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Abstract: The domestic construction industry in New Zealand has long been challenged by
persistent material shortages and elevated construction costs. In contrast, prefabricated steel
structure buildings from China—backed by substantial technological accumulation, mature in-
dustrial scale, and strong innovation capacity—have demonstrated clear competitive advantages
in the global construction market. This has created strong strategic demand and structural
opportunities for New Zealand to import such buildings. However, as prefabricated steel struc-
ture construction is a relatively emerging technology—particularly in the context of cross-border
importation—there remains a notable lack of comprehensive research on its cost and benefit pro-
files, with even fewer empirical studies examining international import scenarios. To address this
gap, this study integrates a whole-process cost–benefit analysis model with the grey relational
degree method to evaluate and compare three construction approaches in New Zealand:(1) fully
imported prefabricated steel structure buildings from China, (2) locally sourced and produced
construction materials, and (3) traditional on-site concrete casting. The analysis systematically
examines four key phases—design, production, transportation, and installation—and quantifies
the synergistic effects of economic, environmental, and social benefits across these dimensions.
The findings reveal that fully importing prefabricated steel structure buildings from China yields
the lowest overall costs and delivers the most significant composite benefits, making it the most
cost-effective and sustainable construction solution under the assessed conditions. This study
provides valuable insights for overcoming supply-chain challenges in New Zealand’s construc-
tion sector and contributes to the broader discourse on global green building development and
sustainable construction practices.

Keywords: Cost-Benefit calculation; Grey relational analysis; Prefabricated steel structure
construction; Scheme comparison

1. Introduction

New Zealand confronts a severe housing shortage, exacerbated by rising demand for
medium-density dwellings such as townhouses and apartments (Schindler, 2024; Shahzad et al.,
2022). Systemic constraints within the construction sector—including supply chain inefficiencies
and a documented skilled labor deficit of 30,000–50,000 workers—severely limit the capacity of
conventional construction methods to meet this demand (Doan et al., 2021; Brown et al., 2020;
Ongley, 2013). These challenges are further intensified by rising construction costs and project
delays, creating a critical need for innovative building solutions. In this context, prefabricated
steel structures have gained global prominence as a transformative approach, offering acceler-
ated construction timelines, enhanced quality control through factory production, and reduced
reliance on on-site labor (Gil-ozoudeh, 2024; Adeyemi et al., 2024).

Although prefabrication is still an emerging practice in New Zealand, recent policy shifts in-
dicate growing governmental support (H. Chen and Samarasinghe, 2020). The 2024 amendments
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to the Building Act, which recognize international material standards and streamline import
procedures, aim to facilitate the adoption of off-site manufacturing technologies. Concurrently,
China’s prefabricated steel industry has achieved global competitiveness through technological
advancement and economies of scale (Atkinson, 2024). However, the decision to adopt imported
prefabricated systems often relies on subjective judgments or simplistic cost comparisons, over-
looking broader performance criteria. A multi-faceted evaluation framework is therefore essential
to objectively assess their viability (Chauhan et al., 2024).

Previous research on prefabricated structures has primarily followed four trajectories: (1)
Cost analysis, focusing on factors influencing project economics and optimization models. Elhag
et al., 2005 examined determinants of prefabrication costs (e.g., project design and segmenta-
tion), W. Chen et al., 2021 developed a cost optimization model for precast concrete panels,
Ma’ruf et al., 2024 proposed a machine learning-based intelligent approach for design cost estima-
tion through the identification of assembly features in 3D CAD models. (2) Benefit assessment,
highlighting advantages such as waste reduction, shorter construction periods, etc. Yet, Balas-
baneh et al., 2024 noted significant gaps in understanding the socioeconomic impacts of steel
prefabrication. Sunindijo et al., 2023 demonstrate that prefabricated construction technology
significantly enhances health and safety performance in Australian residential projects, highlight-
ing its short-term benefits through reduced on-site labor duration and long-term advantages by
minimizing manual handling, thereby improving workers’ health outcomes. (3) Integrated cost-
benefit analysis, employing life-cycle assessment (LCA) and life-cycle costing (LCC) to evaluate
environmental and economic impacts. Cheng et al., 2023 employed a LCA methodology to
analyze the environmental impacts and optimization potential of prefabricated components, in-
tegrating an LCA-based LCC approach to evaluate associated social and economic costs. J. Liu
et al., 2025 integrated LCA, LCC, and carbon finance to evaluate steel structures holistically.
(4) Multi-criteria decision-making, utilizing methods like grey relational analysis (GRA) to com-
pare alternatives. S. Wang et al., 2023 used fuzzy grey relational analysis (GRA) method to
evaluate prefabricated schemes, and the results demonstrated the method’s broad applicability,
while also offering a practical and sound reference for all stakeholders involved in prefabricated
building scheme comparisons. C. H. Chen and Li, 2024 employed the GRA-TOPSIS method-
ology to evaluate and rank the weights and relative importance of cost-influencing factors in
prefabricated residential buildings, and it provided a decision-making framework for optimizing
and controlling costs in prefabricated housing projects.

Despite these contributions, significant gaps remain. First, existing studies seldom pro-
vide a holistic evaluation that simultaneously incorporates economic, environmental, and social
dimensions—particularly concerning the importation of prefabricated systems into specific reg-
ulatory and geographic contexts like New Zealand. Second, no established model currently
evaluates the cost-benefit implications of integrating Chinese prefabricated steel structures into
New Zealand’s built environment. To address these gaps, this study aims to address the fol-
lowing core research question: How do the whole-process costs and sustainability performance
of imported prefabricated steel structures compare with those of locally produced prefabricated
buildings and conventional construction systems in New Zealand? Therefore, this study devel-
ops an integrated analytical framework that combines whole-process cost-benefit analysis with
grey relational analysis. The proposed framework is applied to a case study of a residential
project in New Zealand, demonstrating its utility in quantifying net present value (NPV), pay-
back periods, and sustainability metrics. Verification via GRA ensures a coherent ranking of
alternatives based on both quantitative and qualitative criteria. By integrating architectural
considerations—such as modular design flexibility, compliance with New Zealand’s seismic stan-
dards—this study provides a comprehensive tool for developers, policymakers, and researchers
seeking to advance sustainable construction practices.
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2. Cost–Benefit Analysis Methodological Framework

To enable a comparative cost-benefit analysis, this study evaluates three distinct construc-
tion approaches: fully prefabricated steel structures imported from China (Scheme 1), localized
material procurement and assembly (Scheme 2), and traditional cast-in-place concrete construc-
tion (Scheme 3). The selection aligns with prevalent international engineering collaboration
models while addressing the specificities of the New Zealand market.

Scheme 1 serves as an offshore manufacturing benchmark, examining the technical feasibil-
ity of industrialized building systems via long-distance supply chains. Scheme 2 adopts a hybrid
model (”international standard introduction + local implementation”) to assess the economic
compatibility of Chinese GB 50017 and New Zealand NZS 3404 standards, particularly in seis-
mic parameters and node detailing. Scheme 3 provides a baseline for traditional construction,
facilitating quantification of prefabrication’s comparative advantages.

2.1 Constructability and Quality Analysis

2.1.1 Constructability Analysis

Prefabricated steel structures manufactured in China are typically designed in compliance
with international standards (e.g., ISO, AISC) and can be customized to meet specific national
building codes, such as New Zealand’s NZS 3404 Steel Structures Standard and the New Zealand
Building Code. Key differences in seismic design requirements, connection details, and architec-
tural preferences are thoroughly considered during the preliminary design phase. This proactive
approach facilitates the early identification and resolution of potential constructability issues
prior to manufacturing, ensuring that the final design is both compliant and practical for the
local context. The principle of ”fewer specifications, more combinations” is often adopted in the
standardized design of components to enhance production efficiency and quality.

2.1.2 Quality Assurance and Construction Efficiency

Chinese manufacturers serving the international market generally hold stringent interna-
tional quality certifications (e.g., ISO 9001) and adhere to equivalent standards such as ASTM
and AISC. The entire production process—from material procurement and fabrication to pre-
assembly—is governed by rigorous Quality Control (QC) and Quality Assurance (QA) protocols.
This ensures engineering design and production meet high standards of reliability and durability.

The Scheme1 approach, which involves transporting fully assembled or large modular sec-
tions, fundamentally shifts the nature of on-site work in New Zealand to primarily assembly
tasks. This methodology significantly reduces the on-site demand for skilled labor for activities
such as cutting, welding, and fitting. This offers a distinct advantage in New Zealand, a mar-
ket that frequently experiences shortages of skilled construction labor, by accelerating project
timelines and mitigating risks associated with variable on-site workmanship.

Generally, the overall methodology comprises three main components, as illustrated in Fig-
ure 1 Cost Comparative Calculation (Equations 1–5), Benefit Comparative Calculation (Equa-
tions 6–14), and Cost–Benefit Reassessment Using Grey Relational Analysis (Equations 15–22).
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Figure 1 Technical methodology of the whole-process cost–benefit model

In the cost module, the total cost is categorized into four components corresponding to
distinct project phases: design, production, transportation, and building. Each cost component
is formulated by aggregating sub-items associated with specific project modules (e.g., main
structure, finishing works). Finally, in accordance with conventional practice, the lifecycle cost
is discounted to its present value. Within the benefit module, drawing on relevant literature,
benefits are classified into economic benefits, environmental benefits, and social benefits. The
underlying logic of each formula involves applying appropriate conversion coefficients to quantify
these benefits. Similarly, following standard practice, the lifecycle benefits are discounted to their
present value.

2.2 Cost Comparative Calculation Models Construction

According to previous research (L. Liu et al., 2025; Almashaqbeh and El-Rayes, 2022;
Lou and Guo, 2020), The total cost of the building production and construction process is
typically decomposed into four key components: (1) design costs (Cd), (2) production costs
(Cp), (3) transportation costs (Ct), and (4) building costs (Cb). The whole-process Cost (LCC)
is calculated as Equation 1 below.

LCC = Cd + Cp + Ct + Cb (1)

2.2.1 Design Costs

In Scheme 1, the design process is primarily managed by a local New Zealand-based agent.
As shown in Equation 2, the associated design cost is typically calculated as a proportion of the
overall production and construction expenses and is further divided into two components: (1)
design development cost (Cd1) and (2) base incremental fee (Cd2).

Cd = Cd1 + Cd2 (2)

Table 1 presents a comparative analysis of design costs across the three schemes. Notably,
Scheme 1 demonstrates cost advantages through the use of localized design packages in New
Zealand, which eliminate certification fees, reduce communication expenses, and minimize asso-
ciated taxes. This results in a clear cost hierarchy where α ¡ β ¡ γ.
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Table 1 Comparison of design costs across the three schemes.

Item Scheme 1 Scheme 2 Scheme 3

Design
Development

Cost Cd1

α1Cmain + α2Csupport +
α3Cin Where the
proportions are:

α = 5%, 4%, 2%, 1%, and
3% respectively (due to
standardized design by

NZ design firms, localized
adaptation, and lower

markup rates)

β1Cmain + β2Csupport +
β3Cin Where the
proportions are:

β = 8%, 5%, 3%, 2%, and
4% respectively (due to

the need for differentiated
design, leading to higher

markups for the main
structure and client

communication)

γ1Cmain + γ2Csupport +
γ3Cinstall Where the

proportions are:
γ = 9%, 6%, 3%, 2%, and
4% respectively (due to

the need for differentiated
design and being a
concrete structure,
leading to higher

markups for the main
structure and client

communication)

Base
Incremental

Fee Cd2

Firm design costs,
drawing review fees, etc.

Firm design costs,
drawing review fees, etc.

Firm design costs,
drawing review fees,
additional structural

reinforcement costs, etc.

2.2.2 Production Costs

The primary structural framework and auxiliary components of the building are decomposed
to quantify their production costs, comprising the production cost of the main framework (Cp1)
and that of the auxiliary components (Cp2). The total production costs are expressed as Equation
3:

Cp = Cp1 + Cp2 (3)

As illustrated in Table 2, a comparative analysis of production costs across the three schemes
is presented. The primary cost differentials among these models predominantly stem from vari-
ations in raw material costs, labor efficiency, and equipment costs. Generally, China demon-
strates lower raw material and equipment costs compared to New Zealand. Furthermore, Scheme
1 achieves concentrated equipment cost savings through large-scale production via self-owned
facilities.

Table 2 Comparison of production costs across the three schemes.

Item Calculation Formula Scheme 1 Scheme 2 Scheme 3
Production

Cost of Main
Framework

Cp1

Cfoundation +
Cstructural shell + Cst

Where material
costs incorporate
New Zealand’s
import prices and
tariffs; labor
efficiency is 1.2
times the New
Zealand standard;
and equipment
depreciation
accounts for
self-contained
machinery

Where material
costs are local
market
procurement
prices; labor
efficiency meets
New Zealand
standard;
equipment is
locally rented.

Where material
costs are based on
local prices for
sand, gravel, and
cement—typically
higher than
average; labor
efficiency meets
New Zealand
standard;
equipment is
concrete-specific
equipment.

Production
Cost of

Auxiliary
Components

Cp2

Cfoundation +
Cstructural shell + Cst
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2.2.3 Transportation Costs

The primary mode of transporting prefabricated steel structure buildings imported from
China is by sea. Accordingly, the transportation costs for Scheme 1 can be divided into three
parts: (1) Ct1, the cost of loading and transporting the main structure and associated com-
ponents from the manufacturing facility to the Chinese port; (2) Ct2, the cost of shipping the
goods from the New Zealand port of discharge to the construction site; and (3) Ct3, the cost
of secondary transportation within the construction site. The basic formula for calculating
transportation costs is therefore as Equation 4:

Ct = Ct1 + Ct2 + Ct3 (4)

The comparison of transportation costs among the three schemes is presented in Table 3.
For the other two schemes, the main transportation expense consists of local delivery within
New Zealand. Generally, Scheme 3 outperforms Scheme 2 owing to standardized steel compo-
nents, modular assembly flexibility, efficient loading/unloading operations, and superior road
adaptability of prefabricated structures.

Table 3 Comparison of transportation costs for three schemes.

Item Scheme 1 Scheme 2 Scheme 3
Transportation
Cost in China

Cτ1

ddistance1 × pfreight rate1

Import Cost
Cτ2

Pcustoms fee + ddistance2

Transportation
Cost in New
Zealand Cτ3

ddistance3 × pfreight rate3

ddistance4 ×
praw material freight rate4+

ddistance5 ×
ppost−production freight rate5

ddistance6 ×
pgravel,cement freight rate6+

ddistance7 ×
pmixer truck transportation cost

2.2.4 Building Costs

The construction process is divided into distinct phases, enabling the building costs Cb to
be decomposed into four components, shown in Equation 5 site preparation cost Cb1, building
construction cost Cb2 (including structural, curtain wall, and roofing works), finishing cost Cb3,
and external works cost Cb4:

Cb = Cb1 + Cb2 + Cb3 + Cb4 (5)

A comparative analysis of the building costs for the three schemes is presented in Table 4.
Scheme 1 primarily adopts an integrated installation approach, leading to substantial savings
in site preparation, building construction, finishing works, and external works costs. In con-
trast, Scheme 3, which utilizes cast-in-place concrete construction, incurs the highest building
construction costs among the three schemes.

2.3 Benefit Calculation Model Construction

Benefits are generally classified into two categories (Shen et al., 2019). Direct benefits,
quantifiable in monetary terms, encompass aspects such as design and transportation costs (al-
ready incorporated into the cost model). Indirect benefits, which are difficult to quantify, span
economic, environmental, and social dimensions throughout a building’s life cycle, exerting sus-
tained impacts on engineering projects (H. J. Wang, 2019). This section focuses on calculating
the latter. Drawing upon the three major dimensions of sustainability (economic, environmen-
tal, and social) as delineated by Sarkar et al., 2023, this study constructs the Whole-Process
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Benefit (LCE) Calculation Model, as formalized in Equation 6. Notably, this tripartite benefit
framework aligns with the methodological considerations of prior seminal works (Li et al., 2014,
S. Liu et al., 2022, Zhou et al., 2022), thereby ensuring theoretical consistency with established
sustainability assessment paradigms in the field.

LCE = Ec + Ee + Es (6)

Table 4 Comparison of building costs across three schemes.

Item Scheme 1 Scheme 2 Scheme 3
Site

Prepara-
tion Cost

Cs1

Ssitearea1 ×
(Plandrentunitprice +
Pequipmentrental) ×
Tduration + Sother

Pequipment rental ×
Tduration + Ssite area2 ×

Plandrentunitprice +
Ptemp utilities cost

Pequipment rental ×
Tduration + Ssite area2 ×

Pland rent unit price

Temporary storage of prefabricated components, site clearance, and component
connections

Building
Contruc-
tion Cost

Cb2

(Pcrane rental1 +
Pskilled labor wage1) ×

Tduration1

(Pcrane rental1 +
Pskilled labor wage1) ×

Tduration1 × 1.2

(Pcrane rental1 +
Pskilled labor wage1) ×

Tduration1 × 1.24
Integrated construction

with lifting-only
requirements

20% additional building
work

24% additional building
work

Finishing
Cost Cb3

(Pcrane rental2 +
Pskilled labor wage2) ×

Tduration2

(Pcrane rental2 +
Pskilled labor wage2) ×

Tduration2 × 2.15

(Pcrane rental2 +
Pskilled labor wage2) ×

Tduration2 × 2.15
Interface treatment of
prefabricated modules,
localization adaptation,
and detailed finishing

2.15 times the additional
finishing cost compared

to Scheme 1’s “fully
furnished”

2.15 times the additional
finishing cost compared

to Scheme 1’s “fully
furnished”

External
Work

Cost Cb4

(Pcrane rental3 +
Pskilled labor wage3) ×

Tduration3

(Pcrane rental3 +
Pskilled labor wage3) ×

Tduration3 × 1.05

(Pcrane rental3 +
Pskilled labor wage3) ×

Tduration3 × 1.05
Building of prefabricated

landscaping elements
5% additional building

work compared to Scheme
1’s “fully furnished”

5% additional building
work compared to Scheme

1’s “fully furnished”

2.3.1 Economic Benefits
1. Duration Benefits Ec1

Compared to cast-in-situ construction, prefabricated steel components are manufactured
off-site in controlled factory environments, significantly reducing susceptibility to external envi-
ronmental disruptions. This approach substantially shortens the construction period and yields
considerable time-cost savings. Quantification can be achieved through Equation 7; Sales capital
interest income Ec11 and Rental income Ec12:

Ec1 = Ec11 + Ec12 = ∆d1kC ′

365 + ∆d1R0 M0
30 (7)

Where: ∆d1 is the construction duration reduction [days(d)], k is the annual interest rate
during construction (%), C’ is the construction financing/loan amount (NZD), R0 is the post-
completion monthly rental income per m2 (NZD/m2), M0 is the total sales area (m2).

2. Policy Benefits Ec2

Drawing on China’s experience, governments have implemented a range of incentive policies
to promote prefabricated construction, including tax and fee reductions, preferential land use
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policies, expedited presale approvals, support for component transportation, and floor area
incentives (Guo et al., 2025). Accordingly, with a focus on long-term sustainable development,
this study assumes that the overall policy benefits are derived from a composite advantage
resulting primarily from reduced construction duration and floor area incentives—the two most
widely adopted measures, as given in Equation 8:

Ec2 = Ec21 + Ec22 = ∆d2kC ′

365 + (S0 − B0)M0 × α (8)

Where: ∆d1 is the presale acceleration days due to policy incentives (d), S0 is the average
building sales price (NZD/m2), B0 is the base land price (NZD/m2), α is local government floor
area bonus (%).

3. Structural Benefits Ec3

In residential buildings (typically high-wall-count structures), this increases effective usable
area by approximately 4–8% compared to cast-in-situ systems. Structural benefits are calculated
as Equation 9 below, where: ∆γ is structural system-induced area utilization rate difference (%).

Ec3 = ∆γS0 (9)
The economic benefits can be conceptualized as an aggregation of duration benefits, policy

benefits, and structural benefits. Accounting for time value of money, the Discounted Net
Present Value, NPV(Ec), can be calculated as shown in Equation 10.

NPV (Ec) = NPV (Ec1) + NPV (Ec2) + NPV (Ec3) (10)

2.3.2 Environmental Benefits

Environmental benefits refer to positive ecological impacts across a building’s entire life
cycle—from material production and construction to operation and end-of-life recycling. These
benefits arise from specific technical features and construction methods, and manifest in mul-
tiple dimensions such as resource conservation, pollution reduction, ecological protection, and
sustainable development.

Specifically, water conservation benefits Ee1 are achieved through reduced construction-
phase water consumption and optimized operational water utilization in prefabricated steel
structures. Land conservation benefits Ee2 include reduced land occupation, improved land-use
efficiency, greater usable area, and longer service life. Energy conservation benefits Ee3, come
from integrated insulation systems that improve thermal performance and reduce cracking risks.
Material conservation benefits Ee4 result from strict quality control and optimized material use
in factory production. Compared to conventional methods, prefabricated steel structures reduce
on-site particulate emissions by 5.04% (Aghasizadeh et al., 2022) and lower noise pollution by
minimizing construction noise sources—contributing to dust and noise reduction benefits Ee5.
Carbon emission reduction benefits Ee6 cover the whole building life cycle, with 70–80% of
emissions generated during operation. Construction waste reduction benefits Ee7 are achieved
through factory-based production, which significantly cuts on-site waste. Overall, the environ-
mental advantages of prefabricated steel structures arise from the synergy of these elements, as
captured in Equation 11.

Ee = Ee1 + Ee2 + Ee3 + Ee4 + Ee5 + Ee6 + Ee7 (11)
Accounting for the time value of money, the net present value of environmental benefits

is calculated as Equation 12. This approach aims to quantify the economic value of environ-
mental benefits over the whole process. It provides a comprehensive assessment of sustainable
investment feasibility.

NPV (Ee) = NPV (Ee1) + NPV (Ee2) + NPV (Ee3) + NPV (Ee4) + NPV (Ee5) (12)



International Journal of Technology 17(1) 187-204 (2026) 195

+NPV (Ee6) + NPV (Ee7) = (Ee1 + Ee2 + Ee3 + Ee4 + Ee5 + Ee6)(1 + e)n−1

n(1 + e)n
+ Ee7

Where: e is the discount rate reflecting time value of money (%), n is building lifespan
(years), encompassing design, production, operation, and end-of-life recycling.

2.3.3 Social Benefits

The social benefits of prefabricated steel structures represent their broad positive effects on
society across the whole building process, realized through industrialized construction methods.
These include improved labor efficiency, enhanced quality of life, and industrial upgrading,
as summarized in Equation 13. Specifically, Labor Efficiency Gains Es1 arise mainly from
the combined use of factory prefabrication and on-site assembly, which lowers overall labor
demand. Quality Enhancement Es2 comes from standardized factory production that ensures
high precision and consistency in components, leading to higher construction quality compliance.
Industrial Competitiveness Benefits Es3 derive from better coordination across supply chains,
the generation of new jobs, and support for technological progress and international market
access for enterprises.

Es = Es1 + Es2 + Es3 (13)

To properly account for the time value of capital in economic evaluations, we employ the net
present value (NPV) methodology to quantify the long-term economic viability of these social
benefits. The NPV calculation incorporates discounting factors to reflect the present worth of
future benefits, as mathematically formulated in Equation 14. Specifically, the total NPV is
derived from the summation of discounted values for each benefit component.

NPV (Es) = NPV (Es1) + NPV (Es2) + NPV (Es3) (14)

= (Es1 + Es2 + Es3)(1 + e)n−1

n(1 + e)n

2.4 Cost-Benefit Reassessment Using Grey Relational Analysis

2.4.1 Construction of Original Matrix

Let Schemes 1-3 be denoted as economic evaluation schemes S1, S2 and S3. Based on
the measurement data from Equation 1 to 14, the original matrix A is constructed as follows
Equation 15. In the matrix A, each row corresponds to three distinct alternative schemes, each
row vector represents three distinct alternative solutions, while each column vector corresponds
to specific cost and benefit metrics associated with these alternatives.

A =

a11 · · · a1m
... . . . ...

an1 · · · anm

 (n = 3, m7) (15)

The seven evaluation indicators in matrix A are classified into two mutually exclusive types:
cost-type indicators, which are minimized in the optimal scheme, and benefit-type indicators,
which are maximized. This identification of the solution that minimizes costs and maximizes
benefits allows decision matrix A0 to be derived, as expressed mathematically in Equation 16.

A0 =


a01 a02 · · · a0m

a11 a12 · · · a1m
...

... . . . ...
an1 an2 · · · anm

 (16)
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2.4.2 Normalization Procedure

Given the heterogeneous measurement units across fundamental evaluation criteria, we
perform dimensionless treatment of decision matrix A using the ratio method. This generates
the normalized decision matrix R. In other words, each element within matrix R is derived
through a standardized transformation process following the methodology outlined in Equation
17.

zij =
(

aij

a0i
Benefit - type indicators a0j

aij
Cost - type indicators

)
(17)

2.4.3 Indicator Weight Determination

Objective weighting methods often overlook the subjective preferences of implementers,
which can create a gap between theoretical weights and practical needs (Kizielewicz et al., 2024;
Deng, 2016). To address this, our study employs the expert scoring method for subjective
weighting. A panel of domain experts assessed the relative importance of each indicator on a
10-point Likert scale, ensuring the weights are both technically sound and operationally feasible.
Each indicator’s weight (Gj) was calculated as the arithmetic mean of the expert scores (Gij),
normalized via Equation 18.

αj = Gj∑m
j=1 Gj

(j = 1, 2, . . . , m) (18)

2.4.4 Reference Matrix Construction

As a fundamental analytical tool, the grey relational decision matrix measures the rela-
tional degree between alternative solutions and an ideal reference sequence, thereby facilitating
scientific evaluation. The computational procedure, initiated with Equation 19 (Sun and Yang,
2003; Singh and Pandey, 2024), yields a relational coefficient. This coefficient is rooted in geo-
metric pattern similarity analysis. A higher value denotes a closer alignment, indicating that a
candidate’s developmental trend is more consistent with the ideal state.

λ =
|z∗

j − zij | + η|z∗
j − zij |

|z∗
j − zij | + η|z∗

j − zij |
(19)

Where: η is the resolution coefficient (typically set to 0.5) that modulates comparison
sensitivity:

• η = 0 eliminates environmental influences,

• η = 1 preserves the original comparison environment.

|z∗
j − zij | represents the global minimum deviation, set to 0, while |z∗

j − zij | denotes
the global maximum deviation, set to 1. Subsequently, the overall grey relational degree matrix
summarizing the evaluations for the three Schemes is determined as follows Equation 20:

λ = (λij)n×m =

λ11 · · · λ1m
... . . . ...

λn1 · · · λnm

 (20)

2.4.5 Grey Relational Projection Values Computation

The grey relational projection value serves as a comprehensive metric that quantifies the
similarity between alternative solutions and the ideal solution in terms of both geometric config-
uration and evolutionary trends. We achieved this by calculating the projection length of each



International Journal of Technology 17(1) 187-204 (2026) 197

solution within the weighted grey relational space. Prior to computing these projection values,
a critical preprocessing step involves normalizing the indicator weights to derive the importance
weight vector for evaluation criteria. The grey relational projection weights āj are derived from
the importance weight matrix aj as follows Equation 21:

ᾱj =
α2

j√∑m
j=1 α2

j

(21)

The calculation of grey relational projection values necessitates the incorporation of in-
dicator weights (as specified in Equation 18) to enhance the scientific rigor of the evaluation.
This integrated approach, formalized in Equation 22, quantifies the comprehensive similarity be-
tween alternative solutions and the ideal reference by measuring their projection lengths within a
weighted grey relational space. Specifically, larger projection values indicate stronger geometric
and trend-wise alignment with the optimal solution across all considered criteria, while smaller
values reflect increasing degrees of deviation from this benchmark (F. Wang et al., 2024; Men
et al., 2003).

Sn =
m∑

j=1
λjᾱj (22)

3. Case Study

3.1 Project Overview

For the implementation of the aforementioned methodology, this study examines a master-
planned community in Hobsonville, New Zealand (Figure 2a & b), which integrates mixed-use
facilities including retail, cafes, bars, parks, and schools. One representative residential unit,
has a loan value of NZ$2 million and a total floor area of 110 m2, spanning two above-ground
stories (each 2.896 m high). The layout comprises three bedrooms—two on the ground floor
and one upstairs, where the living room is also located. The ground-floor living room faces
north and includes a balcony, while the rear provides auxiliary outdoor space. Specifically, the
project-related data presented in this study, including but not limited to quantities of work and
transportation costs, were systematically collected and compiled by the authors.

(a) (b)
Figure 2 (a) The Hobsonville Point community case in New Zealand and (b) aerial view of

the case project

Structural components include aerated concrete board interior walls and 240 mm fire-
resistant block masonry for load-bearing walls. Windows and doors feature uPVC frames with
thermally broken insulated glazing. Based on project import timelines and comparable case
studies, Scheme 1 has a design-to-building cycle of 100 days (3 months for production/transport
+ 10 days for hoisting), whereas Schemes 2 and 3 require 240 days (8 months).
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3.2 Calculation Assumptions and Parameters

This study focuses on quantifying the indirect benefits of prefabricated steel structures.
Accordingly, all three construction schemes are presumed to meet New Zealand’s Building Code
minimum economic viability thresholds. Direct cost variations (e.g., cross-border transport,
tariffs) are excluded from analysis.

3.2.1 Building Lifespan and Social Discount Rate

Following standard structural design service life benchmarks, the building’s lifespan is set
at 50 years. Given the long-term benefits of prefabricated steel construction, and considering
New Zealand’s market conditions, economic development, and policy context, a uniform social
discount rate of 8% is applied.

3.2.2 Proportional Cost Deductions

These deductions are primarily derived from the standards and practices of New Zealand’s
construction industry. For instance, a 15% deduction is applied to design and development
costs, while 3% is deducted for additional foundation expenses. The project is anticipated to be
completed 140 days ahead of the conventional construction schedule. The construction-phase
interest rate (5%) reflects prevailing local market conditions.

3.2.3 Other Benefit Calculation Benchmarks

Financing amount: NZ$500,000. Rental income (external leasing): 6.82 NZD/m2/month
(median market rate) for a 110 m2 lease area. Policy incentives: Assuming a 10-day extension of
the presale approval period (to conservatively capture the potential range of policy incentives),
with an associated land value benefit of NZ$540,000. Sales prices: Steel-structured buildings:
NZ$9,218.18/m2, Concrete structures: NZ$10,109.09/m2. Land cost: NZ$8,000/m2. Usable
area ratio difference (due to structural systems): 3.89%.

3.3 Cost Calculation

This section presents the detailed cost modeling for the three proposed schemes. The sum
of the four cost components is summarized in Table 5. In summary, Scheme 1 demonstrates
the most cost-effective solution at 3,281 NZD/m2, significantly lower than Scheme 2 (4,225
NZD/m2) and Scheme 3 (4,446 NZD/m2). This cost advantage is primarily attributable to the
integrated manufacturing of prefabricated steel structures imported from China, lower domestic
labor costs, and economies of scale in construction.

Table 5 Cost comparison of the three schemes.

No. Item Scheme 1 Scheme 2 Scheme 3
Total

(NZD)
Unit

(NZD/m2)
Total

(NZD)
Unit

(NZD/m2)
Total

(NZD)
Unit

(NZD/m2)
1 Design Costs 28,678 260.71 76,284 693.49 80,071 727.92
2 Production Costs 145,529 1,322.99 151,452 1,376.83 167,757 1,525.06

3 Transportation
Costs 21,120 192.00 2,456 22.33 3,217 29.25

4 Building Costs 165,581 1,505.29 234,554 2,132.31 238,016 2,163.78
5 Total 360,908 3,280.98 464,745 4,224.96 489,060 4,446.00
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3.4 Benefit Calculation

3.4.1 Economic Benefits Calculation

Economic benefit calculations show that the fully prefabricated steel structure imported
from China (Scheme 1) achieves the highest value at 372.50 NZD/m2, followed by Scheme 2
(328.08 NZD/m2), whose lower performance is largely due to a longer project duration. Scheme
3 yields the lowest benefit. The shorter construction period of Scheme 1 allows earlier sales of
residential units compared to the other schemes, generating interest income from sales capital
of 34.87 NZD/m2, together with earlier rental income from tenant occupancy totaling 9.55
NZD/m2. Although area-based policy incentives were modeled, they are not applicable at the
project site and are therefore excluded. Both Scheme 1 and Scheme 2, as prefabricated steel
structures, qualify for early pre-sale incentives, contributing 2.49 NZD/m2.

3.4.2 Environmental Benefits Calculation

Drawing on Pang, 2019, the water-saving benefit of prefabricated steel structures is quanti-
fied as 3.02 CNY/m2 (0.71 NZD/m2). Wei, 2019 reports land-saving benefits of 55.6 CNY/m2

(13.07 NZD/m2), while Yuan and Wang, 2021 estimate energy-saving benefits of 10.07 CNY/m2

(2.37 NZD/m2). Material-saving benefits are reflected directly in construction and installation
costs. Dust and noise reduction benefits during construction are taken as 6.1 CNY/m2 (1.43
NZD/m2) following Zheng and Xu, 2019. Previous research (Zheng and Xu, 2019; Tavares et al.,
2021) report construction-phase carbon emissions of 308.86 kg/m2 for prefabricated steel struc-
tures versus 357.68 kg/m2 for traditional cast-in-place structures. Using the 2023 U.S. NPUC
carbon price of 71 USD per metric ton (converted to 119.08 NZD/ton), the carbon emission costs
for Schemes 1 and 2 are 36.78 NZD/m2, compared to 42.59 NZD/m2 for Scheme 3, yielding a
carbon reduction benefit of 5.81 NZD/m2 for prefabricated steel. Based on local regulations
and case study drawings, construction waste generation rates are 0.13, 0.17, and 0.45 ton/m2

for the three schemes, respectively. With a disposal cost of 103.49 CNY/ton (24.33 NZD/ton),
the corresponding waste disposal costs are 3.16, 4.14, and 10.95 NZD/m2. Thus, the waste
reduction benefits of Scheme 1 and Scheme 2 relative to Scheme 3 are 7.79 NZD/m2 and 6.81
NZD/m2, respectively.

3.4.3 Social Benefits Calculation

Prefabricated construction offers significant socioeconomic advantages by replacing conven-
tional methods with advanced housing technologies. Standardized factory production improves
working conditions, reduces short-term labor mobility, and enhances quality through rigorous
process control, while also promoting the integration of construction industrialization with dig-
ital technology. According to Han, 2008, the social benefit of prefabricated steel structures is
107.36 CNY/m2 (25.24 NZD/m2).

A comparative analysis shows that although prefabricated steel structures do not show im-
mediate economic advantages during construction, they deliver superior integrated performance
across economic, environmental, and social dimensions. The total economic, environmental, and
social benefits for all three schemes are summarized in Table 6. Scheme 1 achieves the highest
comprehensive benefit (428.92 NZD/m2), followed by Scheme 2 (383.52 NZD/m2), demonstrat-
ing that the fully imported prefabricated steel structure approach offers substantial advantages
in construction speed, environmental sustainability, resource efficiency, quality, and social value.
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Table 6 Comparative Analysis of Benefits Across Three Schemes.

No. Item (NZD/m2) Scheme 1 Scheme 2 Scheme 3
1 Economic Benefits 372.50 328.08 0

2 Environmental
Benefits 31.18 30.20 0

3 Social Benefits 25.24 25.24 0
4 Total 428.92 383.52 0

(a) (b)
Figure 3 (a) Radar chart of costs for three schemes and (b) Radar chart of benefits for three

schemes

The radar chart depicting costs in Figure 3 (a) reveals that Scheme 1 exhibits the smallest
enclosed area, indicating its superior cost-saving advantage. In contrast, in the benefit radar
chart shown in Figure 3 (b), Scheme 1 occupies the largest area, confirming its optimal perfor-
mance in terms of overall benefits.

3.5 Cost-Benefit Reassessment Using Grey Relational Analysis

Ten domain experts were invited to assess the importance of each indicator on a 10-point
scale. The panel comprised four prefabricated steel structure specialists, two civil engineering
professors, and four senior executives from New Zealand regulatory agencies. The resulting
weights are presented in Table 7.

Table 7 Synthesis of Expert Assessments and Computed Indicator Weights.

Expert Cd Cp Ct Ci EC EE ES

1 82 91 89 90 91 93 88
2 84 89 84 86 92 93 91
3 79 85 85 89 92 89 90
4 81 94 95 93 93 95 90
5 99 99 78 89 91 92 85
6 76 83 86 91 85 93 93
7 81 88 93 87 88 89 99
8 82 99 98 94 91 97 92
9 98 77 77 85 96 86 94
10 89 78 75 95 84 94 94

Mean Score Gj 85.1 88.3 86.0 89.9 90.3 92.1 91.6
Indicator Weights αj 0.137 0.142 0.138 0.144 0.145 0.148 0.147
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By synthesizing the relational degree matrix with the projection weights, the resultant
projection values of the three schemes are 0.346,0.312,0.189, respectively. The grey relational
projection values quantify the similarity of each scheme to an ideal solution. A higher projection
value indicates better overall alignment with evaluation criteria (cost and benefit indicators).
In practical terms: Scheme 1’s highest value (0.346) confirms it as the optimal choice for NZ
contexts, balancing low costs with high sustainability benefits. This method moves beyond
simple NPV comparisons by incorporating synergistic effects among indicators (e.g., reduced
construction time may increase environmental benefits), providing a robust decision-making
tool for engineers and policymakers.

4. Conclusions and Recommendations

his study evaluates the economic performance of importing fully assembled prefabricated
steel structures from China to New Zealand using a whole-process cost–benefit model, val-
idated through grey relational analysis. The unit cost of the imported structures is 3,281
NZD/m2—significantly lower than local manufacturing (4,225 NZD/m2) and traditional concrete
(4,446 NZD/m2), representing cost reductions of 24.6% and 35.2%, respectively. Concurrently,
the comprehensive benefit of the imported solution reaches 428.92 NZD/m2, outperforming the
domestic alternative by 11.8%. In conclusion, the findings demonstrate that importing pre-
fabricated steel structures offers significant economic advantages in the New Zealand context,
aligning with broader research on the benefits of prefabricated construction.

Amidst the ongoing restructuring of global industrial chains, this study identifies a dual
strategic advantage for New Zealand’s construction sector. First, it demonstrates that China’s
competitive manufacturing costs and economies of scale within transnational supply chains can
offset the costs of long-distance logistics. This provides New Zealand with a viable pathway to
adopt high-value industrialized building methods. Second, from a technical standpoint, a hy-
brid standardization system—combining Chinese technical specifications with local New Zealand
certification—helps overcome technical barriers. This integration enables the smooth adoption
of advanced Chinese prefabrication technologies. These findings not only affirm the economic
feasibility of cross-border construction industrialization, but also offer actionable insights for
modernizing New Zealand’s building industry. The study presents a replicable model for inter-
national construction collaboration in the post-globalization era.

Although necessary parameters and assumptions were used in the modeling process, future
research will test these findings across multiple datasets. It will also integrate Building Informa-
tion Modeling with Life Cycle Assessment (BIM-LCA), and apply multi-criteria decision-making
methods—such as the Analytic Hierarchy Process (AHP) and the Technique for Order Prefer-
ence by Similarity to Ideal Solution (TOPSIS)—alongside sensitivity analysis. These steps will
improve the precision and robustness of the conclusions.

In summary, the long-standing China–New Zealand strategic partnership, supported by an
upgraded free trade agreement, further enables the import of Chinese prefabricated building
solutions. By providing quantitative evidence and a strategic framework, this study offers key
decision-making support and data to help New Zealand leverage the cost and technological
benefits of Chinese prefabricated steel structures. Ultimately, this supports the transition toward
a greener, more efficient, and sustainable construction industry.

Author Contributions

Kang Li: Concept, Design, Methodology, software Writing-original draft. Ting Jing: Im-
plementation, Review, Funding sourcing.

Conflict of Interest

The authors declare no conflicts of interest.



International Journal of Technology 17(1) 187-204 (2026) 202

Supplementary Materials

This manuscript has no associated supplementary materials.

Declaration of AI

The authors declare that no generative AI technologies were used in the creation of this
manuscript.

References

Adeyemi, A. B., Ohakawa, T. C., Okwandu, A. C., Iwuanyanwu, O., & Ifechukwu, G. O. (2024).
Integrating modular and prefabricated construction techniques in affordable housing:
Architectural design considerations and benefits. Comprehensive Research and Reviews
in Science and Technology, 8, 67–82. https://doi.org/10.57219/CRRST.2024.2.1.0030

Aghasizadeh, S., Tabadkani, A., Hajirasouli, A., & Banihashemi, S. (2022). Environmental and
economic performance of prefabricated construction: A review. Environmental Impact
Assessment Review, 97, 106897. https://doi.org/10.1016/j.eiar.2022.106897

Almashaqbeh, M., & El-Rayes, K. (2022). Minimizing transportation cost of prefabricated mod-
ules in modular construction projects. Engineering, Construction and Architectural Man-
agement, 29 (10), 3847–3867. https://doi.org/10.1108/ECAM-11-2020-0969

Atkinson, R. D. (2024). China is rapidly becoming a leading innovator in advanced industries
[Viewed 13 March 2025]. https://itif.org/publications/2024/09/16/china- is- rapidly-
becoming-a-leading-innovator-in-advanced-industries/

Balasbaneh, A. T., Sher, W., Rahman, I. A., Juki, M. I., & Zainun, N. Y. (2024). Greenhouse
gas emission evaluation and barrier of implementing modular construction buildings
[Viewed 23 January 2025]. In Sustainable construction materials. Elsevier. https://www.
sciencedirect.com/science/article/abs/pii/B978044319231900020X

Brown, G., Sharma, R., & Kiroff, L. (2020). Insights into the new zealand prefabrication industry
[Viewed 7 November 2024]. https://archscience.org/wp-content/uploads/2021/03/65-
Insights-into-the-New-Zealand-Prefabrication-Industry.pdf

Chauhan, K., Peltokorpi, A., Lavikka, R., & Seppänen, O. (2024). To prefabricate or not? a
method for evaluating the impact of prefabrication in building construction. Construction
Innovation, 24 (7), 65–82. https://doi.org/10.1108/CI-11-2021-0205

Chen, C. H., & Li, G. H. (2024). Study on evaluation of influencing factors of prefabricated
housing cost. Academic Journal of Business & Management, 6 (1), 208–214. https://doi.
org/10.25236/AJBM.2024.060130

Chen, H., & Samarasinghe, D. A. S. (2020). The factors constraining the adop-
tion of prefabrication in the new zealand residential construction sector: Con-
tractors’ perspective [Viewed 5 December 2024]. https : / / www . researchgate .
net/publication/339897919 The Factors Constraining the Adoption of Prefabrication
in the New Zealand Residential Construction Sector Contractors’ Perspective

Chen, W., Chen, A., Liu, J., & Deng, S. (2021). Research on production cost optimization of
pc exterior wall panel based on hybrid genetic algorithm [Viewed 14 December 2024].
International Conference on Computing in Civil Engineering. https://ascelibrary.org/
doi/abs/10.1061/9780784483848.078

Cheng, Z., Zhang, T., Zhou, X., Li, Z., Jia, Y., Ren, K., & Hong, J. (2023). Life cycle en-
vironmental and cost assessment of prefabricated components manufacture. Journal of
Cleaner Production, 415, 137888.

Deng, B. (2016). Research and application of indicator weight determination method based on
combined weighting approach. Electronic Information Warfare Technology, 31 (1), 12–16.
https://doi.org/10.3969/j.issn.1674-2230.2016.01.004

Doan, D. T., Wall, H., Ghaffarian Hoseini, A., Ghaffarianhoseini, A., & Naismith, N. (2021).
Green building practice in the new zealand construction industry: Drivers and limita-

https://doi.org/10.57219/CRRST.2024.2.1.0030
https://doi.org/10.1016/j.eiar.2022.106897
https://doi.org/10.1108/ECAM-11-2020-0969
https://itif.org/publications/2024/09/16/china-is-rapidly-becoming-a-leading-innovator-in-advanced-industries/
https://itif.org/publications/2024/09/16/china-is-rapidly-becoming-a-leading-innovator-in-advanced-industries/
https://www.sciencedirect.com/science/article/abs/pii/B978044319231900020X
https://www.sciencedirect.com/science/article/abs/pii/B978044319231900020X
https://archscience.org/wp-content/uploads/2021/03/65-Insights-into-the-New-Zealand-Prefabrication-Industry.pdf
https://archscience.org/wp-content/uploads/2021/03/65-Insights-into-the-New-Zealand-Prefabrication-Industry.pdf
https://doi.org/10.1108/CI-11-2021-0205
https://doi.org/10.25236/AJBM.2024.060130
https://doi.org/10.25236/AJBM.2024.060130
https://www.researchgate.net/publication/339897919_The_Factors_Constraining_the_Adoption_of_Prefabrication_in_the_New_Zealand_Residential_Construction_Sector_Contractors'_Perspective
https://www.researchgate.net/publication/339897919_The_Factors_Constraining_the_Adoption_of_Prefabrication_in_the_New_Zealand_Residential_Construction_Sector_Contractors'_Perspective
https://www.researchgate.net/publication/339897919_The_Factors_Constraining_the_Adoption_of_Prefabrication_in_the_New_Zealand_Residential_Construction_Sector_Contractors'_Perspective
https://ascelibrary.org/doi/abs/10.1061/9780784483848.078
https://ascelibrary.org/doi/abs/10.1061/9780784483848.078
https://doi.org/10.3969/j.issn.1674-2230.2016.01.004


International Journal of Technology 17(1) 187-204 (2026) 203

tions. International Journal of Technology, 12 (5), 946–955. https://doi.org/10.14716/
ijtech.v12i5.5209

Elhag, T. M., Boussabaine, A. H., & Ballal, T. M. A. (2005). Critical determinants of construc-
tion tendering costs: Quantity surveyors’ standpoint. International Journal of Project
Management, 23 (7), 538–545. https://doi.org/10.1016/j.ijproman.2005.04.002

Gil-ozoudeh, I. (2024). Integrating modular and prefabricated construction techniques in afford-
able housing: Architectural design considerations and benefits. Comprehensive Research
and Reviews in Science and Technology, 15 (3), 123–144. https://doi .org/10.57219/
CRRST.2024.2.1.0030

Guo, C., Yan, W., & Guo, Z. (2025). Research on the implementation effect of incentive policies
for prefabricated buildings based on system dynamics: A chinese empirical study. Applied
Sciences, 15 (10), 5627. https://doi.org/10.3390/app15105627

Han, J. Q. (2008). Research on industrialization of steel structure residential buildings [Viewed
11 November 2024]. https://wenku.baidu.com/view/8426e2186bd97f192279e936

Kizielewicz, B., Tomczyk, T., Gandor, M., & Salabun, W. (2024). Subjective weight determina-
tion methods in multi-criteria decision-making: A systematic review. Procedia Computer
Science, 246, 5396–5407. https://doi.org/10.1016/j.procs.2024.09.673

Li, Z., Shen, G. Q., & Xue, X. (2014). Critical review of the research on the management of
prefabricated construction. Habitat International, 43, 240–249. https://doi.org/10.1016/
j.habitatint.2014.04.001

Liu, J., Liu, H., & Liu, Y. (2025). A sustainability-oriented framework for life cycle environmen-
tal cost accounting and carbon financial optimization in prefabricated steel structures.
Sustainability, 17 (10), 4296. https://doi.org/10.3390/su17104296

Liu, L., Tai, H. W., Wang, T., Qiao, L., & Cheng, K. T. (2025). Analyzing cost impacts across the
entire process of prefabricated building components from design to application. Scientific
Reports, 15 (1), 9300. https://doi.org/10.1038/s41598-025-92786-z

Liu, S., Li, Z., Teng, Y., & Dai, L. (2022). A dynamic simulation study on the sustainability of
prefabricated buildings. Sustainable Cities and Society, 77, 103551. https://doi.org/10.
1016/j.scs.2021.103551

Lou, N., & Guo, J. (2020). Study on key cost drivers of prefabricated buildings based on system
dynamics. Advances in Civil Engineering, 2020, 8896435. https://doi.org/10.1155/2020/
8896435

Ma’ruf, A., Nasution, A. A. R., & Leuveano, R. A. C. (2024). Machine learning approach for early
assembly design cost estimation: A case from make-to-order manufacturing industry.
International Journal of Technology, 15 (4), 1037–1047. https://doi.org/10.14716/ijtech.
v15i4.5675

Men, B. H., Zhao, X. J., & Liang, C. (2003). Application of multi-criteria decision grey relation
projection method in hydro-engineering development. Engineering Journal of Wuhan
University, 36 (4), 36–39. https://doi.org/10.3969/j.issn.1671-8844.2003.04.009

Ongley, P. (2013). Work and inequality in neoliberal new zealand. New Zealand Sociology, 28 (3),
136–163. https://doi.org/10.3316/INFORMIT.8295

Pang, X. F. (2019). Research on life-cycle cost-benefit analysis of prefabricated buildings [Doc-
toral dissertation, Xi’an University of Architecture and Technology] [Viewed 11 Novem-
ber 2024]. https://cdmd.cnki.com.cn/article/cdmd-10743-1019868969.htm

Sarkar, D., Sheth, A., & Ranganath, N. (2023). Social benefit-cost analysis for electric brts in
ahmedabad. International Journal of Technology, 14 (1), 54–64. https ://doi .org/10 .
14716/ijtech.v14i1.3028

Schindler, M. (2024). A missed opportunity for health promotion? perceptions of large-scale
housing developments in aotearoa new zealand. New Zealand Geographer, 80 (1), 16–29.
https://doi.org/10.1111/nzg.12382

https://doi.org/10.14716/ijtech.v12i5.5209
https://doi.org/10.14716/ijtech.v12i5.5209
https://doi.org/10.1016/j.ijproman.2005.04.002
https://doi.org/10.57219/CRRST.2024.2.1.0030
https://doi.org/10.57219/CRRST.2024.2.1.0030
https://doi.org/10.3390/app15105627
https://wenku.baidu.com/view/8426e2186bd97f192279e936
https://doi.org/10.1016/j.procs.2024.09.673
https://doi.org/10.1016/j.habitatint.2014.04.001
https://doi.org/10.1016/j.habitatint.2014.04.001
https://doi.org/10.3390/su17104296
https://doi.org/10.1038/s41598-025-92786-z
https://doi.org/10.1016/j.scs.2021.103551
https://doi.org/10.1016/j.scs.2021.103551
https://doi.org/10.1155/2020/8896435
https://doi.org/10.1155/2020/8896435
https://doi.org/10.14716/ijtech.v15i4.5675
https://doi.org/10.14716/ijtech.v15i4.5675
https://doi.org/10.3969/j.issn.1671-8844.2003.04.009
https://doi.org/10.3316/INFORMIT.8295
https://cdmd.cnki.com.cn/article/cdmd-10743-1019868969.htm
https://doi.org/10.14716/ijtech.v14i1.3028
https://doi.org/10.14716/ijtech.v14i1.3028
https://doi.org/10.1111/nzg.12382


International Journal of Technology 17(1) 187-204 (2026) 204

Shahzad, W. M., Hassan, A., & Rotimi, J. O. B. (2022). The challenges of land development for
housing provision in new zealand. Journal of Housing and the Built Environment, 37 (3),
1319–1337. https://doi.org/10.1007/s10901-021-09896-z

Shen, K., Cheng, C., Li, X., & Zhang, Z. (2019). Environmental cost-benefit analysis of prefab-
ricated public housing in beijing. Sustainability, 11 (1), 207. https://doi.org/10.3390/
su11010207

Singh, G., & Pandey, A. (2024). Environmental sustainability integrated supplier selection in
electric vehicle supply chains: A grey relational analysis approach. Environment, Devel-
opment and Sustainability, 1–29. https://doi.org/10.1007/s10668-024-05294-x

Sun, L. Z., & Yang, F. (2003). Grey relational method for evaluating residential building design
schemes. China Civil Engineering Journal, 36 (3), 25–29. https://doi.org/10.3321/j.issn:
1000-131X.2003.03.006

Sunindijo, R. Y., Wang, C. C., & Haller, D. (2023). Benefits of prefabrication on health and
safety in the australian housing sector. In Handbook of construction safety, health and
well-being in the industry 4.0 era (pp. 296–304). Routledge.

Tavares, V., Gregory, J., Kirchain, R., & Freire, F. (2021). What is the potential for prefabricated
buildings to decrease costs and contribute to meeting eu environmental targets? Building
and Environment, 206, 108382. https://doi.org/10.1016/j.buildenv.2021.108382

Wang, F., Dai, B., & Song, S. (2024). Comprehensive benefit evaluation for prefabricated build-
ings based on nsga-ii and simulated annealing optimization projection pursuit method.
IEEE Access. https://doi.org/10.1109/ACCESS.2024.3511721

Wang, H. J. (2019). Research on the ecological cost-benefit of prefabricated buildings in wan-
jiang daccheng, baotou city [Doctoral dissertation, Inner Mongolia University of Science
and Technology] [Viewed 11 November 2024]. https://d.wanfangdata.com.cn/thesis/
CiBUaGVzaXNOZXdTMjAyNTA2MTMyMDI1MDYxMzE2MTkxNhIJRDAxODE0OD

Wang, S., Wang, Z., & Ruan, Y. (2023). Prefabricated concrete components combination schemes
selection based on comprehensive benefits analysis. PLoS One, 18 (7), 45–52. https://
doi.org/10.1371/journal.pone.0288742

Wei, F. (2019). Economic analysis of prefabricated concrete structure residential buildings
[Viewed 11 November 2024]. https://d.wanfangdata.com.cn/thesis/D01778139

Yuan, Z., & Wang, J. (2021). Research on environmental benefits of prefabricated buildings-a
literature review method [Viewed 11 November 2024]. In Advances in civil engineering
(pp. 443–452). Springer. https://link.springer.com/chapter/10.1007/978-981-16-3587-
8 44

Zheng, X. Y., & Xu, J. X. (2019). Life-cycle carbon emissions of prefabricated buildings based
on lca: A case study of a light steel prefabricated integrated villa in chongqing. Journal
of Construction Economics, 40 (1), 107–111. https://doi .org/10.14181/j .cnki .1002-
851x.201901107

Zhou, J., Li, Y., & Ren, D. (2022). Quantitative study on external benefits of prefabricated
buildings: From perspectives of economy, environment, and society. Sustainable Cities
and Society, 86, 104132. https://doi.org/10.1016/j.scs.2022.104132

https://doi.org/10.1007/s10901-021-09896-z
https://doi.org/10.3390/su11010207
https://doi.org/10.3390/su11010207
https://doi.org/10.1007/s10668-024-05294-x
https://doi.org/10.3321/j.issn:1000-131X.2003.03.006
https://doi.org/10.3321/j.issn:1000-131X.2003.03.006
https://doi.org/10.1016/j.buildenv.2021.108382
https://doi.org/10.1109/ACCESS.2024.3511721
https://d.wanfangdata.com.cn/thesis/CiBUaGVzaXNOZXdTMjAyNTA2MTMyMDI1MDYxMzE2MTkxNhIJRDAxODE0OD
https://d.wanfangdata.com.cn/thesis/CiBUaGVzaXNOZXdTMjAyNTA2MTMyMDI1MDYxMzE2MTkxNhIJRDAxODE0OD
https://doi.org/10.1371/journal.pone.0288742
https://doi.org/10.1371/journal.pone.0288742
https://d.wanfangdata.com.cn/thesis/D01778139
https://link.springer.com/chapter/10.1007/978-981-16-3587-8_44
https://link.springer.com/chapter/10.1007/978-981-16-3587-8_44
https://doi.org/10.14181/j.cnki.1002-851x.201901107
https://doi.org/10.14181/j.cnki.1002-851x.201901107
https://doi.org/10.1016/j.scs.2022.104132

	Introduction
	Cost–Benefit Analysis Methodological Framework
	Constructability and Quality Analysis
	Constructability Analysis
	Quality Assurance and Construction Efficiency

	Cost Comparative Calculation Models Construction
	Design Costs
	Production Costs
	Transportation Costs
	Building Costs

	Benefit Calculation Model Construction
	Economic Benefits
	Environmental Benefits
	Social Benefits

	Cost-Benefit Reassessment Using Grey Relational Analysis
	Construction of Original Matrix
	Normalization Procedure
	Indicator Weight Determination
	Reference Matrix Construction
	Grey Relational Projection Values Computation


	Case Study
	Project Overview
	Calculation Assumptions and Parameters
	Building Lifespan and Social Discount Rate
	Proportional Cost Deductions
	Other Benefit Calculation Benchmarks

	Cost Calculation
	Benefit Calculation
	Economic Benefits Calculation
	Environmental Benefits Calculation
	Social Benefits Calculation

	Cost-Benefit Reassessment Using Grey Relational Analysis

	Conclusions and Recommendations

