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Abstract

Sustainability in the construction industry entails measures to reduce the environmental impact of construction projects, achieve economic
viability, and ensure a livable environment before, during, and after construction. However, construction activities generate substantial
pollution, including dust and noise, and given their large scale, long duration, and involvement of multiple public service departments,
considerable information is produced throughout each project. Traditional approaches to pollution control have proven largely ineffective,
whereas platform-based models have demonstrated efficiency and cost-effectiveness in many sectors. This study therefore explores the
digital transformation of public service governance for construction pollution through a platform-based approach. Timed Petri nets are
employed to model and analyze both traditional and platform governance modes, providing a theoretical foundation for the digital
upgrading of the construction industry using public data (e.g., construction pollution data). Results indicate that the platform governance
mode reduces governance time by over 40% and substantially enhances information exchange efficiency compared with the traditional
mode. By contrasting time delays between the two approaches, the superior efficiency of the platform model is highlighted. The paper
further summarizes key findings, offers recommendations for institutional support and future research, and validates the proposed
governance model through an empirical case study.
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1. Introduction

The construction industry is a major contributor to carbon emissions, making the promotion of its sustainable development an
urgent priorityl'3l. Sustainability in this sector involves achieving economic viability while reducing environmental impacts and
ensuring a healthy living environment before, during, and after construction!’l. Nevertheless, construction activities continue to
generate substantial pollution, which undermines both environmental protection and sustainable economic development!>-°l. Of
particular concern are pollutants released during construction!”°l. For instance, grinding and drilling operations produce large
amounts of dust that can be inhaled by workers, posing serious health risks['®!!l. Noise is another critical challenge to sustainable
development in the industry!'?); it not only disrupts surrounding ecosystems but also adversely affects the health of construction
workersl'3!4, Therefore, controlling dust and noise pollution during construction is essential not only for safeguarding workers’
health and safety but also for promoting environmental protection and long-term economic sustainability!!>l.

Public services refer to the goods and services provided by governments to meet public needs. In the context of construction
engineering, public services encompass vital governmental responsibilities, such as ensuring public safety and protecting
environmental health!'°l. These services highlight two aspects of construction: (1) the activity of creating or modifying fixed assets,
which constitutes an organized, purposeful, and large-scale economic activity; and (2) the output of construction, including buildings
and infrastructure that provide the material and technical foundation for human life and production. Because public service
provision is a continuous process, this paper adopts the perspective of construction activities and defines public services in
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construction engineering as the goods and services delivered to meet public needs during such economic activities. However, due to
the large scale, extended duration, and involvement of multiple government departments, the provision and management of these
services often suffer from inefficiency and low quality, with wide-ranging impacts!'’l. Although governance of construction-related
public services appears relatively straightforward, the limitations of the traditional governance model highlight the need to transition
toward a platform-based mode.

The platform approach is essential for transforming and upgrading the governance of public services in construction engineering. It
functions not only as a technological tool for enhancing governance efficiency but also as a fundamental driver of changes in
governance models. The digital transformation of the construction industry has already improved the supervisory efficiency of public
service departments!'sl. However, digitalization also introduces additional costs for construction enterprises, particularly in processes
of data collection, transmission, and storage, with pollution governance requiring even greater effort!!*2°. The platform mode offers
inherent advantages in addressing these challenges through economies of scale and scope. By uploading pollution governance data
to a centralized platform managed by public service departments, construction enterprises enable more efficient control and clearer
data visualization?!l. In this way, platform-based governance of construction pollution supports the advancement of network
governance and helps overcome existing governance dilemmas.

In summary, this study seeks to promote sustainable development in the construction industry by reengineering the governance
process for public services in construction projects. It develops an evaluation method for the platform governance mode, examines
the feasibility of applying this approach to construction pollution control, and proposes a theoretical model of construction pollution
governance grounded in platform economics. Timed Petri nets are employed to analyze and compare the platform governance mode
with the traditional governance approach.

2. Literature Review

2.1 Public service governance mode

Over the course of public management development, three generations of governance modes have emerged. The first is the
traditional bureaucratic mode, rooted in the principles of scientific management. This approach emphasizes hierarchy, specialization,
and rationalization, which initially ensured high efficiency in public administration and service delivery!*?l. However, as public
demand grew and the responsiveness of government agencies weakened, bureaucratic governance came under criticism for rising
costs, excessive bureaucracy, and redundant functions?’l. These shortcomings largely stemmed from its inability to adequately
address evolving public needs and to adapt to future reforms/??.

The second generation is the new public management mode, which seeks to enhance governance by incorporating market
mechanisms. To overcome financial constraints and improve efficiency, many Western countries initiated public management reform
movements, giving rise to the NPM approach. Its core principle lies in leveraging market forces and fostering collaboration between
government and non-government actors, including social organizations and citizens[**?%l. Empirical evidence indicates that NPM
improved upon the first-generation model by enhancing operational efficiency!?>?7], lowering information costs?®l, and delivering
more tailored services through outsourcing!?l. Nonetheless, as reforms deepened, several limitations became evident: (1) traditional
theories proved ill-suited for market application; (2) the pursuit of efficiency often undermined key values of justice and fairness in
public administration?>l; (3) disregard for institutional rules in some cases led to corruption; (4) fragmentation and information
asymmetry weakened public governancel?!l; and (5) cooperation among governance actors was often superficial rather than
substantivel??l.

The third generation is the network governance mode, which is driven by information technology. The expansion of public service
outsourcing, the limitations of new public management, and the advent of the digital revolution collectively accelerated the
development of network governance theory?”l. Unlike the traditional bureaucratic model and new public management, network
governance represents a distinct paradigm grounded in technological capacity!??. This mode addresses the longstanding dilemma of
“more government versus more market” by introducing a flexible framework that connects and integrates the public sector with the
market through information technology. In doing so, it enables collaborative governance among multiple actors and enhances the
creation of public valuel*’l,

Under the network governance model, governments establish policies and institutional frameworks, while appropriately regulating
and guiding market forces to leverage the respective strengths of governments, markets, social organizations, and citizens[®!l.
Although the evolution of public service governance has been extensively studied, research specifically focused on governance
models in the construction engineering sector remains limited. To address this gap, the present study adopts the platform as an
intermediary to foster interaction, negotiation, and trust-building among stakeholders, thereby advancing network-based
governance of public services in construction engineering.

2.2 Platform mode

With the rise of the network economy, the term “platform” has become ubiquitous. From an economic perspective, platforms are
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viewed as a business model for organizing and operating market interactions!®?l. The emergence of internet giants such as Google,
Amazon, and Taobao drew the attention of industrial economists and led to the development of platform economics and bilateral
platform strategies. Chen and Yul**l emphasized that the platform mode connects two or more groups to meet their needs, serving as
an interactive mechanism that enables exchanges and generates mutual benefits. Today, platforms function as interactive hubs
where multiple groups participate in production and tradel*'l. They also act as “economic catalysts” that facilitate multilateral
exchanges and accelerate the realization of collective valuel®l.

In recent years, the platform concept has been applied as a management strategy in public governance. Scholars have variously
conceptualized platforms as a governance strategyl®*-%7l, a technological tool for e-government!*$:*%l, or an organizational logicl*®:1],
Building on network governance theory, some researchers frame platforms as network-based management organizations, while
others regard them as a governance mode within open government and e-government paradigms!*?l. Notably, Marijn and colleagues
proposed the strategy of “platform-based governance”, which seeks to integrate diverse services, functions, and technologies, bring
together multiple stakeholders, and form a collaborative community. This approach reduces transaction costs, enhances the public
value of the platform ecosystem, and fosters governmental innovation!*l. As both a governance mode and a strategic tool, platforms
enable innovation and collaborative governance of public services by harnessing the combined power of government, society, and
markets®8l. The spread of platform practices has gradually clarified the role of platforms as vehicles for network-based governance of
public services.

Table 1 presents various concepts of platform governance. In platform economics, a platform is regarded as a business model,
whereas in public management, it is viewed as a governance approach and a governmental strategy. These two perspectives do not
intersect, which complicates the explanation of the economic implications of platform governance and provides limited theoretical
guidance on establishing and operating such governance models. Therefore, this paper draws on the definition of a platform from
industrial economics and proposes that the platform governance model can offer an online space for information exchange in the
public service governance of construction engineering, facilitating interactions among two or more groups of governance actors and
thereby enhancing social value.

Table 1. Comparison of platform governance concepts.

Perspective Definition Ref.
Product A basic or core technology in the production of series products, relying on the company's own strength to [43]
development produce and design products.

Technical Information technology infrastructure and technical support system based on open standards and shared by [43]
strategy many parties.

Industrial Used in the situation of multi-bilateral market, it is a real or virtual space, which can lead to or facilitate [35,43]
economics transactions between two or more groups of customers and has obvious network externalities.

2.3 Petri nets

In 1962, Carl Adam Petri, a German scholar, mathematically described changes in physical states and established a model for
information flow in communication systems with a mesh structurel*!l. This system model was later named Petri nets by subsequent
researchers. Since their introduction, Petri nets have attracted widespread attention and have been extensively applied in various
fields for system modeling, analysis, and controll*!l. As both theory and practice have developed, limitations of basic Petri nets have
gradually emerged, making it difficult to accurately simulate real-world system operations. To address these challenges, Silval*’]

proposed a framework using high-level Petri nets, which extend basic Petri nets with concepts of “color”, “time”, and “hierarchy”,
enabling the representation and analysis of complex business processes!*‘l,

Through extensive research and practical applications, Petri nets have been widely adopted for process analysis across multiple
disciplines. They have demonstrated strong capabilities in modeling and simulating biological systems!*’l. For example, George et al.
employed colored fuzzy Petri nets to model biological systems and assess the effects of associated uncertainties!*’l. Petri nets have
also found applications in social sciences. Wang et al.l*] proposed that a timed Petri net model can evaluate mental workload during
multitasking, providing quantitative and personalized assessments. In engineering, the design of flexible manufacturing systems
leverages high-level Petri nets, and the modeling and simulation of flexible manufacturing cells can be achieved using the layered
approach of colored timed Petri netsl>%l,

Timed Petri nets are well suited for describing and analyzing complex logical relationships, such as concurrency and
synchronization>'l, as well as for detecting, analyzing, and resolving problems in processesl®>!l. They are particularly effective for
representing time-sensitive processesl>*?l, possess strong simulation capabilities, and can be employed for process simulation!>3l.
Timed Petri nets provide a mathematical representation of discrete parallel systems, focusing on the state changes within these
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systems. They have evolved into a graphical, computer-oriented modeling language, making them highly suitable for process analysis
and research within the context of platform governance.

3. Reengineering the Governance Process of Construction Engineering Public Service

3.1 Activity framework

In business process reengineering theory, the S-A framework integrates the stages and activities of reengineering, providing a
systematic structure for government process reengineering methods. Given that business process reengineering can be applied to
the public service governance of construction engineering, the S-A framework is adopted as a blueprint for developing a guiding
framework for reengineering the governance process in this domain. The activity framework for the governance phase of
construction engineering public services is illustrated in Figure 1.

S$1: The preparation stage cﬂ (81: The preparation stage oﬂ (51: The preparation stage of
governance process > governance process > governance process
reengineering J L reengineering J L reengineering

Y Y Y
S1A1: Governance process S2A1: Diagnose and analyze S3AT: Evaluate the efficiency
. . : o of the new governance
reengineering goal setting traditional processes

process

S2A2: Design a new
governance process

Figure 1. Framework of activities in the governance phase of construction engineering public services.

3.2 Target setting

The current governance process for construction engineering public services is largely traditional, as reflected in both governance
methods and organizational structures. Accordingly, the goals of reengineering the construction project public service process are
twofold. First, to leverage information technology to digitize certain governance activities, thereby accelerating the flow of
governance information and maximizing the value of data. Second, to break down the boundaries between governance levels,
departments, and functions, integrate governance processes, and enhance overall governance effectiveness.

3.3 Implementation phase

3.3.1 Modeling

The graphic definition in timed Petri nets is as follows.

P

1) “O”: Circular nodes represent the P element, i.e. Place, representing occurrence conditions, locations, queues, etc.[/].

T

2) “mm”: Square nodes represent T elements, i.e. transitions, representing events, actions, sending and receiving of messages, etc.l*!l.

3) “—”: The arrow represents the F element, which is an arc. Arcs are used to connect repositories with transitions, indicating the
direction of resource flows and activity processes!**.

4) The token represents the number of resources in the repository and is indicated by a small black dot “ @”[*1,
P

5) “©” Represents a combination of system resources and a repositories.

T1

6) “7mm”: The time is attached to the T element, indicating that the time delay of the discrete transition T1 is 7 units (e.g., seconds,
minutes). The specific unit is set in the modeling software).
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3.3.2 Diagnose the traditional process

Describing traditional process activities involves documenting or modeling the existing government process for further analysis.
Timed Petri nets are particularly well suited for describing and designing the public service governance process of construction
engineering. It should be noted that the activities discussed here are general activities within the public service governance process
of construction projects, with time delays represented by the variable t. Figure 2 illustrates the traditional process model, and Table 2

lists the subjects and activities of this traditional model.

Figure 2. Traditional process mode.

Table 2. Subjects and activities of the traditional mode.

Page 50of 19

Time
Place Governance Body Transition Governance Activity
delay/day
P1 Public sector1 T Routine inspections and spot checks on the governance of public services. t1
P5  Public sector2 T5 t5
P9  Public sector3 T9 t9
P13  Service subject T13 Supervise the governance of public services and report to relevant t13
departments.
P14 Departments that accepted T14 Go to the construction project site to verify t14
the report
P2 Public sector1 T4 Record eligibility. t4
T2 Random checks are unqualified, rectification is required, and t2
administrative penalties are imposed.
P6  Public sector2 T8 Record eligibility. 8
6 Random checks are unqualified, rectification is required, and t6
administrative penalties are imposed.
P10  Public sector3 T12 Record eligibility. t12
T10 Random checks are unqualified, rectification is required, and t10
administrative penalties are imposed.
P15 Departments that accepted T17 Record eligibility. t7

the report
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T15 Random checks are unqualified, rectification is required, and t15

administrative penalties are imposed.

P3  Illegal construction site T3 Correct the construction behavior and reply to relevant departments. t3
p7 T7 t7
P11 T11 t11
P16 T16 t16
P18 Construction site T18 Continue to provide public services. t18

The traditional governance mode of construction engineering public services has several drawbacks. First, the division of labor in the
public sector is overly segmented, fragmenting the overall process. Second, there is no clear separation between political and social
functions, leading to an expansion of public roles. Third, the governance information transmission channels are too long to respond
promptly to public needs. Fourth, the absence of an information platform for resource sharing results in a low degree of process
digitization. Fifth, the public sector lacks real-time supervision, which easily creates “blind spots” in governance.

3.3.3 Design a new process

To address the shortcomings of the traditional process, the new governance process should be designed from three perspectives.
First, streamline processes and reduce non-value-added activities. Traditional governance processes in construction engineering
public services that are highly similar should be consolidated to minimize the use of redundant resources and enhance governance
efficiency. Governance data can be automatically collected through platform-linked equipment, transmitted via the platform, and
coordinated around the platform, allowing inefficient processes to be optimized.

Second, appropriately outsource public service governance. The public sector should concentrate on decision-making and
management, while routine administrative tasks and highly technical projects can be delegated to third-party organizations.

Third, establish a public service governance platform. First, install automated equipment at construction sites to upload supervision
data in real time, ensuring continuous data collection. Second, develop a governance platform database to store this data,
guaranteeing the integrity and usability of governance outcomes. Finally, integrate existing governance tasks and service
mechanisms to form a comprehensive governance platform. Simultaneously, connect various public departments, relevant
construction units, and the public to the platform to promote collaboration and co-governance in construction engineering public
services.

The technologies and management approaches described above can effectively address the shortcomings of the traditional
governance process, as illustrated in Figure 3. Timed Petri nets are then used to construct a graphical representation of the new
process. Table 3 presents the subjects and activities of the platform governance mode, modeling public service management in
construction projects with Timed Petri nets. The table lists key participants, the transitions representing their actions, and the time
delays associated with each. In this mode, the public service governance platform plays a central role by instantly (0 days) collecting
governance data, recording service quality, detecting violations, and notifying construction units for rectification. Public sector
departments can then access platform data to monitor governance, significantly reducing delays compared with the traditional
process.

P1

Figure 3. Platform governance mode.
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Table 3. Subjects and activities of platform governance mode.

Place Governance Body Transition Governance Activity Time delay/day
P1 Construction site T1 Standardize construction behavior and provide public services.  t1
P2 Public service governance platform T2 Collect governance data and record the governance of public 0
services.
P3 Public sector1 T3 View the data and grasp the governance of public services. t3
P4 Public sector2 T4 t4
P5 Public sector3 T5 t5
P6 Service subject T6 t6
P7 Public service governance platform  T7 Detect violations of construction units and notify them of 0

rectification.

4. Evaluation of the Public Service Platform Governance Mode of Construction Engineering

4.1 Evaluation method

The evaluation of government processes should consider two aspects: the achievement of project objectives and the execution
efficiency of the reengineered process. Based on the goals of the reengineering project, two qualitative indicators are established:
whether information technology is employed in governing public services, and whether governance processes are effectively
integrated.

From the perspective of execution efficiency, quantitative indicators are formulated. Specifically, some quantitative measures are
necessary to assess the efficiency of government processes. In this study, the cycle time of governance processes is selected as a
quantitative indicator to compare the execution efficiency of the new and traditional governance processes and to evaluate whether
the platform governance mode enhances public service efficiency. Table 4 presents the evaluation index system for the platform
governance mode, defining the indicators used to measure the execution efficiency of construction public service management.

Table 4. Platform governance mode index.

Evaluation index Index description Unit Evaluation criteria How to obtain

Information technology Investigate the response of the public sector to the digital - Better to use Interview

usage governance of public services in construction projects. information Record
technology.

Integration of inefficient Examine the effectiveness of reengineering the new process. - Better to reduce Interview

governance processes inefficient processes. Record

Reduced time cost of Reflect the degree of improvement in the governance mode. The day Better to reduce Timed Petri nets

governance process formula is the time cost of the governance platform mode minus the time cost. simulation

time cost of the traditional mode.

4.2 Evaluation results

Use of information technology. Following the reengineering of the governance process, a construction engineering public service
governance platform was established. Intelligent equipment was installed and deployed at construction sites to collect data,
automating certain management activities. Simultaneously, the governance platform provides data integration and analysis services
to other participants, and portions of the governance work are conducted online. The application of information technology is
therefore highly effective.

Results for the integration of inefficient governance processes. First, the governance platform exerts a centralizing effect, addressing
the lack of cooperation observed in traditional public service governance and fostering a platform-centered governance mode.
Second, the platform provides data integration and data value-added services for governance entities, replacing the decentralized
collection and processing of data in the original governance process. As a result, the integration of inefficient governance processes
is significantly improved.
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Results for the time cost for the governance process. Timed Petri nets are employed to simulate the governance process and quantify
the time savings achieved under the platform governance mode. To provide a reasonable assessment, the time cost of a single cycle
and multiple cycles in both the traditional governance mode and the platform governance mode was compared as follows:

(1) Cycle once

Compared with traditional single-cycle governance activities, the platform governance mode optimizes two key aspects of
governance work, reducing the time cost of the process. First, inspections of public service governance in construction projects are
streamlined. Second, two low-efficiency activities, namely the public sector’s recording of governance actions and the construction
unit’s rectification and response tasks, are reduced. Overall, the construction engineering public service platform governance mode
effectively lowers the time cost in a single cycle.

(2) Cycle multiple times

Unlike the traditional governance mode, the platform governance mode enables simultaneous supervision of all construction
projects connected to the platform. The platform governance mode is summarized in Table 5, and the multi-cycle process is
illustrated in Figure 4.

Figure 4. Platform mode process cycle n-time mode.

Table 5. Subjects and activities of the platform mode cycle n time.

Place  Governance Body Transition  Governance Activity Time delay/day
P1 Construction site T1 Standardize construction behavior and t1

P8 Construction site2 T8 provide public services t8

PN Construction siteN TN tN

P2 Public service governance platform T2 Collect governance data and record the 0

governance of public services.

P3 Public sector1 T3 View the data and grasp the governance of t3
P4 Public sector2 T4 public services. t4
P5 Public sector3 T5 View the data and grasp the governance of t5
P6 Service subject T6 public services. t6
P7 Public service governance platform T7 Detect violations of construction unitsand 0

notify them of rectification.

If the governance process cycles n times (n is a positive integer), the time cost per cycle in the traditional mode is T,. The total
governance time is the sum of the time costs across all cycles, nT;. In contrast, if the time cost per cycle in the platform governance
mode is T,, the total time cost remains T,. (nT, - T,) >> 0, that is, after multiple cycles, the time cost of governance mode is
significantly reduced.

In addition to time efficiency, the economic implications of the platform governance model should be considered. Implementing and
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operating the platform requires substantial initial investments, including system development, hardware deployment, and data
integration, along with ongoing maintenance costs. Traditional governance, by comparison, relies largely on administrative labor
and entails relatively lower upfront expenditures. Although the platform model offers considerable time savings, which could
translate into long-term economic benefits through enhanced efficiency and reduced delays, the trade-off between initial costs and
operational advantages remains important. Therefore, future studies should conduct a thorough cost-benefit analysis to provide
decision-makers with a comprehensive basis for evaluating the feasibility of adopting the platform governance approach.

5. Case Study: the “Nanjing Mode”
5.1 Governance process reengineering

5.1.1 Preparation and diagnosis

To validate the proposed governance mode, Jiangsu Province was selected as the case study due to its representative construction
activities and challenges in pollution management. The first step is to analyze the governance process of the traditional construction
engineering public service mode. In this traditional mode, the Ecology and Environment Bureau and the Urban and Rural
Construction Committee are responsible for preventing and controlling dust and noise pollution, while the public plays a supervisory
role.

(1) The main responsibilities of the Ecology and Environment Bureau in the traditional mode focus on dust and noise control.
Relevant tasks include daily supervision, special inspections, and handling reports or complaints from the public. Figure 5 illustrates
the traditional dust and noise governance process of the Ecology and Environment Bureau, and Table 6 lists the subjects and
activities involved in this process.

T2

Figure 5. Ecology and Environment Bureau on the process of traditional dust (noise) governance mode.

Table 6. Subjects and activities of the Ecology and Environment Bureau in the traditional control process of dust (noise).

Place  Governance Body Transition  Governance Activity Time delay/day
P1 Construction site T1 Carry out construction activities. 0
P2 Ecology and Environment Bureau T2 Spot check the emission of dust (noise), if 3

qualified, record the inspection.

T3 Spot check the emission of fugitive dust 3
(noise), issue a rectification notice to the
construction unit, and impose

administrative penalties on serious

violations.
P3 Illegal construction site T4 Accept rectification. 0
6 Refuse to rectify. 0
P4 T5 Rectify and reply. 7

P9 Ecology and Environment Bureau T12 Record summary. 1
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P5

P6

P7

P8

P10

P11

Urban and Rural Construction

Committee

Ecology and Environment Bureau

The public

T7 [ssue a letter of supervision to the Urban 1

and Rural Construction Committee.

T8 Investigate and verify that the emission has 1
not exceeded the standard, and record
summary; reply to the Ecology and

Environment Bureau.

T9 Investigate and verify that the emission 1
exceeds the standard and order it to rectify
and impose administrative penalties on
serious violations. Record summary and

reply to the Ecology and Environment

Bureau.
T10 Record summary. 1
T11 1
T13 Supervise the control of dust (noise). 0
T14 Good governance and continuous 0
supervision.

(2) In the traditional mode, the Urban and Rural Construction Committee primarily addresses dust and noise governance in public

services. The Committee obtains information on pollution emissions from construction projects through daily inspections and

supervision by other departments. Figure 6 presents the traditional dust and noise governance process of the Urban and Rural

Construction Committee, and Table 7 lists the relevant subjects and activities.

T2

Figure 6. Urban and Rural Construction Committee on the process of traditional dust (noise) governance mode.

Table 7. Subjects and activities of the Urban and Rural Construction Committee in the traditional control process of dust (noise).

Place Governance Body Transition Governance Activity fime
delay/day

P1 Construction site T1 Carry out construction activities. 0

P2 Urban and Rural T2 Spot check the emission of dust (noise), if qualified, record the inspection. 2
Construction Committee T3 Spot check the emission of fugitive dust (noise), issue a rectification notice to the 2

construction unit, and impose administrative penalties on serious violations.

P3  Illegal constructionsite T4 Rectify and reply. 7

P4 Urban and Rural T5 Record summary. 1

ps  Construction Committee ¢ Imaginary transition. 0
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Through collaboration with Nanjing Urban Construction Group, multiple shortcomings in the traditional governance mode of
construction project public services were identified: (1) The public sector is fragmented, leading to differences in the provision of
public services across construction projects; (2) Multi-level management by different public departments creates unclear boundaries
of power and responsibility; (3) Non-construction departments have public service governance needs but lack the capacity to
formulate relevant policies and standards for construction projects independently; (4) Manual inspection methods are discrete and do
not provide continuous, all-weather supervision; (5) Construction project sites are numerous and widely distributed, making manual
spot checks highly inefficient in terms of labor, financial resources, and time.

5.1.2 Process reengineering analysis

(1) “Nanjing mode” dust control process

The dust control process in the “Nanjing Mode” consists of two components: construction site dust control and washing of
engineering transportation vehicles (muck trucks). Relevant data were obtained from a survey conducted by Nanjing Jingzhu Wisdom
Technology Co. Ltd. For activities taking less than one day, the duration is rounded up. In the “Nanjing Mode”, if a project’s dust
emission exceeds 150lg/m?, an alarm is triggered. If the emission continues to exceed the standard for 30 minutes, the alarm is sent
to the Urban and Rural Construction Committee and the Ecology and Environment Bureau; for simplicity, the 30-minute interval is
ignored in this analysis. Based on timed Petri nets, the “Nanjing Mode” dust control process model was constructed. Figure 7
illustrates this process, and Table 8 is the subjects and activities involved. Table 8 specifies the governance bodies (places) responsible
for each activity (transitions) and the associated time delays in days. The table covers both construction site dust management and
muck truck washing, including monitoring, early warnings, rectification, and reporting, and shows the sequence of actions from real-
time monitoring to issuing penalties and recording results in the supervision platform database.

Figure 7. “Nanjing Mode" dust control process mode.

Table 8. Subjects and activities of the “Nanjing Mode” dust control process.

Time
Place Governance Body Transition Governance Activity
delay/day
P1 Construction site T1 Carry out construction activities. 0
P2 Construction company T2 Carry out project construction. 0
P3  Nanjing Smart T3 Real-time monitoring of dust pollution emissions, and the test results are 0
Construction Supervision qualified.
Platform T4 Real-time monitoring of dust pollution emissions, if the test results are 0
unqualified, an early warning will be issued, and the manager will be notified.
P4 Illegal construction site  T5 Rectify the dust emission in time. 0
P5  Nanjing Smart T6 Continuously monitor the dust emission, and successfully reduce the dust within =~ 0
Construction Supervision 30 minutes.
Platform ' . o - . -
T7 Continuously monitor the emission of fugitive dust. After 30 minutes, the emission 0
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P6  Ecology and Environment T8

Bureau

P7 Urban and Rural

Construction Committee
P8  Illegal construction site

P9 Nanjing Smart
Construction Supervision

Platform
P10 Muck Transport Unit

P11 Nanjing Smart
Construction Supervision

Platform

P12 Urban Management

Bureau

P13 Urban and Rural

Construction Committee
P14  Illegal muck Transport
Unit

P15 Nanjing Smart
Construction Supervision

P16 Platform

T9

710

T

T12

T4

T13

T15

T16

7

T18

T19

value of dust still exceeds the standard. Remind the manager to make corrections

and notify the relevant competent authority.

Issue a rectification notice to the construction site, and give administrative

penalties to serious violations.

[ssue a rectification notice to the construction site, and give administrative

penalties to serious violations.
Rectify and reply.

Governance results are entered into the dust database, and charts are generated

for all parties to read.

Transport construction waste

Monitor whether the muck truck enters and exits the site for flushing, and the test

results are qualified

Monitor whether the muck truck enters and exits the site for flushing, if the test

result is unqualified, an alarm is issued and notify the manager.

Issue a rectification notice to the muck transportation unit, and administrative

penalties will be imposed on serious violations.

Issue a rectification notice , and administrative penalties will be imposed on

serious violations.

Rectify and reply.

Governance results are entered into the database, and charts are generated for

all parties to consult.

Imaginary transition.

(2) “Nanjing Mode” Noise Control Process

The noise control process in the “Nanjing Mode” involves the Ecology and Environment Bureau, the Urban and Rural Construction

Committee, and the relevant construction units. Data related to noise control were obtained through investigation. Activities with

durations shorter than one day are rounded up. Between 22:00 and 06:00, two consecutive periods of 15 minutes exceeding 65

decibels within a 60-minute interval are treated as a noise alarm. Similar to the dust control process, the 30-minute interval is

ignored in this analysis. Based on timed Petri nets, the “Nanjing Mode” noise control process model was constructed, as shown in

Figure 8, with the corresponding subjects and activities listed in Table 9. Table 9 specifies the governance bodies responsible for each

activity, their actions, and the associated time delays. The table encompasses monitoring, alarm triggering, rectification, penalties,

and recording of results in the supervision platform.

Figure 8. “Nanjing Mode" noise control process mode.
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Table 9. Subjects and activities of the “Nanjing Mode" noise control process.

Time
Place Governance body Transition Governance Activity
delay/day
P1 Construction site T1 Carry out construction activities and project construction. 0
P2 Nanjing Construction Engineering T2 Real-time monitoring of noise pollution emissions, and the test results are 0
Smart Site Supervision Platform qualified.
T3 Real-time monitoring of noise pollution emissions, the detection results 0
are unqualified, An alarm is issued, and the manager and relevant
departments are notified.
P3  Illegal construction site T4 Rectify noise emissions in time. 0
P4 Ecology and Environment Bureau T5 Issue a rectification notice to the construction unit, and administrative 1
penalties will be imposed on serious violations.
P5  Urban and Rural Construction T6 Issue a rectification notice to the construction unit, and administrative 1
Committee penalties will be imposed on serious violations.
P6  Illegal construction site T7 Rectify and reply. 7
P7  Nanjing Construction Engineering T9 Governance results are entered into the database, and charts are 0
Smart Site Supervision Platform generated for all parties to consult.
P8  Nanjing Construction Engineering T10 Imaginary transition. 0

Smart Site Supervision Platform

5.2 Evaluation

Drawing on the evaluation method previously used for construction project public service platform governance, the “Nanjing Mode”
is assessed here based on three indicators.

Firstly, the use of information technology. The Nanjing Smart Supervision Platform employs a range of advanced information
technologies to build a multi-layered governance system. The “Nanjing Mode” leverages this platform as the foundation for public
service governance, effectively utilizing modern information technology. The evaluation of the information technology usage
indicator for the “Nanjing Mode” is excellent.

Secondly, the integration of inefficient governance processes. In the traditional governance mode, information sharing among public
departments in Nanjing is limited, with issues such as overlapping management and unclear boundaries of responsibility. The
“Nanjing Mode” addresses these problems by consolidating governance processes scattered across various departments into a
unified workflow, thereby reducing inefficiencies. The evaluation of the inefficient process integration indicator is excellent.

Finally, reduction in governance process time. For the traditional governance mode, a simulation based on timed Petri nets was
conducted on the dust (noise) management process of the Ecological Environment Bureau. The simulation considered routine
inspections as the primary process, supplemented by mass supervision procedures. Each process cycle corresponds to one inspection
by the Bureau, which requires an average of 6.45 days. Similarly, the Urban and Rural Construction Committee’s traditional dust
(noise) control process takes 5.49 days per cycle.

In summary, under the traditional governance mode of construction engineering public services, the average time required for the
Ecological Environment Bureau’s governance process is 6.45 days, while that for the Urban and Rural Construction Committee is
5.49 days. Assuming there are n construction sites in the city (n being a positive integer), the total time cost of the traditional
governance mode is (6.45 + 5.49)n = 11.94n days.

For the governance process under the “Nanjing Mode”, simulation tests based on timed Petri nets indicate that one cycle of the dust
control process takes 3.11 days, and one cycle of the noise control process takes 3.02 days.

Unlike the traditional mode, the “Nanjing Mode” supervises all construction projects connected to the platform simultaneously,
integrating projects across the city for concurrent governance. Consequently, the total time cost for simultaneous governance of all
projects is 3.11 + 3.02 = 6.13 days.
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The time reduction achieved by the “Nanjing Mode” is therefore T = 6.13 - 11.94n days, where n is a positive integer and T < 0. The
evaluation of the time reduction indicator is rated as excellent.

6. Discussion

6.1 Platform mode

The findings of this study indicate that the construction pollution platform governance mode can enhance mutual trust among
stakeholders participating in the platform. At its core, the platform governance mode aims to establish trust between previously
unacquainted parties. This observation aligns with prior research demonstrating that platform governance mechanisms, such as
transparent information disclosure and reputation systems, effectively foster trust among stakeholders who were previously
unconnected in both digital and construction-related contexts!>l. Moreover, due to the network externalities inherent in two-sided
markets, once a critical participation threshold is surpassed, a “winner-takes-all” scenario may arise. Similar dynamics have been
documented in other two-sided markets, where exceeding the threshold rapidly drives adoption and consolidates market
dominance, particularly in public-private digital platforms(>>.

Through the construction pollution governance platform, relevant data are released by the construction unit in a timely manner,
allowing the public service sector to monitor the pollution situation and ensuring both the timeliness and authenticity of the
information. Empirical evidence from digital construction pollution supervision in Nanjing indicates that real-time public data release
significantly improves monitoring effectiveness and reduces instances of non-compliancel>®l. As a form of social coordination
network based on trust and mutual benefit, network governance under the platform mode enables interactive negotiation, builds
trust, promotes cooperation, reduces conflicts, and mitigates the limitations of bounded rationality, thereby enhancing value-added
governance outcomes. Prior research emphasizes that such collaborative arrangements align diverse stakeholder incentives with
collective environmental objectivesl>’l. Establishing a trust mechanism within the platform governance mode is essential for reducing
data distortion and the risks associated with governance cooperation, fostering altruistic behavior among stakeholders, and
constraining self-interested actions. Sufficient institutional trust can be achieved by strengthening accountability systems to regulate
stakeholder behavior and increase confidence in the governance framework, as well as by minimizing risks associated with public
use of information technology. Previous studies highlight that robust accountability mechanisms and risk-mitigation strategies are
critical for maintaining public trust in governance platforms®®l.

In addition, the core effectiveness of the platform model depends not only on the timely release of data but also on their authenticity
and integrity. Technical measures, including automated data validation, blockchain-based audit trails, and anomaly detection
algorithms, can prevent data falsification and ensure that uploaded information accurately reflects on-site conditions. Furthermore,
the platform should establish clear metrics to define and evaluate “regulatory effectiveness”, such as the detection rate of violations,
the success rate of rectifications, and the reduction of repeat offenses. Incorporating these indicators enables a more comprehensive
assessment of platform performance beyond process speed, allowing policymakers and platform operators to continuously monitor,
adjust, and improve governance practices. Such mechanisms also enhance stakeholder confidence that compliance data are reliable
and that regulatory actions are both fair and effective.

6.2 Price structure

Cultivating trust alone is insufficient to encourage construction units to upload construction pollution data. Previous studies on
two-sided environmental platforms have shown that even with high levels of trust, participation rates remain low without tangible
economic incentives, such as subsidies or fee reductionsl>”l. To effectively promote construction pollution governance, the public
service sector should collaborate with platform operators to design a reasonable price structure and provide appropriate subsidies to
construction units. For construction units, the purchase of data acquisition equipment and the process of uploading data to the
platform entail additional costs and workload. Without sufficient incentives or subsidies, these units may be reluctant to cooperate.
Therefore, to facilitate the digital transformation of the construction industry, public service sectors should implement preferential
policies or provide price subsidies to construction units that actively participate in construction pollution governance. As the number
of participating construction units increases, the network externalities of the platform become more pronounced. Similar effects
have been observed in other regulated industries, where increased participation on one side of the platform enhances utility for the
other side, reinforcing adoption through a positive feedback loop°®l. The internal network externality of construction companies is
influenced by several factors: it weakens with increases in policy subsidies, differentiated construction, and the proportion of
companies with differentiated construction qualifications, but strengthens with a rise in the proportion of companies suspended for
rectification. Additionally, platform registration fees for construction companies increase with higher policy subsidies and decrease
with a higher proportion of suspensions and corresponding penalties(®'l,

As a public service platform, the Nanjing Construction Engineering Smart Site Supervision Platform relies heavily on policy support
and guidance throughout its construction and operational processes, making policy factors a key component of its price structure.
The platform’s current charging scheme includes a one-time payment for construction companies to purchase equipment and a
one-time fee for government departments to acquire services. The utility for construction companies encompasses policy subsidies,
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differentiated construction, stoppage rectification, internal network externalities, cross-network externalities, and the costs
associated with purchasing equipment. For the public, utility includes ecological welfare, cross-network externalities, and the
amortized investment cost indirectly paid to the platform through taxes. The platform’s cost-effectiveness incorporates registration
fees (covering equipment purchase and investment) for both parties, as well as labor, equipment, and communication costs
associated with providing supervision and data services to users on both sides. By integrating the specific costs and benefits of the
smart construction site supervision platform with the previously established price structure model, the price structure of the Nanjing
Construction Project Smart Site Supervision Platform is illustrated in Figure 9.

| Nanjing
Interest representative Government \\Policy subsidy
Work stoppage for reffcation

Pay tax ) ) i
| Differentiated construction

Platform construction investment

Detectingand sensing [ X
equipment purhase
cost

Work
Differ | |S'*PP389 | Normal
ential for | construc|

sites | |recittical | tion
tion

The Nanjing City
Construction
Engineering Site
Smart Supervision
Platform

The Public .
Data service labor.

equipment, and
communication fees

Data service labor,
equipment, and | construction companies
communication fee

Inquiry, supervision, report
Environmental Quality Improvement in Nanjing

Figure 9. The price structure model of Nanjing construction project smart site supervision plat-form.

Jiangsu Province has the highest construction output value in China, and as its provincial capital, Nanjing provides a noteworthy case
study. Overall, policy has exerted a significant influence on the price structure of the Nanjing Construction Project Smart Site
Supervision Platform. Policy measures not only facilitate the platform in surpassing its critical capacity but also optimize both the
platform’s and the public’s interests by adjusting the magnitude and distribution of policy support.

In addition, the design of price incentives should take into account the platform’s capacity to enhance regulatory effectiveness. For
instance, subsidizing the use of high-accuracy sensors or certified data acquisition devices encourages construction units to upload
more reliable data, thereby reducing the risk of falsification. By linking financial incentives to measurable regulatory outcomes, such
as higher detection rates of violations or more effective rectifications, the platform aligns economic motivations with governance
objectives. This approach ensures that participation is both widespread and contributes to concrete improvements in compliance
and environmental outcomes.

6.3 Contribution to existing studies

This study confirms that platform governance mechanisms, including transparent information disclosure, reputation systems, and
real-time public data release, effectively foster trust among stakeholders. Evidence from the Nanjing Construction Engineering Smart
Site Supervision Platform demonstrates that institutional trust and robust accountability systems are crucial for reducing data
distortion and promoting cooperative governance. These findings underscore the role of social coordination networks in enhancing
collaboration and overcoming the limitations of bounded rationality in digital environmental governance.

Beyond trust, the analysis highlights the economic dimension of platform participation. Policy incentives, such as subsidies,
differentiated construction qualifications, and penalties, interact with platform fees and network externalities to encourage active
engagement, as illustrated in Figure 9. These challenges the notion that participation depends solely on technological transparency
or reputational mechanisms, suggesting that a holistic approach integrating social, economic, and institutional factors is necessary to
maximize both platform and public benefits.

7. Conclusions, Limitations, and Contribution

7.1 Conclusions

This paper examines the feasibility of using a platform to control construction pollution and develops a theoretical model from the
perspective of platform economy theory and public service governance. The real-time information provided by the construction
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pollution governance platform, including pollution severity, duration, and whether the construction unit has undertaken
rectification, addresses long-standing challenges such as pervasive information asymmetry and inefficient information exchange. The
model was tested and evaluated using the Nanjing Construction Engineering Smart Site Supervision Platform along with other
available data. Evaluation results indicate that the platform leverages modern information technology to govern public services,
enabling full sharing of governance information, effectively integrating inefficient governance processes, and significantly reducing
governance time. This governance mode overcomes the limitations of traditional approaches and encourages construction units to
share data through the establishment of a trust mechanism and a reasonable price structure, thereby improving the efficiency of the
public service sector. Additionally, it activates the platform’s network externalities, creating a construction pollution governance
virtuous cycle and promoting the sustainable development of the construction industry.

Building on these findings, the case-based analysis demonstrates that the Nanjing platform both aligns with and extends trends
identified in recent studies. While previous research emphasizes the potential of digital platforms to enhance transparency and
governance efficiency, the results show tangible impacts, including reduced information asymmetry, increased voluntary data
sharing, and the realization of network externalities. The case also highlights context-specific factors, such as trust mechanisms and
pricing structures, suggesting potential refinements to traditional platform governance models.

7.2 Limitations

This study, like all research, has several limitations. One limitation is that the discussion of public service in construction engineering
is not comprehensive. The authors focus on the public service sector’s role in construction pollution governance and consider only
two types of pollution: noise and dust. Future research could more thoroughly examine the content of public service governance in
construction engineering to broaden the scope of the governance mode, improve its implementation, and better align it with
real-world conditions. Another limitation is the selection of evaluation indicators, which is not fully comprehensive. The fundamental
goal and value of public service governance in construction engineering is to enhance people’s well-being, yet public value is difficult
to assess both qualitatively and quantitatively. The evaluation method developed in this paper selects indicators from the perspective
of public service governance process reengineering to provide a preliminary assessment of the platform mode. Future research could
incorporate measures of public value and conduct in-depth analyses of social welfare and social costs from an economic perspective.

A further limitation concerns the applicability and reliability of the modeling approach. The use of Timed Petri nets requires
simplifying complex interactions into discrete states and transitions, potentially omitting certain uncertainties and nonlinear
feedbacks present in actual governance processes. In addition, the estimation of time delays and transition parameters relies partly
on subjective judgment and available data, which may affect the precision of the evaluation results. Future studies could address
these issues by incorporating empirical validation, sensitivity analysis, or complementary modeling techniques to enhance the
robustness of the findings.

7.3 Contribution

The primary contribution of this paper is the development of a construction pollution platform governance mode from a public
service perspective, along with a corresponding evaluation method. Timed Petri nets are employed to model, analyze, and assess the
platform, providing a theoretical foundation for the digital transformation and upgrading of the construction industry based on
public data, such as construction pollution data. This study also extends the application of Timed Petri nets within the construction
sector, demonstrating how this modeling tool can effectively capture the dynamic and stochastic characteristics of governance
platforms.

Furthermore, by integrating public service concepts with digital governance mechanisms, the proposed platform governance model
bridges the gap between theory and practice. It offers policymakers, regulators, and practitioners a structured approach to evaluate
and enhance governance strategies for construction pollution, thereby improving transparency, efficiency, and accountability. This
contribution advances academic discussions on platform governance and digital transformation, while also providing practical
guidance for promoting sustainable development goals in the construction industry.
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