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Prefabricated construction has been widely accepted as an alternative to conventional cast-in-situ construction, given its improved
performance. Great efforts have also been made to develop prefabricated construction technologies in China. However, there is a lack
of an appropriate pattern for evaluating its comprehensive economic merits, and reasonable mathematical models for providing a
comparative analysis of conventional cast-in-situ and prefabricated building projects have yet to be developed. Therefore, the
research in this paper aims to comprehensively evaluate the economic benefits of implementing prefabricated construction
techniques in order to surpass the economic barrier and promote the development of prefabricated buildings in China. The
comprehensive economic evaluation is formulated in terms of resource-use efficiencies, project progress, and incentive policies. An
apartment building in Shanghai is selected as a case study. Construction progress is simulated on the BIM platform when the same
case study is rationally transformed from the prefabricated to the conventional cast-in-situ construction technique. The results reveal
that the comprehensive economic merit can reach ¥739.6/m” when selecting the prefabricated construction process. The economic
benefit brought by shortening the construction period can be regarded as the most significant contributor. Yet, the current incentive
policies only contribute 7.1% of the comprehensive economic evaluation. Overall, this research contributes an assessment framework
for decision-making in the technique management of building construction. The BIM-based simulation approach can greatly help

investors to identify the relevant economic factors and adopt the latest incentive policies.

1. Introduction

The adoption of new technological advancement in the
construction industry plays an important role in achieving
project success. For example, prefabrication technology has
been widely practiced in many countries and has fostered
substantial change in the development of the construction
industry worldwide in recent decades [1, 2]. Prefabricated
construction refers to the practice of designing and fabricating
building elements in manufacturing factories, transporting
the elements to construction sites, and assembling the ele-
ments to a greater degree of finish for rapid site assembly
compared to traditional piecemeal on-site construction [3, 4].
Since building elements can be selected to achieve automated
production in factories and assembled on site through the
semimanufacturing construction method, interchangeable
terminologies associated with prefabricated construction in

the existing literature include oft-site prefabrication [5],
off-site construction [6], and off-site manufacturing con-
struction [7].

Prefabricated concrete construction can be regarded as a
widely accepted alternative to conventional cast-in-situ
concrete construction owing to numerous benefits for in-
vestors and contractors, such as safer construction envi-
ronments, faster construction progresses, enhanced quality
outputs, and less labour rework on-site [8-10]. Construction
schedule can be significantly shortened as a large number of
construction activities that can be automated and finished
in manufacturing factories. The indoor built environment
also contributes to improved construction safety, and
construction activities with high health and safety risks can
be effectively reduced or even avoided on construction sites
[11]. In a factory-controlled environment, there is less risk
for problems associated with moisture, environmental
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hazards, and dirt, and there are strict factory processes and
procedures that protect workers from on-the-job injury
[12-14]. As for environmental sustainability, prefabricated
concrete construction offers benefits in waste reduction [15],
facilitates the reuse of some components [16], and reduces
water consumption [17]. Prefabricated building modules can
also be designed and fabricated with requests of clients to
meet living comfort requirements [18].

Based on the aforementioned merits, prefabricated
buildings (PRBs) have also been greatly developed to meet
the requirements of sustainability and housing demand in
China [1]. China has also embarked on several initiatives to
promote prefabrication [19]. For instance, the Ministry of
Housing and Urban-Rural Development recently stated that
China will strive to increase the proportion of PRBs to 30%
of new building areas and increase the number of highly
skilled industrial workers to 3 million within 10 years [20].
However, in comparison to traditional building (TRB)
construction, there are also notable disadvantages that
should be considered, such as transportation restrictions and
span limits [21]. PRB projects also require increased and
more detailed coordination at all stages, which increases the
difficulty in progress monitoring and planning. From the
economic perspective, prefabricated components incur
more initial investment, higher taxes, and more incremental
costs [22, 23].

2. Literature Review

Considering availability and selection of the construction
techniques, the economic analysis of PRB projects should be
conducted for projecting the potential expenditure and
indicating their economic benefits. Recently, Jeong et al. [24]
selected a case study in South Korea and evaluated several
performance indices through the Web-CYCLONE simula-
tion when replacing conventional steel-reinforced concrete
columns with form-latticed prefabricated steel-reinforced
concrete columns. The results found cost savings of
1.32%. In 2017, Afzal et al. [25] proposed research involving
the economic estimation and performance for both pre-
fabricated and conventional construction techniques. Their
study reported a sound cost performance of about 5.74
million PKR (Pakistani Rupee) when prefabrication was
used for the construction of the given case study building
project. However, some studies have expressed concerns
regarding the practicability of prefabricated construction in
terms of its economical effectiveness [26, 27]. For example, a
perceived higher cost has been seen as one of the four main
barriers in Australia’s prefabricated construction [28]. In
particular, material increment costs and labour costs are
capable of producing significant impacts on the production
cost [29]. In 2018, Hong et al. [1] investigated basic cost
composition of prefabrication and examined the effects of
adopting prefabrication on the total cost of building projects.
Results suggested that transportation could account for 10%
of the total cost and the average incremental cost was linearly
correlated with the prefabrication rate, which ranged from
¥237/m” to ¥437/m” for the selected projects. The work of
Mao et al. [23] also conducted an analysis on expenditure
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items of prefabricated and conventional construction
methods through a case study approach in China. The re-
search compared the civil project budget costs of a resi-
dential building designed in accordance with the PRB design
and traditional design schemes based on bid documents and
construction drawings, indicating that the PRB incremental
cost could reach ¥32/m>.

Overall, economic benefits of implementing pre-
fabricated construction techniques should be clarified. It is,
therefore, necessary to comprehensively evaluate economic
benefits from PRB projects in order to break the economic
barrier and promote the development of PRBs in China. In
particular, the potential economic effects produced by
resource-use efficiencies, project progress, and incentive
policies need to be further investigated in China’s con-
struction industry. Moreover, developing an appropriate
pattern for obtaining accurate cost data and reasonable
mathematical models for providing a comparative analysis
of TRB and PRB projects are also challenges. In addressing
these challenges, building information modelling (BIM), as a
digital model-based process, emerges as a solution to rapidly
simulate and identify the economic impacts of different
construction techniques.

Building information modelling (BIM) is regarded as an
engineering data platform that integrates various data from
engineering projects based on three-dimensional (3D)
digital technologies [30]. Refined 3D models can be used to
correlate the schedule and cost information of the whole
construction process through simulation [31, 32]. The au-
tomatic calculation tools of BIM platforms are also capable
of effectively reducing error rates for the cost calculation
results. In addition, BIM has been applied to prefabricated
construction [33]. For example, in 2017, a new BIM-based
4D construction simulation framework was proposed by Lee
and Kim [34] to explore the improved management method
for modular construction projects. On the basis of the new
framework, a visually optimal manufacturing process was
identified from the perspectives of resources, material, and
quality, and it was also verified that time and cost for module
manufacturing could be reduced by the proposed frame-
work. Furthermore, the work of Baltasi and Akbas [35]
demonstrated a preconstruction cost analysis method using
BIM and prototype resource integrated planning and sim-
ulation software, namely, GSimX, proving that the BIM-
based cost estimation method was capable of rapidly and
accurately producing economic results. The synergy of in-
tegrating BIM and prefabrication could also minimise un-
necessary and costly rework and conserve resources [36].

Yet, relatively little research exists regarding the com-
prehensive economic evaluation by adopting BIM within the
prefabrication industry, and few mathematical models
considering possible economic values are caused by time and
political factors. Thus, the research in this paper aims to
propose a comparative analysis of TRB and PRB projects
based on BIM simulation. PRB projects are rationally
transformed into TRB projects through case study method
on a BIM platform. The proposed mathematical models
consider potential economic effects produced by resource-
use efficiencies, project progress, and incentive policies to
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conduct a comprehensive economic evaluation. The as-
sessment measure can be beneficial for decision makers to
consider appropriate construction techniques in building
construction projects.

3. Methodology

In order to comprehensively investigate economic benefits
of implementing prefabricated construction techniques, this
research establishes a framework for evaluating multidi-
mensional economic benefits in terms of three aspects,
namely, resource-use efficiencies, project progress, and in-
centive policies.

First, the corresponding models are proposed after
determining the economic composition in terms of
resource-savings, shortening of construction periods, and
latest policy subsidies. Specifically, construction activities
and construction machinery that consume different re-
sources, such as water, electricity, and fuel, are identified
in order to explore the potential economic benefits from
saved resources. On the basis of this idea, prefabricated
construction activities from component production to on-
site assembling stages and conventional construction ac-
tivities are fully demonstrated. Various activities with
shorter duration are also sorted to identify the economic
benefit indicators related to shortening construction pe-
riods. Furthermore, since policy subsidies mainly affect
capital performance, all cash inflows and outflows during
the whole period, including fund raising, land purchase,
construction, and building sales, are identified by the study.
Policy subsidies, such as financial subsidies, tax incentives,
and sales incentives, are analysed to investigate the com-
position terms of the economic benefits when the latest
policy subsidies are adopted.

Second, the results are produced through the BIM-based
simulation, in which the same case study is transformed
from PRB into TRB. This is because the comparative analysis
using two similar but different cases may result in inaccurate
evaluation. In addition, BIM platforms based on commonly
used commercial software tools are capable of producing
relatively reliable data and calculation results.

3.1. Modelling of Resource-Use Efficiencies. As mentioned
previously, the economic benefits of PRB projects from the
perspective of the resource-use efficiency are mainly derived
from cost savings since prefabricated construction can re-
duce the use of natural resources and energy, such as water,
electricity, coal, petrol, and diesel. Compared with the
conventional cast-in-situ construction techniques, the pre-
fabricated construction pattern can achieve automated
production in factories and adopt on-site assembly pro-
cedures. Thus, labour cost can also be significantly decreased
by the mechanisation. Figure 1 demonstrates the compo-
sition of economic benefits from saved resources through the
identification of differences between the conventional and
prefabricated construction techniques.

Economic benefits of resource-savings in prefabricated
construction can be formulated as

IC, =IC, 5, +1C, 4, +1IC, 43
= (Icr,All +1C, a1 + ICr,A13)

+(1Cr,A21 +1IC, a0 + ICr,A23) +(1Cr,A3l + ICr,A32)
=P, fay Q + 0y Qtaz- S|+ P[(By - Qrg + By - AQ3)
+(Bs - Qre + By - AQy) + 5 - S]
+ Py [(y1 - Qrm + 2 AQ5) +y3- S|,
(1)

where IC, represents the economic benefits of resource-
savings; Q, and Q, (m’) denote the engineering quantities
of beam-column junctions and prefabricated components,
respectively; S(m?) represents the gross floor area; Qr (¢
machinery one-shift) denotes the power consumed by electrical
machines for steel engineering in the simulated TRB projects;
AQ; (t/machinery one-shift) indicates the incremental con-
sumption of machines for steel engineering; Qr, (m*/ma-
chinery one-shift) represents the consumption of machines for
the formwork engineering of wall-column junctions in the
simulated TRB projects; AQ, (mz/machinery one-shift) de-
notes the incremental consumption of machines for the
formwork engineering of wall-column junctions; Qy,, (m’/
machinery one-shift) denotes the consumption of machines for
the scaffolding engineering in the simulated TRB projects; AQs
(m3/machinery one-shift) represents the incremental con-
sumption of machines for the scaffolding engineering; P,,, P.,
and P, represent the unit prices of water, electricity, and diesel;
and «, 3, and y are coefficients.

3.2. Modelling of Reduced Construction Time. Reducing
construction time without sacrificing quality is beneficial for
saving construction project costs, decreasing loan interest
payments, and avoiding some finance charges. Thus, short-
ening construction periods resulting from prefabricated con-
struction can offer several economic benefits. Figure 2 displays
the potential economic benefits from the perspectives of capital
charges and construction costs, which are used to compare
with the conventional cast-in-situ construction technique.

Economic benefits of shorter construction periods
caused by adopting prefabricated construction techniques,
IC,, can be defined as

IC, = IC, 3, +IC; 5, +1C; 35

=1C; +(1Ct,B21 + ICt,BZZ) +(1Ct,B31 +1C, g3y + ICt,B33)

Np, .AN.
z k ANy ZATl P +ZAT2><P
1+1k) n=1 t=1
+AT3x P,

(2)

where AN represents the reduced number of days for the loan
payment; i, and P;. indicate the interest rate and total amount
of the loan payment, respectively; AT1, AT2, and AT3 de-
note the reduced number of days for the construction
progress, decoration engineering, and concrete engineering,
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Al1: concrete pouring for
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material and labour

FIGURE 1: Economic benefits of resource-savings in prefabricated construction.
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F1GUure 2: Economic benefits of shortening construction time in prefabricated construction.

respectively;and P,,, , P, ,and P, represent the unit rental
price of the nth item, such as formwork and scaffolding, the
unit rental price of the tth type of equipment, such as mortar
pump systems and suspended platforms, and the unit rental
price of concrete pump systems, respectively, in ¥/month.

3.3. Modelling of Policy Subsidies. At the early stage of de-
velopment, local governments often issue several incentive
policies, such as financial subsidies and tax incentives, for the
adoption and spread of prefabricated construction tech-
niques. These incentive policies not only decrease the PRB
project costs and reduce loan payments but also bring more
economic returns on invested projects. Various economic
factors should be considered, such as the subsidies for the
unit price per m?, the proportion for value-added tax ex-
emption, the proportion for enterprise income tax exemp-
tion, and the subsidies in terms of floor area ratios (Figure 3).

Economic benefits of policy subsidies caused by adopting
prefabricated construction techniques, IC,,, can be expressed
as equation (3), where a compound interest algorithm is used
to calculate the savings in repayments and taxes:

Cl11: loan principal
and interest

CI: financial
subsidies

C21: enterprise
income tax

I | C2:tax exemption
C22: value-added tax ‘
—> | C31: sales incentives |

F1GURrE 3: Economic benefits of incentive policies in prefabricated
construction.

Economic benefit indicators
of incentive policies

IC, = IC,¢; +1C,c, +1C, 3

=1C,cn +(1Cp,c21 + ICP,CZZ) +1C, 31

Esa(ri) Q
LS )

S-P
+c ( Sld+s Pb>,
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where S and SI represent the floor area and the land area; i,
indicates the interest rate for the kth year; a indicates the
subsidies for the unit price per m% N denotes the Nth
repayment period; J denotes the proportion for value-added
tax exemption; P, and P, represent the expenditures on
value-added tax and enterprise income tax, respectively; Py
and P, represent the unit prices per m> for land and
building; b indicates a proportion of enterprise income tax
exemption; and ¢ represents a proportion of a sold floor area,
based on which local governments reward the sales of
prefabricated buildings.

4. Background and Data on the Case Study

4.1. The Selected Case. For the preliminary application of the
algorithm proposed in the previous section, an existing
apartment building is chosen as a case study to demonstrate
the comprehensive economic evaluation, including resource-
use efficiencies, project progress, and incentive policies. The
selected project is located in Qingpu District, Shanghai,
China. The project can be seen as a representative case as it is
applicable to incentive policies issued by the local govern-
ment. The left image of Figure 4 displays the target building,
based on which the BIM model is developed using Autodesk
Revit by the researcher, as illustrated in the right image. The
Revit BIM platform provides rich data and information on
building materials and construction techniques [38, 39].
The selected building adopts an assembled integral shear
wall structure. The total ground area is 4,015 m”. The main
load-bearing prefabricated components include pre-
fabricated laminated panels, prefabricated stairs, pre-
fabricated balconies, and prefabricated exterior walls. Non-
load-bearing prefabricated components are prefabricated
interior walls and precast concrete facade panels. Figure 5
displays the transformation between the prefabricated
construction technique and the cast-in-situ construction
technique on the Revit platform. Prefabricated components
provide embedded anchors, which are used for crane lifting.
Additionally, prefabricated exterior walls often have thicker
protective layers than cast-in-situ exterior walls to avoid
subsequent decoration engineering. Steel trusses of pre-
fabricated laminated boards aim to reduce steel fixing tasks.
The total duration of this case project was 207 days, from
10 March 2017 to 3 October 2017, and the duration of the main
construction phase and decorating phase was 85 and 59 days,
respectively. Figure 6 demonstrates the differences between
prefabricated and cast-in-situ construction techniques, which
are implemented on the Revit platform to simulate their
construction processes. The construction project duration
changes with the change in the construction process. The
resulting simulation is illustrated in the next section.

4.2. Data Preprocessing. Values of variables and coeflicients
should be determined after the case is selected. The coeflicients
of equation (1), namely, «, 3, and y, are identified based on
construction codes, such as Consumption Quota of Pre-
fabricated Construction (TY01-01(01)-2016) [41], Consump-
tion Quota of Building Construction and Decoration

Engineering (TY01-31-2015) [42], and Unified National
Consumption Quota of Machinery and Equipment [43]. Ta-
ble 1 lists the coefficients by analysing primary construction
procedures, such as production of prefabricated components,
hoisting, concrete pouring, and decoration, and investigating
various fees, such as labour, materials, machines, and measures.

Each coefficient of resources-savings for water, electricity,
and diesel equals unit resource consumption of the TRB
project minus unit resource consumption of the corre-
sponding PRB project. Thus, only the positive coefficients,
which refer to the saving parts of PRBs compared with TRBs,
are considered. Water savings come from the different con-
struction activities, and the values of «;, a,, and «a; refer to
Cell, 4 of Row 2 and Column 4, Cell; 4, and Cell,; 4 in Table 1,
respectively. Electricity-related and diesel-related savings are
derived from the energy consumption of different types of
construction machinery and equipment in construction ac-
tivities. The values of 8, and 3, can be determined by summing
Rows 6-11 of Column 5 and summing Rows 6-11 of Column
6, respectively. The values of 35, 3,, and f3; refer to the sum of
Rows 12-14 in Column 5, the sum of Rows 13-14 in Column
6, and Cell;;¢. y, is the sum of Cell;5; and Cell;sg, and the
values of y, and y; come from Cell;sg and Celljgg, re-
spectively. Furthermore, in this case study, Q;, Q,, AQ;, AQ,,
AQs, and S are defined as 425.64 m’, 750m?, 3828t/
machinery  one-shift, 643500 m*/machinery  one-shift,
2921.63 m*/machinery one-shift, and 4015m? respectively,
according to construction drawings, cost plans, procurement
files, and other documents. Qr,, Qr, and Qr,, are 674.87t/
machinery one-shift, 56545.02 m*/machinery one-shift, and
4549.92 m*/machinery one-shift, respectively, based on the
BIM simulation and Codes for Design of Concrete Structures
[44]. The unit prices of water, electricity, and diesel (P, P,,
and P,) are set as 4.57 ¥/t, 1.86 ¥/kwh, and 6.1 ¥/L, respectively.

It is assumed that the financial resources are mainly
derived from the available capital and bank loans. Table 2
lists the detailed information on the project investment and
plans. The loan for the first phase, ¥1,012,700, is used for the
initial investment. The total investment capital is ¥6,000,000.
The investment from the available capital must be more than
20% of the total investment capital, according to the rules.
Thus, the available capital is ¥2,988,000. The loan capital is
¥3,012,000 in terms of the interest rate of 1.85%.

In addition, according to incentive policies issued by
local governments in China [45, 46], the subsidies for the
unit price per m? a, are set as ¥100/m” in equation (3). The
proportion for value-added tax exemption, J, is defined as
100%. In addition, there is a proportion of 15% in the
enterprise income tax exemption, namely, b = 0.15. Local
governments reward the sales of prefabricated buildings in
terms of 3% of a sold floor area, namely, ¢ = 0.03.

5. Results and Analysis of Simulated
Economic Benefits
5.1. Specific Performances of Economic Indicators

5.1.1. Resource-Saving Perspective. The BIM platform is used
to simulate these two construction processes. Collected data
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FIGURE 4: Target building provided by the construction company [37] and architectural rendering developed by the researchers.
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FIGURE 5: Transformation between prefabricated components and cast-in-situ components, developed by the researchers.

on relevant designs and project consumption quantities are
then substituted into equation (1) of the economic evalua-
tion. For prefabricated construction, the increments of
economic benefits per m* are summarised in Table 3 by
comparison.

By summing all values, it can be concluded that the total
economic benefit from resource-savings is ¥52.52/m’. The
cost savings in water consumption reaches ¥17.1/m* and
accounts for 32.6% of the total reduced cost, as illustrated in
Figure 7. Unlike concrete, which is manually cured and
vibrated, steam curing of concrete is capable of accurately
controlling the usage of water and power in manufacturing
factories. Furthermore, water-saving mainly occurs in the
three construction activities, namely, concrete pouring of
column-beam junctions (A11), production of prefabricated

components (A12), and kicking line decoration (A13). These
indicators can offer corresponding economic benefits of
¥1.005/m’, ¥0.92/m?, and ¥15.2/m? respectively. Indicator
A1l accounts for the proportion of 5.9%, A12 for 5.4%, and
A13 for 89.6% from the water-saving perspective. Fur-
thermore, prefabricated construction produces a saved cost
of ¥4.3/m” owing to the electricity-use efficiency, which
accounts for 8.2% of the total reduced cost. Economic merits
of ¥2.1/m? ¥2.0/m? and ¥0.23/m” occur in construction
activities of steel engineering (A21), composite concrete
formwork (A22), and kicking line decoration (A23). In
addition, prefabricated construction can save a cost of ¥31.1/
m” due to the higher utilisation rate of diesel oil. PRB
projects often require less fuel-consumption machinery and
equipment, such as concrete pump trucks. The economic
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FIGURE 6: Simulated prefabricated and cast-in-situ construction processes developed by the researchers, referring to the construction

code [40].

value accounts for 59.2% of the total reduced cost, consisting
of saved costs of ¥25.1/m” in the scaffolding engineering (A31)
and ¥5.05/m? in the vertical delivery (A32). Overall, the saved
consumption of diesel oil can be considered the most sig-
nificant contributor from the resource-saving perspective.

5.1.2. Time-Saving Perspective. The number of days for loan
repayments, the total repayment, and the construction time
are derived from construction management plans and fi-
nancial reports. Based on the Construction Period Quota of
Building Installation Engineering (TY01-89-2016), the re-
payment days and the construction duration are calculated.
These two periods are reduced by 20 and 35days, re-
spectively. Reducing repayment time is beneficial to save
expenses on loan interest payments. Reducing construction
time results in the decrease in material rental expenses, such
as formwork and scaffolding, and equipment rental ex-
penses, such as pumps and platforms. Table 4 lists the results
of economic merits by shortening the construction period.

The total economic benefit by shortening the con-
struction period reaches ¥552.9/m?, in which the reduced
expense on the loan interest payment (B1) is ¥173.3/m” and
accounts for 31.3% of the total reduced expenses. The benefit
from the saved expenses reaches ¥379.64/m”, consisting of
the material rental (B2) and equipment rental (B3). In-
dicators B2 and B3 produce the economic merits of ¥170.2/
m? (30.8%) and ¥209.5/m? (37.9%,), respectively, as shown
in Figure 8, but there is little difference between their

proportions. The B2-related economic value is mainly de-
rived from the saved expenses on the formwork rental (B21)
and the scaffolding rental (B22). B21 and B22 account for
46.2% and 53.9% of B2, respectively. In addition, adopting
prefabricated construction can save expenses of ¥43.1/m” in
the rental of mortar pump systems (B31), ¥28.9/m” in the
rental of suspended platforms (B32), and ¥137.5/m” in the
rental of concrete pump systems (B33). B31, B32, and B33
account for 20.6%, 13.8%, and 65.6% of B3, respectively.

5.1.3. Policy Perspective. Table 5 provides the results of
economic merits due to the transformation from the pre-
fabricated construction technique to the conventional cast-
in-situ.

Specifically, the total economic benefit by adopting the
latest incentive policies reaches ¥155.63/m> The reduced
expense on the principal and interest (C11) is ¥8.9/m” be-
cause of financial subsidies (C1). It accounts for 5.7% of the
total economic benefit, as shown in Figure 9. In addition, it
should be noted that the tax exemption (C2) is only available
to prefabricated building projects, which are checked and
identified by local governments in terms of building area,
assembly rate, structural characteristic, and construction
technology in China. Other sustainable construction pro-
jects, such as green buildings, are only stimulated by means
of financial subsidies. As for the selected case, the benefit
from the tax exemption (C2) reaches ¥66.4/m?, consisting of
the enterprise income tax exemption (C21) and value-added
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TABLE 2: Project financing and investment plans.

Project progress (¥1000)

Item Capital b b b b

(¥1000) Phase  Phase  Phase  Phase
1 2 3 4

Construction

. 58914 1,7774 11,6929 11,5144 906.4

Investments

Loan interest 108.9 32.9 31.3 28.0

Total investment 6,000 1,810.2 11,7243 11,5424 9064

Available capital 2,988 1,896 660 432

Loan 3,012 1,012.7 1,056 943.3

Project 6000 29087 1716 13753

financing

TaBLE 3: Results of economic merits brought by resource-savings
(¥/m?).

Water Power Diesel Sum Total

Concrete pouring of
column-beam junctions
(Al1)

Production of prefabricated
components (A12)

Kicking line decoration
(A13)

Steel engineering (A21)
Formwork engineering of
column-beam junctions -
(A22)

Kicking line decoration
(A23)

Scaffolding engineering
(A31)

Vertical delivery
engineering (A32)

1.005 - -

092 - - 7

15.2 - -
2.1 -

52.5

2.0 - 43

25.1
31.1
5.05

35

59.2%
30

16.2%
25

20

©32.6%

5 80.1%

10 - 5.3%"
46.5%

/48.9%

Reduced economic cost

59% 829

5]

N

Water

0
¥/m? Electricity Diesel oil

All
Al2
Al3

A21
A22
A23

A3l
A32

Z i m
Z i m

FiGure 7: Economic proportions of indicators from resource-
saving perspective.

tax exemption (C22). These two factors, C21 and C22, offer
the economic merits of ¥23.9/m? and ¥42.4/m?, respectively,
accounting for 36% and 64% in C2. The local government
rewards investors in terms of sold floor areas of PRB pro-
jects. Thus, the sales incentives (C31) increase by ¥80.4/m?,

TaBLE 4: Results of economic merits by shortening construction

period (¥/m?).

Item CO.S v Sum Total
saving
Capital charges  Loan interest payments
(B1) (B11) 173.3 1733
Material rental Formwork (B21) 78.5 1702
expense (B2) Scaffolding (B22) 91.7 ’
Mortar pump systems
(B31) 43.1 552.9
Equipment rental Suspended platforms
expense (B3) (B32) 289 2095
Concrete pump
systems (B33) 1375
250
37.9%
200 - 20 6%
. 32.6% 30.8% \ 13.8%
z N\ . 46.29
g 150 \ %
et 65.6%
T 100 0%
3 53.9%
50
¥/m? Repayment interest Material rental Machinery rental

W B1
N B21
H BI11

B31
B32
B33

|z

FiGUure 8: Economic proportions of indicators from time-saving

perspective.

TaBLE 5: Results of economic merits by adopting incentive policies

(¥/m?).
Obtained

Item benefits Sum Total
Financial Loan principal and 8.9 8.9
subsidies (C1) interest (C11) ’ ’

Enterprise income 73.9
Tax exemption tax (C21) ’ 66.4 155.63
(C2) Value-added tax 424 ’
(C22) ’
Rewards (C3)  Sales incentives (C31) 80.4 80.4
51.7%

80
70
60
50
40
30
20
10

Obtained economic merits

¥/m? Financial subsidies

W C1
N C21

. .5.7%

42.6%

\ 36.0%

64.0%

Tax ememption

W Cc22
W C3

Rewards

FiGure 9: Economic proportions of indicators from policy

perspective.
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which accounts for 51.7% of the total economic benefit
by adopting the latest incentive policies of prefabricated
construction.

5.2. Overall Performances of Economic Benefits. Previous
research suggested that the increased cost can reach between
¥464.41/m” and ¥783.94/m> when adopting prefabricated
construction in China [47, 48]. However, the present re-
search considers that the comprehensive economic merit
can reach ¥739.6/m” through higher resource-use efficien-
cies, faster project progress, and current incentive policies
for the adoption of prefabricated construction. The proposed
economic benefit is capable of offsetting the incremental cost
and even producing revenues. In addition, the compre-
hensive incremental benefit and its economic components
are not directly affected by the size of the site. As discussed in
Section 3, the benefit evaluation of saving resources mainly
relies on materials and other resources consumed by ma-
chines. The benefit evaluation of shortening construction
time is determined by the project progress, and the benefit
evaluation of receiving policy subsides is related to building
size and application situation of prefabricated construction
technologies. However, comprehensive economic benefit of
a PRB project is often positively correlated with its scale.
Increasing the project scale is capable of promoting the
economic benefit. For example, from the resource-saving
perspective, a larger floor area means that more building
components are fabricated and more construction materials,
such as formwork, are reused in manufacturing factories. A
larger floor area also means that more building components,
such as exterior walls, are prefabricated, and thus, the on-site
construction progress can be more significantly accelerated.
Equation (3) also indicates that the subsidies and rewords
are related to the project scale. In this case, the economic
benefit from shortening the construction period can be
regarded as the most significant contributor, namely, ¥552.9/
m’, accounting for 74.8% of the comprehensive economic
evaluation. The current incentive policies contribute the
smallest value of the comprehensive economic evaluation,
namely, ¥52.3/m? which accounts for 7.1%.

In order to further identify the temporal change of the
comprehensive economic benefit in the project, the eco-
nomic benefits of saving resources, shortening construction
time, and receiving policy subsides with the construction
period are calculated for main construction days in terms of
equations (1)-(3). The results are listed in Table 6 and plotted
in Figure 10 to display the temporal changes in economic
benefits over a project period.

The building project progress can be divided into three
phases, namely, construction phase, decoration phase, and
sales phase. After the construction and decoration phases,
there are no economic benefits caused by resource- or time-
savings. Yet, the comprehensive economic merit will be
increased to ¥739.6/m” owing to sales incentives. For this
building project, the duration of the construction phase is
from Day 1 to Day 85 and the decoration phase is from Day
85 to Day 207. Figure 10 demonstrates that the compre-
hensive incremental benefit has significant growth between
Day 1 and Day 110.

Advances in Civil Engineering

TaBLE 6: Economic benefit values on main days in the project.

Economic benefits (¥/m?)

Construction ] . .
period (day) Resogrce— Tur}e— Polllc-y Compr.ehenswe
saving  saving subsidies economic benefits

1 2.03 21.37 50.50 73.90
10 4.06 42.74 52.60 99.40

20 6.09 64.11 56.90 127.10
29 12.12 85.48 62.30 159.90
39 15.15 106.85 63.10 185.10
52 17.18 128.22 64.20 209.60
61 22.21 149.59 65.20 237.00
71 25.24 170.96 66.40 262.60
74 29.27 192.33 66.70 288.30
79 34.30 213.70 67.80 315.80
85 38.33 235.07 69.40 342.80
92 41.36 256.44 70.90 368.70
103 42.69 297.81 71.00 411.50
115 43.42 332.18 72.40 448.00
124 44.75 343.55 73.10 461.40
135 45.48 361.92 74.60 482.00
143 46.51 392.29 75.30 514.10
157 47.54 425.66 76.10 549.30
164 48.57 463.03 77.20 588.80
179 49.60 497.40 78.10 625.10
189 51.62 521.77 79.20 652.60
207 52.65 552.95 80.10 685.71
237 52.65 552.95 89.00 694.61
266 52.65 552.95 95.00 700.61
267 52.52 552.95 133.00 738.48

Incremental benefit (¥/m2)

) v
100 1 v g MA_A-A-A_.,’-‘—‘—‘/A
| CAA—A-A-A-B-A-A-A-A: —

0 l—l—l""_.'.

T T T T T T T T T T T T T
0 50 100 150 200 250 300
Construction period (day)

—s— Incremental benefit of resources-saved

—— Incremental benefit of shorted-construction period
—— Incremental benefit of recieving policy subsides
—v— Comprehensive incremental benefit

Figure 10: Changes in economic benefits over a project period.

The trend line in the incremental benefit of shorting
construction time aims to plot the cumulative economic
merits on main days brought by the prefabricated con-
struction technique from the time-saving perspective. It can
be observed that there is a rapid increase in the economic
merit due to the faster on-site construction progress when
selecting the prefabricated construction technique. Its trend
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change is similar with the line of the comprehensive in-
cremental benefit, and its economic values are greater than
other economic components after around Day 20. This
means that the time-saving factor can be considered the
largest contributor to the economic benefit of the pre-
fabricated construction technique, expect for the early stage
of the building project. The fastest growth occurs between
Day 90 and Day 207, which means that decoration engi-
neering is more important to incremental values produced
by the faster construction progress of the prefabricated
construction technique. This is because production of pre-
fabricated components simplifies the on-site work of exte-
rior walls, slabs, and other building parts. High-quality
prefabricated components with insulation layers can avoid a
number of decoration tasks involving plastering and insu-
lation and reduce the rental expenses on material and
equipment.

Furthermore, saving resources has been the lowest
contributor to the comprehensive economic benefit over the
project period. It experiences a relatively fast growth be-
tween Day 25 and Day 85 and a slow increase from Day 85 to
Day 207. Compared to the decoration phase, the con-
struction phase can offer more economic benefits due to
resource-use efficiencies of prefabricated construction. As
for the incremental benefit brought by policy subsidies of
prefabricated construction, its relatively fast growth occurs
during the early stage of building construction; yet, sales
incentives will contribute to the growth of economic benefit
caused by policy subsidies after the decoration phase.

6. Conclusions

Opverall, prefabricated construction has been considered a
widely accepted alternative to conventional cast-in-situ
concrete construction since it is capable of offering numer-
ous benefits for investors and contractors. However, re-
searchers hold various viewpoints on economic merits of PRB
projects. Thus, considering availability and selection of the
construction techniques, the economic analysis of PRB
projects, should be conducted for projecting the potential
expenditure and indicating their economic benefits. This
research aims to comprehensively evaluate the economic
benefits of implementing prefabricated construction tech-
niques in order to surpass the economic barrier and promote
the development of PRBs in China. The comprehensive
economic evaluation is formulated in terms of resource-use
efficiencies, project progress, and incentive policies. An
apartment building in Shanghai is selected as a case study.
Construction progress is simulated on the BIM platform
when the same case study is rationally transformed from the
prefabricated to the conventional cast-in-situ construction
technique. For the adoption of prefabricated construction, the
significant economic benefit results from saved resources,
shortened construction periods, and policy subsidies.

The results reveal that the comprehensive economic
merit can reach ¥739.6/m”> when selecting the prefabricated
construction process. The economic benefit offered by
shortening the construction period can be regarded as the
most significant contributor because of a large proportion.
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Among the project-progress-related factors, the reduced
expenses on machinery rental and material rental are seen as
the largest and smallest parts, respectively, but there is not a
significant difference. The reward policy plays the most
important role from the policy perspective. It can offer an
economic benefit of 80.4/m” and account for more than half
of the total policy-related economic benefit.

Additionally, the assessment measure can be beneficial
for decision makers to consider prefabricated construction
techniques in building construction projects in terms of the
potential economic benefits. The results can contribute to
judicious construction patterns and the efficient utilisation
of incentive policies. This research is expected to contribute
to further improvement by incorporating more detailed data
on construction processes and addressing more economic
indicators in future research.
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