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Abstract 

Circular economy has been widely considered an efficient concept to reduce carbon emissions in the built 

environment. Many researchers have investigated frameworks, strategies, and technologies to drive the 

implementation of circular economy principles. However, the evidence remains inadequate to show 

industry partners and researchers what changes should be made to current construction practices so that 

stakeholders can successfully adopt circular economy principles to improve project performance. To fill this 

knowledge gap, this study carried out a questionnaire survey to collect data and analyze different scenarios 

of implementing changes in construction projects to realize circular economy targets – slowing, narrowing, 

and closing resource flows. The questionnaire was shared through email and social media platforms. In 

total, 59 responses were recorded as effective and were used to conduct a descriptive analysis. Results 

showed that modern methods of construction (MMC) was a better alternative to traditional construction. 

MMC reduces wastage on-site and allows stakeholders to reduce the requirement of raw materials in new 

projects. Based on these findings, recommendations are made to provide a direction for future research to 

help the construction industry transform toward UN’s Net-zero Action and help stakeholders bring up 

certain fundamental changes required to comply with the concept in companies. 
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1. Introduction 

One of the biggest concerns of the modern world, impacting all businesses, is climate change, and the 

construction industry is a major contributor to it [1]. Due to heavy energy and fossil fuel usage along its 

fragmented supply chain, the construction industry accounts for a high carbon footprint during the 

construction and operational stages [2]. It has been estimated that the construction industry emits 40% of 

global greenhouse gas (GHG) emissions, reflecting an urgent need to shift the focus towards a sustainable 

direction [3]. In a developed country like the UK, the demand for the electricity supply in the construction 

sector is projected to reach 180% by 2030 [4], and 80% is emitted by the building energy [5]. Thus, it is crucial 

to study new approaches to reducing the carbon footprint by reducing construction emissions. 

Leading construction companies, together with local governments, have recently made great efforts to 

apply the concept of circular economy to minimize wastage and develop a sustainable ecosystem. There is 
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a call for changes in the fundamentals of the construction practices by fitting the circular material flows into 

the construction project lifecycles. Alongside this goal, this study is conducted to understand the impact of 

the carbon footprint emitted by the construction industry and to review the concept of a circular economy 

to reduce emissions in the construction industry. To do that, a questionnaire survey was used to collect, 

analyze and interpret data from participants’ opinions on circular economy in construction. The survey 

findings can help stakeholders understand the impact of the carbon footprint emitted by the construction 

industry on the environment and how the concept of circular economy relates to the construction industry.   

This study includes two objectives: 1) to explore the circular economy concept and its integration with the 

construction industry through a literature review in sustainable development, and 2) to investigate the 

opinions of different stakeholders on the modern methods of construction (MMC) and its role in reducing 

the carbon footprint to achieve the circular economy. 

The remainder of the paper is structured as follows. Section 2 provides a literature review of circular 

economy in construction, which identifies the impacts of the construction carbon footprint on the global 

environment and the integration of circular economy with MMC. Section 3 illustrates the data collection 

process. Section 4 describes the survey findings, followed by the conclusion and recommendations for 

future practices.  

2. Literature review  

2.1. Impacts of the construction carbon footprint on the global environment 

Over the last four decades, the construction industry has been the highest consumer of natural resources 

and consumes around 40% of the total [6]. The construction industry is not only the highest consumer of 

resources, but one-third of solid waste worldwide is created by the construction industry [7]. In the 

traditional method of construction and demolition, waste is generated throughout the life cycle; however, 

waste management is not considered at the earlier stage of construction design and planning. Though the 

most impactful stage is the demolition, in which 50% of total material gets wasted [8]. The main reason 

behind the waste phenomena is the linear economic model used by the construction industry, which 

follows the process of “take-make-dispose of [9]. In contrast, the circular economy model is proving to be 

more efficient, and its basic principle is resource management [10]. According to the circular economy 

model, the building materials should be reused after the building life and used at the material bank for new 

construction [11]. Ellen MacArthur Foundation has proposed a very basic idea to adopt the concept in the 

construction industry; development in knowledge and adaptability is required. Implementing a circular 

economy in a built environment has multiple benefits considering the environmental benefits and 

economic advantages, according to the report by Roland Berger [12]. As the construction industry is a 

significant part of the economy and due to the complexity involved in the supply chain, a very well-planned 

implementation is required. 

2.2. Integration of Circular economy with Modern Methods of Construction 

The concept of MMC is mostly associated with off-site construction techniques, including modularization, 

in which all the major components of the building are manufactured in a factory and transported to the 

site where the assembling takes place [13][14]. The most common and known form of MMC is bathroom 

pods installed in many residential and commercial buildings. In the past few years, Asian countries such as 

China and Malaysia have increased MMC use beyond bathroom pods [15]. Many major components are 

pre-manufactured now and assembled on-site, which dramatically decreases material wastage and reduces 

the carbon footprints on site. Throughout several developed areas, MMC has developed at a quite 

impressive pace. In November 2019, for example, Home England invested £30m for the construction of the 

modular home [16].  

There are numerous benefits of using MMC as it reduces waste and landfills. When the building 

components are manufactured in a factory environment, it saves energy compared to the construction in 

the open environment. According to the reported statistics, MMC reduces 90% of waste compared to the 



 Proceedings of the Creative Construction e-Conference (2022) 039 
 

Sustainable Construction, Health and Safety  309 

traditional method [17]. MMC completely fits into the circular economy concept as many components are 

manufactured using recycled materials from different projects. The principles of circular economy focus 

completely on functionality and how to reuse the individual building components [18]. Modularization 

implemented in the building sector can contribute to circularity by reducing the transport of materials and 

components, and the potential dismantling and relocating of building components after the lifecycle will 

eventually reduce the demands for raw materials and energy consumption [19]. Among the many ongoing 

research studies around circular economy in construction, this study uses a survey method to provide 

evidence-based ramifications on how the construction industry perceives the circular economy concepts 

and how MMC relates to the goal of carbon reduction.  

3. Research methodology 

3.1. Data collection 

A questionnaire with a set of questions was created to gather information from the participants. The 

questionnaire allowed to obtain the maximum number of responses in a short period. A Google Form was 

used to manage the questionnaire over the internet, and the link was shared through Social Media groups, 

LinkedIn, emails, etc., to the targeted population in the industry and academia. The questions included in 

the questionnaire are provided in Table 1.  

Table 1. Questionnaire overview 

Question 
No. 

Question  

1. What is your occupation? 

2. What is your experience working in the construction industry? 

3. How do you feel about the following statement? “The construction industry is one of the main 
contributors to the carbon footprint impacting the environment globally.” 

4. How well do you understand the concept of circular economy? 

5. Do you think the implementation of circular economy in various industries has effectively reduced the 
carbon footprint? 

6. At which phase should resource management be implemented in construction projects? 

7. Which sustainable approaches should be adopted to efficiently manage the resources and reduce 
waste? 

8. What are the main factors affecting the implementation of circular economy in the construction 
industry? 

9. Do you know about the Modern Methods of Construction (MMC) (i.e., off-site/modular construction)? 

10. Does the concept of MMC comply with the principle of circular economy? 

11. What are the main advantages of implementing an MMC project?  

12. What is the main drawback of MMC projects? 

3.2. Population and sample collection 

The study targets professionals from different fields, such as civil engineers, project managers, researchers, 

environmentalists, and architects. The questionnaire for the research was published on google forms and 

was sent to the work colleagues through email, and more professionals were reached through the social 

media platform. In total, 59 responses were recorded to be effective, and the descriptive analysis was 

carried out based on the responses. The distribution of the respondents’ occupations and experience is 

shown in Fig. 1.  
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(a) (b) 

Fig. 1. Distribution of (a) respondents’ occupation and (b) experience 

Ethical consideration was given the utmost importance going forward with the research. The design was 

created considering the 10 points of ethics from Bryman and Bell’s Business research methods [20]. 

Consent of the participants was taken at the beginning of the questionnaire, and it was carried out 

voluntarily. A brief knowledge of the research was given to the participants, and they were informed about 

the purpose of the survey. Participants’ integrity, privacy, and confidentiality were given the topmost 

priority. The research study complies with the Northumbria university code of ethical conduct, the Data 

Protection act 1998, and the General Data Protection Regulation (GDPR) in all the aspects of research.   

4. Findings and Discussion 

The questionnaire survey yielded results based on only effective responses. The discussion is carried out 

for the descriptive analysis results of all the questions providing a logical argument on a specific question. 

It is important to record the responses and carry out a proper discussion to analyze all the options 

rationally. In order to understand the responses of the two objectives about the concept of circular 

economy and the knowledge of MMC, four main questions highlighting the key components of each section 

were selected and evaluated in this section. 

4.1. Impacts of the construction industry on the environment  

Survey Question No. 3 was designed to solicit participants’ opinions regarding the impacts of the 

construction industry on the environment and carbon footprint emissions. As indicated in the Literature 

Review section, the construction industry is one of the major producers of carbon footprint.  

 
Fig. 2. Responses from the survey participants regarding Question No. 3 

Specifically, the goal of Question No. 3 (Fig. 2) was to understand how the response from the participants 

aligns with the statement found in the literature about the construction industry being one of the major 

contributors to the carbon footprint. According to the survey results, 15.3% strongly agree with that 

statement. Almost half (47.5%) agree with it. Only 3.4% are neutral. 23.7% disagree, and 10.2% strongly 

disagree. The results indicate that although most participants (62.8%) agree, around 40% do not consider 

the construction industry as one of the main contributors; hence, the respondents do not have a consistent 

view that construction has heavier impacts on the carbon footprint.  
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4.2. Understanding and implementation of circular economy 

Question No. 4 (Fig. 3) was designed to show participants’ knowledge regarding the concept of the circular 

economy and the implementation of circular economy in the construction industry. According to the results, 

30.5% regularly read about the circular economy and are updated about its developments, whereas 49.2% 

regularly read about it but are not updated on its implementation. 13.6% have heard the term ‘circular 

economy’ but have not learned much about it. 2.7% have only heard about the term ‘circular economy’ but 

do not know it. The results indicate that most respondents know about circular economy but are not very 

familiar with its implementation. 

 

Fig. 3. Responses from the survey participants regarding Question No. 4 

4.3. Sustainable approach and resource management in the construction industry  

Question No. 7 (Fig. 4) was designed to reveal the participants’ opinions considering the sustainable 

approach and resource management in the construction industry. Carbon footprint is one of the major 

concerns towards the environment globally, and the construction industry is arguably one of the major 

contributors to carbon footprint; therefore, it is essential to reduce its carbon footprint exposed to the 

environment. Fig. 4 shows the options through which carbon footprint could be reduced. More than half of 

the respondents (52.5%) voted to adopt the MMC and manufacture components in a factory environment, 

reflecting the agreement on using modular construction.  

 

Fig. 4. Responses from the survey participants regarding Question No. 7 

4.4. Advantages and limitations of MMC 

Question No. 10 (Fig. 5) was designed to reflect respondents’ direct opinions’ on MMC’s potential for a 

circular economy. The prefabricated or industrialized modular building systems have been suggested in 

the literature as a potential approach toward sustainable development and can be more beneficial when 

combined with the concept of circular economy. According to our survey results, 76.3% of participants 

believe that MMC complies with the concept of circular economy, while 20.3% do not believe so, and 3% 

are not sure about the relevance of this approach. The results indicate a strong consensus among the 

different participants to develop the idea of circular economy through expanding MMC processes.  
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Fig. 5. Responses from the survey participants regarding Question No. 10 

5. Conclusions and Recommendations 

In the context of sustainable transformation of the construction industry, this research was carried out to 

review the impact of the carbon footprint emitted by the construction industry and get some insights about 

the participants’ perceptions of circular economy in the industry. A questionnaire survey was performed to 

collect the opinions of 59 participants distributed among civil engineers, project managers, researchers, 

environmentalists, and architects. Preliminary findings from this study recommend MMC as a promising 

alternative to traditional construction to reduce wastage. The results also show a strong consensus among 

the questionnaire respondents regarding the alignment of MMC with a circular economy in construction. 

The results from this study are limited to the small sample of the participants, and caution should be made 

to avoid generalizing the findings to reflect the opinions of the entire industry. 
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