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DEVELOPING THE DFMA ECOSYSTEM IN SINGAPORE’S
CONSTRUCTION INDUSTRY
The major challenges are manpower, technology and productivity...Reducing our
dependence on foreign labour has to be accompanied by innovation.
- Tharman Shanmugaratnam, DPM & Minister of Finance 1

In 2011, the Singapore government had outlined the need to adopt technological innovations in
the form of sustainable and more efficient building designs and construction methods, while
reducing the reliance on foreign workforce in the construction industry. The BE sector in the
country was predominantly led by labour-intensive traditional construction methods, which had
resulted in some challenges such as delays and abortive works, hazardous work environment, and
quality and productivity issues associated with an ageing domestic manpower and an increasing
size of the blue collar foreign workforce. This had aggravated the city-state’s land, infrastructure
and social constraints.
Design for Manufacturing and Assembly (DfMA), a game changing concept, prescribed moving
from a construction-centric mind-set to a manufacturing-centric mind-set. In contrast to on-site
construction that was constrained by the external environment and weather conditions, DfMA
comprised off-site production in a controlled environment with much less work to be done on
site. This helped increase productivity manifold, requiring less time for completion and less
manpower, in addition to providing safer and healthier work environment.
The transition entailed a significant shift in the way different stakeholders such as the developers,
consultants, architects, contractors, vendors and the government operated in the domain. The
design and construction processes using DfMA were more akin to factory production and
manufacturing industry, than to the prevalent construction industry. Consequently, the existing
ecosystem in the industry was not suited to the new technology, and lacked supportive services
and economies of scale. In addition, Singapore’s easy access to low-cost migrant labour from
regional countries had made the labour-intensive methods far more lucrative for the developers
and contractors. John Keung, ex-CEO of Building and Construction Authority (BCA) said,
No developer or contractor would want to pay more. Most of them are not aware of the
externalities that impact the rest of the society, and the need to pursue better resource
utilization for sustainability.

However, by May 2019, DfMA had made a noteworthy presence in the country due to a few
pioneer companies that drove its adoption despite considerable higher costs and lack of
experience. For instance, Teambuild Construction Group (Teambuild), was instrumental in
laying a strong foundation of the radical technology in the country by successfully implementing
the Prefabricated Prefinished Volumetric Construction (PPVC) method in many projects,
including the Brownstone Executive Condominium at Canberra Drive by City Development
Ministry of Manpower, “Speech at Singapore Contractors Association (SCAL) 75th Anniversary Dinner”, 14 September 2012,
https://www.mom.gov.sg/newsroom/speeches/2012/speech-by-mr-tharman-shanmugaratnam-deputy-prime-minister-and-ministerfor-finance--at-the-singapore-contractors-association-scal-75th-anniversary-dinner-14-september-2012-630-pm-central-and-westballroom-resorts-world-sentosa, accessed September 2019.
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Limited. Similarly, LHL adopted the Mass Engineered Timber (MET) technology in some of
its projects, including the prestigious SMU Tahir Foundation Connexion building. Though
Teambuild and LHL were not the most resource rich builders in the market, they managed to
stimulate growth by creating a network of members within the DfMA ecosystem.
BCA, as the key enabler for proliferation of this innovative technology, provided unstinted
support to progressive organisations keen to adopt it, by subsidising training programs and cofunding technology adoption through the Construction Productivity and Capability Fund (later
consolidated under the BuildSG Transformation Fund). This helped to reduce the cost premium
of the new way of construction over the conventional method. However, Keung knew that kickstarting DfMA among the avant-garde companies was not enough. Majority of the industry was
risk averse and preferred to continue with the cheaper and conventional construction method that
they were well-versed with. He felt that going forward, it was important to create additional value
and better interfaces for the stakeholders in order to bring down their associated tangible and
intangible transaction costs. A fully developed and collaborative ecosystem comprising a
network of diverse capabilities would be imperative to sustain and enhance the penetration of the
new technology.

Built Environment (BE) Sector in Singapore
The global construction industry at US$7.4 trillion in 2010 grew to US$10.6 trillion in 2017, and
was forecast to reach US$12.7 trillion by 2022. 2 Similarly, the demand for construction in
Singapore too grew from SG$22.5 billion in 2009 to SG$30.5 billion in 2018, and was projected
to rise to SG$35 billion by 2023.3
Growth in the BE sector was accompanied by two key concerns: how to meet an increasing
demand for manpower, as well as an outcry for greater use of sustainable practices which were
more efficient and environment friendly. Advanced economies such as the US, Europe and
Australia had been transforming their BE sector through environmental, technological and digital
advancements. Adoption of less labour intensive but more productive construction technologies
such as DfMA was on the rise, leading to an integration of the entire value chain through digital
engineering technologies. This enabled construction of smart and green buildings characterised
by high operational efficiency through faster time to market, better accuracy and precision,
improved quality and less wastage of resources; and healthier and safer work sites with lighter
carbon footprint, and lesser dust and noise pollution. Most importantly, DfMA technologies were
capable of achieving up to 40% manpower savings.4 Thus, the DfMA concept found high level
of acceptance among most stakeholders in western countries where the cost of labour was high,
and not easily available.
To the contrary, in Singapore, the growing labour requirement was met by allowing for a higher
influx of low-cost, low-skilled foreign workforce. In 2016, the construction industry accounted
for one-third of the total number of work permits issued in the country.5 According to Keung,

Hector Costello, “Global Construction Market 2018; Expected To Drive a Galloping Growth to US$12.7 trillion By 2022”,
Reuters Plus, 23 August 2018, https://www.reuters.com/brandfeatures/venture-capital/article?id=48295,accessed September 2019.
3
BCA, “Singapore’s Total Construction Demand to Remain Strong this Year”, Media Release, 14 January 2019,
https://www.bca.gov.sg/newsroom/others/MR_Prospects2019.pdf, accessed September 2019.
4
BCA, “Design for Manufacturing and Assembly (DfMA) - Prefabricated Prefinished Volumetric Construction”,
https://www.bca.gov.sg/Professionals/Technology/others/PPVC_Guidebook.pdf, accessed September 2019.
5
CEO Magazine, “The blueprint for success: Seow Seng Wei”, 20 February 2017, https://www.theceomagazine.com/executiveinterviews/engineering/seow-seng-wei/, accessed September 2019.
2

2/19

SMU Classification: Restricted

SMU-19-0036

Developing the DfMA Ecosystem in Singapore’s Construction Industry

While this helped to keep the cost of construction low, there was an increase in law and
order problems, such as the riot in 2013 that involved 300 migrant labourers, and social
and civic issues like loitering and littering in the residential areas that housed the
dormitories for the workers. More importantly, the continued practice of traditional
construction methods did not address the productivity, quality and sustainability needs of
the industry.

About DfMA
DfMA concept essentially comprised three elements: modularisation, automated off-site
manufacturing, and high quality buildings. Since a substantial portion of the construction was
done off-site in a factory setting, the DfMA process focused on creating modular designs of
buildings that could be easily manufactured off-site and efficiently assembled on-site. Fewer
activities on-site minimised the impact to the surrounding environment while creating scope for
automation and offshoring of off-site work.6
PPVC comprised off-site manufacturing of free-standing volumetric modules such as an entire
room or part of an apartment followed by the transportation and installation of the prefabricated
unit on-site (refer to Exhibit 1 for the images of the process). It could potentially achieve up to
40% manpower savings and up to20% time savings in comparison to conventional method of
construction.7
MET referred to engineered wood products with improved structural integrity that could be
prefabricated offsite in factories to precise dimensions before assembly on site (refer to Exhibit
2 for the images of MET). Its structural strength and capability in addition to design flexibility
made it highly suitable as a sustainable construction material. Other than meeting standards on
structural loading, noise abatement, and durability, MET could also be designed to achieve the
required fire-rating. Keung explained,
When Timber burns, it naturally chars. This charring layer acts as an insulation providing
good level of fire resistance. Thus, while designing the building structure, the consultants
incorporate this additional sacrificial layer to protect the inner timber.

The DfMA ecosystem encompassed a wide network of members with complementary expertise
to collaborate and deliver projects using the innovative technology.

BCA – Guiding the Industry
BCA was established in 1999 as an agency under the Ministry of National Development, and was
responsible for the development of the BE sector in Singapore to ensure that the buildings,
structures and infrastructure in the country were safe, high quality, friendly and sustainable.
BCA had three key roles. First, as a regulator, it authorised all constructions in the city state, and
conducted periodical regulatory reviews to monitor and strengthen building safety and
maintenance. BCA had in place a robust approval process from the initial design stage till the
BCA, “Singapore’s Journey in Driving Construction Productivity”, PrefabNZ Colab, 7-9 March 2018,
file:///D:/Documents%20New/DFMA_ecosystem/the%20SG%20govt%20BE%20sector%20transformation-%20CoLab%20NZ%2
02018%20Streamlined.pdf, accessed September 2018.
7
BCA, “Design for Manufacturing and Assembly (DfMA) - Prefabricated Prefinished Volumetric Construction”,
https://www.bca.gov.sg/Professionals/Technology/others/PPVC_Guidebook.pdf, accessed September 2019.
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completion of buildings for occupancy to ensure buildings complied with all requirements
imposed by the relevant technical agencies in Singapore. Second, as a champion of the
construction industry, it developed and implemented roadmaps on sustainability, construction
productivity, quality and accessibility to help the industry meet new challenges and be futureready. It introduced advanced productive technologies under the DfMA approach in consultation
with industry players, industry trade associations and chambers to accelerate transformation of
the construction industry. Third, as a capability builder, BCA through its academy, provided
comprehensive education and training from tradesmen, to supervisors, professionals and C-suite
executives on current as well as innovative construction methods and technologies.
To kick-start the adoption of DfMA by the industry, BCA had undertaken many measures which
included enhancing its’ Buildability and Constructability frameworks. Since 2001, BCA had
imposed a minimum buildability score (B-Score) and minimum constructability score (C-Score)
respectively to encourage the adoption of more buildable design and more productive methods
of construction. The B-Score requirements propelled consultants to adopt modularisation in their
designs for simplicity and integrated elements for ease of prefabrication, while the C-Score
requirements encouraged contractors to use the most efficient methods to construct. Over the
years, BCA had progressively reviewed and enhanced both the buildability and constructability
frameworks to give the industry the necessary push to improve its productivity.8
On the private sector front, BCA specified the adoption of DfMA technologies such as PPVC
and structural steel for projects developed on selected Government Land Sales (GLS) sites. On
the public sector front, BCA worked with Government Procuring Entities (GPEs) through the
Productivity Gateway Framework (PGF) for the Public Sector to take the lead in requiring DfMA
adoption for their projects. Both the GLS and PGF measures help to create the lead demand
required to drive the DfMA ecosystem.
In addition, BCA aligned its regulatory policies with other government agencies such as
Singapore Civil Defence Force (SCDF) on fire safety to facilitate adoption of MET. While fire
safety regulations did not come under the ambit of BCA, fire prevention and damage control
when using MET as construction material were ongoing challenges in the BE domain. BCA
presented MET, a technology being practiced in Austria and Europe for decades, as an effective
solution for both productivity and sustainability. Keung shared,
Since 1960, timber, deemed as a fire hazard, was not used as a construction material in
Singapore. It took us many years of working with SCDF to ensure that MET meets the
stringent fire safety requirements. Finally in 2014, SCDF, after inspecting buildings made
of MET in Europe and interacting with the fire departments of those countries, agreed to
allow use of MET in construction provided all fire ratings, fabrication criteria and
performance benchmarks were duly satisfied.

Teambuild: a Pioneer in PPVC Journey
Established in 1992, Teambuild Construction Group, had grown into a 1200 employee-strong
company with expertise in residential, institutional, and industrial projects in 2019. Over the
years, the group had earned more than 100 awards for its technical competence and adherence to
high standards of quality and safety.

BCA, “Enhancement of Tender Evaluation Frameworks to improve Construction Productivity”, 19 September 2017,
https://www.bca.gov.sg/BuildableDesign/qfm.html, accessed September 2019.
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Early Struggles
Teambuild’s PPVC journey had begun piecemeal. In 2013, BCA led a study trip to London,
where Teambuild learnt about volumetric construction, and understood the transformational
benefits of the technology. Johnny Lim, Executive Director at Teambuild, who attended the study
trip was keen to experiment with prefabricated volumetric construction (PVC) 9 through a
residential development in Singapore. However, that posed many challenges. With the ecosystem
to support this new technology almost non-existent in the country, Teambuild struggled to
identify the relevant stakeholders. Most of the consultants had no experience on how to
incorporate the elements of PVC in their design, and most developers were not too concerned
about the construction methodology as long as the project was delivered within time and budget.
Furthermore, Lim added,
A lot of resistance was faced internally too. We were worried that being 3-dimensional,
would there be problems of levelling it? Also, would it lead to water leakage issues? We
went through three rounds of intense deliberation to finally get the buy-in from our senior
management team...

Another challenge faced by Teambuild was the lack of project opportunities as testbed for the
new technology. The company even developed a video to demonstrate to the developers and
buyers how PVC could be implemented, however it found no takers. Finally, Lim turned to
Singapore’s Housing and Development Board’s (HDB) public housing projects, which
comprised the core of Teambuild’s business operations. Through evaluation of the nine HDB
tenders available in the market at that juncture, he found one project suitable for the use of PVC,
and submitted an alternative proposal of using PVC for it. The project comprised of just two unit
types namely the four room and five room flats, which was ideal for testing out the PVC concept,
and more importantly had a sizable piece of land available next to the project site, which was
critical as the PVC precast production yard and storage space for the PVC modules prior to their
installation on site.
The PVC proposal was not selected eventually as the adjoining land ceased to be available later.
However, the process of generating the alternative proposal helped the company to ascertain,
through digital modelling and simulation that significant construction time could be saved
potentially if PVC was used instead of the conventional method. The process also enabled
Teambuild to trigger the construction industry’s interest in the new technology, paving way for
the building up of the PPVC ecosystem.
Teambuild got its first PVC project as a HDB Design & Build (BTO) project in Bukit Batok,
enabling the company to turn its past research and studies into practice. Lim shared,
The HDB West Terra project had nine blocks, but we decided to use PVC only in three.
This was because it was a new technology, and our first volumetric project. We needed to
be comfortable, and the price needed to be competitive. Also, the three blocks comprised
smaller units with two room and three room flats, which helped in managing the logistics.
Since our factory for manufacturing the modules was in Malaysia, transporting smaller
units was easier.

9

PPVC (Prefabricated Prefinished Volumetric Construction) refers to a construction method whereby free-standing 3-dimensional
modules are completed with internal finishes, fixtures and fittings in an off-site fabrication facility before it is delivered and
installed on site. PVC (Prefabricated Volumetric Construction) refers to a less advanced iteration where the 3 dimensional modules
prefabricated offsite is not completed with full internal finishes, fixtures and fittings, but may still come with some pre-installed
piping and electrical penetrations.
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Building the Ecosystem
The Big Break
The big break came in the form of Brownstone project. Brownstone was an executive
condominium project, with development site area of 28,563 square metres, and comprised eight
blocks of 10 and 12 storey residential apartments with 638 units and configured into six units and
eight units blocks; one block of multi-storey carpark with a roof garden (refer to Exhibit 3).
The project was developed by City Developments Limited (CDL), a Singapore based leading
global real estate operating company with a network spanning 103 locations in 29 countries and
regions. It had a strong reputation of doing innovative cutting edge work, and wanted to
implement DfMA technology in the Brownstone development. Based on the synergies developed
between CDL and ADDP Architects LLP (ADDP) previously on the implementation of
Prefabricated Bathroom Units (PBUs), CDL once again roped in ADDP to develop the designs
to achieve full adoption of PPVC for the residential project. ADDP had a good exposure to PPVC
technology, having attended a BCA organised study trip to Melbourne, Australia. Through their
studies on PPVC, the foremost concern of Tang Kok Thye, Associate Partner – ADDP, was in
using steel in the residential project. He shared,
Globally all PPVC work was done in steel. While it is okay to use steel in a commercial
building like a hotel, steel boxes for a home would not be accepted in Singapore. The mindset when staying at home versus a temporary stay at a hotel is quite different.

With CDL agreeing with ADDP, concrete PPVC was conceptualised and adopted for the
Brownstone project. This catapulted Brownstone to be the first of its kind project in Asia, and
one of the world’s largest application of concrete PPVC for a large-scale residential development.
CDL approached Teambuild to gain the builder’s perspective during design stage through early
contractor involvement, as it was one of the very few contractors in the country with experience
in both PVC and precast construction. This also helped CDL in mitigating the business risks
involved in experimenting a new technology. Lim shared the reasons for Teambuild’s interest in
the project,
First, the government directive was clear – there were going to be no U-turns about DfMA,
so the market for PPVC was bound to go up. Second, the study trip had helped us
understand that concrete instead of steel would find greater market acceptance in
Singapore. Third, with CDL and ADDP behind the project, the risk perception was
minimised. We knew that BCA was providing funding support to CDL to help offset the
premium of cost of construction. Fourth, with our experience in PVC limited to HDBs so
far, we were keen to enter the private sector domain. This was an opportunity to not only
work with a progressive developer like CDL, but also gain the first mover advantage in the
industry.

CDL followed a stringent process of selecting a contractor to be invited to submit tender for their
project. There was a pre-qualifier that included a long comprehensive questionnaire, followed by
a series of interviews to determine the capabilities of the contractor. It was Teambuild’s ability
to demonstrate its prior experience in PVC that eventually clinched the deal. With the link-up
between Teambuild and ADDP through CDL in this PPVC ecosystem, these companies were
able to tap on each other’s experience, expertise and resources to bring the Brownstone project
to fruition.
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Challenges along the Way
During Teambuild’s early projects including Brownstone, the PPVC ecosystem was in its early
stages of development. There were concerns regarding the technology, such as potential post
construction water-leakage problems. This made most stakeholders especially the subcontractors reluctant to participate. Those who took up the challenge, they were cautious of the
business risks involved.
In addition, a number of unanticipated key technical and logistical issues cropped up during these
projects. For example, the tower cranes available in the market at that time could hoist up to only
10 tonnes, but PPVC modules weighed two to three times more. At that juncture when there were
no high capacity cranes in Singapore, Teambuild managed to overcome this by introducing giant
gantry cranes for hoisting and installation of the modules, the ones typically used in shipyards.
The other element of operational complexity was on account of the construction and
manufacturing processes that spread across multiple locations. For instance, for the
manufacturing of the concrete modules, Teambuild set up its factory in Malaysia to avail cheaper
land and labour resources. However, to ensure better quality, the prefabricated concrete modules
had to be brought into Singapore for interior fit-out, resulting in longer lead time due to
transportation and additional warehousing costs. Lim also shared some of the other problems
encountered,
We were not too sure about the tolerance requirements of the modules at that time. Also we
had not fully resolved the installation of M&E services such as electrical and plumbing
offsite…Then there was the big concern - what if we are not able to deliver on time? What
are the delay implications?

Despite these challenges, Teambuild managed to set up the foundation for the PPVC ecosystem
in the country, in addition to achieving 26% manpower savings in the HDB West Terra project,
which was completed in 35 months (4 months lesser than conventional method) and 25%
manpower savings in the Brownstone project which was completed in 26 months (2 months lesser
than the conventional method). This quantum leap in manpower and overall construction time
savings served as an impetus to promote further innovation and adoption of PPVC and other
DfMA technologies.
Strengthening the Ecosystem - Learning Curve
By 2019, owing to GLS programme requiring the use of PPVC, market for the new construction
method had picked up substantially in Singapore. Growth in demand had led to an evolution in
the ecosystem resulting in better capacity utilisation, efficient logistics and transportation
systems, and economically viable supplies. The sub-contractors and vendors, having gained
experience over time, had lower risk perception and hence charged lower premium. Industry had
easier access to high capacity tower cranes, the rental and ownership costs of the equipment had
come down substantially, and the warehousing and logistics costs had reduced too. According to
Lim,
The price differential between PPVC and the conventional method had come down to
between 7 to 8%.

By 2019, Teambuild had improved its PPVC modules design from first generation to fourth
generation over subsequent projects and they expanded its factory in Malaysia from 8 hectares
to 17 hectares, and recruited a process engineer with a manufacturing industry background to
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oversee the smooth running of the concrete pre-fabrication process. Lim explained, “The process
engineer goes to the factory and fit-out yards, analyses how long it will take for a particular
module, identifies bottlenecks and suggests ways to overcome them”.
Furthermore, to reduce the transportation time and improve efficiency, Teambuild decided to
undertake part of the PPVC manufacturing process in Singapore through investing in an
Integrated Construction and Prefabrication Hub (ICPH). The company planned to carry out
production of the concrete module and all finishing works under one roof in the ICPH, and deploy
the latest technology in its core processes for strengthening its core competencies. However, for
HDB projects, the final finishing could be carried out on the land allotted by HDB. Lim shared,
For each of its PPVC project, HDB has started to provide land specifically for building fit
out yard close to the construction site. This reduces our double cost of handling as we pick
up from Malaysia, and bring it directly to the fit out yard, from where we just need a trailer
internally to cart it over the small distance.

In 2019, 80% of Teambuild’s total projects underway were PPVC projects. Teambuild’s success
and commitment to PPVC encouraged other stakeholders to partake and invest in the innovation
process, creating a roadmap for strengthening the ecosystem (refer to Exhibit 4 for Teambuild’s
PPVC journey).

LHL’s MET Journey
Founded in 1976, LHL Construction Group grew from being an A2 contractor in 2014 to an A1
contractor in 2019, with a staff of about 100. Over the years, the group had earned more than 10
awards for its technical competence and good performance.

Building the Ecosystem
The First Foray
The company’s first MET project was JTC LaunchPad at one-north in 2015, with one of
Singapore’s lead industrial developers JTC Corporation (JTC). The project comprised three
blocks, of which one block was to be constructed using MET. According to Teo Tiong Yong,
Group Director - Project Management, JTC.
In 2013, we went for a BCA led study trip to Europe, where we learned about the merits of
using MET. In 2014, with productivity enhancement as one of our KPIs, we explored the
applicability of MET in Singapore BE space, and identified JTC LaunchPad for the same.
However, since it would be the first such project in the city state, we decided to be cautious
in our approach and build only one of the three blocks with MET.

At that time, there was little knowledge of MET technologies applications in tropical climates
like Singapore. Supported by JTC and BCA, LHL engaged Venturer Timberwork, a specialist
firm for sourcing and installing MET, and through its participation with the specialist, it learned
about the innovative construction methodology. According to LHL’s spokesperson,
Through the JTC project, we found that MET was a faster, cleaner and more productive
method of construction. This triggered an interest in us to know and learn more about the
technology. In order to compete against the industry bigwigs, we decided to acquire first
mover advantage by working on a platform that provided avenues to improve efficiency.
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In 2016, this decision was further reinforced by a BCA led study trip to Australia, where LHL
was exposed to the advanced commercial hybrid applications of MET. Subsequently, it began to
actively promote the adoption of MET as an alternative construction material to many developers
when tenders were called for conventional projects. In its fifth attempt, LHL met with success.
Its tender bid in partnership with another local contractor won them a junior college project,
where MET was used from level 4 to level 12 of the building. Collaboration with other
contractors and sub-contractors to tap on their expertise and resources stimulated the growth of
the MET ecosystem in the industry.
Building the Ecosystem
The Big Break
Singapore Management University’s (SMU) Tahir Foundation Connexion (SMU-X), an
experiential new generation learning space, was a sustainable building project comprising green
solutions, smart technologies, productivity solutions, with green mark certification (refer to
Exhibit 5 for its image). Conceived initially as a conventional building (site area of 3,543 square
meter), there was a turning point in its design in 2017, when its project team was introduced to
BCA’s Productivity Gateway Framework, including a study tour to Australia and UK to learn
about the DfMA approach. As DfMA resonated strongly with SMU’s innovation and
sustainability led vision, SMU decided to adopt MET in a hybrid system that comprised CLT
floor slab with prefabricated steel structures, in addition to prefab MEP (Mechanical, Electrical
and Plumbing) and DfMA façade.
This raised the project cost significantly, as MET had to be imported from Europe, which was
six to eight times the cost of concrete available locally. However, since the adoption of MET
enabled significant savings in manpower and time, it could help offset part of the overall cost
premium. In addition, the financial support from BCA’s Public Sector Construction Productivity
Fund (PSCPF) helped SMU embark on its first MET project.
First of all, SMU engaged a MET specialist from the UK to advise its team on design elements
as the local consultants and architects lacked experience in the adoption of this new construction
method. Next, it undertook an elaborate tender process to finalise the main contractor for the
project. A number of factors contributed to LHL’s selection, despite it not having the lowest
quotation among the shortlisted candidates. Having worked with MET in their previous projects,
LHL had a good understanding of the authority approval process for getting clearances from
various government agencies including SCDF, URA (Urban Redevelopment Authority) and
BCA. On the technical front, the company had learnt the importance of adopting BIM (Building
Information Modelling) and VDC (Virtual Design and Construction) versus 2D Computer Aided
Design (CAD) in the design and construction process. According to Keung,
The 2D drawings using AutoCAD do not give a 100% accurate image, and thus mistakes
occur during construction. While the traditional industry is used to reworking the mistakes,
this is not possible with DfMA. BIM and VDC enable 3D imaging and modelling so that all
stakeholders have a sound understanding of the designs, and are able to undertake the
offsite construction as per the specifications.
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Furthermore, the contractor had used the pre-construction full scale mock up10 approach in its
junior college project, and was fully aligned with the developer on using the same for SMU
project. According to Sundaravadivelan Selvan, Vice President – Office of Campus
Infrastructure and Services, SMU,
The most important factor in favour of LHL was the proprietor’s open minded attitude and a
drive to improve by learning new things.

Strengthening the Ecosystem– Challenges Enroute
LHL faced a number of issues over the course of these projects - while some were just teething
problems, many ran deeper and persisted. First, it was difficult to define the relationship of the
main contractor with consultants and sub-contractors. The boundary of responsibility was
ambiguous as no one had worked with MET earlier. In its first project, LHL had to rely a lot on
the specialist. However, by the time it embarked upon SMU-X, the experience gained from the
first project enabled them to collaborate more effectively with the specialists, and in the process
strengthened the MET adoption process.
Second, it needed to acquire new skills in its workforce. The design stage of the MET project
warranted a team more open to learning new software and techniques (e.g. BIM). On the other
hand, the implementation stage required skilled supervisors, experienced in overseeing MET
installation on-site. As Selvan shared,
Unlike concrete, timber was lighter to handle, and did not require heavy machinery and
grunt work - what it required was accuracy and precision. But, given the early stage of
MET adoption, there was not much suitably qualified manpower available in the country.

Third, only the tier one sub-contractors invested in acquiring BIM, a design tool critical for
successful execution of DfMA. Very few tier two and three sub-contractors in the ecosystem
were willing to invest in BIM, and preferred to use 2D AutoCAD system. Thus, LHL had to
spend time and resources to bring them on board and guide them every step of the way.
Another constraint was the regulatory restrictions imposed in sourcing and implementing MET.
Due to SCDF’s stringent standards relating to fire safety and ensuring conformity of MET
products under its Product Listing Scheme (PLS), there were many tests and factory inspections
needed to make it to SCDF’s list of approved fire safety products and materials. This certification
process was important as many products were manufactured overseas and thus required to be
validated for their fire safety performance. According to Selvan, “As more MET projects are
being undertaken, there is an increase in the number of trusted suppliers. Thus, in the future,
SCDF may review and adjust its requirements.”
To overcome these challenges, LHL received tremendous support from SMU. The developer
practiced a one-team concept whereby all partners - consultant, specialist, developer and
contractor - met weekly to resolve together the technical and managerial issues that would crop
up. The collaborative work environment enabled LHL to be on track for a timely completion.
The project was estimated to be completed in only 15 months as against 24 months under the

10

Full scale mock-up is a full-size three dimensional structural model made with the same construction techniques and materials
that will be used on a project, with complete finishing, interiors and aesthetics, down to the smallest detail. It allows for a thorough
evaluation of a building’s proposed design and structure.
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conventional construction method. By 2019, LHL had adopted MET in 50% of its projects (refer
to Exhibit 6 for MET journey).

The Ecosystem Challenges going forward
For Teambuild and LHL, and their partners, the DfMA journey so far had been a steep learning
curve with no precedent project to follow. Keung knew that while the progressive leadership and
culture of these organisations had successfully spearheaded the adoption of DfMA concept in
Singapore, many challenges remained that stifled the growth of the ecosystem.
Such leaders were few and far between, with majority of the industry shying away from the
riskier and more costly method of construction. According to Keung, as long as government
stipulated the use of DfMA in the tenders, contractors and developers adopted the technology.
However, when it was left to the private sector’s discretion, most preferred to use the
conventional methods.
Unlike PPVC, MET was not imposed by BCA as a tender requirement for any project.
Consequently, there were only 10 MET projects versus 40 PPVC projects in the pipeline till the
end of 2019. According to Keung,
Demand is a precursor of supply. With low demand, supply is also limited and costly due
to lack of economies of scale. Further, it curtails stakeholders’ exposure, resulting in a
stunted learning curve.

Furthermore, the existing construction contract between the contractor and developer in the
private sector, while appropriate for conventional construction, was not conducive to stimulate
the growth of DfMA ecosystem. Keung explained,
In order to prove that work is done, the contract followed by the private sector, SIACOC
(Singapore Institute of Architects Condition of Contract), stipulates that payment is made
to a contractor only once the construction material is moved onsite. But under DfMA
process, production takes place offsite, and only once the PPVC modules or MET are
fabricated, they are moved onsite for installation. Thus, while the contractor has already
invested a significant amount in undertaking production at the factory and sourcing
supplies from outside, he does not receive any payment for it, creating cash flow blockage.
This further hinders the main contractor’s ability in making timely payments to its subcontractors.

While a few developers like CDL and SMU helped bridge the cash flow gap by being flexible in
their payment criteria, the rest of the industry had yet to evolve as it lacked understanding of the
new technology. In addition, most developers and contractors tended to submit project financing
proposals to banks with cost projections in line with conventional construction method instead
of DfMA, worsening the cash flow situation during project execution. The LHL spokesperson
added, “It is important to understand that the cash flow curve in DfMA is different, and hence
the project financing needs are different too. We had to learn it the hard way.”
Additionally, down the road, there was a need for the industry to develop maturity and evolve by
integrating the different systems to help keep costs and quality in check, ensure delivery on time,
and not to over/under produce components and modules which could jam a whole factory.
However, unlike the western developed markets, Singapore construction industry was
characterised by having a multitude of sub-contractors, a different one for each trade. This was

11/19

SMU Classification: Restricted

SMU-19-0036

Developing the DfMA Ecosystem in Singapore’s Construction Industry

not efficient in terms of time, labour and money, and significantly limited the collaborative and
innovative efforts imperative for driving efficiency in DfMA projects.
BCA’s target was to achieve a DfMA adoption rate of 40% by 2020. It recognised that developing
a strong ecosystem was vital to establishing a sustainable, productive, healthier and safer BE
industry in the city-state. As Keung pointed out,
It is not enough for the government to promote it through study trips, financial aid,
regulations and policies. Like the few pioneers, it is imperative that the rest of the industry
too converges on a common set of mutually beneficial goals, fosters flexibility, and creates
value through sharing of diverse capabilities and knowledge. This would stimulate
investment in the ecosystem, create demand, and bring down the high tangible and
intangible costs. We need visionary leaders from the industry with strong sense of mission
and good business acumen to help drive its own transformation.
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EXHIBIT 1: PPVC PROCESS

Source: BCA, “Design for Manufacturing and Assembly (DfMA) - Prefabricated Prefinished Volumetric
Construction”, https://www.bca.gov.sg/Professionals/Technology/others/PPVC_Guidebook.pdf, accessed
October 2019.
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EXHIBIT 2: MET PROCESS

Source: BCA, “Design for Manufacturing and Assembly (DfMA) – Mass Engineered Timber”,
https://www.bca.gov.sg/Professionals/Technology/others/MET_Guidebook_2018.pdf, accessed October 2019.
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EXHIBIT 3: BROWNSTONE EXECUTIVE CONDOMINIUM

Source: BCA, “Construction Productivity Awards 2019 – Brownstone Executive Write-up”, May 2019,
accessed October 2019.
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EXHIBIT 4: PPVC JOURNEY

Source: BCA, “International Panel of Experts for Construction Productivity and Prefabrication Technology”,
13-14 Oct 2016, accessed October 2019.
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EXHIBIT 5: SMU TAHIR FOUNDATION CONNEXION

Source: BCA, “SMU Tahir Foundation Connexion – Site Visit Briefing”, June 2019, accessed October 2019.
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EXHIBIT 6: MET JOURNEY

Source: BCA, “International Panel of Experts for Construction Productivity and Prefabrication Technology”,
13-14 Oct 2016, accessed October 2019.
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