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A comprehensive review of the Construction Supply Chain (CSC) has been undertaken to
establish a robust theoretical foundation and to identify emerging trends, key challenges, and
strategic solutions for advancing the CSC toward sustainability and optimization. A systematic
review of 398 scholarly articles published between 2010 and 2025 was carried out using
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indust major databases including Emerald, IEEE Xplore, and ScienceDirect. The analysis highlights
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BIM y prominent research directions such as green construction supply chains, risk management,
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buildings, procurement and collaboration practices, and performance improvement.
Technologies such as Building Information Modeling (BIM), Internet of Things (IoT),
Blockchain, and Artificial Intelligence (AI) are playing an increasingly critical role in
enhancing transparency, real-time monitoring, and risk forecasting. The CSC has been
recognized as a strategic development pathway in the context of globalization, contributing
to emission reduction, resource optimization, and sustainable development. However, the
study also reveals major challenges including fragmentation, risks, and limited capabilities of
supply chain participants. Stabilization, strategies such as circular economy integration,
resilience enhancement, and performance-based policy design are recommended. The
findings serve as a significant scientific and practical basis for the development of the
construction supply chain in Vietnam.
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1. Introduction

Vietnam is rapidly industrializing, modernizing,
and developing urban infrastructure, with the
construction sector goals playing a pivotal role in
realizing the national strategy. However, despite rapid
development, the industry faces systemic challenges
such as rising costs, unstable project schedules, high
environmental emissions, and a lack of integration
among supply chain participants. Developed countries
and many regions have recognized the construction
supply chain as a strategic domain, where digital
technologies, circular economy principles, and public-
private partnerships are applied to optimize value and
enhance sustainability. In contrast, in Vietnam,
theoretical and practical research on construction
supply chains remains fragmented, unsystematic, and
has yet to align with international trends. Therefore,

conducting a comprehensive systematic review is not
only academically significant in clarifying the structure,
trends, and knowledge gaps but also practically
valuable in guiding effective supply chain management
solutions tailored to the socio-economic development
conditions and digital transformation demands of
Vietnam's construction industry.

2. Research methods

The systematic mapping process of [1]and the
guidelines for systematic literature review of
[2]were consulted for the research methodology of
this study. This study explores the existing studies
related to CSC, a research model established as
shown in Figure 1. The selected data were collected
over time from 1/1/2010 + 2/3/2025 from
Emerald, IEEE Xplore, and Sciencedirect as shown in
Figure 2.

Figure 2.

Data across research phases
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Figure 3. Map of research contributions by Nation.

The map of statistical data collection of 398 publication; Figure 5 shows statistics by
research works by country is shown in Figure 3 and journal/conference of publication.
Table 1. Figure 4 shows the research works by year of

Table 1. Statistical table of research works by country.

China 117 Germany 7 Taiwan 3 Lithuania 1
UK 53 Korea 6 Sri Lanka 3 Russia 1
Australia 33 Nigeria 6 Finland 3 Singapore 1
. United Arab
India 20 Emirates 6 Portugal 3 Qatar 1
USA 15 Turkey 5 Switzerland 3 SaUd.l 1
Arabia
: New .

Malaysia 14 Zealand 5 Ghana 2 Thailand 1
Sweden 14 South Africa 5 Denmark 2 Jordan 1
Vietnam 11 Poland 5 Norway 2 Egypt 1
Iran 9 Indonesia 5 Bangladesh 1 Slovenia 1
Italy 9 Pakistan 5 Brazil 1 Morocco 1

Canada 8 Netherlands 6 Ireland 1
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Figure 4. Chart statistics of research works according to the year of publication.
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Figure 5. Chart statistics of research works according to the magazine/conference.

3. Research scopes

An analysis based on VOSviewer allows the main research topic clusters, group topics by
creation of a network map based on the frequency color, and identify prominent research trends in a
of occurrence and the degree of association specific field. According to Table 2, the research
between the keywords of the synthesized studies, scope is identified in Figure 7.
as shown in Figure 6. The software helps identify
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Figure 6. Model of keyword association appearing by frequency in research from the VOSviewer software.

132



Tran Phu Loc, Tran Quang Phu, Huynh Thi Yen Thao
Construction supply chain - A systematic review

Table 2. Keyword groups are collected by the VOSviewer software.

Building information modeling (26); Circular economy
(14); Logistics (12); Construction supply chain
management (11); Optimization (10); Systematic
literature review (7); Information technology (6);
Modular construction (6) ;RFID (6); Life cycle
assessment (5) ;Sustainable supply chain management
(4); GIS (4); Transportation (4).

Construction industry (65); Construction supply chain
(64); Green supply chain management (13);
Construction project (12); Supplier selection (8);
Barriers (6); Drivers (5); Green supply chain (5) ;
Low carbon (4); Multi criteria decision making (4);
Developing countries (4); Case study (4).

Supply chain resilience (13); Supply chain performance
(8); COVID-19 (8);

Resilience (6); Stakeholders (5); Supply chain risk
management (5); Industrialized construction (4);
Prefabricated building (4).

Environmental performance (4); Information sharing
(5); Production (4); Reverse logistics (4); Simulation
(9); Sustainable development (5); System dynamics

(5).

Supply chain management (81);

Blockchain (29); Smart contract (11); Industry 4.0
(9); Prefabricated construction (8); Supply chain
coordination (6); Bibliometric analysis (4);
Blockchain technology (4); Digital technology (4);
Engineer to order (4); Literature review (4);
Modular integrated construction (4).

Supply chain (76); Construction (40);
Procurement (17); Risk management (12);
Carbon emissions (5); Digital twins (5);
Prefabrication (5); Value chain (5);

Mathematical model (4); Sustainable construction

(4).

Project management (14); Sustainability (14);
Construction management (11); Supply chain
integration (8); Innovation (7);

Knowledge management (6); Lean construction (4);
Systematic review (4).

Performance (11); Collaboration (9); Commitment
(4); Communication (5); Integration (8); Trust (6).

Implementation
practices and evaluation
models

Policy and cooperation
to promote the GCSC
GCSC Development and
Integration Strategy

Identify key risks in CSC

Developing a Green
Construction Supply
Chain

Spillover and disruption effects in
Ccsc

Recovery Strategy in CSC

Carbon Emission Status in CSC

The optimal solution for carbon

L Carbon Control in
emissions

csc

Policy, accountability, and
cooperation in carbon
management

Driving forces and challenges
of digital transformation in

CSsC

R Information
BIM modeling CSC technology and
Blockchain - Transparency and engineering
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; Risks in CSC \ /

CONSTRUCTION
SUPPLY CHAIN

/\
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The role of precast CSC and
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Purchasing and Flexible shopping strategy
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performance and coordination in
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Figure 7. CSC research scope structure model.
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4. Discussion
41. Developing a green construction supply chain
4.1.1. Implementation and evaluation models

The Green Construction Supply Chain (GCSC)
model integrates environmental factors into every
stage of the construction value chain from design,
materials, construction, operation, to demolition.
Unlike traditional construction emphasizing cost
and time, GCSC aims to use resources efficiently,
minimize emissions, and promote
sustainable development [3][4]. Greening this
chain requires a change in thinking in design,
supplier selection, construction, and operation
management [5], [6]. Practice shows significant
differences between countries. In Korea, large
enterprises have actively applied the GCSC model
with support, environmental
standards, long-term contracts with friendly

carbon

government

suppliers, and digital technology in management
[7]. [6]In the UK, Italy, and some countries,
BREEAM, LEED standards, and national emission
reduction strategies are the main driving forces
for contractors to cooperate sustainably [5]. At the
same time, India and China are in transition with
initiatives such as prefabricated housing, recycled
materials, and public-private partnerships to
promote GCSC [8], [9], [10]. However, key barriers
include high initial investment costs, lack of
emissions data, limited technical capacity, and
lack of stakeholder linkages.

The studies have provided theoretical
frameworks and recommendations for GCSC
implementation, emphasizing the roles of policy,
technology, and inter-organizational
collaboration [4], [11], [12]. Some models and
methods for GCSC assessment are summarized

from the studies in Table 3.

Table 3. Some models/methods for GCSC assessment.

TT Model/method Main function References
1 gzlanced Scorecard (BSC) + PCA + Comprehensive green performance assessment [13]
2 Fuzzy-AHP- TOPSIS Env.lronmental assessment in  uncertain [14]
environments
3 BSC + SCOR M.easurllng CSC performance across multiple [15]
dimensions
4 Multl-ob]ec.tlve mathematical Optimize profits & emissions [16]
programming
Evolutionary Game Modeling & ) ) _
5 Simulation Analyzing cooperative behavior in CSC [17], 18]
6 Evaluation system based on Supplier assessment and environmental [121,[19]
digital data & participation level performance based on data ’
Recycling resources, design for environmental
7 Regenerated CSC (RCS) [12]

restoration

4.1.2. Policy and cooperation to promote the GCSC

Policy and public-private partnership (PPP)
models play a central role in promoting GCSC
implementation at the national scale. Many studies
have shown that a transparent policy ecosystem,
financial support, and market incentives are

necessary to promote green behavior [20], [21] and

emphasize the role of government in creating green
markets through tools such as standardization, tax
incentives, emission disclosure requirements, and
green building procurement. PPPs allow for risk
sharing, co-investment, and long-term public-private
cooperation [11]. Pioneering countries such as Korea,
Sweden, and the UK have national GCSC strategies
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combined with policies on transparency of emissions
information and mandatory use of environmentally-
friendly materials in public projects [5], [7]. In
developing countries, the application of green policies is
hindered by a lack of transparency, low technical
capacity, and incomplete legal frameworks. However,
research [8], [20]shows that pilot models such as green
contractor alliances or environmentally friendly
construction industrial clusters can be practical
directions. In addition to policies, the document [6],
[22]emphasizes that organizational culture, trust, and
communication between parties are the foundation for
the successful implementation of GCSC.

4.1.3. GCSC Development and Integration Strategy

A key element of the GCSC is the shift from a
linear model to a circular economy, where waste
from the construction process is reused. Studies
[23], [24]highlight the potential for reducing
emissions and saving resources by recycling steel,
concrete, glass, and building components. The
study [25]analyzes the use of industrial waste
such as steel slag and fly ash to produce new
building materials such as alkaline activated
concrete, which reduces CO, emissions by up to
68% and logistics costs. The study [26],
[27]focuses on designing infrastructure with a life
cycle that can be disassembled, replaced, and
reused.

Studies [18], [28] argue that the success of
GCSC depends on the level of integration and
coordination among actors. The paper
[29]proposes a BIM-WMS integration model that

helps synchronize material data and warehouse
operations in CSC, thereby improving efficiency
and reducing waste. Meanwhile, [30]shows that
implementing digital technology in construction
in Jordan improved response
capabilities and environmental data transparency.

has chain

Studies show that GCSC is emerging as an
indispensable requirement for the sustainable
development of the construction industry. GSCM
brings multi-dimensional benefits and can
transform the entire construction value chain in a
greener direction. Although GCSC is still a new
model in Vietnam, initiatives such as using
recycled materials, prefabricated housing, or
green contractor alliances show significant
potential for development. A national strategy on
GCSC is needed, including investment support
policies, standardization of environmental data,
development of specialized human resources, and
especially strengthening coordination between
parties throughout the project life cycle. Thus,
GCSC will not only be a trend but will become a
new standard
industry,
sustainable economy.

in the modern construction

towards a green, circular, and

4.2. Risksin CSC
4.2.1. Identify key risks in CSC.

The classification and identification of risks in
CSC are essential in designing effective prevention
and response strategies. The risks in CSC
mentioned in the studies are summarized in Table
4.

Table 4. Risk groups.

TT Risk group

Describe

References

1 Strategy Choosing CSC model, cooperation policy with parties, [31],[32],[33].
market development strategy.

2 Operate Activities in CSC such as: delivery, material quality, [34],[35]
production interruption or limited capacity. 361, [37]

3 Finance Due to interrupted cash flow, fluctuations in raw material [38], [39]
prices or late payments from the investor.

4 Environment Including natural disasters, epidemics, changes in legal [40], [41], [42].

policies, and geopolitical instability.
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In addition, some studies have proposed more in-
depth risk classification models, such as grouping by
project phase [43], [44]or by logistics function [45],
[46]. Technological tools such as Al, simulation
models, or social network analysis methods are
currently being studied to support the identification
and assessment of multidimensional risks in the
built environment [38], [47].

4.2.2. Spillover and disruption effects in CSC

In a volatile environment, a single risk at one
point in the CSC chain can quickly spread, severely
affecting the entire system, known as a spillover
effect. An initial failure at one point causes a chain
of disruptions, losses, and extended chain reactions
[42], [48], [49]. The spillover can originate from
small factors such as material delays, shipping
errors, or technical errors in design, but affects the
entire chain due to the high interconnectivity of
construction work [42], [50]. Studies in Hong Kong
and Malaysia show that risk spillover is particularly
evident in integrated CSCs,
bottleneck can lead to weeks of disruption on site
[50], [51].

where a small

Disruptions in CSCs are further complicated by
systemic natural disasters,
epidemics, economic crises, or political upheavals.
The COVID-19 pandemic is a clear example, with
lockdowns, transport suspensions, and labor
shortages that have virtually paralyzed CSCs,
causing massive delays and cost overruns in
construction projects [40], [41], [42]. System
simulation studies show that spillover effects are
not only physical. Still, they can also be indirect
risks such as loss of trust between parties, delays,
or adverse reactions from customers and the
community [45], [49], [52]. To mitigate these
effects, recommend building early
forecasting and rapid response capabilities through

events such as

experts

real-time monitoring systems, linking risk analysis
models, critical material reserves, and continuous
communication between parties in the chain.

4.2.3. Recovery Strategy in CSC

In increasingly complex global fluctuations,
resilience becomes central to CSC risk management.
This is the ability of the CSC system to prepare for,

respond to, and recover quickly from disruptive
events such as pandemics, natural disasters, political
instability, or raw material crises [49], [50], [53].
strategies include: (i)
Diversifying suppliers and supply regions; (ii)
Maintaining safety stock levels; (iii) Establishing
contingency plans (iv)
Strengthening internal and
linkages; and (v) Investing in organizational and
technological capabilities [49], [50], [53].

Common resilience

and risk scenarios;

communications

Resilience in CSC is understood as the ability of the
system to anticipate, respond, adapt, and recover
quickly from shocks. The elements that make up
resilience  include:  supplier diversification,
maintaining strategic inventory levels, flexibility in
scheduling, and investing in transparent and accurate
information platforms [54], [55]. Research in Hong
Kong, the UK, and Malaysia shows that businesses
that are resilient to risks often adopt a strategic
partnership model, use digital tools to monitor CSC in
real time, and have a distributed but synchronized
decision-making process [56], [57]. Intelligent
monitoring systems that combine [oT data, Al, and
logistics forecasting have helped businesses identify
risks early and quickly adjust their procurement,
transportation, and resource allocation strategies
[58], [59]. Resilience is also linked to organizational
culture and collaborative behavior. A working
environment of trust, transparency, willingness to
share information, and support for each other helps
shorten crisis response time, while speeding up the
recovery of the entire chain [60], [61], [62].

Research in Malaysia and the UK shows that
resilient CSCs maintain flexible coordination among
parties, proactively adjust plans, and quickly mobilize
alternative resources when incidents occur [39], [51].
Projects that apply BIM and early collaboration models
between stakeholders are more resilient during and
after the COVID-19 crisis [37], [41]. Solutions such as
Al, numerical simulation, and real-time data-based
early warning systems are increasingly being
integrated to increase the ability to respond promptly
to potential disruptions [49], [63], [64]. These systems
provide risk trend analysis data and support decision-
making on logistics strategy adjustments. Many studies
have proposed quantitative models to measure
resilience, such as Fuzzy-MCDA models or system
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simulations to assess recovery speed after incidents
[65], [66].

4.3. Carbon Control in CSC
4.3.1. Carbon Emission Status in CSC

The construction industry is currently one of
the sectors with the highest carbon emissions
globally, contributing about 37% of total annual
greenhouse gas emissions, of which indirect
emissions from CSC account for the majority [67].
Carbon emissions appear in the construction
phase and extend from material production,
transportation, and assembly to the dismantling,
processing, and recycling of works. The sources of
carbon emissions in CSC can be divided into three
main groups: (i) Direct emissions; (ii) Indirect
emissions from energy and (iii) Other indirect
emissions account for the most significant
proportion and are the most difficult to control,
including emissions from materials, transportation,
logistics, construction equipment production and
waste treatment [67], [68]. Research [69]shows
that the production stage of cement, the primary
material in construction works, contributes to
65+75% of CO, emissions in the entire chain. The
steel industry also emits significantly, but has great
potential for reuse [24].

The study [70]found that without a low-
emission design and operations strategy, total
emissions from an infrastructure project can be
25-30% higher. In contrast, green technologies in

transportation and materials and CSC
organizations reduce emissions by up to 40%.
From a systems perspective, the study

[68]highlights the importance of cross-sectoral
collaboration to control unknown emission points.

4.3.2. The optimal solution for carbon emissions

Effective carbon management requires
accurate measurement and modeling tools to
identify, control, and reduce emissions across the
CSC. Some tools have been widely deployed in the
construction industry, such as LCA,
footprint, value chain analysis models, and

decision support systems. LCA is the most popular

carbon

tool, allowing a comprehensive assessment of

carbon emissions from raw materials to

demolition of buildings [67]. However, LCA
requires complete and standardized data, which is
lacking in many developing countries like
Vietnam. To overcome this, [71]a framework for
integrating real-time data between parties in the
chain is proposed, allowing monitoring and
decision-making based on transparent carbon
data. The study [23], [26]applied a comparative
model between the linear and circular chains,
showing that the circular chain can significantly
reduce emissions if optimally designed.
Meanwhile, [25]a GIS-LCA hybrid model was
developed to optimize linearity to determine the
most efficient recycled material supply network. A
more in-depth approach is to model scenarios that
evolve.

The study [25]details using industrial waste
such as fly ash, blast furnace slag, and landfill
bottom ash to produce alkaline-activated
concrete. If CSC is optimized, this approach can
reduce CO, emissions by up to 68% and reduce
logistics costs by 63%. The reuse of materials,
especially steel, is mentioned in the study [24]
when linked to the building design. With an
effective recovery and sorting system, steel can be
reused often. The papers [28], [72] emphasize the
role of integrated design, in which stakeholders
such as designers, contractors, and suppliers are
involved early in the pre-construction phase to
select low-emission materials and construction
solutions.

4.3.3. Policy, accountability, and cooperation in
carbon management

Effective carbon emission reduction cannot be
separated from the role of policy, market
mechanisms, and coordination strategies among
parties in the CSC. The study [73]analyzes three
CRA models: supplier responsibility (PR),
consumer responsibility (CR), and shared
responsibility (SR). The results show that SR is the
best way to reduce emissions, but it requires
policy support to ensure fairness and market
incentives. In addition, research [70]in Sweden
shows that the government's guiding role in
setting mandatory emission requirements for
public projects is a factor that promotes green
innovation in the construction industry.
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Effectively controlling CO, in CSCs requires
long-term strategic alignment, data sharing, joint
planning, and a shared vision for sustainability.
Studies show that regulating carbon emissions in
the supply
comprehensive and cross-sectoral approach. The
focus is on reducing emissions at the high-volume
stages, and focusing only on the construction site
without managing the material supply chain will
miss a large part of the CO,.

construction chain requires a

4.4. Information
contribute to CSC

technology and engineering

4.4.1. Driving forces and challenges of digital
transformation in CSC

Digital transformation in CSC is not just a process
of updating technology, but a comprehensive
reshaping of how actors organize, coordinate, and
make decisions. The driving force of this process
comes from increasing competitive pressure,
requirements for information
construction productivity, quality control, as well as
global sustainable development trends [74], [75],
[76]. BIM, IoT, RFID, Blockchain, and Digital Twin are
key technologies reshaping CSC. When properly
integrated, they help transform from a manual,
fragmented operating model to a data-connected and
automated platform [76], [77], [78], [79]. However,
the current state of practice still shows a significant
gap between potential and application level. Research
[80], [81], [B2]shows that many construction
enterprises, especially in developing markets, still
face: (i) high system investment costs; (ii) limited
digital capabilities; (iii) lack of common data
standards; and (iv) organizational cultural barriers,
reluctance to share information. Decentralized
material management systems are proposed [83]to
partly overcome the dependence on the central
system and allow lower-level units to access
decentralized data, suitable for
construction models. Another challenge is the
asymmetric information conditions in CSC, especially
between investors and suppliers. The document
[84]shows that parties often make suboptimal

transparency,

multi-site

decisions on material allocation in an environment
lacking transparency, leading to excess inventory,
inefficient transportation,
Blockchain, although still in the testing phase, is

and cost increases.

expected to improve transparency and traceability of
materials in the chain, thereby minimizing fraud, poor
quality goods, or legal risks [85], [86]. Emerging
technologies and real-time intelligent monitoring
systems [33], [53], [63]are considered to have the
potential to support risk mitigation in CSC.

4.4.2. BIM modeling CSC

BIM is key in reshaping CSC through
digitalization and data integration throughout the
project lifecycle. Research papers show that BIM
can not only support design and simulation, but
can also directly connect to logistics and supply
operations [87], [88], [89]. Implementing 4D BIM
allows for material supply and delivery planning
to be synchronized with construction progress,
helping to reduce material shortages or wrong
deliveries [88], [90]. Instead of relying on manual
reporting, data from on-site sensors or delivery
vehicles can be fed directly into the BIM model,
helping managers promptly detect deviations
from the plan, such as late material delivery,
changes in installation locations, or warehouse
overload [87], [91].

The most extraordinary ability of BIM is to
support the synchronization of technical and
management data between stakeholders. When
combined with Blockchain, changes in design or
progress are stored transparently and immutably,
creating the premise for the activation of smart
contracts and automatic payments [76], [92], [93].
Research [94]shows that integrating BIM with
bidding and document management systems
helps control the origin of material requirements,
approval processes, and contract information,
thereby improving transparency and reducing
delays. Organizational and human resources
factors are no less important.

4.4.3. Blockchain - Transparency and Automation

With  its and
transparent features, blockchain is reshaping how
CSCs operated and through
traceability, transaction authentication, and contract
automation. Blockchain becomes a technological
platform that helps establish a digital trust
infrastructure between non-peer and unknown

actors [95], [96]. This technology is instrumental in

decentralized, immutable,

are controlled
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authenticating  material quality certificates,
transaction contracts, and payment progress
between parties [33], [53]. Thanks to its anti-
counterfeiting and high security capabilities,
blockchain helps prevent fraud, payment delays, and
data loss, common risks in multi-agent projects [63],
[97]. According to [98], [99], combining Blockchain
with QR codes or RFID helps track the journey of
components from production, transportation, to

installation.

Blockchain also supports smart contracts,
allowing automatic payment, acceptance, and late
penalties  according to  pre-programmed
conditions. When integrated with BIM, IoT, or
Digital Twin, real-world situations such as volume
completion, quality, or safety are triggered on-
chain, creating decentralized, accurate,
transparent transaction flows [76], [92], [93].
Research from [83], [96]shows that sharing data
via Blockchain networks reduces information
barriers, improves management capacity for
subcontractors, and helps investors monitor
comprehensively without deep intervention in
each unit. Blockchain is also applied in reverse
logistics management, where materials are
recovered, reused, or processed after
construction. According to [100], the system of
recording and analyzing material return data,
determining responsibilities, and
optimizing recycling flows can be implemented
more effectively on the blockchain platform.

and

arising

4.4.4. IoT, RFID, and Digital Twin - Real-time
connectivity and response platform

In the journey to build a smart CSC, three key
technologies, 10T, RFID, and Digital Twin, act as the
foundation for creating real-time connections between
data, materials, and management decisions. The
integration of these technologies is transforming CSC
from a passive system to a responsive, flexible, and
automated model [77], [79], [101]. RFID is a central
technology in material tracking and control. When
attached to components, RFID tags help track the
journey of materials from the factory to the
construction site, supporting inventory monitoring,
delivery reconciliation, and ensuring
installation [101], [102], [103].
[104]also proposes combining RFID with wireless

on-time
Research from

sensor networks (WSN) to enhance monitoring
capabilities in difficult-to-connect environments such
as high-rise buildings or infrastructure construction
sites. IoT plays a role in collecting real-time data from
the construction site, such as machine location,
temperature, humidity, vibration, environmental
conditions, and even occupational safety through
personal wearable devices [105]. The synthesis of data
from IoT and RFID integrated into the Digital Twin
reflects the dynamic state of the construction. Digital
Twin simulates progress
prediction, quality compliance checks, and operational
efficiency evaluation [77], [79]. When combined with
Blockchain, all sensor data is recorded transparently
and cannot be tampered with, creating a solid basis for
compliance monitoring and automated payments [93],
[99].

and enables failure

However, deploying [oT and sensor systems
also poses a significant challenge to data security.
Research [4] proposes a key protection model
based on secret sharing, which allows units in the
chain to share data encryption keys without
revealing all information to any party. This model
helps to enhance anti-tampering and improve
security in the construction wireless sensor system.
Another noteworthy aspect is the role of data
providers in the circular chain. According to [106],
not all contractors have the same level of data
sharing; there are differences between engineering
units, material suppliers, and operating units.

Although cultural and technical barriers still
exist to overcome, the digital transformation trend
in CSC is irreversible. To compete and develop
sustainably with developing like
Vietnam, construction enterprises must
proactively grasp new technologies and build a
close cooperation strategy with partners in CSC.
Investing in information infrastructure, common
data standards, and human resource training will
bring long-term benefits, creating an innovative,
highly integrated CSC ecosystem. More specific
research is promote  digital
transformation in CSC, which suits Vietnam's

countries

needed to

conditions.
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4.5. Prefabricated CSC and prefabricated houses
(PC, MIC)

4.5.1. Background, challenges, and development

opportunities

In the past two decades, PC and MIC have
transformed from an alternative construction
method to a strategic solution in the industrialization
of the construction industry. PC and MIC allow
construction activities to be transferred from the
construction site to the factory, the environment is
better controlled, thereby improving the quality of
components, reducing dependence on human
resources, and minimizing work accidents [107],
[108]. According to research in Hong Kong, the MIC
model can reduce up to 87% of waste at the
construction site, 36% of resource exploitation, and
nearly 16% of CO, emissions [109]. In Australia,
applying prefabricated houses helps increase the
supply of social housing by 6+9%, supporting the
need for affordable rental housing more effectively
[110]. However, the successful implementation of
PC/MIC is not simply a technical issue; it requires a
comprehensive restructuring of the CSC from design,
production, and logistics to installation and
maintenance [107], [111]. Therefore, understanding
the characteristics and challenges of CSC PC is a
prerequisite for the sustainable development of this
model.

Despite its many advantages, CSCs with
PC/MIC still face operational, organizational, and
institutional challenges. Early or late delivery
causes damage; prefabricated components must
be delivered on time according to the erection
schedule. Early delivery will cause a lack of
storage space, incurring buffer warehouse rental
costs, and late delivery will affect progress and
lead to penalty fees due to machinery and labor
waiting [108], [112]. Reports from China show
that double processing costs account for 7+12% of
the total cost of components
coordinated [112]. In industrial projects, investors
cannot grasp the
components, leading to unexpected shortages,

if not well

location and status of
causing construction delays [113]. Furthermore,
many CSCs still use manual management methods,
not applying digital technology to monitor
component status in real time [107], [111]. Lack of

skilled human resources and limited technology in
production and operation also cause errors and
delays [107], [108].

4.5.2. The role of precast CSC and prefabricated
houses

CSC PC/MC is not simply a material flow, but a
network  of between  many
independent components, including designers,
factories, logistics, construction contractors, and
supervisors [107]. In large cities such as Hong
Kong, Singapore, or Shenzhen, CSC also reaches
national borders, components
manufactured in China and transported across
borders to the special zone for assembly [109],
[111].

connections

where are

CSC acts as the glue that binds together
sustainable development strategies,
circular economy, carbon emission reduction, and
resource saving, as every design, manufacturing,
transportation, and construction decision can be
programmed and optimized on an integrated
platform [109], [111]. Therefore, CSC
supporting tool and the operating center of the
modern precast construction model.

such as

is a

4.5.3. Benefits of Precast CSC and Prefabricated
Buildings

An effective CSC PC/MIC brings comprehensive
benefits to construction projects. These benefits can be
divided into four main groups: time, cost, quality, and
environment. CSC PC/MIC significantly shortens
construction time, thanks to parallel production at the
factory while the infrastructure is being deployed,
project completion time is reduced by 20+50%
compared to traditional construction [107], [110]. Just-
in-Time (JIT) transportation and assembly eliminates
material waiting time, while optimizing the construction
process [111], [112]. Although the initial investment
cost may be higher, the total life cycle cost is reduced by
optimizing time and workforce and reducing errors. A
study in Hong Kong showed that PC construction
application saves 84.7% of material costs and 3.2% of
total life cycle costs [109].

When components are pre-tested, on-site
installation becomes simpler, cleaner, and safer
for workers [107], [108]. Modern CSC contributes
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to environmental protection and sustainable
development. Efficient material flow management
reduces waste, CO, emissions, and resource
consumption. CSC also facilitates the integration
of the circular economy by designing reusable
components, planning for material recovery, or
using green materials [109], [111].

4.6. Purchasing and Collaboration in CSC
4.6.1. Flexible shopping strategy

Procurement plays a central role in the CSC
structure, as a strategic tool for creating value,
enhancing resilience, promoting innovation, and
realizing sustainable development goals [55],
[114], [115]. A prominent trend is the integration
of sustainability criteria into the supplier selection
process, with
performance, social responsibility, and corporate
governance [54], [116], [117]. Decision-making
tools such as AHP, TOPSIS, and MCDM are widely
used for systematic and quantitative assessment
[117],[118],[119].

a focus on environmental

Implementations in Ireland and Malaysia show
that main contractors tend to prioritize cooperation
with suppliers who share the same sustainable
values, and at the same time, build capacity
development programs for smaller suppliers to
meet the overall CSC standard [56], [120], [121].
Effective strategies cannot be
separated from CSC planning. Optimization models
such as integrated supplier scheduling [122] or
multi-agent systems location management
[123]help closely link procurement and
construction implementation closely, thereby
reducing lead times, increasing resource efficiency,
and minimizing indirect emissions [124], [125].

procurement

in
to

4.6.2. Inter-organizational and

collaborations

partnerships

CSC is a multi-layered system of linkages

between actors such investors, main
contractors, subcontractors, material suppliers,
consultants, and regulatory agencies.
organizational cooperation
mechanism to enhance transparency, reduce
conflicts  of and CSc

performance through information sharing, goal

as

Inter-
is considered a

interest, improve
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synchronization, and risk management [126],
[127], [128]. One of the most common obstacles is
the imbalance in CSC; the main contractor's
excessive dominance leads to passivity and a lack
of creativity from subcontractors [60], [129].
Establishing strategic partnerships instead of just
contractual relationships is recommended to
create a collaborative environment based on
shared values and overall efficiency [62], [126],
[127].

Effective collaboration models in modern
construction often follow two directions: (i) Stable
collaboration that emphasizes sustainability and
longevity among key partners; (ii) Dynamic
innovation collaboration that on
technology testing, process improvement, and
product co-development [56], [127], [130].
Research using multi-group communication and

negotiation models shows that creating an open

focuses

space for exchange helps parties clearly
understand their roles, responsibilities, and
mutual expectations [131], [132], [133].

Furthermore, studies in China, Portugal, and
Thailand confirm the role of leadership. Effective
leadership can moderate conflict, enhance trust,
and maintain cooperation momentum under high-
pressure conditions [133], [134], [135].

The fragmentation, uncertainty, and high
dependence on humans in CSCs have led to the need
for digital transformation to improve transparency,
efficiency, and coordination among parties [56],
[58], [126]. Research [56], [118], [126], [136]shows
that emerging technologies help improve demand
forecasting, optimize supply planning, support
logistics data analysis, and make quick decisions in a
constantly changing environment. Cloud platforms
enable the integration of supplier information,
capability profiles, and performance history, making
the process of selecting and monitoring suppliers
more transparent and accurate [56], [118], [119]. A
system that tracks vehicles on site using IoT sensors
helps coordinate timely material deliveries, reduce
waste, and increase construction efficiency [137].
Although still in its early stages in the construction
industry, blockchain has demonstrated great
potential in innovative contract management,
material traceability management, and ensuring
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data integrity throughout the CSC [58], [126].
However, digital many
barriers, especially among SMEs in developing
Research in Malaysia and Nigeria
highlights the role of government support policies,
training initiatives, risk-sharing
mechanisms to promote more comprehensive
digital transformation [56], [126], [138].

transformation faces
countries.

and financial

4.6.3. Knowledge and

sharing

management information

In modern CSC, construction projects are large-
scale, long-term, highly non-repetitive,
involve multiple parties. The ability to share
knowledge and information among actors is a key
factor in determining the effectiveness of
cooperation, minimizing risks, and increasing
productivity [130], [139], [140].
Knowledge management is the ability to exploit
and transfer tacit knowledge, the knowledge
accumulated through experience that is difficult to
codify into clear documents or procedures [140].
This knowledge is often located in engineers,
operators, and long-term contractors. Due to the
characteristics of personnel and
fragmentation of projects, this knowledge is
usually not stored or shared effectively, leading to
waste and repeated errors [130], [135].

and

overall

turnover

Studies in the Netherlands, Malaysia, and New
Zealand have identified common barriers to
knowledge sharing, including lack of incentives,
closed competitive environments, disconnection
between management and the field, and inadequate
technology infrastructure [56], [135], [141]. To
overcome these barriers, initiatives have been
implemented, including monitoring mechanisms
that encourage knowledge sharing [139], flexible
collaboration frameworks [142], [143],
centralized digital platforms where project
information is updated in real time and shared in a
controlled manner [56], [126]. In addition to
technology, a culture of sharing is also key. Advanced
organizations moving from knowledge
management to  knowledge

and

are
socialization,
encouraging interaction, dialogue, and continuous
learning between departments and partners [126],
[139]. Platform-based organizational models in the
Netherlands and Singapore have proven to be highly

effective in spreading knowledge [126], [144], [145].

Applying multi-criteria decision-making
methods MCDM, AHP, TOPSIS, and hybrid
variants to evaluate and select suppliers,
strategic partners, and procurement strategies
[117], [119], [146]. Evaluation criteria are
increasingly expanding, not only including cost,
quality, schedule, but integrating
sustainability factors such as emissions,

also

material recycling, environmental compliance,
and social responsibility [116], [117], [118].
applying requires
construction enterprises to have a qualified
technical team, adequate data infrastructure, and
an organizational ready to accept
algorithmic support in decision making.
Therefore, to be effective, the integration of
decision-making tools must be accompanied by
investment in people, data, and organizational
processes.

However, these models

culture

4.7. CSC Performance
4.7.1. CSC Performance

CSC performance reflects the entire chain's
effectiveness in achieving a construction project's
cost, time, quality, and sustainability goals. Lean and
Agile methods are key strategies to improve CSC
performance in a volatile and complex context. Lean
emphasizes eliminating waste and optimizing the
value stream, while Agile emphasizes responding
quickly to change and maintaining high flexibility
during construction. Combining Lean and Agile into
an Agile-Lean strategy model has effectively
improved CSC performance in residential projects in
Iran by maintaining a balance between flexibility
and optimization [147]. the main
challenges are the lack of standardization, cultural
barriers, and organizational fragmentation in the
value chain.

However,

4.7.2. Integrated management increases performance
and coordination in complex environments.

Organizational integration also plays a decisive
role in maintaining effective CSC. Integrated
management models that integrate processes,
information, resources, and changes significantly
impact project time, cost, and quality [148]. One of
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CSC's biggest challenges is coordinating in urban
environments and highly complex projects.
Timely delivery requirements,
infrastructure constraints, stakeholder diversity,
and market volatility create high uncertainty.
in Szczecin (Poland) that
traditional delivery models such as centralized
procurement are often preferred because they are
easy to control and optimize costs [149]. However,
modern models such as consolidation centers or
logistics outsourcing can help reduce traffic
congestion and emissions, but are discouraged
due to high costs and a lack of implementation
knowledge [149].

urban

Research shows

At the significant project level, effective
coordination requires using Lean tools such as LPS
combined with real-time information systems and
risk simulation [150], [151]. Advanced enterprises
are experimenting with discrete event simulation
to identify bottlenecks and optimize value streams
before construction [151]. Research [149], [150],
[151]shows that effective coordination in complex
environments requires simultaneous
coordination between logistics management,
simulation technology, and real-time information
sharing. This is the premise for building a lean,
adaptive,
bottlenecks, many strategic solutions have been
proposed, notably the JIT model, subcontracting,
logistics improvements and close collaboration
between parties.

and efficient CSC. To overcome

The JIT model is considered the central
solution to optimize CSC PC, components are
produced and delivered just in time for
installation, limiting inventory, reducing double
processing costs [111], [112]. However, JIT puts
tremendous pressure on foundries due to the
need to quickly adjust production plans, reserve
transportation and storage capacity. Therefore,
some studies have proposed the SP contract
mechanism to balance the interests between
contractors and suppliers [112]. This contract
consists of 3 parts: (1) fixed surcharge, (2) cost
sharing for on-time delivery, and (3) rewards
and penalties based on delivery time. On the
other hand, countries such as Singapore and Hong
Kong have piloted cluster CSC linkage, meaning

143

that many projects share a standard foundry,
logistics route, tracking software, and cooperation
mechanism [109], [111].

4.8. CSC and logistics management

4.8.1. Logistics planning and materials management
- bottlenecks in efficiency and cost

In CSC, logistics and materials are central to
ensuring construction progress and efficiency.
However, the planning, coordination and
management of materials is often unsynchronized,
lacks accurate data and is subject to many
operational risks, leading to transportation, storage,
waiting for materials or emergency procurement
costs becoming constant financial burdens for
contractors and increasing the risk of delay [152],
[153], [154]. Many projects still maintain the
traditional method: discrete material planning,
which is not integrated with the overall construction
schedule, leading to a supply situation not meeting
demand or untimely surplus [89], [154]. Current
logistics management strategies
optimization tools. In many construction sites,
transportation and delivery activities still reactively
take place, meaning that adjustments are only made
when problems arise, instead of proactive planning.

lacks and

Meanwhile, logistics costs often account for up to
11% of total construction costs, a significant
proportion if not managed effectively [153]. To
overcome this situation, recent studies propose
applying modern optimization algorithms to
establish a material supply schedule close to the
actual demand. For example, the material planning
model combining Dragonfly Algorithm and Particle
Swarm  Optimization  balances
inventory, and transportation costs, significantly
saving the total material cost [152]. At the network
level, CSC also faces the challenge of choosing the
optimal location of the transit warehouse, delivery
frequency, and supplier role. The integrated multi-
project - multi-supplier - multi-resource supply
network design model shows that reasonably
adjusting factors such as supply point location,
delivery inventory
significantly reduce the overall operating cost [155].
In particular, applying the Vendor Managed
Inventory model, where the supplier actively

purchasing,

schedule, and level can
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coordinates the inventory at the construction site,
helps reduce delays and improve CSC reliability
[153]. In addition, reverse logistics, the recovery of
excess materials, construction waste, or reused
components, is an increasingly important factor in
projects aiming at development.
However, due to the lack of standardization and
monitoring mechanisms, the organization of reverse
material flows is still facing many difficulties [156],
[157].

4.8.2. Partnership in CSC

sustainable

In CSCs where participants are often only
connected for a limited project-by-project basis,
building strategic partnerships and establishing
long-term coordination mechanisms is frequently
overlooked. However, many studies have shown
that the lack of sustainable cooperation is one of
the root causes of inefficiencies, conflicts of
interest, and increased risks in the chain [158].
Parties often only optimize their own goals, such
as low cost and short-term profits, ignoring the
overall efficiency of the chain. This leads to a lack
of trust, transparency, and information sharing,
causing disruptions in schedules, supply, and
quality plans [87], [159].

A case study in Denmark has shown that when
general contractors and suppliers establish cross-
project strategic partnerships, they can better
coordinate production, delivery, and construction
schedules, thereby reducing waste, delays, and
[158]. Scholars propose a flexible
approach called organizational hybridization,
which combines traditional project management
methods and elements from modern CSC
management [158]. Under this model, enterprises
need not change the entire management structure
immediately. Still, they can gradually integrate
plan synchronization, performance contracts, and
data sharing platforms into existing relationships.
[158], [160]. The relationship
enterprises and suppliers and multi-stakeholder
coordination within the entire CSC network,

conflicts

between

including local governments, logistics units,
residential communities, and investors, is also

increasingly emphasized.

4.8.3. Sustainable and circular CSC

Sustainable and circular CSC is no longer an ideal
trend but has become essential
construction management. This model emphasizes
waste reduction, material reuse, resource life
extension, and ecological efficiency, while ensuring
cost-effectiveness and competitiveness [161]. In
contrast to traditional linear construction, the

in modern

circular model in construction aims to close the
material loop through strategies such as recycling,
component design for
dismantling [157], [161]. However, implementing
circular chains in construction still faces many
challenges regarding techniques, processes, and
organizations. In addition, the capacity to measure
and evaluate the effectiveness of circular strategies
in CSC is still limited. A set of circular economy
indicators specific to the construction industry,
including 18 project-level and 20 organizational-
level indicators, of which 16 can be applied at both
levels [162]. These indicators assess the level of
reuse, recycled content, or carbon emissions and
reflect the depth of organizational change, such as
the ability to restructure the supply network,
integrate reverse logistics systems, and internal
incentives from the enterprise [161].

reuse, recovery, or

5. Conclusion

The construction supply chain is a complex, multi-
layered system strongly influenced by internal and
external factors, especially in today's globalized,
volatile, and strongly digitalized economy. Through a
systematic overview method, the author has classified
and analyzed research works published from 2010 to
2025, clarifying a comprehensive picture of the main
research directions, technology trends, organizational
models, risks, and supply chain development
strategies in the construction industry in the world and
Vietnam.

The results show that the prominent research
directions in CSC today include: GCSC development,
risk management, carbon emission control, digital
technology integration, PC, MiC, procurement,
collaboration, and performance. These topics reflect
the shift from traditional models focused on cost and
progress to technology-integrated, sustainability-
oriented, and resilient CSC models. The studies
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highlight the increasingly important role of
information and engineering technologies in
enhancing transparency, traceability, risk prediction,
and coordination among stakeholders in CSC.
Platforms such as BIM, Digital Twin, intelligent
monitoring
Blockchain are changing how construction projects
are organized and managed. At the same time, the
integration of circular economy, low-emission design,
and public-private  partnership models
demonstrated the potential to improve both
environmental and economic performance for the
construction industry.

systems, and smart contracts on

has

The study has identified significant challenges
hindering the development of CSC, including
organizational fragmentation, lack of close coordination
mechanisms, risks in material supply and construction,
limited capacity of small and medium enterprises, and
lack of data and standardization in operations. These
factors require further in-depth, directional studies
appropriate to actual
characteristics, especially in areas with increasing
urbanization and construction investment. From the
overall analysis, it can be affirmed that CSC is no longer
a purely technical issue, but has become a strategic
content construction management.

conditions and local

in modern
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