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Abstract: The global industries are gradually moving towards the development of low-carbon, 
however, construction industry has significant energy consumption and carbon emissions. To 
making the promotion of industrialized construction with low-carbon and energy-efficient, 
prefabricated buildings are one of important ways to achieve environmental sustainability. This 
study first investigated the development and status of prefabricated concrete component factories 
in Fujian Province about regional distribution and production conditions and collecting data of 
carbon emissions, time and costs to create a multi-objective optimization model for intelligent and 
collaborative production. All while keeping costs as low as possible, using ant colony algorithms 
meets low-carbon and promotes sustainable development of prefabricated buildings. With the 
number of iterations, the overall cost shows a downward during the optimization process. 
According to optimization modes, the result of slabs indicates the minimum production cost (5.7023 
million with carbon emissions 1154.85 tons), and a cost difference of 10000 can result in a maximum 
carbon emissions difference of 50 tons while minimizing costs to be the primary goal. Compared 
with general production, the optimization of collaborative production reduces both costs and 
carbon emissions. Meanwhile, focused on normal and rush mod, the cost reduced more than 20% 
can be down to 50% on carbon emissions. Therefore, effectively reducing carbon emissions in the 
component production will contribute to the sustainability of the construction industry. 

Keywords: low-carbon; prefabricated building; algorithms; optimization; data-driven 
 

1. Introduction 

The fifth report released by the Intergovernmental Panel on Climate Change (IPCC) shows that 
the construction industry accounts for 40% of global energy consumption and 36% of global carbon 
emissions [1]. A transition in the construction industry under low-carbon policies is imperative. In 
2022, China’s "14th Five-Year Plan for the Development of the Construction Industry" proposed the 
integrated development of smart construction and new industrialized building methods, with plans 
for over 30% of new buildings to be prefabricated [2]. Currently, the prefabricated components of 
these buildings (like walls, floors, and stairs) are manufactured in factories, quickly transported and 
assembled on-site [3]. Because of high level of mechanization and standardization, prefabricated 
buildings can significantly reduce carbon emissions compared to traditional cast-in-place with 
concrete operations [4]. Therefore, the intelligent construction of prefabricated buildings has become 
an important transforming way of the construction industry in China [5]. 

Driven by policies, the increase in new prefabricated buildings has also increased the demand 
for prefabricated components, and the sustainability of prefabricated buildings is crucial to the 
development of China's low-carbon construction industry. Based on this, this study first investigated 
the development and status of prefabricated concrete component factories in Fujian Province, 
analyzing the regional distribution and production conditions, and collecting data on the carbon 
emissions, time, and costs associated as the three main objectives of production decision. Based on 
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the actual needs of the prefabricated residential project in Fujian Province, a data-driven platform 
with ICT-BIM has been established. RFID technology is used to record dynamic information about 
components to create a multi-objective optimization model for collaborative production in the 
factories. It determines the current research gaps, and finds the optimal collaborative path under 
constraints of project duration and carbon emissions, all while keeping costs as low as possible. The 
study uses ant colony algorithms with multiple objectives to build an intelligent optimization model 
relationship between carbon output, time, and cost for procurement in prefabricated components. It 
tried to improve the current situation where decisions in prefabricated component factories are based 
on traditional experience, and promotes sustainable development in the industry. 

2. Literature Review 

Prefabricated buildings have better energy-saving characteristics [3,6]. Common prefabricated 
components include prefabricated structures such as wooden, light steel frame, steel and concrete. 
Among these, the energy consumption and carbon emissions from the first two have the least 
environmental impact [7]. Many studies have focused on the carbon emissions related to 
prefabrication technology from material production to on-site installation, indicating that this 
technology can reduce construction carbon emissions by 20-30% [7,8]. Compared to traditional cast-
in-place construction, prefabricated buildings have a significantly positive impact on the ecological 
environment, resource conservation, energy saving, and carbon reduction [9]. The carbon emissions 
during the lifecycle are the highest [10,11], and important factors affecting this include the amount of 
carbon emissions, cost, and time. Therefore, how to reduce carbon levels will also impact the time 
and cost needed for production decisions. As a result, a number of studies [12–14] on the sustainable 
development of prefabricated buildings explore energy savings and emissions reduction through 
algorithms, simulations, and quantitative analysis, they focused on different pathways for carbon 
reduction [15–18]. 

Many studies used smart algorithms to tackle issues related to prefabricated buildings, such as 
genetic algorithms, simulated annealing algorithms, particle swarm optimization algorithms, ant 
colony algorithms and tabu search algorithms [19,20], to optimize the production sequence, 
transportation routes, storage strategies and to achieve goals like minimizing production costs, 
shortening construction times and reducing environmental pollution [21,22]. For example, to identify 
and evaluate carbon emissions in the production process of prefabricated components, the unit flow 
method, the fixed mold table method and the life cycle assessment method are used [23]. Taking the 
minimum completion time and minimum delay loss as optimization goals, a genetic algorithm 
decision support system is constructed to arrange production management [24]. In terms of 
component layout in the factory, a production combination optimization model based on heuristic 
algorithm is constructed [25]. Also considering resource constraints, a model optimization that 
improves the traditional genetic algorithm is proposed [26]. 

In addition, genetic algorithm, differential evolution algorithm and imperial competition 
algorithm are used to solve the problem of minimizing the total weighted advance and delay costs in 
the uncertainty and sequence of component production [27]. Considering the parallel work of serial 
machines in the production line, a prefabricated component production scheduling model was 
established using a genetic algorithm [28]. In addition, the dynamic flow shop scheduling model 
based on demand fluctuations is mainly used to integrate demand change factors such as lead time 
advance, emergency component insertion and order cancellation [22,29]. 

Multi-objective optimization techniques are commonly applied in scheduling and resource 
allocation of production. Generally, a comprehensive study is conducted on duration, cost, and 
quality in the engineering field [30]. The bi-objective shortest path problem was used ant colony 
algorithms to solve [31], and the problem about multi-mode with duration-cost discussed how to 
reduce the impact of uncertainty on project performance [32]. A project in Brazil assessed the factors 
affecting the energy performance of buildings, that using an improved algorithm for multi-objective 
optimization [33], and the other parameter optimization method that balancing emissions, time and 
costs proposing a multi-objective optimization model where were reduced by 11.7%, 7.7%, and 6.7% 
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[34]. To integrate carbon emission factors into the decision-making process, it constructed optimal 
decision model with costs and carbon footprints [35]. For identifying the optimal implementation 
plan, it improved the ant colony algorithm to tackle the multi-objective optimization [36]. 

The applications of multi-objective optimization and intelligent algorithms have entered a new 
stage. This research uses the ant colony algorithm to solve intelligent optimization of the multi-
objective model in collaborative production where basic data (carbon emissions, time, cost) are 
obtained from prefabricated factories surveyed. 

3. Methodology and Materials 

3.1. The Procedures 

This study takes the carbon emission reduction of the construction industry as the goal, 
summarizes and analyzes the information about concrete components of prefabricated buildings and 
surveys production through prefabricated factories with concrete component in Fujian Province. In 
terms of the carbon emissions, costs and time involved in producing process for prefabricated walls 
and prefabricated stairs as the scope, it drives data to explore optimized collaborative production 
model based on cost. Therefore, the research mainly includes the following three parts, as illustrated 
in Figure 1. 

(1) Through on-site investigation and production data collection at the prefabricated component 
factories in Fujian Provincial such as production status, development level and operation mode, it 
analyzes to provide reference for projects related to prefabricated buildings. 

(2) Based on production data and its corresponding multi-attribute indicators, data mining is 
conducted with correlation analysis of carbon emissions, time, and cost, and an empirical model of 
component production is established. 

(3) According to empirical model, the ant colony algorithm is used for multi-objectives 
optimization model on collaborative production of prefabricated components. 

 
Figure 1. The conceptual framework of optimization model. 

3.2. A Survey of Prefabricated Components Factories 

This study investigated the distribution and operation of concrete prefabricated factories in 
Fujian Province. From 2018 to 2023, the number of component factories doubled from 15 to 30, as 
shown in Figure 2. According to China's requirements for establishing a prefabricated concrete 
component factory, the following conditions must be met: (1) it must have the capacity to produce 
components of prefabricated building such as slabs, beams, columns, stairs, wall panels, air 
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conditioning panels, balcony slabs , etc.; (2) at least one automated assembly line must be equipped; 
(3) the annual designed production capacity should be no less than 50,000 m3; (4) it must be officially 
in production and meet quality standards. It investigated the operations of slabs, walls and staircase 
with concrete components in 30 prefabricated factories and sorted out 13 processes, as shown in Table 
1 and Figure 3. 

 
Figure 2. The distribution and changes of prefabricated concrete component factories in Fujian 
Province. 

Table 1. The production capacity of component factories in various regions from 2018 to 2023 (unit: 
10,000 m3). 

Area 2018 2019 2020 2021 2022 2023 
Fuzhou 97 105 105 105 105 121 

Longyan 18 18 18 36 36 36 
Nanping 0 0 0 0 9 9 

Putian 0 0 7 13 13 13 
Quanzhou 30 30 35.5 50.5 50.5 60.5 
Sanming 13 13 13 13 13 13 
Xiamen 80 90 90 90 90 110 

Zhangzhou 27 33 59 59 59 70.4 
Total 265 289 327.5 366.5 375.5 432.9 
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Figure 3. The production processes of concrete component for slabs. 

3.3. The Design of Multi-Objective Model 

3.3.1. Problem Description 

Due to the randomness of order reception, concrete prefabrication factories will implement 
various production modes to cope with different production conditions in actual production, which 
can mainly be categorized into three modes: saving, normal and rush. Commonly, concrete 
prefabrication factories collaborate to complete the required quantity for a project. The research 
question addressed in this paper is how to complete the production task under the constraints of 
prefabricated component delivery times while achieving relatively low costs and carbon emissions, 
as shown in Figure 3. Suppose there is an existing project that requires X units of specified size 
prefabricated components, distributed among N prefabrication factories that are located nearby. 
Based on data gathered from on-site investigations, each prefabricated factory involves 13 production 
processes, with each process having three production modes: "Saving" , "Normal" , "Rush" (Mode 1, 
Mode 2, Mode 3) corresponding with Parameters with carbon emissions-cost-time (CE-C-T) as Figure 
4. The objective is to optimize the multi-objective on Mode and Parameter of the existing N 
prefabrication factories, using intelligent algorithms to determine an optimization result. 

 

Figure 4. The framework of multi-objective model . 
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3.3.2. Design and Solution of Model 

A single prefabricated component factory requires multiple processes to produce a component. 
Each process has multiple production modes, and each production mode requires different 
parameters (CE-C-T). In order to meet the constraints for different projects, collaborative production 
and corresponding models are usually required based on the actual conditions. Based on this, this 
study optimizes the selection of prefabricated factories and task allocation in the production stage to 
verify the decision-making scheme of the model. 

The modeling work includes two parts, establishing the multi-objective model and solving the 
optimization model. The three major elements of the multi-objective model include decision variables 
(task allocation and mode), objective function (cost) and constraints (carbon emissions and time). The 
solution is divided into two problems, including solving factories production planning and selecting 
model, that is, the two problems are not independent. Each problem needs to call the calculation 
results of the other problem during the solution process, and iteratively calculate at the same time to 
obtain the optimal solution. It solves the optimization model through multiple iterative calculations 
for the two problems based on variable types. 

Further explanation of these three functions for decision variables, objective function and 
constrains, that decision variables are production quantity of the prefabricated component factory as 
𝑥௡ (𝑛 = 1,2, … . 𝑁)and no. of production process is𝑚௡௞(k = 1,2, … … 13) . Objective function is the 
minimum total cost as 𝑚𝑖𝑛 𝑇𝐶 = ∑ ∑ 𝑥௡𝑐( 𝑚௡௞)௞௡ .. The constraints are production quantity, carbon 
emission limit, and time limit. The total production time in a single factory is as shown in equation 
(1), and the factory with the longest production time must not exceed the maximum time limit, as 
shown in equation (2). 

𝑇௡ =

⎩
⎪⎪
⎨

⎪⎪
⎧ ෍ 𝑡(𝑚௡௞)

௞

+ max 𝑡(𝑚௡௞)௞ஷଵଵ ∗ (𝑥௡ − 1),

𝑚𝑎𝑥 𝑡(𝑚௡௞)௞ஷଵଵ ∗ 𝑃 ≤ 𝑡(𝑚௡ଵ )

෍ 𝑡(𝑚௡௞)

௞

− 𝑚𝑎𝑥 𝑡(𝑚௡௞)௞ஷଵଵ + ቜ𝑥௡ ∗
𝑡(𝑚௡ଵଵ)

𝑃
ቝ ,

 𝑚𝑎𝑥 𝑡(𝑚௡௞)௞ஷଵଵ ∗ 𝑃 > 𝑡(𝑚௡ଵଵ)

 (1)

𝑚𝑎𝑥 𝑇௡  ≤ 𝑇𝑇௠௔௫ ,     ∀𝑛 ∈ 𝑁, 𝑘 ∈ 𝐾 (2)

Symbol definition of the model: 
𝑥௡ ：The production quantity of the nth factory 
𝑋 : Total production quantity 
𝑚௡௞௟ ：Mode 1 of the kth process in the nth factory 
𝑚௡௞ ：Selection mode of the kth process in the nth factory 
𝐶(𝑚) ：Cost of producing a single component in mode m 
𝐸(𝑚) ：Carbon emissions of producing a single component in mode m 
𝑇(𝑚) ：Time of producing a single component in mode m 
𝑃 ：Number of steam curing kilns 
𝑇௡ ：Total production time of factory 
𝑇𝐶௠௔௫  ：Total cost limit 
𝑇𝐸௠௔௫  ：Total carbon emissions limit 
𝑇𝑇௠௔௫ ：Total time limit 

In the constraints, 𝐸(𝑚௡௞)、𝑇(𝑚௡௞) are variable parameters that change depending on the path. 
Each path has its own optimal production plan. Therefore, this study uses the ant colony algorithm 
to determine the path and obtains the constant term of the linear model, and then uses it as the input 
module for the linear solver. The production plan derived from this is then sent back to the ant colony 
for multiple iterations to achieve optimized results. 
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3.4. The Method of Algorithm Solving 

This research uses the Ant Colony Optimization algorithm (ACO) to solve the model of 
component factories and determine the minimum cost. Starting with the production plan obtained 
through linear solving as a known condition, it calculates the most recent path, then uses a linear 
solver to get the production plan, and through multiple iterations, arrives at the optimal solution. 
The specific process and setup parameters of ACO are described in Table 2. 

Table 2. The specific processes of ACO. 

No. Operate process Setup parameters 

1 
Initialize basic 

parameters 

Number of ant, I=10 
Iterations, T=50 
Pheromone evaporation factor, ρ=0.5 
Pheromone constant, Q=10 
Pheromone factor, α=4 
Heuristic function factor, β=2 

2 Map Initialization 

Number of factories, N=2 
Number of processes, K=13 
Number of modes, L=3 
𝑚௡௞௟ , (𝑛 = 1,2;   𝑘 = 1, … , 𝐾;   𝑙 = 1,2,3) 

3 Initialize ant colony 

Including the heuristic function and initialization pheromones, with 
the heuristic function introducing random methods as η୬୩୪, and all 
pheromones are set to 𝜏௡௞௟(𝑡) = 1, (𝑡 = 1), as equation (3). 

𝜂௡௞௟ = 𝑟𝑎𝑛𝑑 ൬
஼(௠೙ೖ೗)

∑ ஼(௠೙ೖ೔)య
೔సభ

,
ா(௠೙ೖ೗)

∑ ா(௠೙ೖ೔)య
೔సభ

,
்(௠೙ೖ೗)

∑ ்(௠೙ೖ೔)య
೔సభ

൰                  (3) 

4 
Calculate transfer 
probabilities and 

coverage Path Planning 

Calculate the transition probability of each path and the cost of all 
paths as 𝑝௡௞௟(𝑡), as equation (4). 

𝑝௡௞௟(𝑡) =
[ఛ೙ೖ೗(௧)]ഀ[ఎ೙ೖ೗]ഁ

∑ [ఛ೙ೖೞ(௧)]ഀ[ఎ೙ೖೞ]ഁಽ
ೞసభ

                                    (4) 

5 Update pheromones 

Pheromone obtained after updating: 𝜏௡௞௟(𝑡), as equation (5) and (6) 
𝜏௡௞௟(𝑡) = (1 − 𝜌) ∙ 𝜏௡௞௟(𝑡 − 1) + ∑ 𝛥𝜏௡௞௟

௜ூ
௜ୀଵ                        (5) 

𝛥𝜏௡௞௟
௜ = ቊ

ொ

்஼
∙

௫೔

௑
∙ 𝑐௘(𝑇𝐸) ∙ 𝑐௧(𝑇𝑇), 𝑙 = 𝑚௡௞

0，               𝑙 ≠ 𝑚௡௞

                         (6) 

where  𝑐௘(𝑇𝐸) and 𝑐௧(𝑇𝑇) are the penalty functions of total carbon 
amount and total time on pheromone respectively, and 𝜎௘ and 𝜎௧ 
are both penalty factors. 

6 Judgment cycle 
Through continuous iteration, the maximum number of iterations is 
reached to optimal mode. 

4. Optimization of Intelligent Algorithms by Data-Driven 

4.1. A Project with Collaborative Production in Prefabricated Factories 

The project of prefabricated buildings located in the southeastern area of Fujian Province 
requires a total of 3,000 slabs, 3,000 walls and 800 stairs, which are planned to be completed by two 
nearby concrete prefabricated component factories. Currently, both Factory A (F-A) and Factory B 
(F-B) use automated production lines with 20 steam-curing kilns, and each component has 13 
processes (P1,P2,...,P13)and 3 modes (M1, M2, M3). In order to meet the constraints of project 
requirements and with the goal of low total cost, it collaborated with two factories to optimize the 
production planning and production modes under low carbon emissions, as Figure 5. Taking the 
production time, cost and carbon emissions of each process with three modes required to solve the 
model as the basic data, this paper drives data from component factories in Fujian Province. Taking 
Factory A as an example, the production data of a slab is as shown in Table 3. Under the normal state 
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of process 1(P1-M2), it takes 20 minutes for standardized size and costs for 110 RMB with carbon 
emission for 2.67/kg.CO2. 

 

Figure 5. The Schematic diagram of optimizing the production planning. 

Table 3. Production data of a slab in Factory A. 

No.  Process 
M1 M2 M3 

Time 
(min.) 

Cost 
CE 

(kg.𝐂𝑶𝟐) 
Time 
(min.) 

Cost 
CE 

(kg.𝐂𝑶𝟐) 
Time 
(min.) 

Cost 
CE 

(kg.𝐂𝑶𝟐) 
1 P1 24 100 3.29 20 110 2.67 15 120 2.2 
2 P2 15 33 0.08 12 42 0.09 8 42 0.08 
3 P3 7 12 0.06 6 14 0.06 4 14 0.06 
4 P4 7 17 0.02 5 18 0.03 4 20 0.03 
5 P5 24 155 0.75 20 165 0.77 17 175 0.78 
6 P6 10 28 0.03 5 22 0.03 3 24 0.03 
7 P7 20 480 0.11 15 490 0.15 12 510 0.14 
8 P8 17 570 421.35 23 982 820.25 15 1080 702.65 
9 P9 25 35 7.25 20 42 5.87 12 45 4.06 

10 P10 15 21 2.26 10 25 2.12 8 33 1.75 
11 P11 480 418 0.02 420 375 0.02 390 382 0.02 
12 P12 15 38 6.85 10 42 4.68 6 75 4.22 
13 P13 11 22 10.74 12 25 11.43 6 27 8.67 

1 The Currency of Cost is RBM dollar. 

4.2. Optimization Modes of Prefabricated Components Production 

First, the optimization path was solved based on the production time of 30 days for slabs, and 
the top ten options for the optimal solution that met all preset conditions were proposed, as described 
in Table 4. These display the optimal execution modes for each process corresponding to the various 
constraints, along with their objective function values. These display the optimal execution modes 
for each process corresponding to the various constraints, along with their objective function values. 
Taking optimization mode 1 as the production plan in this case, Factory A is assigned to produce 
1,245 slabs, with the execution modes for each process set as 0, 0, 0, 1, 0, 1, 0, 0, 1, 0, 2, 0, 1. Here, 0, 1, 
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2 represent the choice of M1, M2, M3 for that process. For instance, if process 1 has an execution mode 
numbered 0, it indicates that Factory A opts for a saving production mode for process 1, and the same 
applies to the other steps and, Factory B. 

The production requirement for this project is 3,000 slabs, with a total cost of 5.7023 million RMB 
and total carbon emissions of 1,154.85 tons. According to Table 5, Optimization mode 1 indicates the 
minimum production cost (C=5.7023 million, EC=1,154.85 tons), and Optimization mode 8 (C=5.7119 
million, EC=1,153.8 tons) shows the minimum carbon emissions solution. It can also be seen that 
when minimizing costs is the primary optimization goal, a cost difference of 10,000 RMB can result 
in a maximum carbon emissions difference of 50 tons, shown as Figure 6. This indicates that with 
little change in production costs, adjustments in allocation quantities and production paths during 
multi-factories collaboration can effectively lower carbon emissions. 

In order to further understand the convergence of the algorithm, it uses the cost decrease curve 
with the number of iterations to express the convergence trend that is obvious and t smooth, as shown 
in Figure 7. Therefore, the ACO algorithm has certain feasibility and high efficiency in solving 
optimization problems. To sum up, the method proposed in this research can perform combinatorial 
optimization on the production allocation and mode selection under the conditions of satisfying 
various constraints, which can make cost lower and reduce carbon emissions during the process. 
Therefore, under the intelligent analysis of data-driven algorithms for the objective function during 
iterative processes, the model has better convergence and is feasible for application. 

Among the 3,000 of prefabricated walls required for production, the production time is 40 days 
and the total cost is 6.1058 million RMB for carbon emissions are 1,188.68 tons. According to Table 5, 
Optimization mode 4 indicates the minimum solution for carbon emissions (C=6.1142 million, 
EC=1185.90 tons). When the lowest cost is the first optimization goal of the walls, the cost difference 
is 15,000 RMB to be able to reach the maximum carbon emission difference for 65 tons. 

Table 4. The top ten optimization modes of the path with quantity for slabs. 

Optimization 
mode 

F-A 
Quantity 

F-A 
Path 

F-B 
Quantity 

F-B 
Path 

1 1245 [0,0,0,1,0,1,0,0,1,0,2,0,1] 1755 [0,0,1,1,0,1,0,0,1,1,2,2,0] 
2 1673 [0,0,0,1,0,2,0,0,1,0,1,0,0] 1327 [1,0,0,1,2,1,1,0,0,0,1,2,2] 
3 1688 [1,0,2,0,0,2,0,0,0,1,1,1,0] 1312 [1,2,1,0,1,0,1,0,0,1,1,1,1] 
4 1688 [0,0,0,0,0,2,0,0,0,0,2,0,2] 1312 [2,1,1,0,0,1,2,0,0,1,2,0,0] 
5 1253 [0,2,1,1,0,2,0,0,1,0,2,1,0] 1747 [0,0,0,0,1,1,1,0,2,0,1,2,1] 
6 1260 [2,1,1,2,0,0,0,0,0,0,1,0,1] 1740 [0,0,2,0,0,2,0,0,1,0,2,1,2] 
7 1260 [0,1,0,2,1,2,0,0,1,0,2,0,0] 1740 [0,0,0,0,0,1,0,0,2,1,2,1,0] 
8 1223 [0,1,0,2,0,0,0,0,0,1,1,1,1] 1777 [0,0,2,1,1,2,1,0,2,1,1,2,1] 
9 1260 [0,2,0,0,0,0,0,0,1,2,1,0,2] 1740 [0,1,2,0,1,2,1,0,1,0,1,1,0] 

10 1283 [0,0,2,0,0,0,1,0,0,2,2,0,0] 1717 [0,1,1,0,1,1,2,0,0,0,1,0,2] 

The production time of prefabricated component stairs is 15 days, which the optimized analysis 
process is the same as slabs and walls. The total cost of required 800 stairs is 1.9448 million RMB, and 
total carbon emissions are 410.71 tons. Applying the multi-objective optimization model solving for 
collaborative production, the maximum cost gap is 20,800 RMB and the maximum gap of carbon 
emissions is 7.05 tons. Compared with prefabricated slabs and walls, in collaborative production 
aiming at low cost, it is difficult to reduce the carbon emissions of mass production through 
production paths. 
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Table 5. The top ten of the optimization mode with Cost and CE. 

Optimization mode 
Slab Wall Stair 

Cost 
(million ) 

CE 
(ton) 

Cost 
(million ) 

CE 
(ton)  

Cost 
(million ) 

CE 
(ton) 

1 570.23 1154.85 610.58 1188.68 194.48 410.71 
2 570.45 1206.08 611.03 1250.55 195.13 412.16 
3 570.68 1208.63 611.09 1251.68 195.28 405.11 
4 570.75 1208.63 611.42 1185.9 195.52 407.36 
5 570.83 1155.23 611.48 1190.7 195.89 405.84 
6 570.9 1156.58 611.78 1245.15 195.91 407.12 
7 571.05 1154.4 611.93 1239.68 196.16 413.05 
8 571.19 1153.8 612.15 1246.5 196.45 412.24 
9 571.21 1159.43 612.31 1246.65 196.48 410.73 
10 571.35 1170.3 612.38 1244.18 196.56 409.12 

1 The Currency of Cost is RBM. 

 

Figure 6. The top ten of optimization mode with Cost-CE of slabs. 
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Figure 7. The downward trend of number of iterations with cost on slabs. 

4.3. Results 

In order to verify the effect of this model for cost-carbon optimization, it takes prefabricated 
component slabs as an example. The results of the intelligent optimization model were compared 
with a single path for M1, M2 and M3. That is only a single production path under the same 
production plan, and the results of cost and carbon emissions are shown in Table 6. The study found 
that the costs and carbon emissions in the situations of M2 and M3 (Normal mode and Rush mode) 
are much higher than those of M1 (Saving mode). And there has 7 modes of M1 not to meet 
production time limit. The two prefabricated factories in this project, the actual total cost of adopting 
M1 is still higher than that result of the intelligent optimization model, which shows that it can reduce 
the total production cost and achieve lower carbon emissions by optimizing conditions. 

Comparing the costs and carbon emissions of the intelligent optimization model summarized in 
Table 6 with the single production path, the average cost reduction is approximately 1.52%, and the 
carbon emissions are reduced by 0.23%. Compared with the M2(normal mode), the reduced value of 
cost and carbon emissions are 23.1% and 52.27%. Compared with M2(the rush mode, the average cost 
is reduced by 22% and carbon emissions are reduced by 49%. 

Table 6. Comparing of Cost-CE between single mode (M1) and optimization mode for components 
production. 

Mode 

 M1 M2 M3 

Time 
limit 

Cost 
reduction

（%）  

CE 
reduction 

（%） 

Time 
limit 

Cost 
reduction

（%）  

CE 
reduction

（%） 

Time 
limit 

Cost 
reduction

（%）  

CE 
reduction

（%） 
1 F 1.64  0.43  T 23.24  52.85  T 22.13  49.66  
2 T 1.56  0.18  T 23.04  51.22  T 22.13  46.74  
3 T 1.52  0.11  T 23.00  51.13  T 22.10  46.61  
4 T 1.51  0.11  T 23.00  51.13  T 22.09  46.61  
5 F 1.54  0.47  T 23.16  52.84  T 22.05  49.63  
6 F 1.52  0.42  T 23.14  52.79  T 22.04  49.56  
7 F 1.50  0.61  T 23.12  52.88  T 22.02  49.65  
8 F 1.48  0.31  T 23.12  52.87  T 22.00  49.74  
9 F 1.47  0.18  T 23.10  52.68  T 22.00  49.43  

10 F 1.45  -0.53  T 23.07  52.26  T 21.98  48.93  
Average 1.52  0.23  - 23.10  52.27  - 22.05  48.66  

1 “T” means is to meet time limit, and “F” means is not to meet time limit. 

5. Conclusions 

With the development of industrialization, low carbon and intelligence in the construction 
industry, the demand of prefabricated buildings is increasing year by year that promotes the increase 
in the number of prefabricated component factories. Effectively reducing carbon emissions in the 
component production stage will contribute to the sustainability of the construction industry. This 
research conducts multi-objective model and optimizes solutions for collaborative production of 
multiple factories. With the number of iterations, the overall cost shows a downward during the 
optimization process. Compared with general production, the optimization of production 
collaboration reduces both costs and carbon emissions. The highlight is focused on normal and rush 
mode. When the cost is reduced by more than 20%, carbon emissions can be reduced by about 50%. 
It shows that multi-mode of collaborative production will reduce the cost of the project's 
prefabricated components and can bring the lowest carbon emissions under optimized cost 
conditions. Therefore, the study seeks the optimal mode of collaborative production through 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2024 doi:10.20944/preprints202411.0283.v1

https://doi.org/10.20944/preprints202411.0283.v1


 12 

 

intelligent data-driven in prefabricated component factories to improve the production, which will 
help the development of prefabricated buildings and promote environmental sustainability. 
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