRS BetweeN LNG cARRIeRS ANd 
teRmINALS

A properly constructed and tested LNG bunker barge will 
provide the necessary containment of a spill. The International 
Maritime Organization (IMO) has been working to ensure 
that all ships carrying liquefied gases as cargo have sufficient 
protection against the risk of an explosion. 

The IMO adopted the International Code for the Construction 
and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC 
Code) at their 68th session in December 2010. This code applies 
to new ships constructed on or after 1 January 2013, as well as 
existing ships which undergo a major conversion or modification 
on or after that same date.

The code requires that an LNG barge used as a fuel supply vessel 
shall be fitted with containment and inertization systems designed 
to retain any hazardous quantity of gas that might escape from 
the enclosed space in a volume not less than the total volume of 
cargo carried onboard the barge, but this rule does not apply 
to training units intended for the supply of inert LNG to ships, nor 
to barges with an enclosed volume less than 5 cubic meters.

veNtING ANd fLARING

Flaring or venting of LNG is not unusual. As with other 
cryogenic operations, the potential exists for the formation of 

“boil-off” gas resulting from rapid vaporization of stored 
LNG at atmospheric pressure. If this boil-off gas is vented 
to the atmosphere without being burned, it will result in reduced 
efficiency and increased greenhouse gas emissions. It will not 
normally be economical to recover such boil-off gas and burn 
it, since the cost of compression to a level suitable for use or 
sale is likely higher than the value of the gas in question. 

BoIL-off GAS (BoG)

For small LNG plants and receiving terminals, a vapor 
recovery system may not be economically feasible. Alternative 
BOG control equipment or operational measures can also be 
used to reduce the volume of BOG released to atmosphere.

The treatment of spent hydrocarbon gas (HCG) includes 
methods that recover energy from the waste stream, such as 
heat or combustion turbines. The goal is to convert the waste 
into a useful product in order to release or recycle energy that 
would have been lost in flaring. The energy can be recovered by 
conversion to electricity, transportation fuels, or heat. Another 
alternative is to landfill or inject the waste into suitable geologic 
formations, which can reduce fugitive emissions.

SNUffING oUt emISSIoNS 

Leak detection programs should be implemented to prevent 
fugitive emissions. The industrially preferred method is to use 
enclosed systems with well-sealed valves, flanges, and so on. 
Provided this method can be employed, it is the most effective 
in minimizing gas leaks and fugitive emissions from industrial 
plants. However, there are some industrial processes where 
keeping equipment and systems open may be needed and is 
preferred to minimize equipment downtime or stop production 
completely. An example of this could include a plant that needs 
to continue operating during an emergency event. In these 
cases, additional attention must be paid to prevent leaks.

LNG tRANSpoRt

Emissions from LNG vessels may affect air quality. Therefore, it 
is necessary to ensure that the appropriate measures are taken 
during such vessel operations. Potential impacts of LNG as a 
marine fuel on air quality and health were reviewed by WHO 
(2010), which included the following: 

All these effects may be anticipated to take place at short range 
from the source of emissions, i.e., within the boundaries of the port.

LNG carriers in a number of countries have been fitted with 
scrubbers to minimise emissions from diesel engines, ongoing 
research into ‘green’ fuels is being carried out in many ports 
and shipping sectors.

NoISe

Noise generated by the main engines of LNG carriers and 
vessels is not a significant factor for noise pollution at onshore 
facilities. Vessels and carriers move away from the shore once 
they moor-up to an LNG facility or transport terminal.

Engine manufacturers may provide guidance on how to 
address engine room noise in their design documentation.
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CATALYSING THE 
eNeRGY tRANSItIoN

It is generally known that several types of storage tank design exists, 
most notably, 9%Ni Steel - single containment, double containment, full 
containment; membrane technology, as well as underground storage. What 
are the types of existing LNG storage tank design in SLNG at the existing LNG 
terminal and their storage capacities and numbers?

cWS: SLNG is currently operating with four LNG storage tanks, and all of them are 
of 9% Nickel-Steel, full containment type. Three of the tanks are 180,000m3 
in capacity, and the fourth is 260,000m3. 
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INTERVIEW

can the storage tanks be converted for the use of 
alternative fuels such as ammonia?

cWS: Our existing storage tanks are not suitable for 
conversion to other uses. Depending on market 
demand, we may perhaps consider installing storage 
tanks in the future, that may offer greater flexibility in 
design and usage. 

Are there more storage tanks planned in order to meet the 
present and future LNG-to-Power needs of the country?

cWS: The SLNG Terminal currently supplies about 25-30% of 
Singapore’s gas demand for power generation. With our 
current storage and send-out capacity, we are able to 
ramp up our operations, if necessary, to supply all of the 
Country’s gas requirement.

 
 In addition, the Terminal is designed for the future and 

its masterplan provides for up to four more LNG storage 
tanks to be installed, bringing the total maximum storage 
capacity of the Terminal to around 1.7 million m3. 

 
 Plans are in progress to further expand our LNG storage 

capacity to meet future market demands and support 
Singapore’s development as an LNG Hub for the region.

do you foresee additional LNG terminal facilities being 
planned in the near and distant future? besides onshore 
containment systems for LNG storage, are fSRus, fSus and 
floating regasification units also being provisioned?

cWS: The Energy Market Authority had previously announced 
plans to build a second LNG terminal in Singapore, and 
as we understand it this plan is still in progress. The plans 
for the second terminal could possibly consider other 
storage systems besides onshore containment systems.

What do you see as the future of LNG storage in Singapore?

cWS: We believe that the use of LNG in Singapore and around 
the world will grow steadily over the years, and it 
will remain an important fuel source of choice for 
many years to come. For example, Singapore 

is ideally located to provide LNG Break-bulk and 
Transhipment services, and to grow into a major LNG 
Bunkering centre for the world. So, depending on how 
big or fast the LNG market grows, there is potential for 
LNG storage capacity in Singapore, and at the SLNG 
Terminal, to also grow in tandem. 

 
 We also believe in Catalysing New Possibilities in the 

Energy Transition, and achieving this Vision in ways 
that will create a more sustainable future for the next 
generations. In this regard, we are working with various 
partners on projects that will leverage on our Terminal’s 
facilities or operations, especially in cold energy utilisa-
tion, to reduce carbon emissions and enhance the LNG 
value chain. This includes, among others, exploring the 
installation of a Natural Gas Liquids (NGL) Extraction 
Facility at the SLNG Terminal, and looking into ways to 
import and utilise Hydrogen as a green energy source.

What do you see as the future of LNG storage tank design?

cWS: With climate concerns high on just about every 
national and corporate agenda, LNG storage tank 
designs should move towards being more cost effective 
and environmentally friendly, including minimising 
life-cycle carbon and methane emissions during 
construction and operations. As we move closer towards 
greater adoption of more sustainable energy sources, 
LNG storage tank designs, as well as LNG terminal 
designs, should perhaps also take into consideration 
potential future conversions to other fuels.

PROFILE

Mr Chong Wen Sin joined SLNG in February 2020 with more 
than 20 years of experience in Project Management for lique-
faction plants, FLNG conversion, LNG bunkering, regasification 
barges, as well as oil and gas field development. Prior to joining 
SLNG, he worked with Pacific Oil & Gas, spending time across 
Vancouver and Houston where he was heavily involved in the 
Woodfibre LNG Project. He also spent a good 13 years with 
Keppel Shipyard Limited (Offshore and Marine) helming 
different roles and working across departments in Commercial, 
Project and Business Development for gas and technology.

Photo: Singapore LNG Corporation
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LNG StoraGe: 
Is There A sAfer WAy?

In a candid response to Fuels & Power’s queries, Nazery Khalid, renowned 

Malaysia-based maritime analyst sheds light on recent trends and developments 

and salient aspects of LNG storage safety in an erudite and insightful commentary.

NK: Global demand for LNG is increasing owing to the shift to cleaner fuels.  

In addition, there are new uses for LNG in various economic activities such as 

transportation, manufacturing and infrastructure. There is also a growing need 

to store Covid-19 vaccine at very low temperatures which has contributed to 

LNG prices reaching historical highs.

Further refinements in the handling and transportation of LNG will take place 

despite the overall excellent safety record of LNG supply chains since its emergence 

50 years ago.

Against this backdrop, it is foreseen that metallurgy technology will be improved 

further, resulting in sturdier nickel/steel alloy to accommodate LNG and other 

cryogens at even lower temperature than what these tanks are capable of holding 

now. The tanks will get taller and surpass the tallest ones in existence, which are 

nearly 100 feet in height (being able to hold around 350,000 barrels of liquid, 

or the equivalent of 1.2 billion cubic feet of gas). 

COMMeNTAry

Picture above from the PERI Group, shows an LNG regasification terminal (known as RGT-2) being built as part of Malaysia’s development 
plant in Penggerang.  The Tank reportedly, has a capacity of 5 million tons per annual and two 200,000 cubic meter LNG storage tank

Further, engineering, technical and operational improve-

ments will also be evidenced in the safety aspects of tanks 

as tank designers and LNG facilities operators go on a 

quest to transport even greater volumes of cargo in a much 

safer manner. As LNG storage is a fairly new field, there is 

plenty of room for experimentation and further enhance-

ments of existing technologies and features. Areas ripe for 

improvements include operation and installation time, 

owing to the physical properties of LNG. In addition, 

the technical competence of personnel will also increase, 

along with the application of Industry 4.0 technologies 

such as Artificial Intelligence, Predictive Analytics and 

Blockchain technology in LNG supply chains. 

The re  w i l l  a l so  be  con t i nuous  r e v i ews  l ead ing  t o 

improvements in, and more stringent international regulations, 

standards and codes, related to LNG storage – onshore, 

on LNG tankers, and elsewhere - to ensure the safety 

of LNG storage, handling and transportation as supply 

chains grow more complex.

Focus will also be on combating incidents resulting from 

leakage and spills, and from associated hazards to the 

public and environment such as fires and explosions. This 

will result in improvements in the design of safety zones, 

fire systems, detection systems, shutdown systems and emer-

gency response systems to protect people, properties 

and the environment from any untoward incidents involv-

ing LNG. In tandem, we will see better operating proce-

dures, more spending on training, and greater focus on 

maintenance to ensure safety in storage, transportation and 

overall handling of LNG.
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there Is A 

Fool’s PArAdIse,
After All!

Former US president, Bill Clinton’s famous quip – or rather infamous – in 

1992, ‘it is the economy, stupid’, which reverberated and sometimes shocked 

his countrymen is seldom mentioned these days. He was categorically stating 

the obvious within the context of revving up the economy to revving up the 

state of the nation.

That catchphrase soon became his campaign mantra and if somebody does 

not understand the most basic of all assumptions don’t call him stupid. Instead, 

suffix that reply with ‘stupid’. 

For that reason and more, the world just needs to have more gas storage tanks; 

not because we want to blight the environment because we just need it. Add a 

‘stupid’ if you so want it, but not literally. 

But just looking at how gas demand is soaring, it is not hard to understand 

why we need gas tanks. Or rather whole tanker loads of it! As to why gas tanks 

it is because we simply have nothing to prop us up than what the new age of 

decarbonisation wants us to do. This is no longer a matter of common sense 

but one of material and existential necessity. Do not drown anybody in the 

avalanche of horse sense. A new age simply new narratives, new conventional 

wisdoms and of course, new gas tanks. 

From the Russian Yamal peninsula, to just about anywhere in the world LNG and 

its attendant ‘duffers’ in gas tanks have dominated and lionised. Just how clever 

can one get? Certainly, clever enough!!

the Column

Photo Credit: Anekoho.                          Picture shows a natural gas tank. More of these behemoths will soon grace the globe’s landscape.

Unless one is from planet Mars, one will never know the 

drift of this message as they would used to say sometimes, 

‘It is better to shut your mouth and be known as a fool than 

to open and confirm it’. It may be tacky but the irritation 

some of us inflict can be downright mind-numbing. 

Still do not be fooled. LNG storage tanks will soar and 

roar unless the Martians tell you it may not. But that is what 

Martians are known for; never knowing what earthlings 

know explaining why they are a planet apart from us. 

The truth of storage tanks is that there will always be plenty 

of them across the world. Make no mistake about it. They 

store the gas and not coal. We will need them for our 

energy needs and if that is too, hard to understand nothing 

else will be easy. We need them simply – notwithstanding 

its sometime odd dangers – because the planet is moving 

and moving to a new age, a new paradigm and new level 

of consciousness.

That is the mission and vision of this new era. The world 

as we knew it, will not be around with all its carbon, gas 

emitting and soot belching hydrocarbon compounds. They 

are toxic and because they are so, LNG storage tanks are 

running to our rescue. 

If that seems like a fool’s paradise, it is not. Even a fool will 

be amused if anybody thinks it is!
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NOMENCLATURE

NomeNclature

Some common terminology are summarised as follows:

Boil-off-Gas It is the gas produced by vaporisation of the LNG in the storage tank due 
to ambient heat transfer into the storage tank and piping etc.

 Another major source of BOG is gas which is displaced by incoming 
LNG when a ship is unloaded into the LNG storage tank.

cryogenic Cryogenic liquids are typically liquefied gases at -150 °C or lower, 
examples of which include liquefied natural gas (LNG), carbon 
dioxide and nitrous oxide.

Single A single containment LNG tank comprises an inner tank and an outer 
container, designed so that only the inner tank is required to meet the 
low temperature ductility requirements for the storage of the product.

double A double containment LNG tank is designed so that the primary and 
the secondary containers are capable of independently containing the 
refrigerated liquid stored. It is known as a double integrity storage tank.

Full A full containment tank design is defined as a double tank designed so 
that both the inner tank and the outer tank are capable of independently 
containing the refrigerated liquid stored. It is also known as a full 
integrity storage tank.

lNG Liquefied Natural Gas

lNG storage It is a specialised type of storage tank used for the storage of Liquefied 
Natural Gas.

membrane Membrane containment system is widely used for inground and 
above-ground LNG storage tanks. It is made of thin stainless steel with 
“corrugations” designed to absorb the thermal contractions resulting 
from very low temperature.

moss type This spherical system is named after the company which designed them 
i.e., The Norwegian Company Moss Maritime.

regasification It is a process of LNG at −162 °C (−260 °F) temperature back to natural 
gas at atmospheric temperature.

rollover LNG rollover refers to the sudden mixing of stratified LNG layers, which 
can cause the generation of significant amounts of boil-off gas.

Slipforming It is a method to construct a concrete structure by placing concrete 
continuously into the formwork while the formwork system slowly 
slides upwards with the hydraulic jacks.

type  system

containment

(BoG)

containment

tank

system

system

containment

Your FeedBack 
MEANs EvERyThiNg

Unless if you are living in an autocracy or dictatorship where your opinions do not 
matter the least bit, you can ignore this page.

But please do not ignore, even as there may not be the midnight knock on your 
door, as had always been the case in places and nations which do not respect the 
right of free speech, opinions and comments meant to elevate our sense of collective 
responsibility, and how the dissemination of alternative viewpoints are all about raising 
collective and responsible debate.

So, ‘Yes’, with a big capital Y. We welcome your views; wholly, substantially, and not 
incrementally. Those views must generate a deeper understanding of the issues at play 
such that debate, knowledge and wisdom is concurrently, elevated.

It is that key differential separating the world of free choice from the world of no 
choice. It is choice that a learned citizenry continually needs such that it never stops 
learning, never stops informing and is always informed in the best possible way pos-
sible that its learning continues the journey of discovery upon discoveries.

Even so, let us also not forget that Free Speech is forever Free! It has never been and 
never will be because as always has been the case, being free comes with a measured 
degree of responsibilities that sometimes can rightly or wrongly, manifest as societal 
disapproval, a legal injunction or worse still, even as both.

Neither of that is desirable, meaning societal disapproval and legal injunctions. For 
all too often, what would count as innocuous opinions may not just receive the same 
rendering in a wholly different setting. It becomes fodder for open debate. And debate 
is what this column of our publication is all about.

It is for you to agree, disagree, agree to disagree, disagree about agreements, argue, 
counter argue, posit a thesis, posit an antithesis, posit a synthesis, and love to hate 
what some would keep loving. So, this is for you. A page and a place for you to air 
views and opinions and agree or disagree with us on what you feel about the 
articles that you read or wish to read.  

All you need to do is drop me a line at editor@mediacomz.com and I will be so 
very morally obliged.

COMMENTiNg ALOUd
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This information is supplied ‘as is’. While every attempt has been made to ensure the 

accuracy of such information, the publisher does not accept responsibility for any loss 

or damage attributable to errors or omissions. Organisers are advised to check the 

information and to notify the magazine of any such errors or omissions. If email is 

available, please also provide e-mail address. This listing is a free service to Petromin 

Fuels & Power readers. To have your conference or exhibition listed please post, fax or 

email details to Mary at mary@mediacomz.com. For latest information. Log onto 

www.petrominonline.com & click on ‘Events Calendar’.
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8@TradeHub 21, 8 Boon Lay Way #09-10

Singapore 609964
Tel: 65-6222 3422  Fax: 65-6222 5587

Contact person: Yvonne Yap

Email: marketing@mediacomz.com

MAy 2022

the 28th World Gas conference 
(the WGc2022) 
23-27 May 2022, 
Daegu, Korea 
Contact: Kristina Karachevceva, 
Marketing Executive
Email: KKarachevceva@thecwcgroup.
com
Tel: +44 20 7978 0034
Website: http://www.wgc2022.org

AuGuSt 2022

INAMARINe 2022
24-26 August, 2022
JIExpo Kemayoran, Jakarta, Indonesia
Contact: Ms. Santi Hong
Email:  ino@gem-indonesia.net 
Tel No: +62 21 54358118
Website: www.inamarine-exhibition.net

SePteMbeR 2022

oil and Gas Asia (oGA) 2022
13 – 15 SEpTEMBEr 2022 
Kuala Lumpur Convention Centre 
(KLCC), Malaysia
Contact: Mr Derrick Yeow
Tel: +6018 969 1420
Email: Derrick.Yeow@informa.com
Ms Susan Lee
Tel: +44 79 76 887 032
Email: Susan.Lee@informa.com
Website: www.oilandgas-asia.com
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ouR 2022 eVeNtS

2nd Marine & offshore 
congress 2022

LNG Malaysia 2022

10th dP Asia 2022

2nd LNG Vietnam 2022

6th LNG & clean Marine Fuel 
Forum 2022

cambodia Marine & offshore

3rd Myanmar LNG 2022

4th tank & terminal Asia 2022

Contact: Mary
Tel: +65 6222 3422
Email: mary@mediacomz.com
Website: www.mediacomz.com



Do you want to learn more?
www.sg.endress.com/
prosonic-fl ow-g300 

Prosonic Flow G 300 – Ultrasonic fl owmeter redefi nes
gas measurement

• For raw and processed natural gas, coal seam 
gas, shale gas, gas mixtures, wet biogas and 
digester gas

• Powerful process control thanks to pressure 
and temperature-compensated values 
measured in real time

• Advanced gas analysis functions for calculation 
of additional process variables, customer-
specifi c gases or gas mixtures

• Maximum reliability and robustness 
independent of the gas moisture

CLEAN PROCESS
+ CLEAR PROGRESS

You strengthen your plant’s safety, productivity 
and availability with innovations and resources.

We understand how you need 
to reduce complexities at your plant.
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Advertise With Us!
Petromin Fuels & Power is a technical and business 

publication encompassing oil and gas processing, 

and petrochemical industries. 

It is also about all upstream activities that 

includes oil marketing, of terminals, 

transportation and financing. 

Petromin Fuels & Power magazine 

brings you the latest in breaking news, 

analyses, market insights, 

interviews, personality profiles and more! 

Call us for enquiries now!

For advertising / sponsorship enquiries, please contact:

Email: marketing@mediacomz.com
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