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Additional	funding	for	R&I	
projects	in	the	BE	sector

Mr Tan Kiat How, Senior Minister 
of State in the Ministry of Commu-
nications and Information and the 
Ministry of National Development 
recently announced that the Built 
Environment Technology Alliance 
(BETA) programme will be extended 
into Phase 2 with an additional SGD 
20 million of BETA Catalyst Funding, 
to support industry-led Research & 
Innovation (R&I) efforts from pro-
gressive and committed BE alliances.

Mr Tan was speaking as the Guest-
of-Honour at the Construction 
Technology Innovation Laboratory 
(CTIL) Research Project Agreement 
Signing Ceremony, held on 13 July 
2022, at Singapore Institute of 
Technology (SIT), Dover Campus.

Established in January 2021, CTIL 
is a Research & Innovation (R&I) 

collaboration between Woh Hup 
and SIT, with a focus on applied re-
search for emerging and innovative 
technologies for building structures 
and sub-structures.

The Research Project Agreement 
Signing Ceremony highlighted the 
collaboration between Woh Hup 
and three value chain partners, SEN 
SG Pte Ltd, TTJ Design & Engineer-
ing Pte Ltd and NatSteel Holdings 
Pte Ltd, for the implementation of 
three sub-projects, as part of an 
integrated project on ‘Innovative 
Construction Technologies for Deep 
Foundation and Excavation’. 

The project has received support 
from the Building and Construction 
Authority (BCA) through its BETA 
Catalyst Funding. (see also Pages  
18 and 19)

A Research Project Agreement was signed by (seated, from left) Mr Park Jae Hyuk, Director, SEN 
SG; Mr Elavarasu Somasundram, CEO, TTJ Design and Engineering; A/Prof Ivan Lee, Vice President 
(Innovation), SIT;  Mr Yong De-Rhong, Executive Director, Woh Hup; and Ms Tan Man Ee, COO, 
NatSteel. The witnesses included (standing, from left) Mr Kelvin Wong, CEO, BCA; Prof Chua Kee 
Chaing, President, SIT; Senior Minister of State, Mr Tan Kiat How; and Mr Eugene Yong, Deputy 
Chairman, Woh Hup.

Collaborators Sub-project	title

Woh Hup and SEN SG Pte Ltd Innovative Earth Retaining & Stabilising Structures 
(ERSS): Post-tensioned Waler System

Woh Hup and TTJ Design & 
Engineering

High Performance Plunge-in King Post for Top-Down 
Building Construction

Woh Hup and NatSteel Economic Corrosion-resistant Concrete for Deep 
Foundation Elements with B600 Rebar

Woh Hup is collaborating with three value chain partners on three sub-projects, as part of an 
integrated project on ‘Innovative Construction Technologies for Deep Foundation and Excavation’.

New	design	
collaboration	and	
simulation	platform	
NVIDIA recently announced the 
coming general availability of 
NVIDIA Omniverse Enterprise, 
said to be the world’s first tech-
nology platform that enables 
global 3D design teams working 
across multiple software suites 
to collaborate in real-time, in a 
shared virtual space.

NVIDIA Omniverse Enterprise 
makes it possible for 3D 
production teams – which are 
often large, diverse in skills and 
geographically dispersed – to 
work seamlessly together on 
complex projects. Rather than 
requiring in-person meetings 
or exchanging and iterating on 
massive files, designers, artists 
and reviewers can work simul-
taneously in a virtual world 
from anywhere, on any device.

NVIDIA Omniverse Enterprise 
has been in early evaluations 
with some of the world’s most 
sophisticated design teams at 
companies like BMW Group, 
Foster + Partners and WPP. It 
follows the earlier launch of an 
open beta for individuals.

Building	the	metaverse	
The world’s 3D industries are 
making great strides toward 
building the metaverse – a 
massive shared virtual 
world – by adopting open 
file frameworks like Pixar’s 
Universal Scene Description, 
and encourageing interop-
erability between software 
applications. 

The NVIDIA Omniverse ecosys-
tem connects leading applica-
tions from software companies 
such as Bentley Systems, 
Adobe, Autodesk, Epic Games, 
ESRI, Graphisoft, Trimble, 
McNeel & Associates, Blender, 
Marvelous Designer, Reallusion 
and wrnch Inc. (see also Pages 
24 and 25)
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Xylem	picked	by	Koh	Brothers	for	Singapore’s	
Tuas	Water	Reclamation	Plant
Xylem Inc, a leading global water 
technology company, recently 
announced its appointment by Koh 
Brothers Building & Civil Engineer-
ing Pte Ltd (KBCE), to supply biolog-
ical aeration diffuser systems to the 
upcoming Tuas Water Reclamation 
Plant in Singapore.

KBCE is a subsidiary of SGX Catal-
ist-listed sustainable engineering 
solutions provider, Koh Brothers 
Eco Engineering Ltd.

As part of the project, Xylem will 
design and supply over 19,000 units 
of its Sanitaire ceramic disc diffuser 
systems to the Tuas facility, for 
treating non-domestic used water 
that will subsequently be reused by 
industries.

Mr Franz Cerwinka, Senior Vice 
President and President, Xylem 
Emerging Markets, said, “We are 
delighted to be partnering with Koh 
Brothers and providing our technol-
ogies for the Tuas Water Recla-
mation Plant. Singapore is a world 
leader in building technologically 
advanced water systems, and we 
are proud of our role in helping Sin-
gapore reclaim and recycle water in 
a sustainable way”.

Mr Choo Siew Meng, Deputy Chair-
man of KBCE, said, “We were im-

pressed by the Sanitaire disc diffus-
ers’ track record for high aeration 
density and deep tank installations. 
What is also valuable is the peace 
of mind that the equipment offers, 
with its durability and reliability”.

The Tuas Water Reclamation Plant 
is part of the Deep Tunnel Sew-
erage System Phase 2 (DTSS2) 
project of PUB, Singapore’s Na-
tional Water Agency. The industrial 
water treatment facility at the Tuas 
Water Reclamation Plant will be 
the largest of its kind in the world 
to feature ceramic membrane 
technology. 

The Tuas Water Reclamation Plant 
will boost PUB’s capability to re-
claim and recycle used water.

According to Xylem, given its dura-
bility, the ceramic disc diffuser re-
quires minimum effort from users, 
as it enables easy maintenance and 
features a long service life which 
typically spans 20 or more years.

Sanitaire ceramic discs are said 
to be resilient against chemical 
damage, rendering them suitable 
for biological aeration of challeng-
ing, non-domestic used water. By 
providing a continuous supply of 
oxygen during the treatment pro-

cess, the diffusers support bacteria 
growth and activity which facili-
tates the breakdown and removal 
of organic matter in the water. 

Owing to the specialised compres-
sion moulding used in their produc-
tion, Sanitaire disc diffusers deliver 
high oxygen transfer efficiency 
at low operating pressures and 
promote uniform airflow distribu-
tion. Collectively, this contributes 
to lower system head loss, energy 
consumption and operating costs, 
for the facility operator.

Ley	Choon	wins	contracts	for	underground	utilities	infrastructure	works
SGX Catalist-listed Ley Choon 
Group Holdings Limited (Ley 
Choon), a leading one-stop 
provider of services for the con-
struction of underground utility 
infrastructure and road works, 
is pleased to announce that it 
has successfully secured new 
contracts.

These contracts involve the 
installation and replacement of 
underground services and road 
reinstatement works, which are 

within the area of Ley Choon’s 
expertise and experience. With 
these contract wins, its order 
book has increased to SGD 158.4 
million. The delivery of projects 
is to be completed over the next 
three years.

Mr Toh Choo Huat, Executive 
Chairman and CEO of Ley Choon, 
commented, “With the easing of 
COVID-19 restrictions, there is 
pent up demand for the up-
grading works for Singapore’s 

complex underground utilities 
system. Our expertise and track 
record in this space have put us 
in an advantageous position to 
capture these opportunities”.

“We are pleased to be selected 
by our clients and we are confi-
dent in our abilities to execute 
the projects smoothly. Looking 
ahead, the Group is selectively 
bidding for more projects that 
will potentially add to our grow-
ing order book”, he added.

Xylem will design and supply over 19,000 
units of its Sanitaire ceramic disc diffuser 
system to the Tuas Water Reclamation Plant 
in Singapore.
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Lendlease recently announced that 
it has entered into an agreement 
with Dutch pension fund manager, 
PGGM, to create the Lendlease 
Innovation Limited Partnership. The 
SGD 1 billion partnership will invest 
in real estate assets in the innovation 
and life science space, with a focus 
on Australia, Japan and Singapore. 
PGGM will hold an 85% interest and 
Lendlease will hold 15%.

Lendlease will provide services to 
the partnership, on the basis of the 
assets’ needs. These needs include 
investment management as well as 

development management. 

“The establishment of an innova-
tion-focused investment partnership 
together with our long term partner, 
PGGM, is a vote of confidence in 
Lendlease’s position as a global real 
estate and investment leader. This 
partnership also leverages our deep 
expertise in the life science sector, 
with more than 20 years’ experi-
ence”, said Justin Gabbani, Chief 
Executive Officer, Asia, Lendlease.

“We believe that the increased focus 
on health, combined with substantial 

investments in technology, will give 
a boost to the innovation and life sci-
ence sectors in Asia Pacific. This focus 
on life sciences is supported by our 
client PFZW who manages a pension 
scheme for the Dutch healthcare sec-
tor with three million members. Our 
partnership with Lendlease, which 
has been developing over 25 years, 
gives PGGM a chance to build a 
portfolio of assets in the hubs where 
innovation, talent and knowledge 
come together”, said Jikke de Wit 
and Ping Ip, from PGGM Private Real 
Estate, in a joint statement.

Lendlease	establishes	innovation	partnership	
with	PGGM



INDUSTRY NEWS

08 THE SINGAPORE ENGINEER
July 2022

Consultant	appointed	to	design	and	construct	
Sengkang-Punggol	LRT	depot	expansion

Aurecon has been appointed as the 
consultant to Sato Kogyo (S) Pte Ltd 
which has won a contract valued at 
approximately SGD 157 million, from 
Singapore’s Land Transport Authori-
ty (LTA), to design and construct the 
expansion of the Sengkang-Punggol 
Light Rail Transit (SPLRT) depot. The 
expansion will boost the availability 
of trains and improve overall rail 
reliability to better serve the grow-
ing transport needs of residents in 
Sengkang and Punggol.

Sited above the North East Line’s 
depot in Sengkang, the 3.5-hectare 
SPLRT depot will be expanded to 
11.1 hectares, as part of efforts to 
increase its stabling capacity, so that 
it can accommodate 17 new two-car 
trains and create additional space for 
maintenance facilities. Upon comple-
tion in 2027, the expanded SPLRT de-
pot will consist of two new reception 
tracks to shorten the train launching 
time and three new traction power 
substations to support the opera-
tions of the fleet’s two-car trains.

Prior to the appointment, Aurecon 
had worked closely with Sato Kogyo 
to put forth an innovative design 
proposal that optimises the depot’s 
layout. In the role of consultant, 
Aurecon will provide architectural, 
civil, structural, building services 

and other design services required 
for the SPLRT depot expansion.

To ensure that the project will be 
carried out efficiently, effectively 
and safely, without disruption 
to daily operations, Aurecon will 
adopt a user-centric approach, from 
conceptualisation to design and 
construction. This includes tailoring 
the design, construction sequence 
and methodology, to accommodate 
the requirements of an operational 
rail network, as well as to deliver an 
expansion that seamlessly comple-
ments the existing North East Line 
depot, technically and aesthetically.

Aurecon has a strong track record 

in securing and delivering rail and 
mass transit projects of varying scale 
and complexity, locally and globally. 
In Singapore, Aurecon is working on 
the Cross Island Line (CR108) project 
to link Singapore’s longest fully 
underground MRT line to existing 
lines, for seamless connectivity, as 
well as the J102 and J109 projects 
on the Jurong Region Line, which 
will support the development of the 
western area of Singapore. 

In Hong Kong, the MTR Corporation 
also recently selected the AU-
RECON-WSP Joint Venture to plan 
and design the new Hung Shui Kiu 
Station of the Tuen Ma Line.

Map showing the location of the expanded Sengkang-Punggol LRT depot. Image: LTA.

Artist’s impression of the expanded Sengkang-Punggol LRT depot. Image: LTA.
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The International Built Environ-
ment Week (IBEW) runs from 5 
to 9 September 2022, with the 
tentpole IBEW Conference and BEX 
Asia trade exhibition to be staged 
from 6 to 8 September 2022. Both 
events will be held in-person at 
Sands Expo and Convention Centre, 
Marina Bay Sands, Singapore.

This year, BEX Asia is expected to 
showcase some 200 brands and 
solutions from over 20 countries, 
and host more than 10,000 profes-
sionals and decision-makers from 
Singapore, the region and beyond. 
It will feature a wide range of 
solutions for the built environment 
including HVAC products, robotics 
systems, building materials, energy 
management solutions, IoT sensors, 
and digital solutions.  

Digitalisation	takes	centre-stage
A strong array of tech and digital 
companies like Autodesk, Cupix and 
Hitachi Asia will be featuring their 
latest technologies and solutions. 
Autodesk will be showcasing its 
capabilities in the entire architec-
ture, engineering, and construction 
(AEC) lifecycle, including in the 
application of digital twins in the 
planning, designing, building and 
operational phases. 

Visitors will be introduced to 
CupixWorks, an advanced solution 
from Korea. It is a 3D digital twin 
platform that is constructed to sup-
port every stage of the built-world 
lifecycle. Hitachi Asia is presenting 
its smart building solutions that 
pave the way for a greener and 
more resource-efficient built envi-
ronment. Other well-known names 
who will be present at BEX Asia, 
include Camfil Singapore, Daikin 
Airconditioning Singapore, Nip-
pon Paint, Singapore Polytechnic, 
Wavin Singapore, Ministry of Clean, 
Procore Technologies and Schindler 
Lifts (Singapore).

Visitors can also participate in the 
Singapore Polytechnic’s digital 

readiness self-assessment survey.

Other highlights at BEX Asia 2022 
include technical seminars and 
networking events. 

Further driving the conversation 
on cutting-edge building technolo-
gies will be the IBEW Conference. 
Featuring a stellar line up of over 
65 industry leaders and domain 
experts, the IBEW Conference will 
tap on their expertise and views 
on the latest technologies and 
trends, covering three core pillars 
– Sustainability & Green Economy, 
Technology & Innovation, and Lead-
ership & Future Growth. 

The line-up of speakers includes 
Mr Moshe Safdie, Founder, Safdie 
Architects; Prof Jason Pomeroy, 
Founding Principal, Pomeroy 
Studio & Pomeroy Academy; Ar. 
Tang Kok Thye, President, Singa-
pore Green Building Council; Mr 
Pierre-Eric Saint-Andre, Chairman 
& CEO, Bouygues Bâtiment Inter-
national; and Er. Dr Johnny Wong, 
Deputy Chief Executive Officer 
(Building), Housing & Develop-
ment Board.

The IBEW Conference will also 

bring together some 400 CEOs 
and senior management per-
sonnel from major developers, 
builders, specialist suppliers, 
consultants, solution and ser-
vice providers, and financiers, in 
an exclusive, by invitation only 
‘CEOs in Conversation’ session, 
on 8 September. Themed ‘Leading 
Together, Co-creating Success’, 
this session will see leaders from 
Building and Construction Au-
thority, ONG&ONG, Keppel Land, 
Obayashi Singapore and McKinsey 
& Company discussing and shar-
ing what the built environment 
firms can do collectively to accel-
erate growth.

Participants at IBEW 2022 can also 
look forward to site visits.

International	Built	Environment	
Week 
The International Built Environment 
Week (IBEW) is organised by BCA 
International, a wholly owned 
subsidiary of the Building and Con-
struction Authority, in partnership 
with Reed Exhibitions Singapore, 
and supported by 12 Trade Associa-
tions and Chambers. 

Cutting-edge	technologies	and	valuable	
insights	to	be	presented	at	IBEW	2022

Visitors viewing exhibits at a previous in-person BEX Asia exhibition. Image: BEX Asia. 
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Ar. Leong Tatt Man a founding member of The Circle For Human Sustainability (TCHS) and director at an architecture 
consultancy firm. He is of the opinion that the design solution can only be as good as the design brief itself. Even though 
Ar. Leong has led numerous planning, architecture and landscape design projects successfully throughout his career, he 
remains sceptical on whether the real estate industry, under the current economic model, will lead us to a better future, in 
the long run, especially with the current manifestations of global warming and pollution. To address this existential issue, 
he believes that all stakeholders must work together selflessly to increase our chances of survival as a species.

Er. David Ng is co-founder of an engineering consultancy firm and IES Honorary Secretary. He is the Chairman of IES C&S 
Technical Committee. Er. Ng was invited by the Building and Construction Authority (BCA) to serve in the technical committee 
on geotechnical design. He is now an Adjunct Lecturer at IES Academy, on deep excavation and tunnelling design. Er. Ng 
has more than 20 years of experience in major infrastructure and transportation projects, in Singapore, Malaysia and India. 
He is a strong believer in incorporating innovative engineering solutions to build sustainable infrastructure that benefits 
mankind. 

Introduction
With the current need to protect Singapore from rising sea 
levels due to climate change, and with the announcement 
by the Prime Minister, Mr Lee Hsien Loong, of a budget 
of SGD 100 billion, over 100 Years, to build infrastructure 
to achieve this objective, it is extremely important for 
us to answer this call of duty, by trying to determine 
what is the right solution for Singapore and its current 
and future generations of people.  This article aims to 
provide a technically viable planning and engineering 
design solution that will protect our coastline and create 
a sustainable source of water, food and energy. The focus 
of this article is on the East Coast Park coastline, as it is 
the most valuable, yet vulnerable, coastline in Singapore. 
It is proposed that the planning strategy be implemented 
from Marina Barrage to Tanah Merah Ferry Terminal, 
covering a length of 12 km, with an average width of 2.5 
km. The total development area is approximately 33 km2.

Existential	Issues
Since its independence, Singapore, a small island state, 
has been addressing existential issues such as energy, 
food, and water insecurity. Moreover, Singapore is a low-
lying country that is becoming increasingly vulnerable 
to the threats of rising sea levels and flash floods – a 
consequence of global warming. Although technological 
solutions do exist to combat these threats, these 
solutions must address our existential issues in totality 
and not in isolation. The solutions must aim for 
optimisation, based on our water, energy, material, 
manpower and physical constraints, and not to be 
blindly driven by maximisation without limitation. 
Worse still, maximisation may even encourage processes 
that accelerate global warming that will aggravate the 
global situation. 

A circular economy approach  
to combat sea level rise
by	Ar.	Leong	Tatt	Man	and	Er.	David	Ng
An	innovative,	multidisciplinary	concept	is	proposed. Ar. Leong Tatt Man Er. David Ng
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Current	Planning	Limitation
The conventional planning strategy for intercepting the 
rising sea level is building seawalls, followed by landfilling. 
The newly constructed land will be sold at a premium price 
due to its prime waterfront location, and this might help 
to recoup the land reclamation cost. However, the land 
sale process will result in the need to build high density 
developments which require a lot of construction materials, 
energy and manpower. The high consumption of material 
and energy will lead to more mining and carbon emissions, 
further accelerate the rate of environmental deterioration 
and global warming, and ironically, further worsen the 
rising sea level issue. Furthermore, the development of 
any new waterfront high-rise developments will turn the 
existing coastal developments into an inland environment 
and this will potentially reduce the value of the existing 
real estate. Besides that, the envisaged multi-storey indoor 
farms need to be far away from residential, commercial 
and office developments. 

New	Planning	Synergies
Instead of landfilling, we can intercept the rising sea levels 
by creating a space barrier that houses chicken and fish 
farms and by creating a reservoir that not only provides 
drinking water but also acts as a flood control measure 
and hence reduces our reliance on underground water 
chambers and minimum platform levels, as these methods 
cause inconvenience to existing developments. To reduce 
the evaporation rate of the reservoirs, the water surface 
will be covered by a floating agrivoltaics development. The 
solar power generated will be able to support the fish and 
chicken farms within the seawall structure that intercepts 
the rising sea level.  These farms will be away from the 
residential and commercial developments, and ensure that 
the existing coastal developments’ view towards the sea 
remains unblocked and undisturbed, as the height of the 
agrivoltaics development is only about 6 m and it is at least 
200 m away from the existing coast line, while the 12 m tall 
seawalls are about 3 km away from the existing coast line. 

East	Coast	DUAL	Parks
The beaches along East Coast Park will be inundated by rising sea level in the near future. To 
maintain our spiritual link to the ocean and sky, the first 250m zone from the current coastline 
will be transformed into a recreational wetland. The wetland provides a visual screening to the 
5m-height agrivoltaic development beyond, and towards the end of the agrivoltaic development 
there is an 11m-height seawalls with an eco-park at the roof top. This roof top ecopark forms 
a new 16km coastline park connector, together with the existing east coast park, they form a 
new 30km PCN loop, thus retaining the recreational characteristic of East Coast Park, which is 
essential to the psyche of Singaporeans.
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A Circular Economy
This development consists of vegetable farms, fish 
farms and chicken farms. The fish and chicken will be 
transported to the meat processing centre adjacent to 
this development. The remnants of the meat processing 
centre will be transferred, as feed, to a black soldier flies 
(BSF) farm. According to Mr Huang of Ground Source 
Group Pte Ltd, the BSF farm will also be able to process 
damaged or unsold vegetables and the faeces from 
chicken and fish farms. The larvae from the BSF farm 
will become the feed for the chicken and fish farms, and 
the faeces of the larvae will become the fertiliser for the 
vegetable farms. This process promotes the nitrogen 
cycle as well as organic farming. A healthy practice, it 
will be of interest locally and overseas, making this 
development the 1st Mega Agriport in the world – a 
green beacon that positions Singapore as the world 
leader in managing sea level rise, through its unique 
circular economy approach. The Agriport will attract 
local and foreign investments which will help finance the 
construction and operation costs.

Economies	of	Scale
Leveraging on its mega scale and design integration, this 
development can meet Singapore’s national consumption 
of vegetables, fish, and chicken, to the extent of 125%, 48%, 
and 41%, respectively.  The reservoir is able to produce 
500 million gallons of drinking water per day, which is 
116% of the current needs, and 58% of the needs in Year 
2060. The agrivoltaics development over 26 km2, based on 
monocrystalline technology, with 42% opening between 
panels, is able to produce 3449.25 GWh/yr, according to 
Mr Andy Lim of L-Energy Pte Ltd. This constitutes 6.63% of 
the current national total energy consumption. By adopting 
low-energy agriculture practices in this development, only 
42% of the energy produced by agrivoltaics is needed for 
this development. With an annual degradation of 0.55%, 
the solar farm is still able to produce 84% of its original 
output after 30 years. The water and energy assurances 
are crucial to the operations of the vegetable, chicken and 
fish farms. Such assurances increase our national resilience 
in food, water and energy security. This development 
requires national attention at the highest level.
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Agrivoltaics	on	Reservoirs
The challenge for vegetable farming in Singapore is the 
short lease tenure and the constant need to compete 
for land and space with other potential users of the land 
and space for other functions, especially since Singapore 
is a small city state. This limitation has unavoidably 
pushed these farms to adopt energy-intensive farming 
technology which is not sustainable. To solve this issue, 
this development will create 26 km2 of farming space, on 
pontoons floating on the reservoir, and ensure an ample 
supply of natural sunlight. Farming does not require 
premium land. It needs photons, water, and nutrients, to 
ensure the growth of the plants. If the light is from the 
sun and the water is directly from the reservoir below, the 
main challenges are efficient employment of manpower 
and distribution of nutrients. The mega farm of 26 km2 
provides the conditions for such operation. Based on 
an average productivity of 400 tons/ha/year, the total 
output will be able to meet 125% of Singapore’s vegetable 
consumption.  This newly created space also frees up 
the space on mainland Singapore, for other uses such as 
residential and commercial developments.  

Daily	Light	Integral	Studies
For most plants, the light required for photosynthesis 
reaches a light saturation point at 1000 PAR (µmol/m2/s). 
As our sunlight provides light beyond 1000 PAR, it is 
possible to intercept some of this light and convert it into 
solar energy. This is the basis of agrivoltaics. A preliminary 
computer simulation has been conducted with the 
intention of optimising the output of solar energy while 
maintaining the Daily Light Integral (DLI) condition of 
between 15 and 20 mol/m2/day for the vegetable farm 
below. The preliminary studies show that the current 
solar panel configuration with 42% voids, as shown in the 
design, should be able to meet the requirement. However, 
more studies need to be conducted by various research 
centres, as this is a highly complex subject and a very 
exciting new one, for Singapore to explore, with possible 
benefits in both domestic and international markets. The 
vegetable farm, occupying 26 km2 of space, is envisaged 
to be not only a highly efficient means of food production, 
with minimal energy consumption, but also a communal 
space for people from all walks of life, where the  kampung 
spirit is brought to a new level. 
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Fish	Farming	and	Chicken	Farming	
The seawall structures of 15 km are capable of 
accommodating  6 km of chicken farms, 6 km of fish farms 
and 1 km of meat processing operations. According to Mr 
Alex Toh of Toh Thye San Pte Ltd, a 200,000 m2 floor area 
per km allows the rearing of 7 million chickens annually, 
based on non-stack practices, utilising only 1 kWh of 
energy per chicken. Mr Toh expressed his confidence in 
setting up a chicken farm in this development, due to 
its large-scale operation, long lease tenure and reliable 
sources of water and energy, plus the avoidance of 
uncertainty in importing chicken from farms in the region, 
as long as the rental is within a reasonable range.  The 
fish farms can draw in water from the adjacent sea and 
reservoir, through gravity, thus reducing the energy and 
time required to transport water. Both fish farms and 
chicken farms need light and an optimal air velocity of  
2 m/s, which can be achieved by the passive design of 
the seawall structure and with the backup of exhaust fans 
powered by solar energy, whenever needed. 

Zero	Carbon	and	Zero	Energy	Building	
The seawalls are reinforced concrete caisson structures.  
Due to the need to withstand high water pressure, 
the structures require a large volume of concrete.  By 
capturing carbon dioxide into the concrete, using 
Carbon Capture and Utilisation (CCU) technology, the 
development will acquire the zero carbon emission 
status. The waterproof structures ensure there will 
be no water seepage, so that they can also function as 
water retaining bodies and provide water for the needs 
of the internal spaces. At the same time, the surrounding 
waterbodies cool the structures and spaces within. Hot air 
is purged by solar-powered exhaust fans above, and the 
negative air pressure created in the interior spaces draws 
in cool air from below, while skylights transmit sunlight to 
the interior spaces. This passive design aims to achieve 
optimal ventilation, cooling, and lighting conditions, with 
minimal energy usage. Whenever energy is needed, this 
will be drawn from the solar energy generated by the 
agrivoltaics, thereby making it also a zero-energy building.
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PPVC	Construction
The caisson structures for the seawalls are made 
through Prefabricated Prefinished Volumetric 
Construction (PPVC). The technology for constructing 
such structures has already been deployed in the 
construction of precast caissons for Pasir Panjang Port 
and for the finger-piers at Tuas Megaport.

A systematic casting yard will be set up near the 
development location to carry out the precasting 
and prefabrication of the caisson structures, thereby 
minimising the transportation required.  

The caissons will be transported from the precast yard 
to the designated locations by construction barges. This 
method benefits from buoyancy forces, thus saving on 
energy consumption and lowering the carbon emissions. 
This construction method also minimises the disruption 
to East Coast Park. 

Modular	Construction
Each of the caisson structures has dimensions of 43 m 
(length) by 25 m (width) by 25 m (height). The floor-to-floor 
height is 4 m. The column layout is based on a 6 m x 6 m grid 
system. Hinged mechanisms enable the concrete surfaces 
between columns facing the atrium space to be opened 
and transformed into 3 m wide RC corridors, without any 
hacking. The exit staircases and service lifts are designed, 
based on a standard module and will be installed on site, 
without any wet work. 

The agrivoltaics development is formed by 12 m x 10 m 
pontoon modules that can be interconnected, to form a 
mega pontoon that is anchored and stabilised by tension 
cables. A similar design is adopted for the bridges, except 
that they are without a solar roof above. This standardised 
design allows mass production in the factory, and hence 
reduces time and cost, but at the same time, it ensures the 
highest quality and durability, in the long run. 
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Zero	Piling	for	the	Structure	
The PPVC structure will be floated and transported to the 
site by barges, using buoyancy forces. Once in position, 
the lowest floor of the structure will be filled with 
liquefied stabilised soil (LSS) and lowered until it rests 
on an already prepared crushed rock mound foundation 
below. With the seabed dredged and filled with rock, 
and with the large base area of the caisson structure, 
there will be sufficient ground resistance from the 
rock-filled seabed to support the vertical loading of the 
caisson. This process will be repeated till a reservoir is 
formed. Within the reservoir, pontoons of 12 m (length) 
by 10 m (width) by 5m (height) will be inter-connected 
to form a mega float which is accessible by pontoon 
bridges. All pontoons will be stabilised in position by 
cables. The avoidance of piling significantly reduces site 
disturbances and complications.   

Mitigating	Differential	Water	Pressures
The sea level will always be higher than the reservoir 
level, more so in the future, when sea level rise will be 
more acute. The differential water levels will tend to 
cause sea water seepage into the reservoir and the water 
pressure from the sea will also gradually push the caisson 
structure inwards. To mitigate this issue, continuous sheet 
piling will be placed between caisson structures, and the 
piling will reach the rock-filled seabed at the bottom, to 
ensure there is no horizontal water seepage. A reinforced 
concrete slab will be cast at the lowest floor of the seawall 
and it will be connected to the sheet piling, to form an 
integral structure that will anchor the caisson structure 
to the seabed and also ensure there is no vertical water 
seepage from below. By investing in this structural system, 
the project relies less on pumping stations and hence 
saves energy in the long run.   
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Construction	Cost	and	Return	of	Investment
The estimated construction cost for this development 
is SGD 30.3 billion. Based on the projected rental per 
annum of SGD 161 million, the return of investment is 
approximately 188 years. However, considering the land 
value of the 30 km2 area that is freed up on the main island, 
based on an average price of SGD 1000/m2, the return of 
investment, based on the planning concept alone, is almost 
immediate. More important, the value of water, food, and 
energy security gained from this development is priceless.

Be	Water	.	Be	Brave
To address our existential issues, we need to be bold, 
in confronting the knowns, and flexible, in adapting to 
the unknowns. The proposed planning and engineering 
solution for East Coast Park can be adapted to other 
parts of Singapore, to further increase our water, 
energy and food resilience, without the need for 
landfilling. 

This is a solution that requires us to ‘Be	Water	.	Be	Brave’.
 

All images by Ar. Leong Tatt Man
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Innovative	Construction	Technologies	for	
Deep	Foundation	and	Excavation	
The	project	comprises	three	sub-projects.

A research project on 'Innovative 
Construction Technologies for Deep 
Foundation and Excavation' has 
been undertaken by the Construc-
tion Technology Innovation Labo-
ratory. Owing to the complexity of 
the subject, the project involves 
research in three inter-related ar-
eas. Each of the three sub-projects 
has an industry collaborator.

Established in January 2021, the 
Construction Technology Innovation 
Laboratory (CTIL) is a collaboration 
between Woh Hup and Singapore 
Institute of Technology (SIT), and is 
located at SIT's Dover Campus. 

CTIL focuses on applied research for 
emerging and innovative technol-
ogies for building structure and 
sub-structures. Woh Hup has com-
mitted SGD 2 million to set up CTIL 
and support its overall operations 
and projects over five years. To fur-
ther the progress, the Building and 
Construction Authority (BCA) is sup-
porting projects undertaken by the 
CTIL through the Built Environment 
Technology Alliance (BETA) Catalyst 
Funding that, in turn, is supported by 
National Research Foundation (NRF).

CTIL	Sub-Project	1	Innovative	
Earth	Retaining	&	Stabilising	
Structures (ERSS): Post-ten-
sioned	Waler	System	
Industry	Collaborator:	SEN	SG	Pte	Ltd
Conventional braced excavation 
systems require a complex system of 
structural support elements, includ-
ing sheet piles, walers and struts.

Sheet piles are sections of sheet 
materials, with interlocking edges 
that are driven into the ground 
along the perimeter of the planned 
excavation, to form permanent or 
temporary walls used for excava-
tion support and soil retention.

Waler and struts are used to assem-
ble a steel strutting system found in 
temporary works for excavation.

The sub-project’s earth-retaining 
and stabilising structure (ERSS) 
makes use of an innovative con-
figuration to reduce the need for 
intermediate supporting struc-
tures, thus increasing working 
space and resulting in improved 
site productivity. The project is 
expected to result in 25% to 30% 
cost savings in civil and structural 
works, due to improvements in 
excavation productivity and the 
creation of more open space on 
the project site.

Using proprietary technology from 
South Korea, the project will also 
customise the ERSS to suit local 
conditions, with enhanced safety 
and built-in redundancy.

CTIL	Sub-Project	2	High	Perfor-
mance	Plunge-in	King	Posts	for	
Top-Down	Building	Construction	
Industry	Collaborator:	TTJ	Design	
&	Engineering	Pte	Ltd
King posts are central vertical posts 
that support a beam below from an 
arch or truss structure above. They 
are installed in pile shafts before 
excavation and support and brace 
the floors being built. King posts are 
commonly installed to support the 
ground floor of building develop-
ments so that the superstructure 
and subterranean works can 
proceed concurrently, but existing 
processes to install king posts are 
labour-intensive and subject to man-
ual techniques and costly errors.

CTIL Sub-project 2 – development of smart and efficient plunge-in king post systems.

CTIL Sub-project 3 – development of novel concrete mixtures compatible with Grade 600 rebar.
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BETA	Catalyst	Funding	–	Phase	2

This sub-project will develop high 
performance steel (HPS) king posts 
that are up to 57% lighter than con-
ventional king posts, and proposes 
solutions to automate the manufac-
ture of HPS king posts. The reduc-
tion in weight and time-savings 
during the manufacturing process 
are expected to result in 10% to 
12% cost-savings, from fabrication 
to installation.

A cost-effective and simple-to-
use smart positioning system will 
also be developed to guide the 
installation of king posts. This is 
expected to reduce installation 
time by approximately 20 days 
and save up to 1000 man hours, 
for a mid-sized project using 100 
king posts.

CTIL	Sub-Project	3	Economic	
Corrosion-Resistant Concrete 
for	Deep	Foundation	Elements	
with	B600	Rebar 
Industry	Collaborator:	NatSteel	
Holdings	Pte	Ltd
Concrete structures typically fea-
ture rebars, which are steel rods, 
as reinforcement. Rebars increase 
the tensile strength of the struc-
ture. The use of Grade B600 rebars 
is gaining interest, as its higher 
strength means the number of 
rebars can be reduced. The grading 
system is used to classify various 
steels by their composition and 
physical properties.

However, Grade B600 rebar-rein-
forced concrete needs to overcome 

serviceability and durability limita-
tions, before being widely adopted.

Through investigating various ad-
ditive proportions, this sub-project 
aims to develop a novel, cost-ef-
fective concrete formulation, that 
is crack- and corrosion-resistant, 
thereby enabling the use of Grade 
B600 rebar-reinforced concrete. 
The sub-project will also simulate 
the design performance of the con-
crete under different underground 
conditions, in order to establish its 
suitability for use in deep founda-
tion works.

If the sub-project is successful, it 
could result in up to 20% reduction 
in steel tonnage, leading to a 15% 
to 20% improvement in construc-
tion productivity.

Research & Innovation (R&I) 
is one of the key strategies to 
support the BE sector’s transfor-
mation. A large proportion of R&I 
efforts in the BE sector are still 
driven by the public sector, while 
private sector R&I investments 
remain low.

The Built Environment Technol-
ogy Alliance (BETA) programme 
is a long-term effort to foster 
industry R&I investments, build 
local capabilities and translate 
R&I outcomes for commerciali-
sation and export. 

BETA is a collaborative platform 
that brings together stakehold-
ers across the BE value chain to 
catalyse industry-led projects, 
co-create ideas and translate 
the results into economic value. 
Its aim is to draw in committed 
stakeholders who recognise the 
value of, and who are willing to 
invest in, R&I, to build new capa-
bilities. Funding was secured in 
June 2020 from the National Re-
search Foundation (NRF), as part 
of the government’s Research, 
Innovation and Enterprise (RIE) 
2020 Cities of Tomorrow strategy.

Phase 1 of the programme was 
launched in 2020. The BETA Pro-
gramme Office (BETA PO) at the 

Building and Construction Au-
thority (BCA) also works closely 
with firms to identify and scope 
R&I projects, as well as connect 
firms with solution providers and 
RIE entities.

Projects supported under Phase 
1 of the BETA Programme are 
led by progressive, needle-mov-
ing BE firms such as Woh Hup 
(Private) Limited and Pan-Unit-
ed Corporation Ltd, that have 
demonstrated commitment to 
channel resources to pursue 
promising technological ad-
vancements in key construction 
domains such as deep founda-
tion and sub-structural works, as 
well as ready-mix concrete.

Under BETA Phase 2 (from 
FY2022 to FY2025), SGD 20 
million of BETA Catalyst Funding 
is available to support progres-
sive and committed BE alliances’ 
long-term R&I aspirations.

While conventional research 
programmes typically support 
public research performers in 
collaboration with firms on a 
project-based relationship, BETA 
Phase 2 seeks to build up com-
petitive capabilities for entire 
value-chains of key progressive 
BE firms, via collaborative R&I 

over a sustained period.

Each research project should be 
anchored by a progressive, leading 
industry firm that involves its 
value-chain partners and works 
with public research performers 
from Institutes of Higher Learn-
ing (IHLs) or Research Institutes 
(RIs). By coming together as a BE 
alliance, firms can tap each other’s 
strengths, pool resources together, 
tighten collaboration, and under-
take more ambitious and complex 
R&I projects – thereby enabling 
the collective levelling up of key 
players and their value-chains.

With the goal of developing 
new, cross-cutting competitive 
capabilities for BE alliances, BETA 
projects must be aligned with 
the firms’ strategic business pri-
orities and demonstrate strong 
commercialisation potential, and 
be ready for market adoption 
and deployment within a short 
time-frame (a project duration of 
not more than three years).

The BETA PO will continue to work 
closely with firms, take an end-to-
end ‘hands on’ approach to facili-
tate alliance-led R&I projects and 
leverage networks to help firms 
navigate the research, innovation 
and enterprise ecosystem.
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THE	WAY	TOWARDS	DIGITAL	
CONSTRUCTION SITES
A number of barriers standing in 
the way of digital construction 
sites – particularly the lack of data 
standards – have to be eliminated. 
Industry experts will explore the 
challenges and solutions during 
bauma TALK, a webinar series that 
acts as a base of information for 
bauma 2022 and delves into the 
key topics that will be addressed 
at the construction machinery 
trade fair. 

The bauma TALK, held on 24 May, 
focused on the digitalisation of 
construction sites. In particular, the 
talk highlighted the key role that 
machinery data is already playing 
in efficient construction practices 
– from predictive maintenance to 
smooth transport and logistics op-
erations and many other construc-
tion site processes.

As a way of clearing these funda-
mental hurdles, the German Me-
chanical Engineering Association 
(VDMA) and the Main Association 
of the German Construction Indus-
try (HDB) set up a working group 
called Machines in Construction 
4.0 (MiC 4.0) at bauma 2019. 
The goal is to develop a uniform, 
cross-manufacturer and machin-

ery-independent communications 
format for the entire construction 
process.

Also, not only is construction 
machinery getting smarter, the 
digitalisation of tools that can be 
combined with the machinery, is 
progressing, as well. An MiC 4.0 
working group has been developing 
an open, manufacturer indepen-
dent data interface – the MiC 4.0 
bus – over the past two years.

Further, non-homogeneous fleets 
of machinery, with their various 
data solutions, are not the only 
cause of problems that stand in the 
way of development of a digital 
construction site. In many cases, 
there is simply no mobile Internet 
available. The required network 
coverage does not exist. As a po-
tential solution, a concept has been 
presented, that combines a local 
network with a construction-site 
control system. 

In this solution, programs that can 
perform such jobs as recording and 
analysing all machinery data, as 
well as simulating construction pro-
cesses in real time, run on a server. 
The machinery must be outfitted 
with a connectivity module that en-
ables it to exchange data with the 
central construction-site control 
system and with other machines. A 
platform-independent OPC Unified 
Architecture is used as a standard 
to facilitate communications and 
networking.

Work is also underway to close 
the gap separating research from 
market readiness of the digitalised 
construction site of the future. 

AUTONOMOUS CONSTRUC-
TION MACHINES
The development of autonomous 
construction machines is currently 
among the main goals of manufac-
turers and research institutes, alike. 

It is more realistic to strive for ‘intelligent’ construction machines rather than ‘autonomous’ machines.

Finding	solutions	for	major	challenges
In	the	build-up	to	bauma	2022,	the	major	international	event	for	the	construction	industry,	several	
important	topics	have	been	highlighted.	

bauma		2022,	the	33rd	Edition	of	the	World’s	Leading	Trade	Fair	for	Construction	Machinery,	
Building	Material	Machines,	Mining	Machines,	Construction	Vehicles	and	Construction	Equipment,	
will	be	held	from	24	to	30	October	2022,	in	Munich,	Germany.		

Efforts are continuing towards achievement 
of the digitalised construction site.
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Machines that drive and work 
autonomously are among the 
big visions for the future of the 
construction industry. However, 
‘true’ autonomy of construction 
machines is highly unlikely in the 
foreseeable future, because – un-
like in the self-contained working 
environment of a quarry or mine, 
for example – there are com-
plex technical and safety-related 
challenges. It is far more realistic 
and achievable for the construc-
tion industry to develop and use 
‘intelligent’ construction machines 
with semi-automated, automated 
or supporting functions – and to 
do so for selected construction 
processes, such as in earthworks, 
road construction or special heavy 
construction. Such solutions have 
the potential for noticeable increas-
es in efficiency and productivity. 
They could relieve the machine 
operators of repetitive and tiring 
activities. 

At the same time, it is expected 
that, 10 years from now, collabora-
tion robots (cobots) will be active 
on construction sites. Cobots are 
robots that collaborate directly 
with humans. Meanwhile, research 
is progressing on the use of mobile 
robots equipped with sensors for 
inspection work. 

INNOVATIONS	POWERED	BY	 
ELECTRICITY
Zero-emission operation is one of 
the major trends in the construc-
tion machinery industry. 

To reduce greenhouse gas emis-
sions, in keeping with climate 
protection goals, more and more 
construction machinery and 
vehicles are being developed with 
electric drives. Other advantages 
are also driving this trend. Electric 
motors are quiet, which makes 
them suitable for use in low-noise 
areas – for example, near hospitals 
or at city construction sites. They 
also protect operators and the en-
vironment from exposure to direct 
exhaust fumes, making it possible 
for many work processes to be 
performed even in places with poor 
ventilation.

Another benefit is that electric mo-
tors are regarded as requiring little 

maintenance and being efficient, 
which means they ensure low oper-
ating and energy costs. 

CONSTRUCTION MATERIALS 
AND	PROCESSES
Sourcing and processing of building 
materials, the construction process 
itself, maintenance and the demoli-
tion of buildings and other items of 
infrastructure, all result in signifi-
cant CO2 emissions. Cement pro-
duction, for example, is responsible 
for 8% of global CO2 emissions. 
Only a third of the emissions results 
from burning fossil fuels such as 
coal or petroleum coke. The largest 
amount of emissions occurs when 
limestone is broken down as part of 
the cement production process.

One solution offering great poten-
tial is capturing CO2 and then using 
it – Carbon Capture and Utilisation 
(CCU). Another option is to store 
it safely, on a permanent basis, 
in deep-lying geological layers of 
rock – Carbon Capture and Storage 
(CCS). In this way, 95% of the CO2 
released during cement production 
could be captured. 

Conserving	resources	through	
recycling
In addition to adopting measures 
to protect the climate, the con-
struction industry also faces calls to 
conserve raw materials. In recent 
years, sand has become the focus 

of public attention. After all, it is 
the most widely used material, yet 
it is becoming increasingly scarce. 
One way to conserve resources is 
to process demolition materials on 
location, using modern crushing 
and screening technologies, so that 
they can be reused then and there, 
in new construction projects. This 
will not only ease the burden on 
natural sources, it will also help to 
minimise transportation of mate-
rials, greenhouse gas emissions, 
noise and air pollution, in densely 
populated urban areas.

Modern	technologies	are	making	
construction	professions	more	
attractive
As a further challenge, the global 
construction boom requires an 
increase in productivity. Given the 
lack of specialist staff, this problem 
can no longer be solved simply by 
using ‘more people’. Instead, the 
focus should be on digital working 
methods, innovative products and 
the opportunities offered by indus-
trial and, increasingly, AI-assisted 
processes. Modern construction 
machinery, too, plays an important 
role. 

At the same time, the construction 
machinery industry is aiming to 
produce just as much, or even more 
than before, with fewer specialists. 
Serial construction and 3D concrete 
printing offer opportunities for this. 

Electrically powered construction machinery and vehicles help to reduce greenhouse gas and 
other emissions, as well as noise. 



22

ENVIRONMENTAL ENGINEERING

THE SINGAPORE ENGINEER
July 2022

The	plant	can	incinerate	3,600	tonnes	of	waste	and	generate	120	MW	of	electricity	daily.

TuasOne	-	the	latest	and	most	land-efficient	
waste-to-energy	plant	in	Singapore

The TuasOne Waste-To-Energy 
Plant (TuasOne) was developed un-
der the Public-Private-Partnership 
framework to provide waste in-
cineration services to the National 
Environment Agency (NEA). This is 
Singapore’s sixth Waste-To-Energy 
(WTE) plant and the second that 
was developed under a Design, 
Build, Own and Operate (DBOO) 
model. The plant commenced 
initial operations in December 2021 
and has steadily increased its oper-
ating capacity since.  

Keppel Seghers Tuas Waste-To- 
Energy Plant (KSTP) was the first WTE 
plant developed under a Design, 
Build, Own and Operate (DBOO) 
model. It was commissioned in 2009.

TuasOne has recently appointed 
Mitsubishi Heavy Industries Envi-
ronmental & Chemical Engineering 
ECO Creation Singapore Co Ltd 
(MHIEC ECO Creation) as its long-
term operations and maintenance 
contractor. Prior to the appoint-
ment of MHIEC ECO Creation, 
Mitsubishi Heavy Industries Asia 
Pacific Pte Ltd (MHIAP) had been 
operating the plant.

Key	highlights	of	TuasOne
• The plant can incinerate 3,600 

tonnes of waste and generate 
120 MW of electricity daily.

• It is located on 4.8 hectares of 
land and is the most land-effi-
cient WTE plant in Singapore 
to-date.

• The plant is designed for higher 
heat recovery from waste inciner-
ation and higher electrical power 
generation efficiency.

TuasOne will provide waste 
incineration services for a mini-
mum period of 25 years to help 
Singapore meet its long-term 
waste management needs, while 
recovering energy from waste. The 
energy generated from incineration 

Front façade of TuasOne Waste-to-Energy Plant (TuasOne). 

Rear-end loader refuse truck unloading refuse at the reception area at TuasOne. 

The bunker area at TuasOne has a capacity to hold 14,400 tonnes of waste. 
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is enough to meet the electricity 
demand of 240,000 4-room HDB 
flats. Incineration also helps to 
reduce the volume of waste that is 
converted to ash, by up to 90%.  

With the commencement of opera-
tions at TuasOne, which was devel-
oped to replace the Tuas Incinera-
tion Plant (TIP), while catering for 
growth in Singapore’s WTE capacity, 
NEA has decommissioned TIP after 
its 36 years of service.

Decommissioning	of	Tuas	 
Incineration	Plant	
Tuas Incineration Plant (TIP), Singa-
pore’s second WTE plant, was built 
on 6.3 hectares of reclaimed land, 
at an estimated cost of SGD 200 mil-
lion. TIP has treated approximately 
18 million tonnes of general waste 
since it started operations in 1986.

The heat recovered from the waste 
incineration process was used to 
generate approximately 6,400,000 
MWh of electricity, the equivalent 
amount of electricity used by about 
40,000 4-room HDB flats over TIP’s 
36-year lifespan.

Although TIP has been decommis-
sioned, NEA is currently exploring 
the possibility of repurposing parts 
of its infrastructure for other waste 
management activities.

The incineration ash storage area at TuasOne. The ash is transported to Tuas Marine Transfer 
Station daily, for disposal at Semakau Landfill. 

TIP in 2000. 

Tuas Incineration Plant (TIP), Singapore's second WTE plant, has been decommissioned, after 36 years of service.

The waste bunker at TIP during plant operation (left) and after decommissioning (right). 

Images on TuasOne: MHIAP
Images on TIP: NEA
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The	Singapore	Engineer	(TSE):	The	
world’s	3D	industries,	including	
leading	software	companies	such	
as	Bentley	Systems,	are	working	
towards	building	the	metaverse	
–	a	massive	shared	virtual	world.	
Could	you	provide	an	overview	of	
the	metaverse	and	briefly	explain	
its	possible	impact	on	the	Built	
Environment	and	engineering	
industries?

Mr Greg Demchak (GD): The 
‘metaverse’ still needs to be de-
fined. One interpretation is that 
there will be an interactive 3D 
digital version of the physical world, 
where people can interact with it, 
as they would with physical reality. 
The interactions are based not only 
on 3D graphics but also on other 
forms of multisensory input. From a 
physical infrastructure perspective, 
the metaverse version will require 
layers of interaction and accessi-
bility that surface on a range of 
devices and user experiences.

Public infrastructure, such as 
electric and water facilities, transit 
networks, train stations and air-
ports need to have safeguards and 
be protected so that society is kept 
safe from bad actors operating in 
the metaverse. When we produce 
3D models that fully match the 
exact condition of an airport or a 
tunnel or an electrical substation, 
security has to be considered. 

The metaverse allows people to 
have a fully immersed experience 
that provides a very visceral under-
standing of the space, in a way that 
you would not get by looking at a 
floor plan or a section or even by 
looking at photos on a web page. 
For this reason, there will be per-
missions and tight control over who 

can interact with critical infrastruc-
ture that is metaverse-enabled.

Then you need to look at different 
use cases as well as the personas 
that will interact in the metaverse. 
For example, you might have a 
maintenance worker go to a facility 
and interact with a digital twin to 
obtain information about the phys-
ical location of the asset. You might 
also have designers and engineers 
who will want to augment the exist-
ing structure with sensor data and 
historical documentation. 

Regarding the possible impact on 
industries, because the metaverse 
is still being defined and does not 
really exist, I cannot point you to 
an example of how you can go and 
experience it today. But the poten-
tial impact is that a designer or an 
engineer would be able to interact  
with buildings, with infrastructure 
and with architecture, in a very 
intuitive and natural way, to under-
stand them. 

The metaverse is fundamentally 
about multisensory experiences of 
space. When we introduce spatial 
audio to a metaverse experience, 
you are able to hear sound in a 3D 
soundscape. So, the metaverse be-
comes a new communication me-
dium, as was radio, television, and 
the Internet. As Marshall McLuhan 
said, “The medium is the message”, 
and the impact of the medium is 
larger than any message that is sent 
through that medium.

TSE:	What	is	Bentley	Systems’	
contribution	to	the	creation	of	the	
metaverse?

GD: Our contribution is that we 
want to enable our users to get 
more value out of their invest-

ment in 3D 
modelling. 
Many are already producing very-
rich, highly detailed 3D models. 
And they are making amazing 
photogrammetry meshes of their 
environments, assets, and cities. 
Our users’ business is to produce 
high-quality 3D models and photo-
grammetry. 

We already have access to a huge 
amount of 3D content and our 
contribution is to say, “How can we 
make producing models as easy as 
possible? How can we empower 
our users to take their 3D models 
and photogrammetry captures into 
a metaverse experience so that, 
with one click, you can walk around 
an asset with a full-immersion VR 
headset?” Our contribution is to 
make it as easy as possible, and 
without any loss in engineering 
fidelity, to get that content into 
what we call an ‘intuitive metaverse 
experience’.

TSE:	How	can	4D	visualisation	ben-
efit	from	using	NVIDIA	Omniverse	
powered	by	iTwin?	

GD: You can take the 4D sequence 
from any Bentley SYNCHRO model 
and export it to USD (universal 
scene definition) which is a file 
format that Pixar developed. It 
contains the mesh geometry, the 
animation data and the metadata. 

Via an export service API that we 
have written, a user can transfer all 
the information of that SYNCHRO 
model into other platforms. In this 
case, we are using USD to get the 
geometry and SYNCHRO animation 
into NVIDIA’s Omniverse, which is 
a platform that NVIDIA developed. 
The platform generates high-qual-

Mr	Greg	Demchak,	Director	of	Digital	Innovation	Lab,	Bentley	Systems,	
explains	the	concept	of	the	metaverse,	and	shares	how	the	company	
empowers	users	by	combining	the	capabilities	of	the	its	digital	twin	
applications	with	NVIDIA’s	powerful	technology,	including	Omniverse.

Next-Gen	CloudXR:	Bring	your	engineering	
and	construction	projects	to	life	

Mr Greg Demchak
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ity, photorealistic renderings of 
scenes – 3D models, engineering 
models and infrastructure. It cre-
ates photorealistic renderings of 
the 4D model. 

We have developed an application 
on top of the Omniverse platform, 
called LumenRT for Omniverse, that 
can read directly from a SYNCHRO 
instance, and then automate the 
whole extraction of that USD 
format into this app on top of 
LumenRT for Omniverse. Once it 
is in that application, a user can 
set up camera animations, turn on 
and off geometry, add additional 
content, play with the lighting and 
change the materials. Basically, 
you are upgrading the materials to 
be more photorealistic. Then you 
can produce a very high-quality 
visualisation. 

TSE:	Can	you	explain	what	NVID-
IA	CloudXR	is	and	how	NVIDIA	
CloudXR	introduces	new	ways	of	
working,	while	preserving	and	
elevating	existing	workflows	for	
design	and	building?

GD: CloudXR is how the rendering 
of large 3D models is removed from 
the local hardware of a laptop or 
computer and put in the cloud. 
CloudXR primarily targets XR 
devices, such as a HoloLens or an 
Oculus Quest, or other popular VR 
headsets. This is necessary because 
you are unable to load these large 
3D models into an Oculus Quest 2.  
They are simply too large and will 
take up too much memory. To 
experience these large engineer-
ing models, you have to move the 
rendering off the device and stream 
the graphics into the device. 

From a user perspective, they will 
not notice the difference, unless 
the server is far away. The key here 
is that you are taking the rendering 
off the device and streaming that 
content. It is very similar to how 
Netflix and video streaming works. 
You are not downloading the 
whole film onto your device. You 
are streaming the graphics from a 
server. What CloudXR lets you do 
is run your app on CloudXR, make 
a connection to that app through 
your device, and then stream the 
graphics into the device. 

TSE:	Any	other	information	that	
you	would	like	to	provide?

GD: What we are also working on 
is an internal development that 
allows you to read complex 3D 
models through the Bentley iTwin 
platform into the Unreal Game 
Engine. You will be able to achieve 
very high frame-rate experiences 
of these complex 3D models using 
our plugin for Unreal Game Engine. 
With that, we can deploy it into a 
wide range of devices – everything 
from the Oculus Quest to the Varjo 

to the Pico, to the HoloLens 2. For 
use, it is important to be open and 
agnostic to whatever hardware our 
users are comfortable with. That is 
a principle of the metaverse that 
we definitely embrace – open and 
not tied to any one piece of hard-
ware or user experience. That is 
also how Bentley thinks about the 
iTwin platform. You can synchronise 
3D models from just about any 
common CAD format, and once it 
is there, we can then extend that 
3D model to any device and not be  
constrained by file formats. 

Testing immersive sensory experiences with TeslaSuit and HTC Vive.

With full spatial audio and haptic feedback, metaverse becomes a new communication medium. 
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With 68 stations and 200 km of 
automated metro lines, the Grand 
Paris Express is the largest urban 
mobility project in Europe. The 
new metro system, scheduled to be 
completed in 2030, weaves its way 
through important hubs, such as 
airports, research centres, universi-
ties and urban and suburban areas 
which, today, are difficult to get 
to. Four new metro lines (15, 16, 
17 and 18) and Line 14 (which is 
due to be extended in both north 
and south directions) will link up to 
Paris’s existing transport system.

Most of the new metro system 
will run underground, passing 
through the areas covered by the 
‘Grand Paris’ project (which aims at 
turning Paris and the surrounding 
area into one of the world’s largest 
metropolises of the 21st century) 
and linking them all together.

Thanks to this new infrastructure, 
it will be possible to go from one 
side of Île-de-France to the other, 
without passing through Paris, and 
make it that much easier to reach 
the centre of the capital from the 
suburbs. The first important ‘phase’ 
of the Grand Paris Express will be 
completed in time for the Olympic 
and Paralympic Games in 2024.

LINE	15	UNDERGROUND	
WORKS
Line 15 throws up many challenges 
with regard to the underground 
works. The line will be divided into 
three parts – East, West and South – 
and will run around the outskirts of 
the city. With its 33 km of lines, it will 
run through 22 towns and districts, 
making it much easier for one million 
inhabitants to move from one part 
to another. The line is divided into 
various lots for the purpose of 
construction. Going into detail, Lot 
T2A, whose construction has been 
awarded to the Horizon consortium, 
consists of four stations, the entranc-
es to two tunnels, secondary works 
(emergency exits, access for emer-

gency vehicles etc), a double tunnel 
and a single tunnel that connects 
the Infrastructure Maintenance Site 
(IMS) to the main line.

The excavation work for the tunnels 
started in February 2020 and was 
carried out using a variable density 
TBM (Tunnel Boring Machines) in a 
‘slurry’ mode.

For the backfilling injection of the 
annular gap, created between the 
soil and the lining of the concrete 
segments, during the advancing of 
the TBM, the Horizon consortium 
decided to use a two-component 
grout, consisting of component A 
(a grout made by water, benton-
ite, cement and a retarding agent) 
and component B (accelerant). 
Two-component grout systems 
are the most widely used backfill 
systems for TBM tunnelling, at 

the international level, whereas 
in France, this technology was not 
particularly popular and a mortar 
without accelerant used to be the 
preferred method.

Mapei, a world leader in the supply 
of products for two-component 
backfill grouts, offered its experi-
ence and supplied three chemical 
products used to prepare a grout 
that would fit the requirements of 
this site.

The most widely used product 
was MAPEQUICK CBS SYSTEM 3. 
This is a liquid accelerant which, 
when added to component A of 
the mix, just before being injected 
into the annular gap, very quickly 
transforms the grout into a gel. In 
so doing, the mix sets and starts to 
develop its mechanical properties 
after a very short time, which is 

The	Grand	Paris	Express	metro	project
Solutions	were	provided	for	underground	works	and	installation	of	ceramic	tiles	in	stations.
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With 68 stations and 200 km of automated metro lines, the Grand Paris Express is the largest 
urban mobility project in Europe.
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very important for the stability of 
the excavated tunnel and concrete 
lining.

Apart from the accelerant, Mapei 
also supplied two additional prod-
ucts required to make component 
A, namely MAPEQUICK CBS SYSTEM 
1, a retarding agent, which helps 
to maintain and extend the initial 
workability of the grout (to up to 
72 hours after being prepared), and 
MAPEBENT API 2 bentonite which 
is needed to stabilise Component 
A while also providing it with the 
rheological properties needed to 
make the pumping of the mix over 
long distances possible.

Beside chemical products, Mapei 
also provided technical support 
to carry out the laboratory tests, 
which then led to the development 
of two different types of two-com-
ponent mixes – one with high 
mechanical properties which the 
Horizon consortium required for 
specific areas of the tunnel (such as 
the entrances and exits of the sta-
tions), and one with more common 
properties, used in other areas of 
the tunnel.

Lastly, MAPEBENT API 2 benton-
ite was also used for the prepa-
ration of the slurry required by 
the variable density type TBMs. 
This bentonite slurry has a dual 
function – to maintain the stabil-
ity of the tunnel face during TBM 
excavation (so that the TBM can 
advance safely) and to transport 
the excavated soil while keeping 
it in suspension inside the pipes 
running along the tunnel. For 
this application, MAPEBENT API 2 
was chosen by the client, after a 
long series of tests carried out in 
an external laboratory, where its 
performance and properties were 
compared with those of numerous 
other types of bentonites available 
on the market.

In certain phases of the tunnelling 
works, MAPEDISP FLS was also 
added to the bentonite slurry. This 
product is a liquid dispersing agent 
which allows TBMs to excavate 
smoothly in particularly cohesive 
soil, by improving its fluidity and 
reducing its adhesion to the metal 
components of the TBM.

AN EFFECTIVE FLOORING  
SYSTEM 
Thanks to fruitful collaboration 
with the tile manufacturer, LEA 
Ceramiche, Mapei France de-
veloped a system to install the 
flooring in half of the 68 stations 
of the Grand Paris Express. The 
worksite begins in 2022 with the 
opening of the Orly airport station 
and is scheduled to end in 2030. 
The request from the client was, 
first and foremost, for flooring that 
would be sufficiently resistant to 
high levels of pedestrian traffic. 
The system consists of a screed, 
adhesive, grout for tile joints and 
sealant for expansion joints, by 
Mapei France; ceramic tiles by 
LEA Ceramiche; expansion profiles 
by CS France; and a pododactile 
system by Pedrazzini.

The screeds will be made from new 
formulations (called MAPECEM 
X’PRESS or MAPECEM PRONTO 
X’PRESS) of existing ready-to-
use, pre-blended Mapei mortars 
that have been widely used for a 
number of years. Light-coloured 
porcelain tiles, measuring 37.5 cm 
x 75 cm, will be installed on these 
surfaces, using KERAFLUID HPR or 
KERAFLUID N adhesives, manufac-
tured and distributed in France by 
Mapei France, before grouting the 

joints with KERACOLOR GG or UL-
TRACOLOR PLUS mortars to match 
with the colour of the flooring. 
The expansion joints will be sealed 
with MAPEFLEX E-PU21 SL which 
is especially suitable for surfaces 
subjected to high levels of pedestri-
an traffic.

To make sure the installation work 
will be executed correctly and to 
obtain the most out of the finished 
surfaces, the installation companies 
will undergo special training at MA-
PEI ACADEMY, the training centre 
located at Mapei France’s facilities 
in Toulouse St-Alban.

Four	new	stations	along	Line	14
Ever since it first opened in 1998, 
Line 14 has made a name for 
itself, for the level of innovation 
achieved. In fact, it was the first 
line in the world to be fully auto-
mated. It has just been extended 
northwards by 5.8 km, with four 
new stations, to improve the trans-
port conditions of its 610,000 daily 
users. The line’s extension is part 
of the Grand Paris Express proj-
ect which, by 2024, will include 
extension of the line even further 
to the north, up to the station at 
Saint-Denis Pleyel, and to Orly Air-
port to the south, and its connec-
tion to Lines 15, 16, 17 and 18.

Mapei supplied various solutions for underground works to help smoothen tunnelling operations 
using TBMs (Tunnel Boring Machines).
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The four new stations (Pont-Car-
dinet, Porte de Clichy, Mairie de 
Saint-Ouen and Région Île-de-
France) are characterised by an ar-
chitectural style that is simple, yet 
at the same time, elegant. This also 
had an influence on the materials 
chosen to build the stations. The 
materials include white porcelain 
tiles for the floors and walls in the 
areas where the trains wait and 
transit. To install the tiles on  
6500 m2 of surfaces, Mapei supplied 
a complete system that also includ-
ed preparation of the substrates 
with ULTRAPLAN MAXI FIBRÉ 
self-levelling skimming mortar and 
repairs to certain sections of dete-
riorated concrete substrates, using 
PLANITOP 400 F rapid-setting class 
R3 mortar.

Different areas of use, different 
types of substrates and different 
performance properties required 
for the finished surfaces, called 
for the use of different types of 
adhesive. The ceramic floors in 
the corridors were installed with 
KERAFLUID N adhesive and the 
joints were grouted with ULTRA-
COLOR PLUS. The tiles for the 
walls were bonded with ULTRALITE 
MULTIFLEX, while the tiles for the 
vaulted ceilings were installed with 
ULTRALITE S2 QUICK. KERALASTIC 
T two-component polyurethane 
adhesive was used to bond tiles 
onto the steel doors. The adhe-
sives chosen to install the ceramic 
flooring on the station platforms 
were KERAPOXY CQ and GRAN-
IRAPID. The tile joints were grout-
ed with KERAPOXY DESIGN. In this 
case, the products were chosen 
because they need to provide 
guaranteed insulation from electric 
current, in compliance with the 
French standard NF C 15-100.

ULTRAPLAN MAXI FIBRÉ, PLANITOP 
400 F, KERAFLUID N and ULTRALITE 
MULTIFLEX are manufactured and 
distributed in France by Mapei 
France.

Ceramic floor and wall tiles were installed in the new stations along Line 14, using Mapei products.

Various Mapei solutions were and will be used to prepare substrates and to install ceramic flooring 
in the new stations of the Grand Paris Express. 

This editorial feature is based 
on an article from Realtà MAPEI 

INTERNATIONAL Issue 92.  
Images by Mapei.
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La Fabrique du métro (the Metro Factory) was built in response to the specific wish of Société 
du Grand Paris, which is behind the Grand Paris Express project. The Metro Factory is a display 
that allows visitors to ‘immerse’ themselves in this grandiose infrastructure project. It features 
a reconstruction, over an area of 100 m2, of a metro station, with its characteristic materials, 
equipment and furnishings. The Metro Factory is located in the Docks area of Paris, in Saint-
Ouensur Seine.

PROJECT	DATA
PROJECT 
New ceramic coverings in four 
new stations along Line 14

Period	of	the	works 
2019-2020

Owner 
RATP

Design 
AZC 15/17

Installation	companies 
Chantiers Modernes (Vinci 
Group)  
Brezillon (Bouygues Group)

INTERVENTION	BY	MAPEI
Period	of	the	intervention 
2019-2020

Contribution	by	Mapei 
Supply of products for 
preparing substrates, adhesives 
for installing ceramic tiles on 
floors and walls, and products 
for grouting the joints

Mapei	distributors 
Raboni and Carmat

Application	of	Mapei	
products	 
Preparing substrates – 
ULTRAPLAN MAXI FIBRÉ
Concrete repair – PLANITOP 
400 F
Installing ceramic floors in 
corridors – KERAFLUID N 
adhesive with ULTRACOLOR 
PLUS grouting
Installing wall tiles – 
ULTRALITE MULTIFLEX
Installing tiles for the vaulted 
ceilings – ULTRALITE S2 QUICK
Installing tiles on the steel 
doors – KERALASTIC T 
Installing ceramic flooring 
on the station platforms 
– KERAPOXY CQ and 
GRANIRAPID adhesives with 
KERAPOXY DESIGN grouting

PROJECT	DATA
PROJECT 
Installing ceramic floors in 
half of the 68 stations
Period	of	construction 
2022-2030
Owner 
Société du Grand Paris
Suppliers 
Mapei France 
LEA Ceramiche 
CS France 
Pedrazzini

INTERVENTION	BY	MAPEI
Period	of	the	intervention 
2022-2030
Contribution	by	Mapei 
Supply of a complete system for 
installing ceramic floors in about 
half of the 68 new stations
Application	of	Mapei	products 
Building screeds – MAPECEM 
X’PRESS, MAPECEM PRONTO 
X’PRESS
Installing ceramic tiles – 
KERAFLUID HPR, KERAFLUID N
Grouting tile joints – KERACOLOR 
GG, ULTRACOLOR PLUS
Sealing expansion joints – 
MAPEFLEX E-PU 21 SL

PROJECT	DATA
PROJECT 
Underground works for Lot 
T2A, Paris, of Line 15, Grand 
Paris Express

Period	of	construction 
2019-2021

Owner 
Société du Grand Paris

Project	Management 
Systra

Main Contractor 
Horizon consortium including: 
Bouygues Travaux Publics 
Soletanche Bachy France 
Soletanche Bachy Tunnels 
and Bessac et Sade

INTERVENTION	BY	MAPEI
Period	of	the	intervention 
2019-2021

Contribution	by	Mapei 
Supply of products for TBM 
excavation works

Mapei	products	used 
MAPEQUICK CBS SYSTEM 1, 
MAPEQUICK CBS SYSTEM 3,  
MAPEBENT API 2 and 
MAPEDISP FLS

Website	for	further	information 
www.mapei.com 
www.mapei.fr

THE METRO FACTORY
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From the 2021/2022 academic year 
onwards, the Faculty of Gover-
nance, Economic and Social Scienc-
es (FGSES), will expand the Mo-
hammed VI Polytechnic University. 
The university, referred to as UM6P, 
is located in Benguerir, Morocco. 
The university aims to promote the 
development of knowledge and 
understanding in various fields, 
through research, sustainable 
development and graduate studies. 
The new campus, located in Rabat, 
was inaugurated on schedule, in 
September 2021, after a short 
construction period of around nine 
months. 

High	safety	requirements	
Two requirements played a key 
role in the invitation to tender for 
the project. The French contractor, 
SOGEA MAROC, a VINCI Group 
subsidiary, demanded compliance 
with France's safety standards 
which are very demanding. Fur-
thermore, strict monitoring was 
also undertaken by the American 
Engineering Office, JESA. PERI 
offered a comprehensive safety 
concept, in addition to the safety 
solutions integrated into its form-
work and scaffolding products, and 
this was accepted. 

Adherence	to	the	tight	schedule	
Meeting the strict construction 
deadline was another challenge, 
requiring precise management 
and optimally coordinated logistics 
processes. PERI offered immedi-
ate availability and just-in-time 
delivery of the materials. Due to 
the shift-based operations on the 
construction site and the easy-to-
handle PERI systems, which met 
the requirements for low fault tol-
erance, downtime was minimised 
and therefore it was possible to 
meet the tight schedule.

Efficient	and	safe	formwork	for	
the slabs 
Given the high demands for safety 
and efficiency, a total of 2,000 m2 of 
ALPHADECK Slab Formwork was the 
preferred choice for forming the 
120,000 m2 of slab area. ALPHA-

DECK is characterised by its easy 
handling characteristics, involving 
only a few system components. It 
was possible to increase the level 
of safety on the construction site by 

Maintaining	high	safety	standards	and	
meeting	a	tight	deadline
Formwork	and	scaffolding	solutions	enabled	the	successful	construction	of	an	educational	campus	
in Morocco.

During the construction of the new campus, an optimally coordinated PERI formwork and 
scaffolding solution allowed construction to be completed within a nine-month period, while 
maintaining high safety standards.

The low weight of the ALPHADECK panels 
and the possibility of early striking using 
the drophead system reduced the material 
quantities required on site and minimised 
the time required for work processes.

With the help of ALPHADECK Slab Formwork, 
it proved possible to form around 120,000 m2 
of slab in a short time.
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Around 600 t of PERI UP materials were used as supporting, working and access scaffolds, thereby 
making it possible to meet the demanding working safety requirements.

The foundation was formed with a total of 900 m2 of LIWA and HANDSET Alpha panel formwork. 
The lightweight panels facilitated assembly by hand without the need for a crane, which saved a 
considerable amount of time.

During construction, a total of around 
16,000 m2 of PERI formwork panels as well 
as around 30,000 linear metres of high 
quality VT 20 Formwork Girders were used.

systematically shuttering and striking 
the formwork from the level below. 
ALPHADECK also made a significant 
contribution in terms of efficiency – 
the drophead system enabled early 
striking and rapid cycle sequences, 
meaning that the panels were soon 
ready for the next section. The low 
weight of the system components, 
at only 15 kg maximum, made it 
possible for the workers to conserve 
their energy and it eliminated the 
need for a crane.

In addition, tried-and-tested girder 
formwork, consisting of a total of 
16,000 m2 of PERI formwork panels 
as well as 30,000 linear metres of 
VT 20 Girders, were used on the 
site in Morocco. PERI provided high 
quality materials that were immedi-
ately available. 

Lightweight	hand-set	formwork	
for	the	foundation
In order to meet the high customer 
requirements for safety and effi-
ciency, when erecting the founda-
tion, a total of 900 m2 of LIWA and 
HANDSET Alpha Panel Formwork 
was chosen. The lightweight pan-
els, which are available in different 
sizes, enabled assembly by hand, 
without the use of a crane, thereby 
saving considerable time. 

PERI	scaffolding	
In addition, around 600 t of PERI UP 
Scaffolding material was used. The 

scaffolding system is characterised 
by its versatility and flexibility of 
use, as well as by its contribution to 
the high standards of working safe-
ty required. With its comprehen-
sive, end-to-end lateral protection, 
consisting of two guardrails and 
toe boards on all sides, as well as 
non-slip decks, PERI UP meets high 
safety requirements.

The design of PERI UP, involving 
only a few system components, 
also meant that a single scaffolding 
system could be used for several 
applications on the construction 
site. Shoring and stair towers were 

erected within a short time, in addi-
tion to large working platforms.

Ensuring	success 
PERI proved to be a reliable partner 
to the customer and, in its role as a 
single-source supplier, was able to 
provide the required materials with 
formwork and scaffolding, on time. 
PERI engineers also performed daily 
supervision of the construction site 
and were available to advise the 
customer at all times. 

All images by PERI SE
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The	Ministry	of	Manpower	(MOM)	recently	released	the	WSH	Report	for	2021.

2021	Workplace	safety	performance	
comparable	to	pre-COVID	levels

The number of workplace fatalities 
decreased from 39 in 2019 to 37 
in 2021, despite the spate of fatal 
accidents in February 2021, which 
resulted in 11 fatalities. Overall, this 
translates to a similar workplace 
fatality rate of 1.1 per 100,000 
workers, in both years. 

Most of the data comparisons 
were made with 2019 (pre-COVID) 
figures, as 2020 figures reflected 
one-off effects, due to reduced 
business activities and work stop-
pages arising from COVID-19.

The 2021 figures put Singapore 
on track to meeting its Workplace 
Safety and Health (WSH) 2028 
target of achieving a workplace fa-
tality rate of below 1.0 per 100,000 
workers, an outcome achieved only 
by four countries in the Organisa-
tion for Economic Co-operation 
and Development (OECD) – Neth-
erlands, United Kingdom, Germany 
and Sweden.

Major injuries also declined slightly, 
from 629 in 2019 to 610 in 2021. 
Taking into account the smaller 
workforce in 2021, however, the 
major injury rate in 2021 increased 
slightly to 18.5 injuries per 100,000 
workers – up from 18.1 in 2019.

Under new provisions in the Work 
Injury Compensation Act (WICA), 
that took effect from 1 Septem-
ber 2020, employers now need to 
report all work injuries leading to 
any instance of medical leave or 
transfer to light duties. Previously, 
only injuries resulting in four or 
more days of medical leave had to 
be reported. This change facilitates 
more comprehensive reporting of 
injuries.

With this change, there was a total 
of 21,539 minor injuries in 2021, of 
which, 9,420 were injuries resulting 
in three or fewer days of medical 
leave or light duties. The minor injury 
rate was 653 per 100,000 workers in 

2021. The minor injury rate, adjusted 
to the 2019 basis (when only injuries 
with four or more days of medical 
leave were included), was 368 per 
100,000 workers in 2021 – a slight 
decrease from 376 in 2019.

FATALITIES
Vehicular	Incidents	the	top	cause
There were 11 fatal vehicular 
incidents in 2021, of which six were 
work-related traffic accidents (WR-
TAs). A work-related traffic accident 
is any unintended event that causes 
bodily injury to a vocational driver 
or rider while he or she is driving 
any vehicle on public roads in the 
course of work.

Three of the WRTAs were due to 
the negligence of other road users 
who were not at work at the mate-
rial time, while there were no acci-
dents of a similar nature in 2019.

MAJOR	AND	MINOR	INJURIES
STFs	remain	the	leading	cause	of	
non-fatal	injuries
Slips, Trips and Falls (STFs) remain 
the top cause of non-fatal injuries. 
The number of STF-related major 
injuries fell from 216 in 2019 to 
208 in 2021. Following the new 
basis of reporting, there were 5,785 
STF-related minor injuries in 2021. 
Adjusted to 2019 basis, STF-related 
minor injuries fell to 3,565 in 2021 
from 3,694 in 2019.

Machinery-related incidents were 
another common cause – account-
ing for 63 major injuries in 2021, 
down from 82 in 2019. There were 
3,162 machinery-related minor in-
juries in 2021. Adjusted to the 2019 
basis, machinery-related minor 
injuries fell to 1,965 in 2021, from 
2,198 in 2019.

INJURIES	BY	INDUSTRY
Top sectoral contributors
Construction and Transportation & 

Storage accounted for the highest 
number of fatalities, with 13 and 
nine, respectively, in 2021. Collec-
tively, they accounted for about 
60% of all workplace fatalities  
in 2021.

The workplace fatality rate for 
the Transportation & Storage 
industry increased to 3.6 per 
100,000 workers in 2021, up from 
3.1 in 2019. In the Construction 
industry, the workplace fatality 
rate increased to 3.3 per 100,000 
workers in 2021, up from 2.9 in 
2019.

Manufacturing and Construction 
jointly accounted for 44% of all ma-
jor injuries in 2021. The workplace 
major injury rate for the Manufac-
turing industry also rose to 36.4 per 
100,000 workers in 2021, from 34.1 
in 2019.

DANGEROUS	OCCURRENCES
Fewer	Dangerous	Occurrences
The number of dangerous occur-
rences (DOs) decreased from 21 
in 2019 to 13 in 2021. DOs are 
incidents with a high potential 
for multiple fatalities. Nine of the 
occurrences were due to collapse 
or failures of structures and equip-
ment, of which, eight were from 
the construction sector.

OCCUPATIONAL	DISEASES
Rise	in	rate	of	incidence	of	ODs
The Occupational Diseases (ODs) 
incidence rate increased to 20 
cases per 100,000 workers in 2021, 
from 15 in 2020 and 14.8 in 2019. 
This increase was largely from med-
ical assessments and cases delayed 
from 2020, due to COVID-19 disrup-
tions. Work-related musculoskeletal 
disorders and noise-induced deaf-
ness continued to be the leading 
OD types, jointly accounting for 
83% of the total number of ODs  
in 2021.
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Workplace safety performance for 2021 were comparable to 
pre-COVID levels in 2019.

Fatal Injuries
Major Injuries

Slips, Trips & Falls remained the top cause of major injuries in 2021.
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[1] Refer to Workplace Safety and Health Report 2021 for more detailed information 

[2]    The breakdown for injury numbers by sector/industry follows the Singapore Standard Industrial Classification (2015) Version 2018

[3] Following the amendments to the Work Injury Compensation Act (WICA) which took effect from September 2020, employers need to report all work injuries with
any instance of medical leave or light duties. From January 2021, major and minor injury numbers shared in WSH Report, 2021 will include injuries with at least one
day of light duty or medical leave issued. Numbers presented under this new series will be marked with [N].

Fatal Injuries
Major Injuries

Manufacturing, Construction and Transportation & Storage remained the 
top 3 sectors/industries with the most fatal and major injuries in 2021.

Workplace Safety and Health Report 2021
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CREATING SAFER WORKPLACES
There was a spike in the half-year-
ly fatality rate to 0.7 per 100,000 
workers in 1H 2021 (up from 0.4 
in 2H 2020). However, with the 
support of the industries, the rate 
returned to 0.4 in 2H 2021. MOM 
will continue to address the lead-
ing causes of fatal accidents by le-
veraging technology (e.g. collision 
alert systems and rider behaviour 
monitoring systems) to address 
vehicular-related accidents, and 
strengthening enforcement and 
engagement efforts to address 
falls from height. 
A workgroup was set up by the 
Workplace Safety and Health 
Council in October 2021 to look 
into enhancing the safety of 
delivery service workers. MOM 
will also step up efforts to address 
major injury trends this year. 

Preventing	STFs	and	enhancing	
enforcement	on	STF	hazards
Based on MOM’s analysis, STFs 
from floor/level surfaces con-
tributed to more than half (52%) 
of fatal and major injuries from 
STFs. Employers and workers 
can prevent injuries from STFs 
by taking simple steps, such as 
wearing non-slip shoes, removing 
clutter in work areas and putting 
up warning signage at areas with 
the risk of STFs. 

To complement these measures, 
MOM encourages industries to 
adopt technology solutions such as 
slip meters, use of artificial intel-
ligence (AI) wearables and video 
analytics, to detect and reduce 
accidents from STFs. MOM will also 
step up inspections on companies 
that are more prone to hazards 
from STFs, with inspections focus-
ing not only on observing physical 
conditions but also on checking the 
adequacy of risk assessment and 
safety procedures.

Strengthening	safe	use	of	 
machinery
MOM will focus on enhancing the 
safe use of machinery, particularly 
in the manufacturing industry. This 
will be done through stronger en-
forcement actions, such as heavier 
fines, against offending companies 
and individuals. MOM will contin-

ue engaging the industry to raise 
awareness of safe work procedures 
and safety measures that are often 
overlooked, for tasks such as the 
clearing of chokes or maintenance 
of machines.

Enhancing	upstream	risk	control	of	
hazards
The Workplace Health Surveillance 
programme (WHS+) will be en-
hanced to ensure that companies 
implement effective upstream risk 
control measures to prevent ODs. 
Today, there is a heavy reliance 
on mitigation through the use of 
personal protective equipment, 
rather than reducing or eliminating 
exposure. This is why MOM will 
target at-risk workplaces with noise 
hazards and exposure to hazardous 
chemicals (including combustible 
dust), and support such companies 
to put in place appropriate work-
place health programmes to reduce 
or eliminate exposure of their 
workers.

Enhancing	training	for	incoming	
workers
With the inflow of migrant workers 
to address manpower shortages in 
the industry, it is vital that incoming 
workers (especially newer workers 
without experience) are properly 
trained and equipped to perform 
their roles safely. To address this, 
MOM and the WSH Council have 
expanded the construction safety 
orientation course to incorporate 
experiential training. Workers will 
be trained in a construction site 
simulator with physical mock-ups. 
MOM is also working with training 
providers to ensure sufficient ca-
pacity to support upcoming worker 
inflows.

Commissioner for Workplace Safety 
and Health and Divisional Director 
of MOM’s Occupational Safety and 
Health Division, Mr Silas Sng, said, 
“While we recognise the manpower 
and cost challenges the industries 
are facing, companies must remain 
committed to protecting their 
workers’ safety and health. Risk 
assessment is the cornerstone of 
preventing workplace accidents, 
so I urge all companies to take 
your risk assessment seriously 
and implement proper risk control 
measures”.

Recipients	honoured	
at	WSH	Awards	2022
The Workplace Safety and  
Health (WSH) Council recognised 
a total of 235 companies and 
individuals for their exempla-
ry WSH practices and safety 
records at the WSH Awards 
2022, held recently. 

Amongst the awards present-
ed this year were the Culture 
of Acceptance, Respect and 
Empathy (CARE) Awards, a 
newly-added award category 
to recognise companies with 
exemplary practices on work-
place mental well-being. 

The WSH Awards ceremony 
was held physically for the first 
time since 2019, at the Resorts 
World Sentosa, Compass 
Ballroom. Close to 1,500 guests 
attended the event. The Guest-
of-Honour was Dr Tan See 
Leng, Minister for Manpower. 
Mr Zaqy Mohamad, Senior 
Minister of State for Manpower, 
also graced the event and was 
amongst the award presenters.  

Themed ‘Celebrating the Best’, 
the annual WSH Awards plays 
a part in the national WSH 
2028 strategies to promote 
WSH ownership in the indus-
try, so as to create safe and 
healthy workplaces. By hon-
ouring these exemplary com-
panies and individuals, other 
companies can learn from 
them and incorporate such 
best practices and improve 
their WSH performance. 

The Awards categories are 
Culture of Acceptance, Respect 
and Empathy (CARE) Awards; 
Workplace Safety and Health 
Developer Award; Workplace 
Safety and Health Performance 
Award; Safety and Health 
Award Recognition for Projects 
(SHARP); Workplace Safety 
and Health Innovation Awards; 
Workplace Safety and Health 
Award for Supervisors; and 
Workplace Safety and Health 
Officer Awards.
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The Wirtgen Group’s commitment 
to sustainability will be shown in 
the world premieres and inno-
vations presented by its prod-
uct brands, at bauma 2022, the 
construction and mining machinery 
trade fair, to be held from 24 to 30 
October 2022, in Munich, Germany. 

For instance, the Mill Assist 
machine control system now also 
assures sustainable and efficient 
machine operation in the new 
generation of compact milling ma-
chines from Wirtgen. With the KMA 
240i cold recycling mixing plant, it 
is now possible to produce not only 
high-quality mixes from recycled 
construction materials but also 
cement-treated base layers. 

The environment-friendly creden-
tials of Vögele will be demonstrat-
ed by the company’s new Dash 
5 generation of road pavers. The 
SUPER 1900-5(i) and SUPER 2100-
5(i) Highway Class pavers and the 
latest generation of the AB 500 and 
AB 600 extending screeds, will also 
be presented.

In the future, electrically-powered 
HD CompactLine tandem rollers 
from Hamm will be a solution 
whenever a contract demands zero- 
emission compaction. The e-tandem  
rollers are particularly suitable for 
all areas where compaction work 
must be particularly quiet. As, in 
many cases, low vibration levels 
are also specified, the compaction 
specialist is also presenting an 
e-combination roller with oscil-
lation alongside e-vibration and 
e-oscillation rollers.

The drive system of the new MOBI-
REX MR 130(i) PRO mobile impact 
crusher from Kleemann is also fully 
electric. Thanks to the option for 
connection to an external power 
supply, the plant enables mate-
rials processing with low energy 
consumption per tonne of the final 
product. 

Among the highlights being 
shown by Benninghoven is the 

innovative REVOC system for the 
sustainable batch production of 
asphalt in mixing plants. The EVO 
JET multi-fuel burner can now 
also generate heat from regen-
erative fuels such as ‘Biomass to 

Liquid’ (BtL) and wood dust, both 
of which have a neutral carbon 
footprint. Benninghoven also 
offers electrically heated bitumen 
tanks for carbon neutral storage 
of bitumen. 

World	premieres	and	innovations	from	
Wirtgen

Hamm marks its debut in the market for e-drive tandem rollers with eight new models from the 
HD CompactLine.  

The compact dimensions and optimal machine weight of the new W 100 Fi, W 120 Fi and W 130 
Fi compact milling machines from Wirtgen make them suitable for a wide range of applications, 
including on construction sites with restricted space.

The MOBIREX MR 130(i) PRO mobile impact crusher is the latest member of Kleemann’s PRO-Line family.
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At bauma 2022, the full range of 
Cat construction equipment will be 
displayed by Cat dealer, Zeppelin. 

The exhibit will include different 
model platforms, from XE models 
built for performance with the 
latest technologies and/or ad-
vanced drive systems to GC models 
designed to deliver rugged reliabili-
ty and value. 

The display will include nine next 
generation Cat mini hydraulic 
excavators, all delivering increased 
performance, higher breakout 
forces, longer service intervals, and 
lower owner and operating costs, 
compared to prior models. From 
the 1- to 10-tonne models, these 
mini excavators offer common fea-
tures and consistent controls layout 
to simplify training and operator 
adaptation. The 3.5- to 10-tonne 
next generation models can now be 
equipped with Cat Grade technolo-
gies as an aftermarket option.

Attendees will also see the recently 
introduced Cat 906, 907 and 908 
compact wheel loaders. 

The nearly 30 displayed Caterpillar 
Global Construction & Infrastruc-
ture (GCI) models are anchored 
by nine tracked and four wheeled 
next generation excavators, ranging 
in capacity from 15 tonnes to 95 
tonnes, a rail-road excavator and 
three material handlers. The 980 
XE medium wheel loader features a 
continuously variable transmission 
(CVT), delivering increased fuel 
efficiencies, up to 35%, compared 
to the M series models, plus it has 
an expanded technology platform 
to increase machine performance.

Articulated and off-highway trucks 
with capacities ranging from 30 to 
70 tonnes and Cat 992 and 988K XE 
large wheel loaders, that can move 
large volumes of materials, will 
also be presented. Recent updates 
to the 988K XE, with electric drive, 
give the loader faster downhill 
speeds, improved rimpull, and 
increased hydraulic breakout force, 

for up to 5% better production over 
the previous 988K XE model.

Also part of the exhibit are recent 
updates to the D4 dozer, with 
improved sight lines, reduced 
operating costs and a broad choice 
of Caterpillar technology features. 
Fitted with its low-cab option for 
transport, the Cat 120 GC motor 
grader has advantages in low- to 
medium-duty applications and 
delivers reliable, low-cost opera-
tion in a range of applications from 
government and municipal work to 
country road maintenance and fin-
ish grading. Designed for rental and 
low- to medium-duty applications, 
the Cat CB2.5 GC utility compactor 
and CS12 GC vibratory compactor 

deliver low total cost of ownership, 
simple operation and long service 
intervals.

The Cat 301.8 mini excavator

Caterpillar	to	present	a	range	of	construction	
equipment	

The Cat 908 compact wheel loader

The Cat 336 excavator
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The 300 EC-B 12 Fibre flat top 
crane, from Liebherr, features the 
Liebherr fibre rope and therefore 
delivers significantly better perfor-
mance values than similar cranes 
with a steel rope. The fibre rope 
also has a much longer service life 
which means that the rope has to 
be changed less frequently. That 
makes operation even more eco-
nomical and increases the crane’s 
availability. The 300 EC B 12 Fibre 
has a 70 m jib and delivers a lifting 
capacity at the jib head of 3250 kg.  
The steel rope version of the 270 
EC-B 12, with a 70 m jib, has a 
lifting capacity at the jib head of 
2850 kg. Powerful hoist units and 
pure 2 line operation make both 
machines particularly efficient. The 
new cranes will replace the existing 
Liebherr 278 EC-B Fibre and 250 
EC-B models.

The new members of the ‘Tough 
Guys’ group have been designed for 
simple transport and erection, and 
also deliver major cost benefits for 
rental businesses. The counter-jib, 
slewing platform and jib segments 
can be carried to the site in just four 
transport units, due to their smart 
stacking system. This also makes 
a major contribution to reducing 
greenhouse gases. The jib and 
counter-jib can be attached to the 
slewing platform easily, conveniently 
and safely. This is made possible by 
Liebherr’s quick-release connectors. 
Depending on the requirements at 
the site, the jib can be extended or 
reduced, in 2.5 m sections.

Both machines have a 21 HC 290 
tower connection. This tower sys-
tem, which measures 2.1 m x 2.1 m, 
offers advantages in terms of per-
formance and economy. It enables a 
maximum free-standing hook height 
of 71.5 m. The 24 HC 630 (with 
dimensions 2.4 m x 2.4 m) enables a 
maximum free-standing hook height 
of 91.7 m to be achieved.

To ensure safe crane operation, it 
is essential that the crane operator 
has a good view of the crane and 

site at all times. The LiCAB crane op-
erator’s cabin features an ergonomic 
control stand and large glass win-
dows which deliver good visibility. 
The cabin also includes the newly 
developed 12 inch display with its 
intuitive control concept. The Tow-
er Crane Operating System (TC-OS) 
provides crane operators and erec-
tion engineers with special menus, 
a large selection of languages and 
readily understandable dimension 
units. Furthermore, smart assis-

tance systems such as Load Plus, 
Micromove and ABB support the 
crane operator and enable him to 
hoist loads safely.

The 300 EC-B 12 Fibre and 270 EC-B 
12 fit seamlessly into the success-
ful Tough Guys group, with their 
strong performance, flexibility and 
economy. Also, due to their design, 
multiple flat-top cranes can operate 
on constricted sites, without any 
problems.

The	EC-B	series	of	cranes	from	Liebherr	
continues	to	grow	

The new 300 EC-B 12 Fibre from Liebherr delivers a lifting capacity at the jib head, of 3250 kg, 
with a 70 m jib length. The new 270 EC-B 12 has a jib length of 70 m, with a lifting capacity of 
2850 kg at the jib head.

The 300 EC-B 12 Fibre features the Liebherr fibre rope that enables it to deliver significantly better 
performance than similar cranes with a steel rope.
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Putzmeister will be presenting 
modular solutions for the automa-
tion of concrete pumping processes 
at bauma 2022. 

In recent years, the company has 
invested heavily in the develop-
ment of electrified and automated 
precast plant solutions, to optimise 
efficiency and process reliability. 

Based on the Precast Automation 
4.0 concept, Putzmeister offers 
solutions that can be tailored to the 
needs of the customers involved 
in the construction of tunnels, 
industrial facilities, wind power in-
stallations, bridges and residential 
buildings. 

A wide variety of pumpable 
concretes can be processed into 
prefabricated elements, with a 
consistently high concrete quality 
and the operations can be auto-
mated to the greatest possible 
extent. This would be of interest 
to many customers, especially 
since there is a shortage of skilled 
workers. The most modern plants 
require very few personnel, yet 
they promise higher output in a 
shorter time.

The individually tailored solutions 
can be put together from the prov-
en Putzmeister portfolio. Various 
concrete pumps, delivery lines, 
booms and rotary distributors, 
buffer storage solutions and more, 
offer a wide range of possibilities. 
The range extends from systems 
with stationary placing booms and 

systems for filling battery form-
work using formwork adapters, to 
systems in which the pump delivers 
to the concrete distributor. 

At bauma 2022, the company will 
also be presenting automated solu-

tions for cleaning the buffer stor-
age, pump and delivery line, among 
other things. With these solutions, 
manual activities are reduced to 
a minimum and, in particular, the 
pumping processes are controlled 
via intuitive operation.

Application	of	concrete	pumps	in	precast	
production

Putzmeister offers a range of concrete pumping solutions for the production of precast elements. 

Volvo Construction Equipment is continuing 
to work on its commitment to drive change 
towards a net-zero future. Following the 
completion of a multi-stakeholder research 
project aimed at breaking new ground in hy-
drogen technology, the company has started  
testing the world’s first fuel cell articulated 
hauler prototype, the Volvo HXO4. The results 
of the project will provide important insights 
into the possibilities provided by hydrogen 
and fuel cells.



39THE SINGAPORE ENGINEER
July 2022

IES UPDATE

IES GIFTS NTU S$350K  
TO DRIVE RESEARCH IN 
CONSTRUCTION PROJECT 
MANAGEMENT
On 27 June 2022, IES presented a 
cash cheque of S$350,000 to NTU for 
the establishment of the IES-Wong 
Yui Cheong Research in Construction 
Project Management Fund. Mr Mel-
vin Yong, Assistant Secretary-General 
and Director of the National Trades 
Union Congress (NTUC) was the 
guest of-honour at the gifting cere-
mony, which was held at the opening 
of the Eighth Young Engineers Lead-
ership Programme.

This significant gift was made 
possible by the donation of S$1 
million from Er. Wong Yui Cheong, 
also known as YC Wong, to IES in 
support of postgraduate research in 
project management. 

The Fund, which is disbursed through 
the IES-YC Wong-NTU Project Man-
agement Scholarship, will build on 
NTU’s strengths in project manage-
ment to support two postgraduate 
research projects in construction 
project management. It also aims to 
shape and establish new standards 
and practices in this field.

The first project will focus on 
enhancing construction project 

management methodologies, skills 
and empowerment for Singapore 
project managers; while the second 
will study the integrating of project 
management knowledge, skills and 
human relationships for successful 
construction. 

For each project, IES, NTU and 
representatives of Er. YC Wong 
will select a full-time researcher 
holding a PhD or Master of Engi-
neering degree, based on academic 
excellence, potential and character. 
The selected individuals will work 
with NTU’s team of construction 
management experts to deliver 
recommendations on best practices 
and guidelines as well as to support 
the sharing and implementation of 
research findings.

“At a time marked by growing com-
plexities in construction projects, 
acceleration in digitalisation of the 
sector and disruptions such as the 
pandemic, the fund aims to build 
greater competence and capabili-
ties amongst construction project 
managers. We would like to thank 
Er. YC Wong for his generous dona-

tion to IES to support our goals to 
transform Singapore’s construction 
industry and steer it towards new 
successes,” said Mr Dalson Chung, 
President of IES.

"We are most grateful to Er. 
YC Wong and his family for the 
gift and the strong support for 
research in project management. 
We believe this will help create 
new knowledge and benefit our 
construction industries. Er. Wong 
was the adjunct professor at our 
school, teaching project manage-
ment, where our students and 
faculty have benefited significantly 
from his teaching and vast experi-
ence. We thank Er. Wong and his 
family for their continuing support 
to NTU," said Prof Chu Jian, Chair 
of the NTU School of Civil and 
Environmental Engineering.

Similar initiatives with other in-
stitutions of higher learning were 
being worked on and would be 
announced in due course, said Er. 
Chong Kee Sen, IES Emeritus Pres-
ident and Chairman of the IES-YC 
Wong Scholarship Committee.  

IES presents the cheque of S$350,000 to NTU for the establishment of the research fund and scholarship. From left: Mr Dalson Chung, IES President; 
Er. Chong Kee Sen, Chairman, IES-YC Wong Scholarship Committee; Prof Chu Jian, Chair, NTU School of Civil and Environmental Engineering;  
Er. YC Wong; and Mr Melvin Yong, NTUC Assistant Secretary-General.
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IES UPDATE

IES AND CAST ENHANCE 
COLLABORATION IN 
SCIENCE, TECHNOLOGY AND 
ENGINEERING MANAGEMENT
To promote cooperation and knowl-
edge exchange between China and 
Singapore, and to enhance mutual 
recognition and mobility of engineers 
from both countries, IES and the 
China Association for Science and 
Technology (CAST) signed a Mem-
orandum of Understanding (MOU) 
and a Mutual Recognition Agreement 
(MRA) on 30 June 2022.

The signing ceremony took place 
at the IES Green Building @ Bukit 
Tinggi, and was witnessed by Ms Low 
Yen Ling, Minister of State for Trade 
and Industry and Her Excellency Sun 
Haiyan, Ambassador Extraordinary 
and Plenipotentiary of the People's 
Republic of China to the Republic of 
Singapore.

The MOU will support the promotion 
of cooperation in science, technol-
ogy and engineering for improving 
friendly relations and collaborations; 
promote academic and information 
exchange, building of engineering ca-
pacity and support of technical visits; 
and facilitate publication of selected 
papers, articles and journals.

It was signed by Mr Dalson Chung, 
IES President and Prof Zhang Yuzhuo, 
CAST Vice President and Chief Execu-
tive Secretary.

Concurrently, the MRA aims to 
achieve consensus on the substantial 
equivalence of standards, process-
es and procedures for engineering 
competency assessment, such as the 
mapping of the number of years of 
working experience required and the 

qualification of Washington Accord 
recognised degrees or equivalent.

It also aims to reduce the barriers 
encountered by engineers between 
their respective countries; support 
mobility and recognition of excellent 
engineers in their respective juris-
dictions; and encourage knowledge 
exchange between the two engineer-
ing communities. The agreement 
is expected to encourage greater 

cross-border mobility and knowledge 
exchange in the areas of infrastruc-
ture & construction, digital & systems 
and water & environment.

The MRA signatories were Er. Tan 
Seng Chuan, IES Emeritus President 
and Chairman of the Internation-
al Outreach Committee, and Mr 
Zheng Kai, Executive Deputy Direc-
tor-General of the Chinese Society 
of Engineers.

The MRA was signed by Er. Tan and Mr Zheng in the same fashion.

The MOU was signed by Mr Chung and Prof Zhang (projected on screen) via live video link to 
Beijing, witnessed by Ambassador Sun (leftmost) and Ms Low.
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