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Project Storeys

Collins House

Project

60

Year

2019

Country

Australia

Modular type

2D Panel
and 3D
Module

Material Highlight

Concrete
The tallest building 

combining both penalised 
and PVM method

J57 Mini Sky
City Tower 57 2015 China 2D Panel Steel

The fastest-built building 
upon completion (in 19 

days)

Croydon Tower 44 2020
United

Kingdom 3D Module Steel
The tallest PVM building 

upon completion 

Atira Student
Accommodation

44 2018 Australia
2D Panel

and 3D
Module

Concrete
Combined of both penalised 

and PVM methods

Combined of both penalised 
and PVM methodsLa Trobe Tower 44 2016 Australia

2D Panel
and 3D
Module

Concrete

Clement Canopy 40 2019 Singapore 3D Module Concrete The tallest PVM building

B2 Tower 32 2016
United
State 3D Module Steel

The tallest PVM building 
upon completion

T30 Tower 30 2011
China

2D Panel Steel
The fastest-built building 

upon completion (in 15 
days)

Apex Tower 29 2017
United

Kingdom 3D Module Steel
The tallest PVM building in 

Europe

SOHO Tower 29 2014 Australia 3D Module Steel
The tallest PVM building 

upon completion
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TIME SAVING
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SAFETY
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ON-SITE LABOUR REDUCTION
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INTENSIVE PROJECT PLANNING

�������
���
��������������
��������
����������������������
����
�������¥��������������������������� �����­������� ����
�������
���������������
�����������������
�
������­	

RIGOROUS PROJECT COORDINATION
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DESIGN LIMITATION

�� ��	�
���������	� 	��������� ���	�������������������	�����

��������������������
������
������¨����������­����������������������¤�������
��������������������¤���
����

������������­�����	


��� ������������������

�����
�����������­������	�����������������������������
������
�����������������­�����������������������

�������������������������������������������������������	�������������	�	����������������������������������

���������
������
����� ���������
������ ���������������������
���
��������
����������������������
����	�

�������	���������������������������
������������
�
���
�����������������������������������	�

������ �����������������������
�������
�������	��������������



5
��
	�
���������������
��
�������
���
�����	� ���
������	�

���������������������������
��


���������	��������������
��


�����������������
��


�� ��	�
����������	������	����������	�	����

�� ��	�
����������	�����	�������

�� ��	�
����������	��������	�����

�
����������� �
�	������������������������ �
��������������������������



6
��
	�
���������������
��

�������
���
�����	� ���
������	�

Corrosion, lack of design 
guidance

Suitable mainly for 
low-rise buildings

Additional reinforcing 
required to strengthen 

the container when 
openings are cut in the 

walls

Suitable for high-rise 
buildings, high strength

Lightweight, easy to 
transport and install

Recyclable shipping 
containers, easy to 

transport

Hotels, residential 
apartments

Maximum 10-storey, 
25-storey with additional 

core

Post-disaster housing, 
military operations, 

workers' quarters, and 
residential development

a) Metal PVM

DisadvantagesAdvantagesApplicationPVM Type

•  MSB Module

•  Light Steel Framed  
    Module

Heavy to transport and 
install, potential cracking 

at corners 

Fire resistant, acoustic 
insulation, thermal 
performance, high 

capacity

Hotels, prisons, 
residential apartments, 

educational buildings, etc.
b) Precast Concrete
      PVM

Poor �re resistance, need 
extra treatment to 
improve durability

Sustainable material, easy 
to assemble, easy to 
transport and install

1 to 2-storey high 
buildings, educational 

buildings, housing
c) Timber Frame Module

•  Shipping Container 
    Module

����	�
�������������������	�������������������

�������� ����	��������������
��


�����
��������	��	�����������
�����������������������
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�­������������­�����������
���������­����������
������¨

� �	� ���
����������������
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�

� �	� ���������������
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�����������������
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2.0 IMPLEMENTATION OF PVM
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����	���
���	��������������	��� ���������	�	����������������	�

���� ������������ ��� ���� ��������������� ���� �����­� �����
�� ����� �� ����������� ���������� ��� ���������

����������������������
��������	�������������ª�¤���������������������������������ª�¤���
������������

�������§�
������������������������������������������������������������������
�������������������	�������	

������ ��������������������������������������������

Constraints Descriptions

Process and programme • Longer lead times/ early commitment.
• Prefabrication must be designed in, not backward.
• In�exibility to repair design without further design changes.
• Design restrictions because of tra�c limitations (e.g. module size).
• Requirement for extra project planning and design efforts.
• More communication is requested before and during construction.
• Complicated process for inspection.

Cost/ value/ productivity • Clients have di�culties understanding.
• High initial set-up costs.
• High construction cost compares to the traditional construction method.
• Obliged to accept element-speci�cation costing.
• Reluctance to accept the best value than a lower cost.
• More costly compared to traditional construction methods, i.e. commercial 
sales of prefab components are high.

People and OHS • Raised organisational demand (e.g. changes in the roles of project participants).
• May increase and cause accidents and incidents.

Regulatory

Leadership

Industry & market culture 

• Limited codes and standards available.
• Restrictive, inconsistent, unnecessary, burdensome, costly regulations, 
especially between jurisdictions.

• Deep pessimism is rooted in past mistakes rather than a determination to learn 
from history. Resistance from customers, mostly due to negative image.
• Resistance to change (i.e. designers, builders, and workers).
• Lack of awareness of bene�ts among developers/ owners.
• Seen as restrictive and unable to meet the needs of the client.
• Di�culty in obtaining �nancial support.

• The shortage of visionaries dedicated to progress in the industry.

• Loss of on-site and supply chain control.
• Limited distributor capacity.
• Inter-manufacturer competition and protection.
• Low imported quality.

Supply chain & procurement
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Constraints Descriptions

Skills & knowledge

Technological

• Lack of skills by professionals (design), subsequently impacting the entire 
process.
• Lack of skills among manufacturers/suppliers to improve technology 
e�ciency.
• Lack of installation skills and knowledge among builders and workers.
• Lack of knowledge repository.
• Lack of industry investment in R&D.

• Legal restriction on safety and site conditions.
• Di�culties in the control of stock/ inventory due to large heavy products.
• Requirements for extra materials for module protection.
• Limited site distribution (e.g. limited space for unloading, moving, and storing 
the modules).
• Need escort for oversized modules.
• Di�cult and costly for long-distance transport, especially for heavy and large 
modules.
• High tolerance issues in terms of on-site interface.

• Reticulation of service through modules is problematic.
• Lack of digitalisation adoption in the industry.

Logistics & site operations
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Constraints Descriptions

• Prefabrication must be designed in, not backward.
• Shortage of visionaries dedicated to progress in the industry.
• Inability to repair design without further changes.
• High tolerance issues in terms of on-site interface.
• Service linkage is problematic.

Process, programme, 
and productivity

Cost/ value • High initial set-up costs.
• Reluctance to accept the best value than a lower cost.
• Costly compared to the current IBS construction method and conventional 
construction method.
• Obligated to accept element-speci�cation costing.
• Di�culty in obtaining �nancial support.

• Large capacity/ massive machinery needed at site i.e. potential blind spot 
for handling the modules.
• Lack of codes and standards available in the market.
• Legal restriction on safety and site conditions.
• Restrictive, inconsistent, unnecessary, burdensome, costly regulation, 
particularly between jurisdictions.

OHS and regulatory

����	�������	��������������	��� ���������	�	�����������������������	�������������������������������������
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Constraints Descriptions

• High risk for accidents and incidents during transportation and installation

• Clients having di�culties understanding the bene�ts.
• Resistance to change (i.e. developers, designers, and contractors).
• To be seen as restrictive and unable to meet the needs of the client.
• Negative image due to past mistakes.
• High destruction in industry.

People, industry & market 
culture

• Limited distributor capacity.
• Di�cult and costly for long-distance transport, especially for heavy and 
large modules.
• Inter-manufacturer competition and protection.
• Longer lead times.
• Di�culty handling massive modules in storage.
• Loss of on-site supply chain control.
• Low imported quality.

Logistics, supply chain & 
procurement

• Absence of appropriate training available.
• Unavailability of industry investment in R&D.
• Shortage of skilled and knowledgeable professional designers and 
contractors in the market.
• Lack of knowledge repository.
• Lack of knowledge among manufacturers/supplier to improve technical 
e�ciency.
• Lack of digitalisation technology adoption in the industry due to limited 
resources (outdated hardware to support current software).

Skills, knowledge & 
technological
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Constraints Descriptions

• Less time on-site—speedy construction.
• Speedy product delivery. 
• Less time spent on commissioning.
• Guaranteed delivery, more certainty over the programme, reduced 
management time.
• Programme is driven centrally.
• Simpli�ed construction process – pragmatism

Process & programme

Quality • Higher quality—on-site and from the factory.
• Product tried and tested in factories. 
• Greater consistency—more reproducible.
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Constraints Descriptions

• More control of quality, consistent standards, reduced snagging, 
and defects.
• Products work the �rst time.

• Lower cost.
• Lower preliminary costs.
• Increased certainty, less risk.
• Increases added value.
• Lower overheads, less on-site damage, less wastage.
• Reduced whole-life cost.
• Allows systems to be measured.

Cost/ value/ productivity

• Fewer people on-site – possibly reducing OHS risks.

• Site skills/knowledge
- People know how to use products.
- Limited or very expensive available skilled on-site labour.

Skills & knowledge

People & OHS

• More success at interfaces.
• Less site disruption.
• Reduced use of wet trades.
• Removal of di�cult operations off-site.
• Work continues on-site independent of off-site production and vice-versa.
• Restricted site layout or space.
• Multi-trade interfaces in restricted work areas eliminated.
• Live working environment limits site operations. 
• Site restriction by external parties alleviated.
• Security on-site or high levels of theft mitigated.

Logistics & site operations

• Reduced environmental impact during construction.
• Maximised environmental performance throughout the lifecycle

Environmental sustainability

Factor Actions

Skills & knowledge • Skills training in trades are required to ensure the industry is well 
furnished. 
• Regular conferences/ meetings should be arranged to demonstrate 
current PVM projects and their bene�ts.
• Encourage government to provide improved research incentives to 
stimulate local innovation and business start-ups. 
• Increase appeal for manufacturers to employ apprentices. 
• Encourage the location of manufacturing plants in areas with suitable 
labour sources.
• Conduct career days at schools to get people interested in the PVM 
market.
• Create an online portal to disseminate international trends, products, 
and processes associated with PVM. 
• Conduct market research study to ascertain market opportunities.
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­
�����������������������������������

­


©�����������������������
�
���������������������������������������������������������������������������
�
�

��� ������������ ��
����­���������
���	������������������������­� ���������������� �����������
�����������
�

������
������������� ����������������
�����
������
������
��������������� ����������������������
�

����������������������������������������������������	��������	�����������������
����������������������

��������������������������­��������������������
����­	

������ ��������������������������������������������

����	������������������������������	�	�����������	��������������������������	����



14
��
	�
���������������
��

�������
���
�����	� ���
������	�

�������� ��������������

­
�����������������������������������

­


Factor Actions

• Disciplines and processes need to be streamlined using integrated IT 
systems. Include the development of IT-based project management 
system to coordinate subcontractors and integrate the process. Need to 
learn from other industry’s systems – from design to order and production. 
• Advice on information and document distribution and management 
protocols required in a high IT environment.
• Advice on storage and ownership of digital information should be 
addressed. 
• Encourage the design of PVM into a project from the concept stage 
through education and showcasing.

Process & programme

• Establish annual PVM products and careers expo to showcase and 
promote PVM. Include trade shows and seminars.
• Commence initiatives to ensure that tertiary education focuses on future 
trends and ideas, including PVM and manufacturing.
• Improve government standards for civic architecture intended to improve 
building quality and longevity, thus, showcasing PVM products in operation 
and dispelling negative perceptions. Showcasing will demonstrate all 
bene�ts of PVM.
• Establish government-funded display centres showcasing PVM products 
in use.

Industry & market culture

• Whole-life cost needs to be emphasised with an understanding of value 
rather than purely direct costs. A system or method is required to show 
and convince clients that PVM is bene�cial.

Cost/ value

• Energy rating systems to be used to demonstrate that PVM can exceed 
current standards. 
• Appropriate authorities need to examine the introduction of a separate 
section to code for PVM.

Regulatory

• Inventory management research and advice necessary for 
manufacturers.
• Advice on the location of manufacturing plants close to the project to 
reduce transport costs and logistics.

Logistics & site operations

• Demonstration of better e�ciency ratings due to better dimensional 
tolerances being possible.
• Demonstration of sustainability bene�ts.

Environmental sustainability
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Cost reduction.
Time.
Productivity.
Quality.
Environmental performance (waste 
reduction, energy e�ciency, land use)
Supply chain management.
Safety.

•
•
•
•
•

•
•

Need for affordable housing.
Job creation.
International competitiveness.
Contribution to sustainability.
Capture �rst-mover advantage.
Financing.
Increase in natural disasters.
Growth in the market for new building 
products.

•
•
•
•
•

•
•

STRENGTHS

OPPORTUNITIES

Capacity building.
Perception about PVM construction.
Process and people.

•
•
•

Negative attitudes.
Finance.
Competition, market trends, and 
geographical location.
Reduced demand for traditional trades.
Not getting stuck at the compliance/ 
permit stage.

•
•
•

•
•

WEAKNESS

THREATS
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Scope

Time

Cost

Quantity

Standardised designs.
Repeatability.
Housing demand.
Commercial construction application.

Limited design options.
Lack of customisation.
Prede�ned conditions with subjected 
limitations.
Tenant improvements must work within the 
con�ned interior build-out.
Inherited projects that are predesigned or 
partially built.
Scaling increases customisation and 
complexity.

Reduced planning phase.
E�cient production lines.
Optimised productivity.
Regular inspections.
Site and factory work occur in parallel.
On-site coordination.
Schedule compression.
Less weather risk.
Controlled factory environment.

Design costs allocated to multiple projects.
Quicker payback period.
Less general conditions.
Less wastage.
Site labour reduction.
Lower-skilled labour.
Fewer accidents.
Integrating the supply chain.
Realising quantities of scale.

Financing. 
Signi�cant upfront costs.
Greater operational costs.
Transportation.
Partaking in multiple stages of the supply-
chain requires increased coordination.
Resourcing and training.

Testing and inspections.
Building operations.
Technology implementation.
Sustainability.

Poor industry perception.

RISKSOPPORTUNITIES

• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
•
• 
•  

• 
• 
• 
• 
• 
• 
•
• 
•  

• 
• 
• 
• 

• 
• 
• 

•

•

• 

• 
• 
• 

•

• 

• 

Di�culty in estimating.
Productivity factor sensitivity.
Delay impacts.

• 
• 
• 
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PVM BUSINESS MODEL
FRAMEWORK

3.0

������������������������
��������������������������������



18
��
	�
���������������
��

�������
���
�����	� ���
������	�

���������������
��������������������������������������������������������
�­	���������­�������������

��������� ������� ��
� 
������� ����������� �����������
��� ���� ��� ������� ��� ���¨� �������� ��
�� ��
� �������

��������	�����������������
����������������
��������������������������������������������­	������
�������

���
�������������ª����������������������
�������������������
���������������«�����������
��	�� ����
��������

��� ��� �� ������­� ������������ �� ������� ��� ������������������­�� ��� �� ���������� ����� ��������� ���� ��

������­�
���������������������������������������
����
���	�

�������������
�������������
����������������������	������������������
�����������������������������


�����������������
�������
�����
����­�������������������
���������������������¡�
��������������������	�

 �����������������������
���
������������������������
����
������������������	�����
������������

�����
��������������������������������������������������������������������� ��	���
�

���������������������������������������������
�����
������������	�������������� ���������������������

�������
� �����������������
���������������� �������� ���­������
�������� ������	��������������� �������

��������
�������������������������������������
�
­������	����­��������§�
����������������������­��

������������­������
����
�����������������������
��������������������
�
���������������������������

������������	�����������������������������������������������
���������������­�����������	�������­��

��������������
������
��������������������������������­¬�
������������������������������������������
�

���������­�����������
�������
� ������������������� �����	������ �������­�� ��������������� ��������

�������������­���
������������������������������������
���������
�����������������������������������

 �������������������������¤��������������¤� �������������®
���������
����¡������������	�

3.0 PVM BUSINESS MODEL FRAMEWORK
��
� �	�����������������	������	�

�� ��	���
���������	�	�����������	������	������	��������	��������	
���­�����



19
��
	�
���������������
��
�������
���
�����	� ���
������	�

��� ������� ������������ ��� ����������� ���� ���� ������������ ��� ��� ���������� ��� ���������� ���� ���������

�����������
�������������	� � �������������� ��� ��� ����������������������������������������
������������

�����
����
�������������������­�������������������������������������	���������������������������
���

���������������
���
���������� �������������
������������
��� ��������������
� �������������������������

�������­��©����
�������� ��������������������ª�	�����	���
�����������������������������
���
�����������

���������������������������������
��­��¯�������������������	

����	���
�������	������	���	����������­������������	�����
��

Business Model De�nition Authors

Architecture for product and service �ows including a description
of the business activities and its sources of income.

Timmers (1998)

How the company aims to make pro�ts and sustain them over
time. 

Stewart & Zhao (2000)

Structure prepared to create value. Amit & Zott (2001)

Choices made by a company to make a pro�t. These include 
resources and expertise to create value through products 
operated by the �rm, internally or externally.

Plé, Lecocq, & Angot (2010)

How the organization creates and delivers value to its 
stakeholders.

Casadesus-Masanell & Ricart 
(2010)

The logic of creation, delivery, and capture of value by an 
organization. Osterwalder & Pigneur (2010)

How a company does business and creates value. Zott, Amit, & Massa (2011)

Coherence of the strategic choices of the company, which 
enable relationships to create value at its operational, tactical, 
and strategic levels.

Nielsen & Lund (2012)

���� �����	������	������	������������

�����
����������
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Components Description

Value propositions as products that help the customers in their routine 
and daily life. Further de�nition by Bonaccorsi, Giannangeli, & Rossi-
Lamastra (2006) describes the value as products and services offered 
by a company to be delivered to target customers. Identify products 
and services that the company can offer to potential customers

Offering different products for different customer segments; 
accommodate different needs at various stages of life. Identify 
the business target customer.

Value propositions

Target customers

����	�����������	������	��������	����­���������������
��
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Components Description

Nowadays, customers are more aware of their rights. In today’s 
business, consumers appreciate better pre-sales, during sales, and 
after-sales service from the service providers. In the PVM industry, 
this challenges businesses to improve their customer relationship 
from time to time. 

Customer relationship

Determining methods of payment from the customers, how much the 
customers want to pay for the goods and services, and how they 
prefer to pay for the goods and services offered by the manufacturer. 
In this case, to identify how the company gets revenue from the 
customer.

Revenue streams

Determining the cost of the product based on investment in key 
resources; value-driven companies to aid the customer rather than 
cost-driven. In this strategy, to identify the price based on the cost 
involved in the resources.

Cost structure

Determining the types of resources required to operate this business; 
determine the physical, �nancial, intellectual, or main resources 
needed to run the company.

Key resources

Partnership

Channels

Determining the partnerships required to operate the business, 
sharing and reduce risk, and acquiring resources for the company.

Determining through which channels the customers want to be 
reached. Determining the way to raise awareness of the products, 
help customers evaluate the goods and services, help the customers 
to know about their products much better.

Determining the main activities run by the company in its daily 
operation.

Key activities
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VALUE CREATION FINANCIAL SUPPLY CHAIN

Propositions Cost Structure Activities

What are the company's products 
and services?

How does the company put value 
to their propositions?

What are the activities run by the 
company?

Target Customer Revenue Streams Channels

Who are the company's target 
customers?

How does the company generate 
revenue?

How do the propositions reach the 
customer?

Customer Relationship Key Resources Partnership

How does the company keep its 
relationship with the customer?

What are the resources involved in 
the company?

Who are the partners to help the 
business?
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Components Description

Modular housing, factory production system, barrier-free design.
Part customisation and part standardisation.

Value propositions

Target customers High-income, professionals

1) Customer information & consulting services and Hayamimi network
2) Customer satisfaction level survey
3) Customer and Top' (CAT) meetings
4) After-sales support
5) 20-years warranty, 60-years scheduled diagnosis system
6) Proposal for maintenance
7) Proposal for functional renovation
8) Proposal for addition and improvement

Customer relationship

Selling house and mortgage through �nancial institutionsRevenue streams

Manufacturing plant, crane for logistics, engineers, designers, trucks, 
trailers

Cost structure

Maintenance, resources location, manufacturing technology, 
resources, crane facilities, people, designer, technical personnel

Key resources

Showhouse, roadshow, websitesChannels & network

Co-creation of next-generation, alliances with outside parties, industry-
academic partnerships, mergers with competitors

1) Manufacturing container-size housing
2) Sales and lease
3) Demolition work
4) Design consultation
5) Design customisation/ engineering/ piping works

Partnership

Key activities
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• Apartments

• Hotels

• Student accommodation

• Hospitals & healthcare centres
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Components Description

Standardised modular apartment blocks, facades, bathrooms designValue propositions

Target customers Middle to high-income

No dataCustomer relationship

Selling houses and mortgages through �nancial institutionsRevenue streams

Maintenance, resources location, manufacturing technology, resources, crane
facilities, people, designers, technical personnel

Cost structure

Manufacturing plant, assembly plant, crane for logistics, engineers, trucks,
trailers

Key resources

No dataChannels & network

No data

1) Producing building structures (in-house formwork structures)
2) Prefabrication building systems
3) Producing modular bathrooms
4) Design and built facades
5) Carpentry services
6) Plant hiring
7) Design & engineering services
8) Crane logistic services

Partnership

Key activities
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5) carpentry and �t-out 

6) design and engineering 

7) prefab housing

8) design & build modular bathrooms.
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Components Description

Value propositions Proprietary products that compose the customizable modular housing, 
accommodation blocks, bathrooms, facades and other building design.
Partly customisation and partly standardisation

Cost structure The company had invested huge amount of capital in both physical 
(manufacturing plant, assembly facilities, trucks, trailers) and human resources 
(engineers, designers, installation specialist) to run its business operations. The 
cost involved for each project is varies depending on the size (economies of 
scale), location (mobility), complexity and the speci�c scope of works.

Key resources Manufacturing technology & plant, assembly facilities, engineers, designers, 
installation specialist.

Target customers Public sector and private company 

Channels & network Show unit, exhibition, websites

Partnership No data

Customer relationship 1) Customer Retention – providing solution proposal and technical   
 assistance 
1) After-sales support
2) Proposal for functional renovation
3) Proposal for addition and improvement

Key activities 1. Design and engineering services
2. In-house modular structure fabrication
3. In-house proprietary IBS system production
4. In-house roof truss system production
5. In-house door frame and window production
6. In-house multipurpose panel production
7. Floating concrete pontoon production 
8. Installation services for IBS building system
9. General construction services
10. Logistic services
11. Research and Development of new / improved IBS system 

Revenue streams Experienced professional team that are capable :-
• To provide design & build solution �t for the environment and   
 customer speci�cation with complying the local authority 
 requirements. (Professional Consultation)
• To manufacture and supply of various proprietary IBS and modular 
 system. (Manufacturing)
• To construct and complete projects that are adopting Castwell system 
 and products for both public and private sectors. (Specialist 
 Construction)
• Other fabrication of customized products.  
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Components Description

PVM fabrication and installation ( steel modules, concrete modules, and hybrid
type) based on client design

Value propositions

Target customers Middle to high-income

ContractingCustomer relationship

Supply and install PVM worksRevenue streams

Manufacturing plant, labour, raw material, steel mould, transportation and site
installation

Cost structure

Skill labour, batching plant, steel manufacturing, resources, crane facilities,
people, technical personnel

Key resources

No dataChannels & network

No data

1) Producing PVM structures 
2) Concrete batching (meet SS EN 206)
3) Prefabrication building systems
4) Concrete mould fabrication
5) Steel fabrication

Partnership

Key activities
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