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Abstract

With the increasing adoption of the Engineering, Procurement, and Construction (EPC)
contracts in government-funded and large-scale infrastructure projects, bill-of-quantities
bidding based on preliminary design has emerged as a new procurement approach. Al-
though this approach improves early-stage investment control, it also imposes higher
requirements on contractors’ cost-management capabilities. Based on whole-process cost-
control theory, this study develops a design-driven full-process cost-control framework
for EPC projects using a reclaimed water plant project in northwest China as a case study.
The model comprises three layers: a design-driven decision-making layer, a whole-process
cost-control layer, and a collaborative management support layer. It covers the key stages
of bidding, design, procurement, construction, and final settlement, and integrates design,
cost, and procurement management with Building Information Modeling (BIM) and dy-
namic monitoring based on Earned Value Management (EVM). The case results show that
the model can effectively identify and control cost risks, promote the integration of design
optimization and cost control, and improve cost management performance. The final
settlement price was 0.93% below the contractual settlement ceiling and about 6.6% below
the initial investment estimate. This study provides both theoretical support and practical
guidance for enhancing full-process cost control in EPC projects under preliminary-design
bill-of-quantities bidding.

Keywords: preliminary design; bill-of-quantities bidding; design-driven; EPC general
contracting; whole-process cost control

1. Introduction
In recent years, General Contracting System contracts have been widely promoted in

the construction industry. For instance, South Korea’s Public Works General Contracting
Promotion Act stipulates that government-funded projects should, in principle, adopt
general contracting [1]. In Malaysia, relevant policy documents also specify the adop-
tion of general contracting for government investment projects to better control cost and
schedule [2]. In China, many provinces have further mandated the Engineering, Procure-
ment, and Construction (EPC) model for government-funded building and municipal
projects starting in 2026, aiming to promote the deep integration of design, procurement,
construction, and production [3]. For example, the Hubei Province issued the Notice on
Further Promoting the Reform of the Engineering General Contracting System (Ezhengban
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Fa [2025] No. 42), which clearly requires government-invested housing and municipal
engineering projects to adopt the EPC model [4]. These policy-driven measures have
led to a rapid increase in EPC projects, posing significant challenges to the management
capabilities of general contracting units.

EPC projects are increasingly being tendered after the approval of the preliminary de-
sign and project cost estimates, against the backdrop of increasingly stringent requirements
for investment limits and cost controllability in government-funded projects. Under this
model, the owner may conduct tendering based on the preliminary design scheme and
adopt bill-of-quantities-based pricing where the design depth allows. This approach helps
clarify the technical scheme and project scope at the preliminary design stage, strengthens
investment control through the approved design estimate and maximum bid price, and
introduces market competition through tendering. It is typically associated with bill-of-
quantities-based pricing, settlement based on actual quantities for agreed unit-price items,
and an overall ceiling price.

While this approach enhances investment constraints through preliminary design
outcomes, it also transfers risks associated with insufficient design depth, unclear bill
boundaries, and uncertainty in subsequent implementation to the EPC contractor [5–7]. In
addition to bearing the technical risks arising from design development, contractors must
also address the risks of quantity variations and billing inaccuracies caused by the limited
completeness of preliminary design documents. These risks are particularly pronounced
in complex industrial projects such as reclaimed water treatment plants, which involve
multiple technical alternatives, the selection and integration of high-value equipment, com-
plex interdisciplinary coordination, and substantial information gaps between preliminary
design and construction drawing design. Existing studies on EPC cost control have mainly
focused on pricing mechanisms, risk allocation, and cost management at individual project
stages [6,8]. Some scholars have also explored the application of Building Information
Modeling (BIM) and Earned Value Management (EVM) in EPC cost control [9–11]. Never-
theless, systematic research on cost-control mechanisms and system development for EPC
projects under the preliminary-design bill-of-quantities bidding model remains limited.

To address this gap, this study adopts a whole-process cost-control perspective and
focuses on practical challenges in this procurement model, including the strong coupling
between design and cost, insufficient forward placement of control checkpoints, and weak
dynamic feedback during project implementation. Accordingly, this study seeks to answer
the following research questions:

Q1: How can a design-driven full-process cost-control framework be developed to integrate bidding,
design, procurement, construction, and final settlement stages?
Q2: How can BIM and EVM be incorporated into the proposed framework to support dynamic cost
monitoring and deviation correction?
Q3: What cost-control effects can be achieved when the proposed framework is applied to a reclaimed
water plant EPC project?

To answer these questions, this study develops and validates a design-driven, full-
process cost-control system for EPC projects through a case study of a reclaimed water
plant project. The results provide both a theoretical basis and a practical reference for
general contractors seeking to improve cost management on similar projects.

2. Literature Review
2.1. EPC Procurement, Pricing Mechanisms, and Contractor Risk Allocation

Compared with traditional construction general contracting, EPC projects under the
post-preliminary-design bill-of-quantities tendering model place greater demands on the
general contractor’s comprehensive capabilities [11,12]. First, it is necessary to have a strong
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ability to identify risks at the bidding stage, abandon simple quotation-based decision-
making, and conduct in-depth reviews, such as verifying preliminary design drawings
and bills of quantities, and predicting potential omissions [11–13]. Second, it is necessary
to design in depth, implement cost-linkage control, and establish a collaborative decision-
making mechanism that integrates design, cost, and procurement to avoid the disconnect
between technical decisions and economic constraints [14–16]. Third, it is necessary to have
strong skills in interpreting contracts, managing settlements, processing data, and building
the chain of evidence to avoid being in a passive position during settlements [12,14]. Fourth,
it is necessary to establish a cross-departmental linkage mechanism to achieve full-process
coordination from bid evaluation to settlement management [14–16]. Finally, whether
a project can achieve its expected profit and cost target largely depends on its ability to
manage across stages, specialties, and organizations [15,16].

In total, the difficulty lies not only in how the contract price is formed but also in how
front-end design deviations are magnified during subsequent implementation, ultimately
leading to cost overruns and settlement disputes [13,14]. Previous research contributes to
understanding the higher managerial requirements imposed on EPC contractors, particu-
larly regarding bidding risk identification, design–cost coordination, contract interpretation,
settlement management, and cross-departmental collaboration [11,12,16]. Nevertheless,
the existing literature remains relatively fragmented. Most studies discuss risk allocation,
pricing, design management, or settlement control separately, rather than explaining how
cost risks are transmitted and amplified across project stages. Therefore, EPC cost control
should be examined as a cross-stage, closed-loop management issue rather than as a set of
isolated, stage-based control measures.

2.2. BIM- and EVM-Based Cost Control in EPC Projects

Previous studies have explored the application of BIM and EVM in EPC project cost
control [9–11]. BIM contributes to cost management by supporting quantity takeoff, clash
detection, design coordination, and cost visualization, while EVM provides quantitative
indicators, such as cost variance and cost performance index, for monitoring cost deviations
during project implementation [9–11,17,18]. These studies provide useful technical tools
for improving the accuracy, timeliness, and transparency of project cost management.
However, less attention has been paid to how BIM and EVM can be embedded into a design-
driven, full-process cost-control framework that connects bidding risk assessment, design
optimization, procurement price verification, construction-stage deviation correction, and
final settlement management. This limitation is particularly important under preliminary-
design bill-of-quantities bidding, where early design uncertainty and later implementation
risks coexist. Therefore, the novelty of this study does not lie in the independent use of
BIM or EVM, but in integrating these digital tools with design optimization, procurement
coordination, and settlement evidence management within a contractor-oriented closed-
loop framework.

3. Research Methodology
3.1. Research Design

To address the research gaps and answer the research questions, this study adopts
a theoretical framework development and case validation research design. The purpose
of this design is to develop a design-driven full-process cost-control framework for EPC
projects under preliminary-design bill-of-quantities bidding and then validate its applica-
bility through an actual engineering project. The research process includes three main steps.
First, the study identifies the key research questions related to design-driven full-process
cost control in EPC projects under preliminary-design bill-of-quantities bidding. Second, a
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design-driven, full-process cost-control framework is developed based on prior studies and
practical project management requirements. Third, the proposed framework is validated
through an EPC project for a real reclaimed water plant in northwest China.

3.2. Framework Development Basis

The proposed framework was developed based on three foundations. The first is
whole-process cost-control theory, which emphasizes continuous cost management from
early decision-making and design to procurement, construction, and final settlement. The
second is the risk-transmission logic of EPC projects under preliminary-design bill-of-
quantities bidding, where insufficient preliminary design depth, unclear bill boundaries,
and subsequent implementation uncertainty may be transmitted across bidding, design
development, procurement, construction, and settlement. The third is the practical inte-
gration of design optimization, procurement coordination, BIM-based quantity and clash
checking, and EVM-based dynamic monitoring.

3.3. Case Selection

The proposed framework was validated through an EPC project for a reclaimed water
plant in northwest China. The project was selected because it provides an appropriate prac-
tical scenario for examining the proposed model. As a typical environmental infrastructure
project, the reclaimed water plant has a complex process flow and involves many high-
value pieces of equipment. Equipment investment accounts for approximately 35–40% of
the total investment, making cost control particularly difficult. The project has a processing
capacity of 14,000 m3/d. The construction scope includes regulating tanks, softening tanks,
membrane workshops, MVR evaporation systems, and supporting pipelines. The total
investment for the project is 196 million yuan, and the EPC contract price is 145 million
yuan, including 142.63 million yuan for construction and installation. The project adopted
the preliminary-design bill-of-quantities bidding model, and the contract clearly included
a total settlement cap clause.

3.4. Justification for Single-Case Validation

Although this study uses a single-case validation design, the selected case is
information-rich and suitable for examining the proposed framework. The project was
delivered under the preliminary-design bill-of-quantities bidding model, involved com-
plex process systems and the procurement of high-value equipment, and included strict
settlement-ceiling requirements. These characteristics make it a typical case for analyzing
cost-risk transmission and full-process cost control in EPC projects. Therefore, the case is
appropriate for analytical validation of the proposed framework. However, because the
study is based on one project, the findings should be understood as analytical validation
rather than statistical generalization.

3.5. Data Collection and Analytical Procedures

Project data were collected from preliminary design documents, tender bill-of-
quantities documents, EPC contract records, target cost breakdown records, design opti-
mization records, procurement records, BIM-based quantity and clash-checking outputs,
monthly EVM monitoring records, change and claim records, and final settlement docu-
ments. The analytical procedures included process tracing of cross-stage cost-risk trans-
mission, stage-based cost comparison, benchmark comparison against the contractual
settlement ceiling and the initial investment estimate, EVM-based performance analysis,
and sensitivity analysis. The effectiveness of the framework was evaluated using both
process-based and outcome-based criteria. The process-based criteria included early risk
identification, design–cost–procurement coordination, dynamic monitoring, deviation
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correction, dispute control, and evidence-chain completeness. The outcome-based crite-
ria included cost savings, procurement cost reduction, avoided rework, EVM-based cost
performance, settlement-cycle improvement, and final settlement performance.

4. Development of the EPC Full-Process Cost-Control Framework
This study focuses on EPC projects under the post-design bill-of-quantities bidding

model. It considers both the cost-control characteristics of this procurement model and
the design-led strengths of traditional design institutes during their transition to EPC
general contracting. Based on these, a three-layer closed-loop model for design-driven
whole-process cost control is developed, as illustrated in Figure 1. From top to bottom,
the model comprises the design-driven decision-making layer, the whole-process cost-
control layer, and the collaborative management support layer. These three layers are
interconnected through bidirectional information feedback, forming a linked control system
in which dynamic cost control is achieved through a closed-loop management mechanism.
Specifically, (1) the design-driven decision-making layer emphasizes cost control at the
source and defines the fundamental framework of project cost; (2) the whole-process cost-
control layer spans the entire project implementation stage and serves as the primary carrier
for cost-control execution; and (3) the collaborative management support layer provides
institutional, technical, and data support for the other two layers, thereby ensuring the
systematicity and effectiveness of the overall cost-control system. Through coordinated
operations, the three-layer system enables systematic management of EPC projects across
the entire process, from cost target setting to execution monitoring and deviation correction,
effectively overcoming the fragmentation of traditional stage-based cost control and the
disconnect between design and cost management.

Figure 1. Framework of full-process cost control for EPC projects.

4.1. Design-Driven Decision-Making Level

The design decision-making stage is the core link in cost control of EPC projects.
Research shows that the owner’s or project team’s ability to influence project cost is greatest
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during the early engineering and design stages, while actual expenditures at this stage
remain relatively low [19]. Therefore, the design-driven decision-making stage is the source
of cost control throughout the entire process. Through optimization decisions regarding
process, equipment, and design, cost control is achieved in advance, thereby avoiding the
risk of cost overruns in later stages [20]. Design-driven decision-making mainly focuses
on three core dimensions: process optimization decision, equipment system optimization
configuration, and standardization and modularization design.

4.1.1. Process Optimization Decision

Based on the functional requirements of the project, multi-scheme technical and
economic comparison of the core process route should be conducted by comprehensively
considering construction investment, operating cost, operation and maintenance difficulty,
and project regional adaptability. The optimal process scheme should then be selected to
achieve cost optimization throughout the construction and operation cycle [21,22].

4.1.2. Equipment System Optimization Configuration

Equipment selection and system-matching standards should be determined in con-
junction with the process plan. Through equipment parameter optimization and system
integration design, equipment procurement investment can be reduced while meeting
process requirements, and later equipment operation and maintenance costs, energy con-
sumption, and other operating costs can also be reduced [19].

4.1.3. Standardization and Modular Design

Standardized design for professional projects and modular layout of core structures
and equipment systems should be promoted to simplify construction procedures, enhance
construction efficiency and feasibility, reduce on-site construction management costs and
the risk of project delays, and create conditions for centralized procurement and large-scale
construction [23,24].

4.2. The Full-Process Cost Control Level

The full-process cost control level is the core of EPC project cost control, covering the
five project implementation stages: bidding, design, procurement, construction, and final
settlement. Each stage develops targeted control mechanisms based on the characteristics
of post-design bill-of-quantities bidding to achieve seamless connections and precise cost
control at each stage, and to ensure consistency of cost control objectives through informa-
tion feedback between stages [25–27]. This layer is the specific implementation layer of cost
control, covering five key stages [14].

4.2.1. Bidding Phase

The core objective of the bidding stage is to accurately identify risks, formulate sci-
entific quotation strategies, optimize contract terms, reserve reasonable risk space for
subsequent cost control, and clarify the basis for cost adjustment [28]. At this stage, the
study established a “design-driven + cost early warning” bidding risk assessment sys-
tem, as shown in Figure 2. This system, through pre-positioned identification of initial
design defects and quantified risk classification, enables contractors to precisely reserve
risk space at the bidding stage, enhancing risk predictability compared to traditional
empirical quotations.
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Figure 2. Bidding risk assessment system.

4.2.2. Design Phase

The design phase focuses on rectifying initial design defects and limiting design and
integrates cost control into the entire design process through the three-in-one linkage of
design, cost, and procurement to avoid overruns in the later stage due to the disconnection
between design and cost. The core mechanism is the linkage between the limit design and
the cost [27]. The execution of the limit design is shown in Figure 3 and was implemented
through a four-step process. First, the EPC contract price was decomposed into discipline-
level target costs, and a 3–5% contingency reserve was established to provide flexibility for
potential design and implementation risks. Second, concurrent design and cost estimation
were carried out by the design and cost departments. During this process, real-time
quantity calculation and cost benchmarking were conducted to ensure that design decisions
remained consistent with the target cost requirements. Third, when a potential over-budget
issue was identified, a technical comparison and optimization process was triggered.
Instead of simply reporting the overrun, the project team developed alternative technical
schemes, estimated their cost impacts, and verified their economic feasibility. Fourth,
procurement price verification was conducted to confirm equipment specifications and
the range of market quotations, thereby ensuring that design optimization was aligned
with actual procurement conditions. Through these steps, the limit-design process formed
a closed linkage among target cost breakdown, design–cost coordination, over-budget
warning, and procurement verification.

Figure 3. Execution process of the limit design phase.
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4.2.3. Procurement Stage

During the procurement stage, cost control was implemented through three main
strategies. First, phased procurement planning and supply-chain management were
adopted to align procurement activities with on-site construction progress and strengthen
supplier evaluation and management [29]. This helped reduce the risks of supply delays
and poor coordination between procurement and construction. Second, centralized bidding
was used for key equipment, such as membrane modules and MVR systems [28]. By
inviting multiple suppliers to compete, the project enhanced its bargaining power in pro-
curement and achieved economies of scale. Third, price-locking mechanisms were adopted
for key materials and resources through long-term supply agreements, thereby reducing
the impact of market price fluctuations [30,31]. Together, these measures helped connect
design requirements, procurement decisions, and construction needs and supported cost
control during the procurement stage.

4.2.4. Construction Phase

The construction phase is key to achieving the cost-control target. The core is to ensure
that actual costs remain within the target range through dynamic monitoring and standard-
ized management, and to promptly correct cost deviations. Two control mechanisms are
mainly implemented in this phase: dynamic cost monitoring and performance analysis,
and standardized management of change visa.

Establish a monthly cost monitoring system using Earned Value Management (EVM)
methods. Key indicators:

CV = EV − AC (1)

CPI = EV/AC (2)

Among them are EV (budgeted value of completed work), AC (actual cost), CV (cost
deviation), CPI (cost performance index).

Early warning mechanism: Trigger correction when CPI < 1, early warning threshold
±10% (set according to the proportion of contract measure fees).

To strengthen the forecasting function of EVM, two additional indicators were intro-
duced: estimate at completion (EAC) and to-complete performance index (TCPI). EAC was
used to forecast the expected final cost based on current cost performance, while TCPI was
used to evaluate the cost efficiency required to meet the target cost for the remaining work.
These indicators are expressed as follows:

EAC = BAC/CPI (3)

TCPI = (BAC − EV)/(BAC − AC) (4)

where BAC represents the budget at completion. Compared with CPI and CV, which mainly
reflect current cost performance, EAC and TCPI provide forward-looking information
for cost forecasting and corrective decision-making. When EAC approaches or exceeds
the target cost, or when TCPI becomes significantly higher than 1.0, the project team
should initiate corrective actions, including design optimization, procurement adjustment,
construction-method review, or change-control tightening.

Establish the principle of “no change without basis, no construction without instruc-
tions”, and all changes must be based on legal grounds such as initial design defect filing,
specification update, changes in site conditions, and written instructions from the owner.
In addition, a standardized change-management process should be established, including
change application, technical assessment, cost estimation, graded approval, implementa-
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tion, and document filing. This process helps ensure full traceability of change orders and
keeps change-related costs within the target cost’s controllable range.

4.2.5. Final Settlement Stage

The final settlement stage aims to accelerate fund recovery, resolve settlement disputes,
and ensure the achievement of project revenue targets [2]. To achieve these objectives,
two control mechanisms are adopted: phased settlement promotion and third-party review.
For phased settlement promotion, the traditional one-time settlement model after project
completion is replaced by a staged settlement approach. Settlement work is carried out
sequentially for foundation works, main process works, equipment installation and com-
missioning, and disputed items. Undisputed items are confirmed and settled in a timely
manner, while disputed items are handled separately to improve settlement efficiency and
accelerate fund recovery [2]. For unresolved cost disputes, third-party review is introduced.
Industry associations, independent consulting agencies, or other professional third parties
may be invited to provide impartial assessments. This mechanism helps resolve differences
through objective professional opinions, reduces administrative disputes, and promotes
timely settlement closure.

4.3. Collaborative Management Support Layer

This layer provides institutional assurance, information support, and dynamic feed-
back for cost control. The core consists of three major modules: target cost management,
dynamic cost monitoring, and change and claim management.

In target cost management, the total project cost target needs to be broken down into
implementation phases. It can be mathematically expressed as:

CT = ∑n
i=1 Ci (5)

Among them are the project target total cost and cost-control targets at each
stage CT Ci.

The target cost is broken down through a four-level progressive structure. The total
project cost is first decomposed into stage-level cost targets, including the design, pro-
curement, and construction stages. These stage-level targets are then further divided into
specialized cost targets, such as civil engineering, equipment procurement, and installation
engineering. Finally, the specialized targets are assigned to responsible departments, in-
cluding the design department, procurement department, and construction department, to
form responsibility-based cost targets.

Through the target cost breakdown, the cost-control responsibilities of each participat-
ing entity can be clarified, thereby improving the efficiency of project cost management
execution. In reclaimed water plant projects, target cost management can lock in key
equipment investment ratios in advance and focus on controlling procurement costs for
high-value equipment, such as membrane and evaporation systems.

The dynamic cost monitoring is primarily achieved by combining BIM technology
and EVM methods (see Equations (1) and (2)). First, a three-dimensional model of the
project was established using BIM technology, and the quantities of work were automat-
ically calculated for each stage. Then, by combining the engineering quantity data with
the construction schedule, the project cost execution can be calculated in real time. By
combining BIM and EVM, dynamic monitoring and real-time cost analysis can be achieved,
thereby improving the accuracy and timeliness of cost control.

For change management, a standardized procedure is established to cover change
application, technical assessment, cost estimation, graded approval, implementation, and
documentation archiving. This procedure supports accurate calculation of quantities and
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costs for each change and ensures that change-related costs remain within the target cost’s
controllable range. For claims control, the claim process is standardized across the full
project cycle by promptly identifying claim events, retaining evidence materials such as
contracts, site instructions, site records, and images, conducting claim cost assessment
and compliance review, and completing claim procedures in accordance with the owner’s
requirements. These measures help safeguard the project’s legitimate rights and interests
and improve the traceability and controllability of change and claim management.

Cost Feedback Optimization Closed-Loop Mechanism

This mechanism establishes a closed-loop system that includes cost target formulation,
execution monitoring, deviation analysis, optimization adjustment, and target correction.
It also feeds actual cost data from the construction and settlement stages back to the design
and procurement stages, thereby forming a dynamically optimized cost-control ecosystem.

5. Results of Practice of Cost Control Based on the Framework
5.1. Application of Design-Driven Decision-Making in Projects

The design-driven decision-making layer of the proposed framework was applied
during the early stage of design for construction drawings. The purpose was to advance
cost control from the construction and settlement stages to the design stage by identifying
cost-saving opportunities in process layout, equipment configuration, and modular design
prior to project implementation. Through technical and economic comparison, two key
process optimizations were identified. First, the water inlet layout of the evaporation
pond was redesigned from a side-inlet arrangement to a main-pipe inlet scheme with a
central main pipe, along with parallel optimization of the pond layout. This adjustment
reduced earthwork, pipeline length, and membrane-related quantities, resulting in a cost
saving of approximately 3.0 million yuan. Second, the stirring method of the high-density
sedimentation tank was optimized by replacing mechanical stirring with compressed-air
stirring. This reduced equipment investment and operating costs, generating an additional
saving of approximately 1.2 million yuan. Overall, process optimization achieved a total
cost saving of 4.2 million yuan. These results indicate that the proposed framework helped
transform design decisions into measurable cost-control outcomes by embedding cost
analysis into early process selection and design optimization.

In addition to process optimization, equipment system optimization was carried
out for the membrane and MVR systems. Instead of treating equipment selection as an
isolated procurement activity, the project team integrated process requirements, equipment
parameters, system compatibility, and cost constraints during the design stage. Through
equipment parameter optimization and system integration design, the joint optimization of
the membrane and MVR systems achieved a net cost saving of approximately 1.2 million
yuan. Modular design was also adopted to improve constructability and procurement
efficiency. The MVR workshop was designed around integrated equipment packages, while
the evaporation pond adopted standardized unit replication. These measures simplified
on-site construction procedures, reduced management complexity, and created favorable
conditions for centralized procurement and large-scale construction.

5.2. Application Results of the Whole-Process Cost-Control Layer

The whole-process cost-control layer of the proposed framework was applied across
the bidding, design, procurement, construction, and settlement stages. The purpose of this
layer was to prevent cost control from being limited to a single project stage and to establish
a continuous mechanism for risk identification, cost correction, and settlement control.
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At the bidding stage, the framework supported early risk identification and differenti-
ated quotation. Before bidding, the project team established a risk matrix to quantify and
classify potential cost risks (Table 1). Extremely high-risk items mainly included unclear
process configuration and missing or unclear bill-of-quantities items, with a combined
potential cost impact of 11.1 million yuan. Medium-risk items included ambiguity in
equipment selection and possible non-compliance with updated specifications. Based on
this risk classification, the project adopted a differentiated quotation strategy. High-risk
items were assigned higher risk premiums, medium-risk items were adjusted within a
moderate range, and low-risk items were priced more competitively. As a result, the total
risk reserve reached 11.8 million yuan. The final bid price was 145.43 million yuan, which
was only 1.9% higher than the tender list price of 142.63 million yuan and 3.9% lower than
the initial estimate of 151.3 million yuan. This indicates that the framework helped reserve
risk space while maintaining market competitiveness.

Table 1. Bidding-stage risk identification and control responses.

Risk Item Risk Level Cost Impact Control Response

Unclear process
configuration Extremely high +6.3 million Process verification and

high-risk premium
Missing/unclear

BOQ items Extremely high +4.8 million Detailed BOQ review
and high-risk premium

Ambiguous
equipment selection Medium +2.1 million

Owner communication
and quotation

adjustment
Specification

non-compliance Medium +1.8 million Specification review and
medium-risk adjustment

Other risks Low — Competitive pricing

Total risk reserve — +11.8 million Overall balanced
quotation

At the design stage, the framework supported design-defect identification, BIM-based
checking, and limit-design control. More than ten initial design defects, including issues
related to concrete grade and anti-corrosion standards, were identified and filed. These
defects involved a potential cost impact of 11.8 million yuan and were confirmed in writing.
BIM-based checking further identified four collision issues. The design-stage adjustment
cost was 260,000 yuan, while the avoided construction rework cost was 1.55 million yuan,
resulting in a net benefit of 1.29 million yuan. In addition, although the adjustment pool
initially exceeded the budget by 1.85 million yuan, it was brought back within the cost limit
through design optimization. The remaining specialized works were controlled within
their target cost indicators. These results show that the framework helped transform design
review and BIM checking into measurable cost-control outcomes.

At the procurement stage, the framework linked procurement decisions with design
requirements and cost targets. The planned procurement cost was 40.6 million yuan, while
the actual procurement cost was 40.3 million yuan. Compared with the initial budget, the
procurement stage achieved a cost saving of 1.45 million yuan. Among the procurement
items, membrane modules yielded savings of 1.2 million yuan through centralized bidding
and multi-supplier competition. In addition, long-term supply agreements were used to
lock the prices of key materials and reduce the risk of market price fluctuations. These
results indicate that procurement cost control was not treated as an isolated purchasing
activity but was integrated with design optimization and supply-chain risk management.

At the construction stage, the framework supported dynamic cost monitoring through
EVM (Table 2). The cumulative actual investment was 130 million yuan, while the cumu-
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lative planned investment was 135 million yuan. The cost performance index was 1.23,
exceeding the target value of 1.0 and indicating favorable cost performance. The cost
variance was +0.50 million yuan, indicating a positive deviation from the cost baseline.
Two cost warnings were triggered during construction, in February and June, and both
were corrected through timely control measures. This suggests that EVM was not only used
as a reporting tool, but also functioned as a dynamic feedback mechanism for identifying
short-term deviations and supporting corrective action.

Table 2. EVM-based cost performance and forecasting indicators.

Indicator Value Interpretation

Planned cost baseline 135 million yuan Baseline for construction-stage control
Actual cost 130 million yuan Actual cumulative investment

CPI 1.04 Cost performance above target
CV +0.50 million yuan Favorable cost deviation

Early warnings 2 times February and June; both corrected

To strengthen the EVM-based analysis, the revised framework further incorporates
forecasting indicators, including the estimate at completion and the complete performance
index. Estimate at completion can be used to forecast the expected final cost based on
current cost performance, while the to-complete performance index can be used to evaluate
the cost efficiency required for the remaining work to meet the target cost. Because the
available project records provide monthly monitoring points rather than a large statistical
sample, the EVM analysis in this study was used for trend-based project control and cost
forecasting rather than inferential statistical testing. Future studies with multi-project or
multi-period datasets may further test the statistical significance of EVM trends across
different EPC project types.

At the settlement stage, the framework supported phased settlement, standardized
change pricing, and dispute control. The project adopted a phased settlement model
to confirm undisputed items promptly and handle disputed items separately. A to-
tal of 39 changes occurred during the project, including 23 bill-of-quantities omissions,
10 quantity adjustments, and six equipment-parameter changes. The total change cost was
approximately 32 million yuan, with a net increase of 15 million yuan. All changes were
priced based on the comprehensive unit prices in the bidding contract, which helped ensure
standardized settlement and reduce the risk of uncontrolled cost increases.

5.3. Application Results of the Collaborative Management Support Layer

The collaborative management support layer was applied through target cost manage-
ment, change and claim management, performance benchmarking, and key success-factor
analysis. This layer provided organizational, data, and procedural support for implement-
ing the design-driven and whole-process cost-control mechanisms.

5.3.1. Target Cost Management

Target cost management was implemented by decomposing the total project tar-
get cost into a multi-level responsibility system. The total project target cost was
144.596 million yuan and was managed by the project department. This total target was fur-
ther divided into stage-level targets, including the design, procurement, and construction
stages, with responsibilities assigned to the design department, purchasing department,
and construction department. Specialized sub-targets were also established for key project
components. For example, the membrane workshop had a target cost of 23.508 million
yuan and was jointly controlled by the design and procurement teams. This hierarchical
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target-cost decomposition clarified cost-control responsibilities and provided a basis for
deviation monitoring during project implementation.

5.3.2. Change, Claim, and Settlement Management

Change and claim management was implemented through standardized procedures
and full-cycle evidence control. During the project, only one minor delay dispute occurred,
and it was resolved through contract negotiation. No major disputes were reported during
project implementation or final settlement. This result indicates that the collaborative
management support layer helped improve the traceability of changes and claims, reduce
dispute escalation, and support the smooth completion of project settlement.

5.3.3. Overall Performance Evaluation

The overall application results indicate that the proposed framework improved
cost-control and settlement performance (Table 3). The final settlement price was
141.30 million yuan, which was 1.33 million yuan, or 0.93%, lower than the contractual
settlement ceiling of 142.63 million yuan. Compared with the initial investment estimate of
151.30 million yuan, the final settlement price was reduced by 10.00 million yuan, represent-
ing a saving of 6.6%. In terms of settlement efficiency, the settlement cycle was shortened
from the industry benchmark of 18 months to 12 months, a reduction of 6 months (33%). In
terms of dispute control, eight settlement disputes occurred, three of which were resolved
through third-party review. The dispute rate was less than 1%, and the review resolution
rate reached 75%. In addition, the evidence chain was complete for all cost adjustments,
ensuring that each adjustment had a traceable basis.

Table 3. Overall benchmarking of the project life cycle cost control results.

Evaluation
Dimension Benchmark Actual Result Performance

Cost control Contract ceiling:
142.63 million yuan

Settlement price:
141.30 million yuan

1.33 million yuan
lower, 0.93% saving

Investment
estimate control

Initial estimate:
151.30 million yuan

Settlement price:
141.30 million yuan

10.00 million yuan
lower, 6.6% saving

Settlement cycle Industry benchmark:
18 months 12 months 6 months shorter,

33% reduction

Dispute control Settlement disputes
8 disputes,

3 resolved through
third-party review

Dispute rate <1%,
review resolution

rate 75%
Evidence-chain

integrity
Traceability
requirement 100% complete All adjustments

traceable

The cumulative cost-control benefits were generated across multiple project stages.
The bidding stage reserved 11.8 million yuan of risk space through risk identification and
differentiated quotation. The design stage achieved 13.09 million yuan of risk avoidance,
including 11.8 million yuan from initial design-defect confirmation and 1.29 million yuan
from BIM-based clash avoidance. The procurement stage achieved 1.45 million yuan of
cost savings, while the construction stage achieved 0.50 million yuan of cost optimization
through dynamic monitoring. These results show that the framework did not rely on
a single measure but produced cost-control effects through coordinated actions across
bidding, design, procurement, construction, and settlement.

5.3.4. Key Success Factors

The key success factors of the framework can be summarized in five aspects. First,
design-driven pre-control moved cost management earlier in the design stage through
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process and equipment optimization and modular design. Second, the design–cost–
procurement linkage avoided stage fragmentation by allowing technical decisions, cost
targets, and market prices to be checked simultaneously. Third, refined risk classification
during bidding enabled the project team to reserve risk space more precisely and reduce
later disputes. Fourth, BIM and EVM supported dynamic cost monitoring, early warning,
and corrective actions. Fifth, the phased settlement system accelerated fund recovery
by confirming undisputed items early and resolving disputed items through third-party
review. Together, these factors explain why the framework achieved both cost savings and
improved settlement efficiency.

6. Discussions and Suggestions
6.1. Discussion
6.1.1. Design-Driven Pre-Control

The results show that cost control for EPC projects under the preliminary-design
bill-of-quantities bidding model should not remain limited to passive cost compression
during the construction stage. Instead, cost control should be moved forward to the
design decision-making stage, where key technical choices shape subsequent procurement,
construction, operation, and settlement costs. This finding is consistent with previous
studies emphasizing that front-end design quality and bill-of-quantities accuracy are critical
to EPC cost control [27]. However, this study further extends previous research by showing
that front-end design is not only a source of cost uncertainty but also a proactive control
point. In this case, the optimization of the evaporation pond layout, the high-density
sedimentation tank stirring method, and the membrane and MVR systems demonstrate
that design decisions can be directly converted into measurable cost-control outcomes.

6.1.2. Cross-Stage Transmission of Cost Risks

The case shows that cost risks are transmitted and amplified from initial design
defects and bill-of-quantities deviations to design deepening, procurement adjustment,
construction changes, and settlement disputes. This finding supports previous research
on EPC risk allocation and contract-boundary uncertainty and further clarifies the process
by which such risks move across project stages [22,25]. In this case, more than ten initial
design defects were identified during the design phase, involving a potential cost impact
of 11.8 million yuan. In addition, 39 changes occurred during project implementation, in-
cluding omissions in the bill of quantities, quantity adjustments, and changes to equipment
parameters. These results indicate that EPC cost control under this procurement model is
not merely a matter of pricing or cost calculation. Rather, it is a systematic management
issue involving design quality, bill-of-quantities accuracy, contract-boundary clarity, change
traceability, and evidence-chain completeness. Compared with previous studies that dis-
cuss pricing, risk allocation, or settlement management separately, this study highlights
the need for a closed-loop mechanism that connects risk identification, cost monitoring,
corrective action, and settlement evidence management.

6.1.3. Design–Cost–Procurement Coordination as an Implementation Mechanism

Previous studies have emphasized the importance of integrated management in EPC
projects, but many of them remain at a general conceptual level. The findings of this study
provide a more specific implementation path by showing how design, cost estimation,
and procurement can be linked in a synchronized decision-making process. In traditional
EPC cost control, design, cost estimation, and procurement often operate independently.
This can result in cost overruns being discovered only after the technical solution has been
finalized, or in design parameters being found inconsistent with market prices only when
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procurement is executed. The three-in-one design–cost–procurement mechanism addresses
this problem by embedding procurement price verification and cost benchmarking into
the design process. Through limit design, real-time cost checking, procurement price
verification, and over-budget warning, the project team was able to identify and correct
cost deviations before they expanded into construction-stage rework or settlement disputes.
This finding extends previous research by demonstrating that collaborative EPC cost control
requires not only organizational coordination but also a structured procedure for evaluating
technical feasibility, economic reasonableness, and procurement implementability together.

6.1.4. BIM and EVM as Embedded Tools Rather than Isolated Technologies

The case results show that BIM and EVM can enhance timeliness, transparency, and
refinement of EPC cost control. BIM supported quantity checking and clash detection,
while EVM supported monthly monitoring of cost deviations and corrective actions during
construction. These findings are consistent with previous BIM- and EVM-based cost-control
studies, which have shown that digital tools can improve visualization, quantity extraction,
and performance monitoring. However, this study also indicates that BIM and EVM should
not be treated as isolated technical tools. Their effectiveness depends on whether they
are embedded in a broader management mechanism. In the proposed framework, BIM
and EVM are connected with design optimization, procurement verification, target-cost
control, change management, and settlement evidence management. This extends previous
BIM/EVM research by showing that the value of digital tools lies not only in generating
data, but also in supporting decision-making, early warning, and closed-loop correction.
Without unified data standards, clear accountability mechanisms, and timely corrective
procedures, BIM and EVM may remain at the reporting or visualization level and fail to
lead to substantive cost-control improvements.

6.1.5. Implementation Barriers and Adoption Requirements

Although the proposed framework achieved positive results in the case project, its
implementation also requires attention to several practical barriers. First, the framework
requires cross-departmental coordination among the design, cost, procurement, construc-
tion, and contract management teams. In practice, these departments may have different
objectives, data formats, work routines, and decision-making priorities. If organizational
responsibilities are not clearly defined, the design–cost–procurement linkage may become
formalistic rather than effective. Second, the framework requires additional effort for data
collection, documentation, and evidence chain management. Preliminary design defects,
bill-of-quantities omissions, design changes, procurement quotations, site instructions,
and settlement adjustments must be recorded and confirmed promptly. This increases the
workload of project teams, especially during the design and construction stages. However,
such effort is necessary to reduce later settlement disputes and to support traceable cost
adjustment. Third, the adoption of BIM- and EVM-based dynamic monitoring requires
digital infrastructure, trained personnel, and consistent data standards. The project team
needs to ensure that BIM models, quantity data, schedule data, procurement records, and
cost records can be connected. This may require software investment, staff training, data
coding standards, and changes in existing work processes. Therefore, the framework may
be easier to implement in contractors or design institutes with stronger digital manage-
ment capabilities, while smaller organizations may face higher adoption costs. Fourth, the
effectiveness of the framework depends on contract conditions and owner cooperation. For
example, design-defect confirmation, change pricing, third-party review, and settlement
adjustment all require clear contractual provisions and timely owner responses. If the
contract does not provide reasonable price-adjustment mechanisms or if the owner delays
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confirming design changes and cost impacts, the contractor may still face difficulties in
realizing the full benefits of the framework. Therefore, the proposed framework should be
understood not only as a technical cost-control model, but also as an organizational and
procedural system. Its successful application requires management commitment, cross-
functional collaboration, digital capability, standardized documentation, and appropriate
contract mechanisms.

6.2. Implications and Recommendations
6.2.1. Theoretical Implications

This study contributes to EPC cost-control research by extending the discussion from
stage-based cost management to a design-driven full-process cost-control logic. Existing
studies have mainly discussed EPC pricing mechanisms, risk allocation, BIM-based cost
management, or EVM-based performance monitoring separately. In contrast, this study
explains how cost risks under the preliminary-design bill-of-quantities bidding model are
transmitted across bidding, design development, procurement, construction, and final
settlement. By proposing a three-layer closed-loop framework, the study provides a
theoretical explanation of how design-driven decision-making, whole-process cost control,
and collaborative management support can be integrated to manage cross-stage cost risks.

6.2.2. Practical Recommendations for EPC Contractors

For EPC contractors, the proposed framework provides a practical path for improving
cost-control performance under the preliminary-design bill-of-quantities bidding model.
Contractors should advance cost control to the design stage, strengthen preliminary design
reviews, conduct target-cost decomposition, verify procurement prices during design
development, and use BIM and EVM to support dynamic cost monitoring. Contractors
should not treat cost control as the sole responsibility of the cost department. Instead,
they should establish a comprehensive process mechanism that integrates bidding risk
identification, limit design, procurement price verification, construction-stage monitoring,
change management, and settlement review. This can help contractors avoid passive cost
compression during construction and improve their ability to manage risks transferred
from insufficient preliminary design depth and unclear bill-of-quantities boundaries.

6.2.3. Managerial and Organizational Recommendations

From a managerial perspective, EPC cost control requires cross-departmental coordi-
nation rather than isolated actions by individual departments. General contractors should
establish a collaborative mechanism among the design, cost, procurement, construction,
and contract management teams. A project-centered matrix organizational structure can
be adopted to form a collaborative team in which design leads technical optimization,
cost management provides economic constraints, procurement verifies market feasibility,
and construction provides feedback on implementation conditions. At the same time,
contractors should strengthen evidence chain management throughout the project life cycle.
Matters involving design defects, quantity adjustments, owner instructions, specification
changes, site conditions, change orders, and claims should be recorded, confirmed, and
archived promptly. For important matters involving cost increases or decreases, technical
justification, cost estimation, and written confirmation should be completed simultaneously.
These managerial arrangements can improve the traceability of cost adjustments, reduce
settlement disputes, and support timely corrective actions during project implementation.

6.2.4. Technical and Digital Implementation Recommendations

The findings also have technical implications for the integrated use of BIM, EVM, and
cost-management platforms. BIM and EVM should not be used only as visualization or

https://doi.org/10.3390/buildings16132572

https://doi.org/10.3390/buildings16132572


Buildings 2026, 16, 2572 17 of 19

reporting tools. Instead, they should be embedded into the project’s cost-control workflow.
BIM can support quantity checking, clash detection, design coordination, and change trace-
ability, while EVM can support cost deviation monitoring, early warning, and corrective
decision-making. To implement this mechanism effectively, contractors should promote
data integration among BIM models, quantity calculation, schedule planning, procurement
records, cost monitoring, and settlement documents. A unified coding system, standardized
data formats, early warning thresholds, and responsibility-based correction procedures
should also be established. Although this requires investment in software, staff training,
data standardization, and process adjustment, these efforts are necessary to transform cost
control from post-event statistics to real-time warning and proactive management.

6.2.5. Policy and Future Research Recommendations

From an industry and policy perspective, the preliminary-design bill-of-quantities
bidding model combines bill pricing, actual-quantity settlement, and total settlement cap-
ping. If the risk-sharing mechanism is not clearly defined, this model may create tension
between the owner’s early investment-control objective and the contractor’s fair allocation
of risk. Therefore, industry associations and regulatory authorities should further improve
the rules [32]. For example, the liability boundaries and price-adjustment principles should
be clarified for initial design defects, bill-of-quantities omissions, specification changes,
changes to owner requirements, and site-condition variations. Future research should
further test the proposed framework through multi-case comparative studies involving
different EPC project types, such as transportation, municipal infrastructure, energy facili-
ties, and building projects. Longitudinal cost, schedule, procurement, and EVM data from
multiple projects can also be collected to conduct statistical tests and trend analysis. In
addition, emerging technologies such as artificial intelligence, big data analytics, and digital
twins can be integrated into the proposed framework to support intelligent early warning,
automatic identification of risk of change, and dynamic prediction of cost deviations.

7. Conclusions
Post-design bill-of-quantities tendering is a challenging EPC implementation model

because it strengthens the owner’s early control over investment. To address this challenge,
this study developed a design-driven full-process cost-control framework for EPC projects.
The framework consists of three interrelated layers: the design-driven decision-making
layer, the full-process cost-control layer, and the collaborative management support layer.
These layers jointly support early design optimization, cross-stage risk control, dynamic cost
monitoring, and settlement evidence management. The framework was validated through
an EPC project for a reclaimed water plant in northwest China. The case results show that
the proposed framework helped move cost control forward to the design stage, integrate
design optimization with procurement coordination, strengthen risk identification during
bidding, and support dynamic cost monitoring through BIM and EVM. The application
results indicate that the framework can help EPC contractors identify and pre-control cost
risks, reduce unnecessary costs, improve settlement efficiency, and strengthen dispute
control under the preliminary-design bill-of-quantities bidding model.

This study has several limitations. First, the framework was validated using one
reclaimed water plant EPC project, which limits the robustness and generalizability of
the findings. Although the selected case is information-rich and suitable for analytical
validation, the results do not support statistical generalization. Second, the available
project data primarily support benchmark comparisons, stage-based cost analyses, EVM-
based evaluations, and sensitivity analyses, rather than inferential statistical testing. Third,
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the framework’s applicability may vary across project types, contract conditions, owner
management practices, contractor capabilities, and levels of digital infrastructure.

Future research can extend this study in several directions. First, the proposed frame-
work should be tested through multi-case comparative studies involving different EPC
project types, such as transportation, municipal infrastructure, energy facilities, and build-
ing projects. Second, future studies can collect longitudinal data on costs, schedules, pro-
curement, and EVM from multiple projects to conduct statistical tests and trend analyses.
Finally, emerging technologies such as artificial intelligence, big data analytics, and digital
twins can be integrated into the proposed framework to support intelligent early warning,
automatic identification of risk of change, and dynamic prediction of cost deviations.
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