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Abstract. Customers’ preferences for prefabricated building or conventional cast-in-situ building directly affect the deci-
sion-making process for strategic selection of building developers. This study utilizes a Hotelling model integrating game
theory, including the market share function, product price function, and profit function of duopoly building developers to
contribute a new approach to assist decision makers in their selection of developers for their projects. By analyzing different
strategy combinations and the income matrix, we obtained the strategy combinations of duopoly building developers and
the income matrix strategies, market share, optimal price and maximum profit. Managerial implications were discussed for
government and building developers. Finally, we presented the research contribution as well as future research direction.
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Introduction

Prefabricated construction has shown great potential for
improving building quality, reducing the construction
time, improving resource efficiency, reducing construction
and demolition waste, contributing to health and safety
requirements, enhancing performance, subject to achiev-
ing some soft, technical and economic prerequisites such
as the economies of scale (Gan et al., 2017). The develop-
ment of prefabricated construction has become one of the
important solutions to transform the traditional construc-
tion industry and to overcome its shortcomings (Demiralp
et al., 2012). In China, the development of prefabricated
building has been proactively promoted since 2010 due to
such constraints as labor shortage, resource scarcity and
environmental concerns, and lengthy and costly construc-
tion cycles. Many kinds of policies have been developed
to help extend and adopt the prefabricated construction
methods by both central and local governments of China.
One of central government’s policies set a target of in-
creasing the prefabricated building area ratio in all newly
built area to 30% by 2025 (Central Committee of the
Communist Party of China and the State Council, 2016).
Despite such top-down policies, the prefabricated building
in China reached 114 million square meters in 2016 which

accounted for only 4.9% of all new building projects (Liu
& Wang, 2017). Thus, there is a big gap between the reality
and the goal in terms of the development of prefabricated
building.

The existing studies are mainly carried out to discuss
the causes and countermeasures of slow development of
prefabricated building from the perspectives of barriers
and their mutual relations, stakeholders’ cooperation, sup-
ply chain integration, government role and so on (Blismas
& Wakefield, 2008; Han & Wang, 2018; Pan et al., 2007;
Cho et al., 2011; Mao et al., 2013). However, there is still
a dearth of research on facilitating the spread of prefabri-
cated building from the perspective of the consumer pref-
erence on decision-making of building developer. From
the view of real estate economics, building developers and
consumers, as supply and demand players of the building
market respectively, play a major role to promote the pre-
fabricated building development. Either traditional cast-
in-situ construction or prefabricated construction is used
to categorize the building products into traditional build-
ing or prefabricated building. From a long-term perspec-
tive, the traditional building and the prefabricated build-
ing will coexist and compete with each other. Considering
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prefabricated building’s quality and safety, consumer pref-
erence on prefabricated building will result in the different
payment willingness and the consuming function, which
will influence the developer’s decision making about de-
veloping the traditional building or prefabricated building.

There are many factors that affect consumers’ purchas-
ing behavior. Koklic and Vida (2011) developed a con-
ceptual model of consumer strategic decision making and
explored this model with regard to prefabricated house
purchases. Kumar et al. (2020) employed the structural
equation modeling to discover the factors influencing cus-
tomer purchase intention towards solar water heaters. Fac-
tors such as assembly rate, product quality, safety, price,
and energy efficiency will play an increasingly important
role in influencing consumers’ purchasing behavior. How-
ever, the prefabricated building development has “dual ex-
ternalities” which not only have typical spillover effects
but also generate external effects by reducing the products’
external environmental costs (increased investment costs
due to weak industrial foundation), resulting in great un-
certainty risk. The profit level and risk resistance of build-
ing developer are closely related to consumers’ preference
for prefabricated buildings, because the proportion of con-
sumers of prefabricated building products determines the
mode selection of building developers and the profit level
of related parties (Han et al., 2017). Therefore, it is impor-
tant to study how the production and pricing decisions of
developers are influenced by consumer preference. Given
consumers’ different preferences for prefabricated building
and traditional building, this study developed the Hotell-
ing model to compare and analyze the evolution of mar-
ket share, optimal price, and maximum profit of duopoly
building developers with consumers’ different preferences.
We also examined the impact of consumers’ preferences
on the strategic selection of building developers. Thus, the
paper emphasized the role of consumers on the decision-
making of building developers as well as broadened the
theoretical research about facilitating the prefabricated
building development.

The rest of the paper is organized as follows. Section 1
provides literature review. Section 2 presents the research
methodology. Section 3 puts forward the modeling as-
sumptions and the research model. Section 4 conducts a
numerical simulation and discussion in terms of market
share, optimal price, and maximum profit and suggests
the managerial implications for promoting and develop-
ing prefabrication construction. Last section concludes the
paper and proposes future research directions.

1. Literature review

1.1. Influencing factors for the development
of prefabricated construction

Prefabricated construction methods seem to be a promis-
ing alternative to make a shift in the architecture, engi-
neering and construction (AEC) industry to reduce the
lead-in time in project delivery, cut cost, enhance perfor-

mance, and lower the environmental impacts. However,
the transition from traditional cast-in-situ construction to
innovative prefabricated construction methods is not easy,
especially as traditional construction approaches have
been utilized for many years (Zhang & Skitmore, 2011).
There have been many challenges identified and numer-
ous solutions proposed to tackle problems for a success-
ful shift. First, the identification of the factors inhibiting
the adoption of prefabricated construction technologies
is one of the main research directions (Li et al., 2014b).
The high cost is one of the main constraints affecting the
adoption of prefabricated construction methods in the
UK, Australia, and China (Pan et al., 2008; Zhai et al.,
2014). To promote the prefabricated construction appli-
cation, Goulding et al. (2015) investigated people, process,
and technology drivers for construction, manufacturing,
and design, resulting in three levels of priority and time-
frames to present a roadmap for future uptake. Second,
researchers have shed lights on the strategic partner-
ships from different perspectives. For example, Shi et al.
(2015) analyzed the coopertion problems between major
modularized production suppliers. Nguyen et al. (2021)
reviewed the stakeholder relationships in off-site construc-
tion via a systematic literature analysis. Yan et al. (2017)
designed suppliers’ incentive mechanism by applying a
principal-agent/Stackelberg model. From the perspective
of supply chain integration, Love et al. (2004) pointed out
that supply chain management should relate the prefabri-
cated production to construction plans. Tennant and Fer-
nie (2014) investigated the complex relationships between
different stakeholders and the methods for supply chain
management. Third, many researchers have adopted real-
time management tools and cloud computing to propose
a technological solution to address some problems associ-
ated with the supply chain management, strategies, solu-
tion or technologies such as Just in Time (JIT), Personal
Digital Assistant (PDA), Radio Frequency Identification
Device (RFID), Building Information Modelling (BIM)
and hybrid BIM system (Samaranayake & Toncich, 2007;
Polat, 2010; Li et al., 2014a, 2018; Abedi et al., 2016; Kong
et al,, 2018; Ismail, 2020). Finally, considering the govern-
ment’s role, Wu et al. (2015) argued that the government’s
reasonable incentive policy is the most effective behavior.
Cheng et al. (2020) developed a systematic and dynamic
model to investigate and simulate the impacts of govern-
ment incentive strategies on prefabricated construction by
considering the evolutionary game process between the
government and contractors. Osobajo et al. (2021) found
the circular economy research in the construction indus-
try mainly lies more on resource use and waste manage-
ment and less on other areas of construction such as sup-
ply chain integration, building designs, policy. However,
there is scarcely any research on the consumers’ preference
on the development of prefabricated construction, which
provides impetus to growth and maturity of prefabricated
building market. Although Rahimian et al. (2017) investi-
gated that the low prevalence of off-site manufacturing in
housing in Nigeria was influenced by many factors includ-
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ing negative local perception about OSM and client resis-
tance, it still lacks of the in-depth study on how consumer
preference impacts the prefabricated building spread.

1.2. The impact of consumer preference
on corporate decision-making

Consumer perception has become an important research
topic for the product pricing (Hernandez, 2010; Guo et al.,
2013). Kumar et al. (2019) validated that consumer buy-
ing behaviour in terms of purchasing solar water pump-
ing system was significantly determined by cost, perfor-
mance and government initiatives dimensions. Zhou et al.
(2020) discussed the vehicle consumer consumption be-
havior from online perspective. Since the whole process
of financing, marketing and sales work are different in
the construction industry compared to other manufactur-
ing industries regardless of their size or scale, consumer
perception might or might not work in the construction
market. Consumers’ perception of product quality is an
important factor for enterprises to make the production
and operation decisions (Nie & Deng, 2014). This also ap-
plies to the AEC industry, but where such perceptions are
systematically influenced by the previous performance of
provider of the service, for instance one developer who
may have a better reputation than their competitors for
the buildings’ quality. Analyzing consumers’ risk percep-
tion of remanufactured product quality, Wang et al. (2018)
found that consumers’ quality perception plays an impor-
tant role in product pricing. This is important especially
for the construction industry where the dominating ten-
dency is conservatively in favor of avoiding change in the
existing practice unless it is absolutely necessary. Different
consumers have indicated different willingness to pay for
new products and remanufactured products (Gan et al.,
2017). However, unlike other industries, the AEC industry
is less inclined to spend on new remanufactured products
as what counts at the end is the building where the sense
of remanufacturing individual components may seem in-
significant compared to the performance of the end prod-
uct being the entire building. He and Yuan (2019) estab-
lished a Hotelling model to study the impact of consumer
quality perception on the production decision of building
materials enterprises. Although the studies on and around
the Hotelling model in manufacturing may not be few and
far between, due to perceived differences, such studies are
scarce, if at all they exist, in the AEC industry. With AEC
industry moving along the line of other manufacturing in-
dustries in its adopted production strategies, solutions and
processes due to more profound and sustained uptake of
prefabricated manufacturing and construction methods, it
has never been a better time to introduce models, theories
or strategies which are known to be leading in manufac-
turing industries; hence this paper where we aim to apply
the Hotelling model to the process of building developer’s
decision-making in the AEC industry.

With new concerns about climate change and our col-
lective environmental impact and carbon footprint, one of

the drivers which make reengineering or remanufactur-
ing of products rather inevitable (as opposed to trendy or
fashionable) if how our consumption can become more
environmentally friendly through use of less impactful
products and services. This may have some direct or in-
direct implications of which one with direct impact on
the customers” decision outcome is the cost of the reengi-
neering or remanufacturing new services or products with
lower environmental impact. For the consumption impact
of low-carbon products, Economides (1999) adopted the
uniform distribution of [0,1] to reflect the consumer’s
marginal willingness to pay. Seyfang (2010) developed
a function of consumer demand affected by low-carbon
preference behaviors. This does not mean that custom-
ers are always prepared to pay a higher price for products
with better environmental rankings. Consumer preference
behavior has a significant impact on the production and
operation strategies of enterprises as well as the coopera-
tion and competition strategies among enterprises which
may turn out to have a negative impact on the environ-
ment in long run (Chen et al., 2010). Ozaki and Sevastya-
nova (2011) concluded that the economic benefits related
to transportation policies are the important factors affect-
ing consumers’ purchase of hybrid electric vehicles. Ma-
niatis (2016) presented a structural construct to show how
consumers weigh environmental and economic benefits
while choosing green products. Hiittel et al. (2018) inves-
tigated consumer cognitive decision-making structures re-
lated to six distinct options for economically sustainable/
non-sustainable consumption. Cohen and Vandenbergh
(2012) discussed the impact of demand uncertainty on
the green product manufacturers’ decisions about pro-
duction and price. Yet again, it is vital to note that it may
not be possible to directly apply or prescribe what such
studies in other manufacturing disciplines may have come
up with to the AEC industry, and therefore, discipline-
specific studies are needed. The market demand of low-
carbon products and common products will be different
because of the heterogeneity of consumers” choice behav-
ior for manufacturing products and even more so in the
AEC industry.

2. Methodology
2.1. Hotelling model

The Hotelling model is a classic model to study the spa-
tial differences of products and services to reduce dif-
ferentiation in the range of products or services offered.
The main purpose of the Hotelling model is to solve the
Bertrand paradox by introducing product differences with
the principles of minimum differentiation in their offer-
ings (Hotelling, 1929). Hotelling believed that the buyer’s
and the seller’s market activities are scattered in different
geographical spaces in the real world. Such geographical
difference is an important source for manufacturers to
gain market dominance where similarities between prod-
ucts can be increased to the level that it does not nega-
tively affect the market share. Accordingly, the different
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transportation cost will weaken the market competition.
In summary, the geographical dispersion and the resulting
product differences are important determinants of market
competition, which are the traditional Hotelling model’s
basic connotation.

The original Hotelling model utilizes the linear space
to locate the enterprises’ positions reflecting the degree
of product difference. dAspremont et al. (1979) discussed
the optimal location and price equilibrium of the Hotel-
ling model under the linear transportation cost. Econo-
mides (1986) further studied the Hotelling model when
the transportation cost is a power function #(x) = bx? (a
> 1) and quadratic function #(x) = ax + bx?, respectively.
Tabuchi and Thisse (1995) studied the Hotelling model
when the distribution density function of consumers is a
trigonometric fold. Additionally, Harter (1996) analyzed
the Hotelling model when consumers’ preferences were
non-uniform. Therefore, the model has been widely used
in different research fields, such as industrial economy,
regional economy, and environmental economy, etc. Fur-
thermore, researchers have expanded the model from such
aspects as product heterogeneity, consumer heterogeneous
distribution, and internal transportation cost.

In this study, consumers’ preference for prefabricated
building products is the analogy of geographical difference
in the traditional Hotelling model. In other words, con-
sumers’ preference for prefabricated building products are
represented by their location differences. Based on this, it
will conduct a study on the impact of the consumer pref-
erence on the building developers.

2.2. Game theory

Considered as a successful mathematical model, game
theory can be utilized in many economic and other social
circumstances (Trappey et al., 2013; Fudenberg & Levince,
2016; Samuelson, 2016). Usually, Nash equilibrium in
games can be derived in different contexts in terms of
incomplete preferences (Bade, 2005), random production
output (Gorbachuk, 2007), and negotiation of on-site buf-
fer stocks (Ng et al., 2008). Many researchers have further
adopted game theory to study such business decision-
making situations as land and property development ne-
gotiation (Samsura & Erwin, 2012), business negotiations
(Peleckis, 2015), project management (Bockova et al.,
2016), and unfriendly takeover of enterprises (Korolovych
et al., 2019). In addition, game theory based evolutionary
algorithms can be applied to solve structural engineering
optimization (Greiner et al., 2017). Zhi et al. (2018) con-
ducted cost-benefit analysis and behavior incentives for
virtual water strategy using game theory. Furthermore,
Abapour et al. (2018) defined three types of game theory
in terms of cooperative game theory, dynamic game the-
ory, and evolutionary game theory to facilitate decision-
making process in power system problems.

This study will consider a duopoly market consisting
of two building developers, which is consistent with the

prefabricated building market situation at the early stage,
as there are only a few big enterprises with strength is ca-
pable of and willing to take the lead to the high cost of
inputs, because of the development cost of prefabricated
buildings higher than that of the traditional cast-in-situ
buildings currently. Accordingly, there is a competitive
game relationship between the two building developers
on the strategy of developing prefabricated buildings or
traditional cast-in-situ buildings. Therefore, this study
will adopt the Nash equilibrium theory to reveal the in-
fluence of consumer preference on the building developers
through the related profit functions.

In summary, the existing literature does not introduce
the enterprises’ development strategies and consumer
preferences into the Hotelling model combining with
game theory. More and more research is not limited to
the difference in the geographical space. To improve pro-
duction efficiency, reduce resources and materials waste,
and reduce environmental impacts, the differences be-
tween prefabricated buildings and traditional buildings in
terms of function, safety, and price affect the consumers’
purchase preferences and further influence the building
developers’ decisions. Based on the Hotelling model and
game theory, we mainly studied the impact of consumer
preferences on the development strategy selection of the
prefabricated building by considering consumers’ needs
and preferences.

3. Research model

3.1. Assumptions

Assumption 1: Assume the duopoly market has two
building developers in a linear city with length = 1. Build-
ing developers are suppliers and consumers are buyers in
the building market. R, represents developer 1 and R, rep-
resents developer 2. Strategy P is when the prefabricated
buildings are developed; strategy T is when the traditional
(cast-in-situ) buildings are developed. The development
cost, sales price, market share, and profit for the building
developer R, are ¢;, p;, g, and m;, respectively, with i = 1, 2,
and Ac=¢; —¢, >0.

Assumption 2: Assume that the building market is a
perfectly competitive market. Consumers’ total demand
is standardized as 1 (consumers have a unit demand).
Only one unit of building product is purchased at a time.
The total utility obtained by consumers’ purchase of pre-
fabricated building products is large enough to cover the
entire market. The utility of consumers’ purchase of pre-
fabricated building products is U = V + nv where V indi-
cates the initial (reserved) utility of a consumer’s purchase
of prefabricated building products! and V is big enough;

! The maximum expected utility that one game player can get
when he or she does not participate in the game (outside the
game). Reservation utility is the opportunity cost for players to
participate in the game.
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v is the additional utility for consumers to buy prefab-
ricated building products; n is the preference coeflicient
for consumers to obtain additional utility of prefabricat-
ed building products, ne [0,1]. When n = 0, it indicates
that the consumer won't accept the prefabricated building
products; when n = 1, it indicates that consumers show
strong preference for prefabricated building products. It
can be predicted that consumers will increasingly accept
the prefabricated building products with the labor force
constraint and the promotion of environmental awareness.

Assumption 3: Consumers is uniformly distributed
in linear cities [0,1]. The different consumers’ position is
used to reflect their preference for prefabricated building
products. The location of construction developer 1 and
developer 2 in the linear city is x; and x,, respectively.
Without losing generality, we assumed that the developer
1 is located at the left side of the developer 2, that is to
say 0 < x; < x, < 1. The consumer preference for prefabri-
cated building products is x with purchasing prefabricated
building product 1 and traditional cast-in-situ building
product 2. Accordingly, the utility loss is #(x; - x)? and
t(x, — x)%, respectively, where the utility loss #(¢ > 0) is the
premium that consumers are willing to pay for maintain-
ing their preference for building products.

Assumption 4: U; and U, represent the net residual
utility of consumers obtained from purchasing building
products from construction developers 1 and 2, respec-
tively.

3.2. Research model

The strategy combinations of the two building developers’
game are shown in Table 1. Scenario A (P, P): both build-
ing developers select strategy P.

The net residual utility of building products 1 and 2
purchased by consumers U, and U,:

U1:V—p1—t(x1—x)2; (1)
U2=V—p2—t(x2—x)2. (2)

Set x is the position without different utility of build-
ing product 1 and building product 2, x satisfies the be-
low equation:

V= p —t(x, —X2=V = p, —t(x, — )% . (3)

Table 1. Strategy combinations of building developers’ game

Developer 2 Development Development of
of prefabricated traditional cast-
buildings in-situ buildings
Developer 1 (strategy P) (strategy T)
Development
of prefabricated
buildings (P, P) P, )
(strategy P)
Development of
traditional cast-
in-situ buildings (T, P) (1. T)
(strategy T)

Accordingly, we get the below result after solving the above

equation:

(py =P/ t+(x, +x)(x, —x7)
2(xy —xp)

(4)

X =

Therefore, the market shares of developers 1 and 2 are
as follows:
(py —p)/t+ () +x)(x; —xp)

q = 20, — ) ; (5)

(py —p) 4y + ) (%, —x)
2(x, —xp) '

9 =1- (6)

The profit functions of developers 1 and 2 are as fol-
lows:
(py =)/t + () +x) (%) — ;)
“1=P1(p2 )4} PR VSO Bt U )

2(x, —x;)

2(x, —xp)

The profit functions n; and 7, can be obtained by cal-
culating the first derivative:

Pr=2py-1(xy +x) (x5 —x1) 5 )
P1=2p, +1(x, + ) (%, —x1) =2t (x, —xp) . (10)

Thus, the optimal prices of developers 1 and 2 can be
obtained as follows:

o o —x))(xy +x; +2)

) 3 ; (11)
zzt(xz—xl)(:—xz—xl) . (12)

Substitute Eqns (11) and (12) into Eqn (4), we got:
Xy X +2
s .

By substituting (11) and (12) into profit functions (7)
and (8), the maximum profits of developer 1 and 2 are:

x= (13)

.t —x)(x, + %, +2)?
m =—2 11; L ; (14)

= t(x, —x )4 —x, —x,)? .
18

Similarly, consumers’ net residual, indifferent position,
optimal price, and maximum profit for scenario B (P, T),
scenario C (T, P), and scenario D (T, T) are shown in
Table 2.

Accordingly, the income matrix of construction devel-
opers 1 and 2 is shown in Table 3.

(15)

3.3. Model analysis

Based on Table 3, the equilibrium achieved by developers
1 and 2 is dominant equilibrium as well as Nash equi-
librium. No matter what strategy one developer chooses,
the best strategy the other developer chooses is unique.



Journal of Civil Engineering and Management, 2022, 28(3): 166-176

Table 2. Consumers’ net residual, indifferent position, optimal price, and maximum profit of construction
developers under different game strategies
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Scenario
Scenario B (P, T)
Index

Scenario C (T, P) Scenario D (T, T)

= —p — )2
Consumers’ U =V+nv—p —t(x;—x)

U, :V—pl—t(xl—x)2

U, =V+nv—p, —t(x; —x)?

net residual U, =V +1v—p, —t(x, — )

U, =V+nv—p, —t(x, —x)?

U, =V +nv-p, —t(x; —x)?

. (t(x2 —x)(4-x, —xl)—nv+Ac)2

Indifferent 56:t(xz—xl)(x2+x1+2)+nv—Ac 56:t(xz—xl)(x2+x1+2)—nv+Ac &:x2+x1+2
position 6t(x, —x,) 6t(x, —x;) 6
oty —x) (%, +x; +2)+ My +2Ac oty —x) (%, +x; +2)—Mv+Ac . Hx, —x)(x, +x; +2)
P i VA R pr =2 TN TN p =2 Th +Ac
3 3 3
Optimal price
< Hxy=x)(4=x, —x))—-Mv+Ac o Hxy = x)(4—x, —x))+MV+2Ac o Hxy—x)(4-x,—x))
H = ) = ) = +Ac
3 3 3
. (l‘(xz—xl)(x2+x1+2)+T]V—A(:)2 . (t(xz—xl)(x2+x1+2)—nv+Ac)2 "= t(oy — ;) (%, + x; +2)?
M = T = e 18
Maximum 18t(x, —x;) 18t(x, —x;)
profit

. (g —x)(E—x, —x) +nv—Ac)’

T2
18t(x, —x;)

T

18t(x, —x;) 18

o Hxy —xp)(4—x, —x))?
T, =

Table 3. Income matrix of Game 1 and 2 of construction developers under different strategy combinations

Developer 2 .
Developmf)nt_lgf prefabricated Development of traditional cast-in-situ

( Stl;zlitemg;) buildings (Strategy T)

Developer 1 &Y
(t(x2 —x)(xy +x, +2)+ (nv—Ac))2
Development of _ 5 _ Y 18t(x, — x;) ’
prefabricated buildings | ( Hoxy =) (% 4%, +2) , Hr, =) =% =) ) r 2
(Strategy P) 18 18 (t(xz—xl)(4—x2—xl)—(nv—Ac)) )
18t(x, —x;)
(t(xy = x))(x, + 3, +2)— (v = Ac))°

Development of ( 2 2 n ,
traditional cast-in-situ 18t(x; —x;) ( ton —x) (0 + X, +2)* 1 —x)(4-x, —x)° )
buildings _ e _ 2 18 ’ 18
(Strategy P) (1‘(x2 x)(4=x, —x))+(mv Ac)) )

18t(x, —x;)

The degree of consumers’ preference for prefabricated
buildings determines these two building developers’ in-
come, thus affecting the final game equilibrium results. We
discussed the below two situations by setting p=mnv—Ac.
1) When p=mv—Ac<0, then n <25 When con-
sumers have a low preference for prefabricated
buildings, the equilibrium strategy combination
chosen by building developers 1 and 2 is (T, T).
Thus, both developers will develop traditional cast-
in-situ buildings. Ac
2) When p=mnv—-Ac>0, thenn>—. When con-

sumers have a high preference for prefabricated

buildings, the equilibrium strategy combination
chosen by building developers 1 and 2 is (P, P).
Thus, both developers will develop prefabricated
buildings.

Conclusion 1: When building developers 1 and 2 reach
the game equilibrium, the indifferent position for their mar-

+x,+2
ket share is -1 2"~ Specifically, building developer 1’s

2
ATHTL nd building developer 2’s

X txy+2  4—(x; +x,)
6 6
That is to say, two building developers’ market share is re-
lated to x; + x,, when 0 < x; < x, < 1, then 0 < x; + x, < 2;
when 0 < x; + x, < 1, then q; < g3 when 1 < x; + x, < 2,
then ¢, > g,. Ac
Conclusion 2: When n <—, both building develop-

market share is g, =

market shareis g, =1—-¢q, =1—

v
ers 1 and 2 will develop traditional cast-in-situ buildings,
oty —x) (%, +x,+2
the optimal prices are p; = (ry —x)(x, +% )’

3
. tx,—x)4d—-x,—x
- (x, 1)(3 27%) , respectively.
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o 2t(xy —xp)(x,y +x; +2)

P —p 3

0<x;+x,<1,thenp —p, =

,since 0 <x; <x,<1,when
2t(xy —x) (x5 + %, +2) -
3
thus, p; <p,; when 1 < x; + x, < 2, then p; —p, =
2t(xy —x)(x, + %, +2)
3 Ac
Conclusion 3: Whenn >—, both building develop-

0,

>0, thus, p; > p;.

v
ers 1 and 2 will develop prefabricated buildings. Similarly,
when 0 < x; + x, < 1, then p; < py; when 1 < x; + x, < 2,
then p; > p;.

Conclusion 4: Whenn < Ac , both building developers
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v
ers 1 and 2 will develop prefabricated buildings. Similarly,
when 0<x, +x, <1, then ] <7;; when 1 < x; + x, < 2,
then m; >m, .

4. Numerical analysis and discussion

Set t = 160, Ac = 40, v = 50, Python was used to compare
and analyze building developers’ market share, optimal
price, and maximum profit.

4.1. Market share comparison

The market share of developers 1 and 2 is mainly related to
X1 + x, whose value ranges from 0 to 2. If x; + x, increases,
then developer 1’s market share is gradually increasing
and developer 2’s market share is gradually decreasing.
When 0 < x; + x, < 1, the market share of developer 1 is
less than the market share of developer 2; when 1 < x; +
X, < 2, the market share of developer 1 is greater than the
market share of developer 2. When x; + x, = 1, the two de-
velopers have equal market shares. Therefore, the market
share of duopoly building developers is directly related to
consumers’ preference for prefabricated building products.
The evolution of the market share of developers 1 and 2 is
shown in Figure 1.

4.2. Optimal price comparison

In the first case, whenn <£, set 11 = 0.2.That is, when
there is a higher proportio%}l of the difference value be-
tween the development cost of prefabricated buildings and
traditional buildings to the additional utility gained from
consumers, both building developers 1 and 2 will develop
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Figure 1. Evolution of market share gained by developers 1 and 2

the traditional cast-in-situ buildings. The evolution pro-
cess of the optimal price is shown in Figure 2.

As shown in Figure 2, when 0 < x; + x, < 1, the op-
timal price of developer 1 is less than developer 2; when
1 < x; + x, < 2, the optimal price of developer 1 is higher
than developer 2. Ac

In the second case, when n>—, set 1 = 0.8. That is,

when there is a lower proportion of the difference value
between the development cost of prefabricated buildings
and traditional buildings to the additional utility gained
from consumers, both building developers 1 and 2 will
develop the prefabricated building. The evolution process
of the optimal price is shown in Figure 3.

As shown in Figure 3, when 0 < x; + x, < 1, the op-
timal price of developer 1 is less than developer 2; when
1 < x; + x, < 2, the optimal price of developer 1 is higher
than developer 2.

By comparing the two above-mentioned cases we
can get the following two findings. The first one is that
whether to develop traditional cast-in-situ building or
prefabricated building is mainly determined by the pro-
portion of the difference value between the development
cost of prefabricated buildings and traditional buildings
to the additional utility gained from consumers. For the
moment, the previous studies showed that the cost of
developing prefabricated buildings is higher than that of
developing traditional building. If the increased cost can
be made up by the additional utility gained from consum-
ers, it is economical to develop prefabricated buildings.
If not, it is proper to develop traditional buildings. Sec-
ondly, the optimal price of duopoly building developers
is directly related to consumers’ preference (x; + x,) for
prefabricated building products, with no relationship with
traditional and prefabricated construction methods. Ac-
cording to Figure 2 and Figure 3, consumers are willing to
pay a higher price when they have a higher preference for
prefabricated buildings. Thus, consumers’ preference on
prefabricated building is a crucial element for enlarging
the real estate market. How to enhance the consumers’
preference should be on consideration.
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Figure 2. The evolution process of the optimal price of building
developers 1 and 2 when 1 = 0.2 (x; and x, is the consumer’s
preference on prefabricated building product 1 and traditional
cast-in-situ building product 2, respectively)
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Figure 3. The evolution process of the optimal price of building
developers 1 and 2 when 1 = 0.8 (x; and x, is the consumer’s
preference on prefabricated building product 1 and traditional

cast-in-situ building product 2, respectively)

4.3. Maximum profit comparison

When both building developers 1 and 2 develop either tra-
ditional cast-in-situ buildings or prefabricated buildings
to achieve the game equilibrium, the evolution process of
their maximum profits is shown in Figure 4.

As shown in Figure 4, when 0 < x; + x, < 1, the maxi-
mum profit of developer 1 is less than developer 2; when 1
< X + X, < 2, the maximum profit of developer 1 is greater
than developer 2. In summary, the maximum profit of du-
opoly building developers is directly related to consum-
ers preference for prefabricated building products, with
no relationship with the proportion of the difference value
between the development cost of prefabricated buildings
and traditional buildings to the additional utility gained
from consumers. The value of x; + x, is the only one factor
influencing the maximum profit of building developers.

70
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Figure 4. The evolution process of the maximum profit
of building developers when the game equilibrium is reached
(x; and x, is the consumer’s preference on prefabricated
building product 1 and traditional cast-in-situ building
product 2, respectively)

4.4. Managerial implications

This study built on a premise that two building developers
have the option to opt for either cast-in-situ construction
method or a prefabricated one while having to deal with
their product variation, the customer and market behav-
ior. The strategy for selection of developing prefabricated
buildings or traditional cast-in-situ building construction
method mainly comes from consumers’ willingness to pay
higher prices for prefabricated buildings (which entail re-
manufacturing/reengineering of a set of products with
higher performance specifications and possibly lower en-
vironmental impact). Thus, evidently the market demand
for prefabricated buildings is the fundamental drive for
more sustainable development of prefabricated building
industry, it should not go unnoticed that the mechanisms
through with the market demand can be managed in the
AEC industry are by no means comparable or even close
to those of other manufacturing industries. This means
different strategies will be needed and more centralized
supports will be needed to mobilize the market in favor of
prefabricated construction methods. This may be in form
of, government planning, policies, regulatory and mon-
etary incentives to effectively improve consumers’ recogni-
tion of, and boost their willingness to proactively accept
prefabricated building products.

The government will need to design the optimal poli-
cies for extended subsidies and tax incentives in the early
stages of prefabricated building development to boost
consumers awareness and to ensure higher efficiency in
quality of the product and the price for customers and end
users. Although the total social welfare might be perceived
to work out negative in short term, the building devel-
opers’ profit will be increased while better end-products
are delivered to customers and end users with lower en-
vironmental impacts, lower maintenance costs and better
performance specifications in long term. Furthermore, the
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economic and social welfare will be improved if the scale
of prefabricated buildings is increased. Therefore, it is
necessary to track and analyze consumers’ preference for
prefabricated building and provide reasonable economic
subsidies for purchasing prefabricated buildings.

For building developers, one more incentive to adopt
prefabricated building systems remains to be the health
and safety of their workforce together with the quality
of their end product while provide highly cost-effective
buildings to the market; what is, by default, what prefab-
ricated construction can achieve. This remains subject
to further investigation with respect what this paper as-
pired to and did deliver using the application of Hotelling
model. Needless to say, that the role of proactive market-
ing to enhance the customers’ perception of prefabricated
systems and to increase the level of acceptance of such
systems is of paramount importance. When consumers
have a low preference for prefabricated buildings, they
should be actively encouraged to cooperate with suppli-
ers, contractors, developers and other project partners to
help them realize the benefits of such systems and help all
parties to collectively work to reduce the upfront cost and
lead-time associated with prefabricated systems, resulting
in extended value of the final product for both clients and
end-users.

Conclusions

We constructed a Hotelling model that includes the mar-
ket share function, product price function, and profit
function of duopoly building developers. Different strat-
egy combinations and their income matrix were analyzed
to understand the strategy selection, income matrix strate-
gies, market share, optimal price, and maximum profit of
duopoly building developers.

This paper mainly discussed the short-term equilib-
rium problem of the prefabricated building market at the
initial stage. The main characteristics of this stage is lim-
ited number of large companies dominating the market,
incomplete market infrastructure, and lack of supporting
industries. With the increase of the market demand and
the expansion of the market size, more and more enter-
prises will participate in the prefabricated building devel-
opment, resulting in the industrial structure and organiza-
tional mode change. Therefore, it is necessary to establish
a more practical model based on the real situation of the
prefabricated building market. In addition, the decision
to manufacture the prefabricated component in house (in
case the construction company has acquired the facilities,
technology, knowledge and skills to do so) or to outsource
it will result in different transaction costs for the large
contractor, which could be further explored in the future.
Last, in light of our uniquely developed approach, in the
near future, we may also identify and study the specific
factors affecting consumers’ preference for prefabricated
buildings.
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APPENDIX

Summary of Notations

Notation Meaning

Notation

Meaning

¢ Profit of Component Supplier S under self-

i Profit of Component Supplier S under outsourcing

manufacturing decision decision

nF Profit of Contractor A under self-manufacturing Yy Profit of Contractor A under outsourcing decision
decision

n§ Profit of Contractor B under self-manufacturing n§ | Profit of Contractor B under outsourcing decision
decision

qa Production quantity of Contractor A a Market size

qz Production quantity of Contractor B p Market equilibrium price, p=a - q4 - g3

Cy Assembly cost of Contractor A

Cs Unit production cost of Component Supplier S

Cg Assembly cost of Contractor B

C, Unit self-manufacturing cost of Contractor A

P, Unit purchase price of Contractor B under self-
manufacturing decision

Py Unit purchase price of Contractor A and B under
outsourcing decision, i = A, B



https://doi.org/10.1016/j.enpol.2010.04.024
https://doi.org/10.1080/01446190600827058
https://doi.org/10.1080/09613210701204013
https://doi.org/10.15678/EBER.2015.030407
https://doi.org/10.3846/jcem.2010.08
https://doi.org/10.1080/00207540600810077
https://doi.org/10.1108/17539261211216003
https://doi.org/10.1257/jep.30.4.107
https://doi.org/10.1016/j.enpol.2009.10.027
https://doi.org/10.13956/j.ss.1001-8409.2015.11.27
https://doi.org/10.1080/15623599.2013.875268
https://doi.org/10.1007/s10845-011-0606-5
https://doi.org/10.1016/j.resconrec.2016.07.015
https://doi.org/10.13383/j.cnki.jse.2017.03.004
https://doi.org/10.1080/01446193.2013.787491
https://doi.org/10.3846/1648715X.2011.638945
https://doi.org/10.1007/s11269-018-2081-7
https://doi.org/10.1108/IMDS-01-2019-0034

