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ABSTRACT: The construction industry has long adhered to a linear economic model, following the "take, 
make, dispose" paradigm. However, growing environmental concerns are driving a shift towards a circular 
economy, where the focus is on extending the lifespan of materials and components through disassembly 
or deconstruction. Central to this transition is the reuse of building components, which is made possible 
through efficient deconstruction practices. However, the underdeveloped market for supply and demand of 
the reclaimed building components continues to impede the full adoption of circular construction practices. 
One promising approach to address this issue is the development of a reverse supply chain (RSC) model, 
an area that remains underexplored in current research. This study focuses on optimizing the RSC for the 
components of deconstructed steel buildings by finding the optimal locations of the reuse hubs based on 
minimizing the transportation costs throughout the proposed RSC model. The optimal location of hubs aims 
to efficiently connect the main nodes (i.e. deconstruction sites, hubs, recycling centers, factories, and end 
users) by integrating a Genetic Algorithm and a Geographic Information System. The study also examines 
the amount of steel components from deconstructed buildings and facility capacities to create a more 
practical model for future real-world applications. Simulation results based on the estimated geographic 
building locations and the potential hub locations demonstrate the effectiveness of the proposed method in 
identifying optimal hub placements. This research provides valuable insights for firms seeking to implement 
sustainable, profit-driven strategies and contribute to the advancement of circular economy practices in the 
construction industry. 
 
 
1. INTRODUCTION  
 
Resource depletion and climate change have presented significant global challenges, prompting a growing 
demand for profound shifts in the way industries engage with the environment (Ginga et al., 2020). The 
construction industry, in particular, is a major contributor to environmental degradation, accounting for 
approximately 40% of global energy consumption, 30% of greenhouse gas emissions, 17% of freshwater 
usage, and 25% of global wood consumption (Badi & Murtagh, 2019; Chileshe et al., 2018; Eberhardt et 
al., 2022). Also, the generated waste is more discarded rather than reused or recycled. This issue is 
exacerbated by the lack of consideration for waste management during the planning and design stages 
(Esa et al., 2017).  
To address the environmental impact of construction and demolition waste, the adoption of circular 
economy principles is emerging as a viable and necessary solution (Ostapska et al., 2024). A circular 
economy model in construction prioritizes the longevity, reuse, and adaptability of materials and 
components (Mahpour, 2018). This is achieved through design for disassembly/adaptation (DfD/A), 
recycling, and repurposing (Ostapska et al., 2024). By focusing on deconstruction rather than demolition, 
the industry can shift from treating components as single-use resources to maximizing their lifespan.  
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At the core of this shift is the reverse supply chain (RSC), which plays a crucial role in managing the flow 
of deconstructed materials. Unlike the forward supply chain, which focuses on the procurement and delivery 
of new materials (Benachio et al., 2020), the RSC manages the collection, refurbishment, and redistribution 
of reclaimed components (Ding et al., 2023). Despite its importance, the RSC remains underdeveloped, 
with minimal focus on practical implementation models that integrate modular construction with 
deconstruction practices. A well-designed RSC is essential for managing the entire lifecycle of construction 
components (Rios et al., 2015), from disassembly to re-entry into the construction process, reducing waste 
and minimizing environmental impact. 
While some companies have adopted prefabrication techniques, the potential for giving buildings a second 
life through the reuse of components in RSC has been largely overlooked. The lack of a practical RSC 
model prevents widespread adoption of circular construction practices, limiting the full potential of modular 
construction. A functioning RSC would optimize the collection, refurbishment, and redistribution of 
components, ensuring efficient resource utilization and minimizing waste generation. 
This research aims to bridge the existing gaps by developing a RSC for deconstructed building components 
within the framework of a circular economy. Focusing on hubs as places to repair and bring back the 
components for a second life cycle, the objective of the paper is to find the optimal locations for hubs to 
minimize the cost. The goal is to enable a more sustainable RSC for components and supports the transition 
to a circular economy in the construction industry. 
 
 
2. LITERATURE REVIEW 
 
2.1 Deconstruction and Disassembly 
 
The adoption of circular economy principles in construction emphasizes the importance of deconstruction 
and disassembly as alternatives to traditional demolition methods (Akanbi et al., 2019). Deconstruction 
involves systematically dismantling buildings to salvage valuable materials and components for reuse, 
recycling, or repurposing (Brandão et al., 2021). While demolition results in a high volume of waste, 
deconstruction maximizes the recovery of building components, contributing to more sustainable resource 
management. The deconstruction process is becoming more feasible with the advent of modular 
construction and prefabrication, which make the disassembly of building components more efficient 
(Eberhardt et al., 2022). Although modular construction is not new, it has gained renewed interest due to 
its technological advancements and economic factors. Modular construction enables the production of 
standardized building components that can be easily disassembled and reused in future projects (Rios et 
al., 2015). This disassembly approach is more efficient than traditional deconstruction, reducing waste and 
making the recovery process less labor-intensive and costly. Disassembly also allows for the reuse of 
components without the need for extensive modifications. This adaptability makes it possible to repurpose 
building components for new projects or reuse within the same structure’s life cycle (e.g. reconfiguration or 
renovation projects).  
 
2.2 Forward and Reverse Supply Chains for Circular Construction 
 
The circular economy model requires an integrated approach to the construction supply chain, involving 
both forward and reverse supply chains. A well-structured forward supply chain ensures the efficient flow 
of materials and components during construction, while a RSC enables the recovery and reuse of materials 
from deconstructed buildings (Masood et al., 2022). 
RSC allows for deconstructed materials to be reintegrated into the value chain through processes like 
recovery, refurbishment, and reuse (Minunno et al., 2018). Establishing a RSC is essential for maximizing 
the benefits of deconstruction and promoting the circular economy in the construction industry (Brandão et 
al., 2021). The RSC facilitates the efficient movement of components from end-of-life buildings back into 
the production cycle. This involves collecting, sorting, and reintegrating reusable or recyclable components 
salvaged through deconstruction.  
One innovative approach to smoothening this RSC is the concept of buildings as material banks (BAMB), 
which gives materials a second life with recycling and reusing them again (Adisorn et al., 2021). Providing 
material passports (MPs) to track materials throughout the entire lifecycle of a building (Honic et al., 2021) 
will promote the concept of BAMB. MPs ensure that materials are earmarked for reuse, making them 



CON-342-3 

valuable for future building projects (Pan & Zhang, 2023). MPs can operate at both the material and 
component levels, enhancing the supply chain by facilitating closed-loop processes.  
A well-established RSC is crucial for overcoming resistance to off-site construction methods and 
maximizing component recovery (Lim et al., 2021) by the help of MPs and digital product passports (DPP) 
(Walden et al., 2021) which facilitate this process by providing the data needed for the specific components 
in the reuse and repurposing process.  
 
2.3 Genetic Algorithms and Geographic Information System 
 
Genetic Algorithms (GAs) were first introduced by John Holland in his seminal work Adaptation in Natural 
and Artificial Systems published in 1975 (Holland, 1992), which laid the foundation for the field of 
Evolutionary Algorithms (EA). Evolutionary algorithms are now widely recognized as a powerful tool for 
solving complex optimization problems (Gen & Cheng, 1999), such as those encountered in logistics and 
supply chain management (Reeves & Rowe, 2002). 
In the context of circular deconstruction, logistics management plays a pivotal role. The adoption of GA has 
gained significant traction in the construction industry, particularly for optimizing logistics in circular 
economy models (Gen & Lin, 2023). As traditional construction methods are being replaced by more 
advanced, sustainable approaches, the integration of GA has proven instrumental in addressing real-life 
challenges. Furthermore, hybrid methods that combine GA with other technologies, such as Geographic 
Information System (GIS), have been increasingly proposed to enhance decision-making processes 
(Jauhar et al., 2021). The integration of GA with GIS is particularly useful in tracking the flow of reclaimed 
materials and components throughout the RSC, offering enhanced visibility and control over deconstruction 
processes to have a more efficient circular construction (Irizarry et al., 2013; Song et al., 2017).  
 
 
3. METHODOLOGY 
 
Developing a RSC model is crucial for optimizing the collection, refurbishment, and redistribution of 
reusable building components. A well-structured RSC supports the circular economy by reintegrating 
deconstructed components into new building projects (Brandão et al., 2021). Focusing on industrial steel 
structures, this paper aims to optimize the placement of hubs to streamline the flow of components in the 
RSC from the deconstruction sites to hubs and then to factories, recycling centers, and end users. At the 
deconstruction sites, components undergo initial quality testing to determine their suitability for reuse. If 
repairable, components are transported to hubs for refurbishment. Components deemed unsuitable for 
reuse are sent to recycling centers, minimizing waste, or to remanufacturing facilities. This paper has the 
following tasks: (1) Identifying the locations of the existing main nodes of the RSC that will be served by the 
hubs for a predefined period (e.g., in the next 20 years), including the recycling facilities, steel factories, the 
locations of the buildings that are expected to be deconstructed in the selected jurisdiction area (i.e. the 
Provence of Quebec), and the locations of the new buildings that could reuse the components from the old 
buildings. In addition, the capacities of the existing recycling centers and steel factories will be identified in 
this task. GIS will be used to identify these locations and to calculate the distances between all nodes; (2) 
Identifying the potential locations of the hubs and their corresponding capacities; (3) Estimating the amount 
of steel reused components that will be originating from the deconstructed buildings (i.e. the supply side) 
and will be needed in the new buildings (i.e. the demand side) during the same period assumed in the first 
task. Statistical forecasting methods (e.g. trend projection) will be used in this task; and (4) Using GA 
(Reeves & Rowe, 2002) to select the optimal hub locations based on the estimated quantities of supply and 
demand, the capacities of the hubs and other facilities in the RSC, and the distances. This optimization will 
aim to minimize transportation distances and costs, and consequently, environmental impacts. Although 
this hybrid method of combining GIS and GA has been suggested in other studies(Gen & Lin, 2023), it has 
not yet been applied to the RSC in the construction industry. 
Figure 1 shows the five main nodes in RSC model: (1) deconstruction sites (DSj, where J is total number 
of deconstruction sites), (2) factories (Fl, where L is total number of factories), (3) recycling centers (RCm, 
where M is total number of recycling centers), (4) hubs (Hk, where K is total number of hubs), and (5) end 
users (Un, where N is total number of end users). Hubs play a central role among the other four nodes and 
provide them services and supplies of reusable deconstructed building components.  
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Different types of data are required to optimize the RSC. GIS plays a critical role in this process by enabling 
the identification of spatial locations and estimation of distances between nodes through network analysis, 
which is used to determine the shortest transportation routes. In addition, the capacity of each potential hub 
(CAHk) can be assessed by calculating the area of available vacant lands suitable for hub construction. The 
selection of these vacant lands within industrial zones was facilitated using GIS-based spatial analysis, with 
a particular emphasis on proximity to existing transportation infrastructure to enhance logistical efficiency. 
The identified deconstruction sites primarily consist of steel-framed structures and warehouses, which are 
expected to be dismantled within the next two decades, given that the average lifespan of such warehouses 
ranges between 50 and 60 years (Andersen & Negendahl, 2023). 
To estimate the quantity of steel that can be reused and transported within the RSC framework, a GIS map 
layer of Land Assessment Units, provided by the City of Montreal, was utilized. This dataset includes 
information such as the year of construction and the gross floor area, which represents the total area across 
all floors of each building. Following the methodology proposed by (Eckelman et al., 2018), the potential 
volume of reusable steel was calculated based on the total floor area of each structure. 
GIS was also applied to perform shortest path analysis within the RSC model. The proximity of potential 
hub locations to major transportation infrastructure significantly enhances the effectiveness of this network 
optimization process. 

  
 
 
Furthermore, BIM data, when available, can complement GIS data by offering detailed insights into the 
conditions and spatial arrangement of structural components in deconstructed buildings, thus supporting 
more accurate component recovery estimations and improving overall RSC planning. 
Two critical factors determine the effectiveness of hubs within the RSC: their locations and their capacities. 
Properly locating hubs is essential for minimizing transportation, operational, and logistical costs, which are 
significant contributors to the overall system efficiency.  
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Figure 1: Main Nodes in the RSC 
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3.1 Location Optimization 
 
The potential locations of hubs and other node locations are provided using GIS. To identify optimal hub 
locations, GA is employed to evaluate all potential paths connections between hub locations and other 
nodes. Considering the load transported, their distances from the hubs, hub capacities and the limit of 
number of hubs that can be built (𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚), our model represented the transportation cost as 𝑇𝑇𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘, 𝑇𝑇𝐻𝐻𝑘𝑘𝐹𝐹𝑙𝑙, 
𝑇𝑇𝐻𝐻𝑘𝑘𝑅𝑅𝑅𝑅𝑚𝑚, 𝑇𝑇𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛, , and the load of components transported as 𝑊𝑊𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘, 𝑊𝑊𝐻𝐻𝑘𝑘𝐹𝐹𝑙𝑙, 𝑊𝑊𝐻𝐻𝑘𝑘𝑅𝑅𝑅𝑅𝑚𝑚, 𝑊𝑊𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛.  
The decision-making process prioritizes the nodes based on their significance, determined by the load of 
components they generate or receive. The greater the load of transported components is, the higher priority 
the node has. Consequently, hub locations are adjusted to minimize transportation costs by positioning 
them closer to high-priority nodes. This approach ensures that the hub placement aligns with the most 
critical needs of the RSC, optimizing efficiency and resource allocation. Other loads transported in the RSC, 
including the loads transported between recycling centers and factories 𝑊𝑊𝑅𝑅𝑅𝑅𝑚𝑚𝐹𝐹𝑙𝑙 and between factories and 
the end users 𝑊𝑊𝐹𝐹𝑙𝑙𝑈𝑈𝑛𝑛do not affect the optimization problem, since they do not affect the hub locations. 
GA optimization is selected to optimize the locations of the hubs because of its proven effectiveness in 
solving multi-objective problems, such as facility location optimization, where the solution space is very 
large, and traditional optimization methods often face significant limitations (Celik Turkoglu & Erol Genevois, 
2020). The robustness of the GA in exploring the search space enables it to identify near-optimal solutions 
efficiently, making it an ideal choice for this problem. 
 
3.2 Decision Variables, Chromosome Representation and Search Space 
  
The primary decision variables in this RSC model are the hub assignments for each node. These variables 
are directly encoded in the chromosome structure, based on loads, hub capacities, distances and 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚.  
For each node, there are K possible hubs they can be assigned to, as shown in Figure 2. Each chromosome 
in the GA represents a potential solution to the hub location problem. The chromosome is encoded as a 
vector of length A, which is the sum of the number of DS, F, RC and U nodes (i.e. A= J+ L+M+N). Each 
element of the chromosome corresponds to the nodes and contains an integer value representing the index 
of the hub to which each node is assigned. This encoding ensures that the assignments of nodes to hubs 
are explicitly represented, allowing the GA to explore various configurations of hub assignments. 
Additionally, binary decision variables are implicitly represented because if no nodes are assigned to a 
potential hub location, it is not considered as a proper place to build a hub. Since there are A nodes, and 
each one can be assigned independently to any of the K hubs, the total number of possible combinations 
(i.e., the size of the search space) is: KA  
 
DS1 DS2 .. DSJ F1 F2 .. FL RC1 RC2 .. RCM U1 U2 .. UN 

The decision-making process will be conducted by analyzing the frequency of each selected hub. The 
frequency is determined by the number of nodes assigned to a hub. The 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚 hubs with the highest 
frequency will be selected. 
 
3.3 Objective Function and constrains 
 
The objective function is designed to minimize the total cost, which is calculated as the sum of transportation 
costs between all nodes. The transportation cost is computed as the product of the distance between a 
node and the assigned hub and the weight of the transported components (Eq. 1). The goal of the GA is to 
minimize this cost function by evolving the population of chromosomes over successive generations. Table 

M Recycling Centers  
 

N End Users  
 

J Deconstruction sites  L Factories  

A 
Figure 2: Structure of a chromosome 
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1 shows the variables used in the Eq. 1 along with the description. Loads and costs are given in ton and 
CA$, respectively. 
 
[1]  min Z = �∑ ∑ TDSjHk × WDSjHk ×∝jkK

1
J
1 � + �∑ ∑ THkRCm × WHkRCm ×∝kmM

1
K
1 � + �∑ ∑ THkFl × WHkFl ×L

1
K
1

∝kl� + �∑ ∑ THkUn × WHkUn ×∝knN
1

K
1 � 

 
where ∝𝑎𝑎𝑎𝑎 is a binary variable and ∝𝑎𝑎𝑎𝑎= 1 if node a is assigned to hub k, and 0 otherwise. It is assumed 
that each node is assigned to only one hub, which is represented by: 
∑ ∝𝑎𝑎𝑎𝑎= 1𝑘𝑘  
 
Table 1 Variables and their descriptions used in the Eq.1 

Variable Description 

𝑊𝑊𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘 Loads from Deconstruction Site j to Hub k 

𝑊𝑊𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛 load from Hub k to End user n. 

𝑊𝑊𝐻𝐻𝑘𝑘𝐹𝐹𝑙𝑙 load from Hub k to Factory l. 

𝑊𝑊𝐹𝐹𝑙𝑙𝑈𝑈𝑛𝑛 load from Factory l to End user n. 

𝑊𝑊𝐻𝐻𝑘𝑘𝑅𝑅𝑅𝑅𝑚𝑚 load from Hub k to Recycling center m. 

𝑊𝑊𝑅𝑅𝑅𝑅𝑚𝑚𝐹𝐹𝑙𝑙 load from Recycling center m to Factory l. 

𝑇𝑇𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘 Cost from Deconstruction Site j to Hub k. 

𝑇𝑇𝐻𝐻𝑘𝑘𝐹𝐹𝑙𝑙 Cost from Hub k to Factory l. 

𝑇𝑇𝐻𝐻𝑘𝑘𝑅𝑅𝑅𝑅𝑚𝑚 Cost from Hub k to Recycling center m. 

𝑇𝑇𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛 Cost from Hub k to End user n. 

 
Eq. 2 shows the constraint that the total load received by an end user must equal the sum of loads from 
hubs and factories. Where 𝑊𝑊𝑈𝑈𝑁𝑁 is the total loads to end users. 
 
[2]  ∑ 𝑊𝑊𝑈𝑈𝑛𝑛

𝑁𝑁
1 = ∑ 𝑊𝑊𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛 + ∑ 𝑊𝑊𝐹𝐹𝑙𝑙𝑈𝑈𝑛𝑛

𝐿𝐿
1

𝐾𝐾
1   

 
Eq. 3 shows that a node a can only be assigned to hub k if hub k is established. 𝛽𝛽𝑘𝑘 is a binary variable, 
where 𝛽𝛽𝑘𝑘 = 1 if a hub is built at potential location k, and 0 otherwise. 
 
[3]  ∝𝑎𝑎𝑎𝑎 ≤ 𝛽𝛽𝑘𝑘      ∀a,k 
 
Eq. 4 shows that the total loads from 𝐷𝐷𝐷𝐷𝑗𝑗 assigned to one hub cannot exceed its capacity. 𝐶𝐶𝐶𝐶𝐻𝐻𝑘𝑘 is the 
capacity of the hub.  
 
[4]  𝐶𝐶𝐶𝐶𝐻𝐻𝑘𝑘 × 𝛽𝛽𝑘𝑘 ≥  ∑ 𝑊𝑊𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘 ×∝𝑗𝑗𝑗𝑗

𝐽𝐽
1  

 
Eq. 5 shows the limitation on the number of hubs that can be built the potential locations. 
 
[5]  ∑ 𝛽𝛽𝑘𝑘    ≤  𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚𝑘𝑘   
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Eq. 6 shows that the loads from deconstruction sites must equal the sum of loads sent to end users, 
factories, and recycling centers. 
 
[6]  ∑ 𝑊𝑊𝐷𝐷𝐷𝐷𝑗𝑗𝐻𝐻𝑘𝑘

𝐽𝐽
1 =  ∑ 𝑊𝑊𝐻𝐻𝑘𝑘𝑈𝑈𝑛𝑛  + ∑ 𝑊𝑊𝐻𝐻𝑘𝑘𝑅𝑅𝑅𝑅𝑚𝑚

𝑀𝑀
1  + ∑ 𝑊𝑊𝐻𝐻𝑘𝑘𝐹𝐹𝑙𝑙

𝐿𝐿
1

𝑁𝑁
1  

 
 
4. IMPLEMENTATION AND CASE STUDY 
 
To evaluate the performance of the proposed GA hub location optimization model, it was implemented in 
MATLAB using data from a simulated case study. The case study targets four major urban centers in the 
province of Quebec, Canada: Montreal, Quebec City, Sherbrook, and Trois-Rivières. These cities were 
selected due to their high levels of demand due to high population, making them ideal locations for 
evaluating the effectiveness of the proposed model. The location data, along with assumptions of potential 
hub locations and their capacities, were incorporated into a case study. Initially, twelve potential hub 
locations were identified based on their proximity to industrial zones and transportation networks. 
 
In this study, 91 nodes were selected, including 51 deconstruction sites, 9 factories, 11 recycling centers, 
and 20 end users. As mentioned in Section 3, the deconstruction sites are primarily old steel structures, 
such as large warehouses, that are expected to be dismantled within the next 20 years. These sites, shown 
in Figure3(a), were identified as they represent a significant source of reusable steel components. The 
factories were chosen focusing on major steel construction manufacturers in the province. The recycling 
centers were selected among existing metal recycling facilities, ensuring a seamless integration with the 
RCS. Finally, the end users were selected randomly among the existing warehouses shops assuming that 
they will reach their end of life in 20 years.  
 
Location data were provided by ArcGIS. All the steel loads from DSj and the capacity estimations for 
potential location of hubs were done by this platform. The steel loads from DSj were estimated based on 
the area of the structure and the weight of steel per square meter (a ratio of 0.05 to 0.08 ton per square 
meter of deconstructed building is used).  
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The selection of potential hub locations is guided by their proximity to industrial zones and their strategic 
positioning between the four selected cities. The study also explored the feasibility of placing hubs in 
intermediate locations between urban centers to determine whether centralized or decentralized placement 
would be more efficient. The capacity of each hub was estimated based on the available land area and 
infrastructure as shown in Table 1, ensuring that the facility could handle the expected loads of components. 
 
Figure 3(b) shows example of the he routes in the supply chain in a part of Montreal. The bars at each 
location represent the loads of components at each node or the capacity of the hub. All the routes are 
connected to HK which act as service nodes. Refurbished components from HK can be reused at Un. 
However, based on the state of components, they might be moved to RCm or Fl. 
 
4.1 Optimization Results  
 
MATLAB was executed for 1000 iterations, 2000 population size, and crossover and mutation rates of 95% 
and 1%, respectively.  A high crossover rate is considered advantageous, as it facilitates a more effective 
exploration of the solution space through the combination of diverse parent solutions. On the other hand, a 

Deconstruction 
Site 
Factory 
Recycling Center 
End User 
Hub 
 

𝑾𝑾𝑫𝑫𝑫𝑫𝑱𝑱𝑯𝑯𝑲𝑲  
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𝑾𝑾𝑯𝑯𝑲𝑲𝑼𝑼𝑵𝑵 

𝑾𝑾𝑯𝑯𝒌𝒌𝑭𝑭𝒍𝒍 

(a) ArcGIS map with the locations of the main nodes in the four cities. 

(b) The routes in the supply chain in a part of Montreal. 

Figure 3: Examples of GIS data 

 
 
   2000 ton 
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low mutation rate makes minor stochastic variations that reduce the risk of premature convergence to 
suboptimal local optima (Hassanat et al., 2019). After 120,100 function evaluations (NFE), the optimal result 
was determined as shown in Figure 4. NFE represents the total count of fitness function evaluations used 
to assess the quality of individuals in the population throughout the optimization process. This NFE include 
the evaluations performed during crossover, mutation, and the assessment of the overall population. After 
executing the optimization process, six hubs were initially selected from the twelve potential locations as 
shown in Table 2. Also, the frequency in the table shows the number of assigned nodes to the hub, as 
mentioned in Section 3. Hence, it can be deducting that two hubs were assigned to Montreal and Quebec 
City due to their significantly higher demand levels based on demand frequency and logistical feasibility. 
For Sherbrook and Trois-Rivières, one hub was selected for each city. 
The results confirm that out of the twelve potential hubs, only six were ultimately selected by the algorithm. 
Table 1 also shows the allocated nodes for each selected hub.   al to consider optimizing hub development 
by constructing only the necessary infrastructure, thereby minimizing unnecessary costs associated with 
establishing new hubs in selected areas. These findings further validate the efficiency of the optimization 
process in identifying the most suitable hub locations to enhance RSC sustainability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 2  Hub capacities and ranks 

 

 

Hub 
Number 

Expected 
Capacity 

(1000 ton) 
Rank Frequency 

 
Allocated Nodes 

Required 
Capacity 

(1000 ton) 
1 20 0 0  0 
2 30 0 0  0 
3 40 0 0  0 
4 20 5 12 DS2,3,4,5,6,7,8,9,10, F58, RC71, U82, 2.5 
5 30 0 0  0 
6 25 0 0  0 
7 10 0 0  0 
8 35 1 22 DS16,17,18,19,20,21,22,23,24,26,27,28,29,30,31, F59, RC62,70, U76,79,81,84 13.3 
9 30 6 5 DS25, F56, RC61, U78,88 2.7 

10 40 4 12 DS11,12,13,14,15, F55,57, RC63,64, U72,80,83 3.2 
11 32 3 20 DS1,33,34,35,36 ,47,48,49,50,51, F52,54,60, RC65,69, U85,87,89,90,91 18.3 
12 22 2 20 DS32,37,38,39,40,41,42,43,44,45,46, F53, RC66,67,68, U73,74,75,77, 86 20.7 

Figure 4: Diagram of cost (CA$) based on NFE count 
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5. CONCLUSION AND FUTURE WORK 
 
This study lays a strong foundation for a more sustainable construction industry and underscores the need 
for continued efforts to advance the principles of the circular construction and RSC management. The paper 
outlines how the RSC, applied in deconstruction processes, offers an efficient solution to reuse of steel 
construction components. This study presents a new approach to optimizing the RSC for deconstructed 
building components, emphasizing the integration of GIS and GA technologies. The findings of this study 
confirm that strategic hub placement can significantly improve the efficiency of steel reuse and recycling in 
the deconstruction industry. The optimized hub locations reduced transportation costs, minimized 
environmental impact, and facilitated a more sustainable supply chain model. These results provide 
valuable insights for policymakers and industry stakeholders looking to enhance circular economy practices 
within the construction sector. This focus on sustainability not only facilitates market development for 
component reuse but also advances deconstruction methodologies such as disassembly, enhancing the 
effectiveness of the circular economy within construction. 
For establishing the RSC, it is essential to have more collaboration among industry stakeholders, which 
includes clear material flows, the utilization of digital technologies like GIS and BIM, and the development 
of standardized guidelines. These elements are crucial for integrating modular components into both 
construction and deconstruction, thus maximizing the benefits of off-site construction while minimizing 
waste and environmental impact. Furthermore, by designing an effective RSC model specifically for 
modular construction, the industry stands to benefit from enhanced resource recovery, reduced waste, and 
greater alignment with the principles of the circular economy. Technologies such as MPs facilitate the 
tracking of modular components within the RSC, enhancing the efficiency and transparency of their flow. 
Additionally, BIM can provide detailed data on components during the disassembly process, enabling the 
development of advanced disassembly methods that minimize damage and preserve component integrity. 
Looking forward, future research can target developing specialized hubs that handle different component 
types based on their material composition, such as concrete-specific and steel-specific hubs. Also, shifting 
focus from traditional deconstruction toward the disassembly of modular constructions can improve ease 
of process and efficiency, thereby supporting a more sustainable approach to component reuse within the 
construction industry.  
 
REFERENCES 
 
Adisorn, T., Tholen, L., & Götz, T. E. (2021). Towards a digital product passport fit for contributing to a 

circular economy. Circular Economy in Low-Carbon Transition, 14(8), 2289. 
https://doi.org/https://doi.org/10.3390/en14082289  

Akanbi, L. A., Oyedele, L. O., Omoteso, K., Bilal, M., Akinade, O. O., Ajayi, A. O., . . . Owolabi, H. A. (2019). 
Disassembly and deconstruction analytics system (D-DAS) for construction in a circular economy. 
Journal of Cleaner Production, 223, 386-396.  

Andersen, R., & Negendahl, K. (2023). Lifespan prediction of existing building typologies. Journal of 
Building Engineering, 65, 105696.  

Badi, S., & Murtagh, N. (2019). Green supply chain management in construction: A systematic literature 
review and future research agenda. Journal of cleaner production, 223, 312-322.  

Benachio, G. L. F., Freitas, M. d. C. D., & Tavares, S. F. (2020). Circular economy in the construction 
industry: A systematic literature review. Journal of Cleaner Production, 260, 121046. 
https://doi.org/https://doi.org/10.1016/j.jclepro.2020.121046  

Brandão, R., Edwards, D. J., Hosseini, M. R., Silva Melo, A. C., & Macêdo, A. N. (2021). Reverse supply 
chain conceptual model for construction and demolition waste. Waste Management Research 

39, 1341-1355.  
Celik Turkoglu, D., & Erol Genevois, M. (2020). A comparative survey of service facility location problems. 

Annals of Operations Research, 292, 399-468.  
Chileshe, N., Rameezdeen, R., Hosseini, M. R., Martek, I., Li, H. X., & Panjehbashi-Aghdam, P. (2018). 

Factors driving the implementation of reverse logistics: A quantified model for the construction 
industry. Waste management, 79, 48-57. 
https://doi.org/https://doi.org/10.1016/j.wasman.2018.07.013  

Ding, L., Wang, T., & Chan, P. W. (2023). Forward and reverse logistics for circular economy in 
construction: A systematic literature review. Journal of Cleaner Production, 388, 135981.  

https://doi.org/https:/doi.org/10.3390/en14082289
https://doi.org/https:/doi.org/10.1016/j.jclepro.2020.121046
https://doi.org/https:/doi.org/10.1016/j.wasman.2018.07.013


CON-342-11 

Eberhardt, L. C. M., Birkved, M., & Birgisdottir, H. (2022). Building design and construction strategies for a 
circular economy. Architectural Engineering Design Management, 18(2), 93-113. 
https://doi.org/https://doi.org/10.1080/17452007.2020.1781588  

Eckelman, M. J., Brown, C., Troup, L. N., Wang, L., Webster, M. D., & Hajjar, J. F. (2018). Life cycle energy 
and environmental benefits of novel design-for-deconstruction structural systems in steel buildings. 
Building and environment, 143, 421-430.  

Esa, M. R., Halog, A., & Rigamonti, L. (2017). Developing strategies for managing construction and 
demolition wastes in Malaysia based on the concept of circular economy. Journal of Material Cycles 
Waste Management, 19, 1144-1154.  

Gen, M., & Cheng, R. (1999). Genetic algorithms and engineering optimization (Vol. 7). John Wiley & Sons.  
Gen, M., & Lin, L. (2023). Genetic algorithms and their applications. In Springer handbook of engineering 

statistics (pp. 635-674). Springer.  
Ginga, C. P., Ongpeng, J. M. C., & Daly, M. K. M. (2020). Circular economy on construction and demolition 

waste: A literature review on material recovery and production. Materials, 13(13), 2970. 
https://doi.org/https://doi.org/10.3390/ma13132970  

Hassanat, A., Almohammadi, K., Alkafaween, E. a., Abunawas, E., Hammouri, A., & Prasath, V. S. (2019). 
Choosing mutation and crossover ratios for genetic algorithms—a review with a new dynamic 
approach. Information, 10(12), 390.  

Holland, J. H. (1992). Genetic algorithms. Scientific american, 267(1), 66-73.  
Honic, M., Kovacic, I., Aschenbrenner, P., & Ragossnig, A. (2021). Material Passports for the end-of-life 

stage of buildings: Challenges and potentials. Journal of Cleaner Production, 319, 128702.  
Irizarry, J., Karan, E. P., & Jalaei, F. (2013). Integrating BIM and GIS to improve the visual monitoring of 

construction supply chain management. Automation in Construction, 31, 241-254.  
Jauhar, S. K., Pant, M., Kumar, V., Sharma, N. K., & Verma, P. (2021). Supply chain and the sustainability 

management: selection of suppliers for sustainable operations in the manufacturing industry. In 
Sustainability in Industry 4.0 (pp. 75-93). CRC Press.  

Lim, I., Sawab, J., Wang, J., Fan, S., Mo, Y., & Li, M. (2021). Characterization of ultrahigh-performance 
concrete materials for application in modular construction. Journal of Materials in Civil Engineering, 
33(5), 04021087. https://doi.org/https://doi.org/10.1061/(ASCE)MT.1943-5533.0003674  

Mahpour, A. (2018). Prioritizing barriers to adopt circular economy in construction and demolition waste 
management. Resources, conservation recycling, 134, 216-227. 
https://doi.org/https://doi.org/10.1016/j.resconrec.2018.01.026  

Masood, R., Lim, J. B., González, V. A., Roy, K., & Khan, K. I. A. (2022). A systematic review on supply 
chain management in prefabricated house-building research. Buildings, 12(1), 40. 
https://doi.org/https://doi.org/10.3390/buildings12010040  

Minunno, R., O’Grady, T., Morrison, G. M., Gruner, R. L., & Colling, M. (2018). Strategies for applying the 
circular economy to prefabricated buildings. Buildings, 8(9), 125. 
https://doi.org/https://doi.org/10.3390/buildings8090125  

Ostapska, K., Rüther, P., Loli, A., & Gradeci, K. (2024). Design for Disassembly: A systematic scoping 
review and analysis of built structures Designed for Disassembly. Sustainable Production 
Consumption, 48, 377-395.  

Pan, Y., & Zhang, L. (2023). Integrating BIM and AI for smart construction management: Current status and 
future directions. Archives of Computational Methods in Engineering, 30(2), 1081-1110.  

Reeves, C., & Rowe, J. E. (2002). Genetic algorithms: principles and perspectives: a guide to GA theory 
(Vol. 20). Springer Science & Business Media.  

Rios, F. C., Chong, W. K., & Grau, D. (2015). Design for disassembly and deconstruction-challenges and 
opportunities. Procedia engineering, 118, 1296-1304. 
https://doi.org/https://doi.org/10.1016/j.proeng.2015.08.485  

Song, Y., Wang, X., Tan, Y., Wu, P., Sutrisna, M., Cheng, J. C., & Hampson, K. (2017). Trends and 
opportunities of BIM-GIS integration in the architecture, engineering and construction industry: A 
review from a spatio-temporal statistical perspective. International Journal of Geo-Information, 
6(12), 397.  

Walden, J., Steinbrecher, A., & Marinkovic, M. (2021). Digital product passports as enabler of the circular 
economy. Chemie Ingenieur Technik, 93(11), 1717-1727.  

 

https://doi.org/https:/doi.org/10.1080/17452007.2020.1781588
https://doi.org/https:/doi.org/10.3390/ma13132970
https://doi.org/https:/doi.org/10.1061/(ASCE)MT.1943-5533.0003674
https://doi.org/https:/doi.org/10.1016/j.resconrec.2018.01.026
https://doi.org/https:/doi.org/10.3390/buildings12010040
https://doi.org/https:/doi.org/10.3390/buildings8090125
https://doi.org/https:/doi.org/10.1016/j.proeng.2015.08.485

	1. Introduction
	2. Literature Review
	2.1 Deconstruction and Disassembly
	2.2 Forward and Reverse Supply Chains for Circular Construction
	2.3 Genetic Algorithms and Geographic Information System

	3. Methodology
	3.1 Location Optimization
	3.2 Decision Variables, Chromosome Representation and Search Space
	3.3 Objective Function and constrains

	4. Implementation and case STUDY
	4.1 Optimization Results

	5. Conclusion and Future Work
	REFERENCES

