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A B S T R A C T

There are concerns that the rapid expansion of the Saudi construction industry is contributing to substantial 
waste production, resulting in significant environmental impacts. Despite global efforts to improve sustainability, 
the Saudi construction industry faces challenges due to the high levels of construction waste, a limited focus on 
managing environmental impacts beyond physical waste (i.e., solid or hazardous waste), and the lack of 
comprehensive waste management strategies. This research introduces a novel integrated framework that 
combines lean construction principles with environmental management systems to support efficient waste 
management in Saudi construction projects. The framework integrates the Define, Measure, Analyse, Improve, 
Control (DMAIC) model from Lean Six Sigma with the Aspect and Impact Analysis (AIA) from environmental 
management to simultaneously manage both production and environmental wastes. To develop this framework, 
the current state of waste management practices in Saudi Arabia was investigated through semi-structured in
terviews with industry practitioners, revealing 44 factors contributing to waste generation. Poor planning 
emerged as the most frequently cited factor, followed by poor coordination among stakeholders, leftover ma
terials on-site and frequent design changes. These findings underscore the need for a comprehensive and 
structured approach to address waste management. The proposed framework guides practitioners through 
defining and measuring waste, analysing root causes, prioritising waste-generating activities based on their 
impact, and implementing improvement strategies across strategic, tactical, and operational levels. The frame
work’s application is demonstrated through a case example of piling operations and is validated through expert 
interviews. The integrated framework contributes to knowledge by offering a holistic approach to addressing 
both production and environmental waste, which aligns with Saudi Arabia’s sustainability goals. It equips or
ganisations with a practical tool to optimize resources, reduce environmental impacts, and enhance overall 
project efficiency.

1. Introduction

The rapid expansion of the Saudi construction industry has led to 
significant waste production, resulting in considerable environmental 
impacts both regionally and globally (Blaisi, 2019; Haider et al., 2022; 
Ouda et al., 2018). In response, the Saudi government launched Vision 
2030, a strategy aimed at enhancing sustainability and economic 

diversification, with a strategic focus on improving sector-wide perfor
mance, particularly in infrastructure and construction industries. The 
vision emphasises developing more efficient and environmentally 
conscious approaches to national development (Amran et al., 2020). In 
line with Vision 2030, Saudi Arabia has set ambitious targets for waste 
management. The Kingdom aims to recycle up to 95 % of its waste by 
2040, potentially contributing SAR 120 billion to the GDP and creating 
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over 100,000 jobs (Saudi Gazette, 2024). This initiative aligns with the 
broader National Environment Strategy and addresses the challenges 
posed by rapid urbanisation and population growth (MEWA, 2017). As a 
key sector, the construction industry plays a pivotal role in shaping 
economic, social, and environmental outcomes. Saudi Arabia’s chal
lenges and large-scale projects reflect broader trends in rapidly devel
oping regions, making its experience relevant for understanding and 
managing construction waste globally.

Despite the global efforts to promote sustainability within the con
struction industry over the past decade (Gibbin et al., 2023; Moshood 
et al., 2024), Saudi Arabia continues to face challenges (Aljarallah et al., 
2024; AlMunifi and Almutairi, 2021; Ouda et al., 2018). The industry’s 
poor sustainability performance can be attributed to several key factors, 
including the high level of waste generated by construction activities, a 
lack of comprehensive awareness among practitioners regarding effec
tive waste management practices, and the limited adoption of formal 
waste management plans on-site (Ali et al., 2013; Aljarallah et al., 2024; 
Blaisi, 2019; Ouda et al., 2018). The growing number of large-scale 
construction projects further intensifies these issues, increasing the de
mand for natural resources and escalating the environmental impact. 
Therefore, the Saudi construction industry must address the dual chal
lenge of reducing waste and conserving natural resources. Traditional 
waste management approaches have struggled to deliver comprehensive 
solutions, particularly when it comes to integrating sustainability into 
construction processes. Lean construction emerges as a key approach 
that has the potential to support efficient waste management and 
maximise value by applying Lean principles, originally developed in the 
automobile production industry to minimise waste and enhance project 
performance (Koskela, 2020). Extensive evidence suggests that the 
application of Lean principles improves construction sustainability 
performance (Francis and Thomas, 2020; Sarhan et al., 2019; Xing et al., 
2024), yet awareness and implementation remain limited in the Saudi 
construction industry (Ali et al., 2013; Ouda et al., 2018).

The main aim of this paper is to introduce an integrated framework 
for managing both production and environmental wastes in the Saudi 
Arabian construction industry. In the context of this research, produc
tion waste refers to waste generated during the construction process, 
including excess materials, defective products, and inefficiencies in 
resource utilisation. Environmental waste encompasses waste that 
negatively impacts the environment, including physical waste (such as 
construction debris) and non-physical waste like emissions and pollu
tion associated with construction activities. The proposed framework 
incorporates the Define, Measure, Analyse, Improve, Control (DMAIC) 
model from Lean Six Sigma and the Aspect and Impact Analysis (AIA) 
from environmental management systems. Initial observations of in
efficiencies in waste management and limited Lean construction adop
tion have highlighted the need for improvement. To refine and inform 
this framework, the research first assesses the current state of waste 
management practices and the extent of Lean construction application in 
Saudi Arabia. This assessment helps establish a detailed baseline and 
identify gaps in existing practices, ensuring that the framework is both 
relevant and effective. The resulting framework aims to simultaneously 
address production and environmental wastes, improving sustainability 
and efficiency within the industry.

2. Background

The construction industry is widely recognised as a major contrib
utor to waste production, with significant environmental impacts (Islam 
et al., 2019; Mahamid, 2020). Globally, the production of construction 
waste exceeds 10 billion tons annually (Wu et al., 2019), with the major 
contributors including the United States (US Environmental Protection 
Agency, 2020a), the European Union (Menegaki and Damigos, 2018), 
China (Zheng et al., 2017), and the Gulf Cooperation Countries (GCC). 
Within the GCC, Saudi Arabia faces particular challenges, with more 
than 120 million tons of construction and demolition waste generated 

annually (Blaisi, 2019; Ouda et al., 2018). As construction waste ac
counts for up to 50 % of solid waste in some regions, addressing this 
issue is crucial for sustainable development (Amran, 2024; Contreras 
et al., 2016).

Despite growing awareness of the need to reduce construction waste, 
traditional waste management practices have struggled to provide 
comprehensive solutions, particularly when it comes to integrating 
sustainability into construction processes. Lean construction emerges as 
a promising approach that focuses on eliminating waste through the 
reduction of non-value-adding (NVA) activities. Originally developed 
within the manufacturing industry, lean construction has expanded lean 
principles to include categories such as Making-do (Koskela, 2004), 
Unfinished work (Fireman and Formoso, 2013), Waste of human po
tential (Macomber and Howell, 2004), and Institutional waste (Sarhan 
et al., 2014), all of which can adversely impact environmental perfor
mance (Banawi and Bilec, 2014; Belayutham et al., 2016). Therefore, 
the elimination or minimisation of waste, particularly NVA activities, 
has been proposed as a mechanism to enhance both process flow and the 
environmental performance of construction projects (Formoso et al., 
2020; Sarhan et al., 2019).

Current waste management practices in the Saudi construction in
dustry often lack practical applicability (Ajayi et al., 2017; Sarhan and 
Pretlove, 2021). This limited adoption can be attributed to the industry’s 
reactive nature, with practitioners typically addressing waste only after 
it occurs. Additionally, these practices frequently treat production and 
environmental waste as separate entities (Kabirifar et al., 2020), 
neglecting their interconnectedness.

To address the growing challenges in waste management, Saudi 
Arabia has recently implemented several initiatives and regulations. The 
Ministry of Municipal and Rural Affairs and Housing has recently issued 
a guide for construction, demolition, and renovation waste disposal. 
This guide includes regulations that aim to establish uniform criteria for 
waste management, preserve public property, and improve urban 
landscapes (MOMRAH, 2024). The National Centre for Waste Manage
ment (MWAN) plays a crucial role in consolidating regulatory frame
works and spearheading public-sector initiatives. In 2021, Saudi Arabia 
published a new Waste Management Law to regulate various aspects of 
waste management, including transport, segregation, storage, and safe 
disposal (MWAN, 2021).

While Saudi Arabia is developing its approach to construction waste 
management, it’s important to consider and learn from global frame
works and initiatives that have been successful in addressing similar 
challenges. The European Union’s Waste Framework Directive (WFD) 
provides a comprehensive model for sustainable waste management, 
which emphasises a ’waste hierarchy’ approach and sets targets for 
recycling and material recovery (European Commission, 2023). The 
EU’s Construction & Demolition Waste Management Protocol and 
Guidelines aim to increase confidence in the waste management process 
and promote more efficient use of resources (European Commission, 
2018). In the United States, the Environmental Protection Agency (EPA) 
has developed guidelines for construction and demolition materials 
management that emphasise reduction, reuse, and recycling (US Envi
ronmental Protection Agency, 2020b). China has implemented policies 
to promote construction waste recycling and utilisation, given its rapid 
urbanisation (Huang, et al., 2018). The ISO 14001 standard provides 
guidelines for organisations to improve their environmental perfor
mance, including waste management practices (ISO 14001, 2015). 
These global frameworks and standards offer valuable insights for 
developing comprehensive waste management strategies. They empha
sise the importance of a circular economy approach, which aligns with 
recent initiatives in Saudi Arabia, such as Vision 2030’s sustainability 
goals.

A limited number of studies have recently focused on waste man
agement in Saudi Arabia’s construction sector. Issa and Alqurashi 
(2020) introduced a two-tier model using fuzzy logic to evaluate the 
causes of waste and lean implementation, testing it with data from Egypt 
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and Saudi Arabia. Kabirifar et al. (2020) examined legislative and policy 
challenges in managing construction and demolition waste to offer a 
roadmap for effective waste management. AlMunifi and Almutairi 
(2021) investigated lifecycle practices to develop an integrated strategic 
construction project management framework to enhance efficiency and 
effectiveness. Haider et al. (2022) emphasised recycling materials to 
align with Vision 2030 by highlighting the benefits of recycling con
struction and demolition waste. Aljarallah et al. (2024) explored the 
implementation of Lean principles in the construction of housing 
infrastructure in Saudi Arabia, emphasising the identification and 
reduction of waste to enhance the reliability, stability, and profitability 
of construction operations.

While these studies contribute valuable insights, many remain 
limited in scope, focusing on specific project types or aspects of waste 
management. For instance, Issa and Alqurashi (2020) study focused 
primarily on lean principles without fully addressing Saudi Arabia’s 
specific cultural, regulatory, and technological factors. Kabirifar et al. 
(2020) work was based on a literature review, lacking empirical data. 
AlMunifi and Almutairi (2021) research, while comprehensive, focused 
on higher education facilities and did not specifically address waste 
management practices. Haider et al. (2022) study used European 
context data due to the lack of region-specific data for Saudi Arabia. 
Aljarallah et al. (2024) research was limited to housing projects and did 
not cover the full spectrum of construction types in Saudi Arabia.

In contrast, our proposed integrated framework builds upon these 
studies by combining lean construction principles with environmental 
management systems to offer a more comprehensive approach that ad
dresses both production and environmental wastes simultaneously. This 
holistic approach distinguishes our framework from existing models and 
aligns with global best practices in construction waste management 
while specifically tailoring solutions to the Saudi Arabian context.

3. Research design

This research employs a constructive research methodology to 
address the identified objectives. The constructive research approach 
facilitates the development of innovative solutions to practical problems 
while maintaining a strong connection to both theory and practice 
(Aken, 2004; Koskela, 2008). Accordingly, this research followed the 
five-stage constructive approach proposed by Kasanen et al. (1993). The 
following is a description of the five stages and how they are imple
mented in this research.

3.1. Stage 1: identification of a practical problem

The research begins by pinpointing a practical problem within the 
Saudi construction industry, specifically addressing the challenges 
associated with waste management practices and environmental 
awareness. This involves understanding the current state of waste 
management, identifying key issues, and recognising opportunities for 
improvement in alignment with sustainability goals and industry 
standards.

3.2. Stage 2: understanding of the problem

Building upon the practical issues identified in Stage 1, semi- 
structured interviews were designed to obtain an understanding of the 
dimensions of waste management issues within the Saudi construction 
industry based on input from industry practitioners. This understanding 
entails exploring the root causes of inefficient waste management 
practices and assessing the level of environmental awareness within the 
construction sector. By gaining a deeper understanding of these chal
lenges, the outcomes of this stage lay the foundation for the subsequent 
stages of solution development.

3.3. Stage 3: innovation of solution idea

Based on the insights derived from the previous steps for problem 
analysis, an integrated framework tailored to address the specific chal
lenges of waste management and environmental awareness in the Saudi 
construction industry is proposed. This framework integrates lean con
struction principles with environmental management systems, aiming to 
optimise resource utilisation and minimise environmental impact 
throughout the construction phase.

3.4. Stage 4: implementation and testing of the solution

The proposed framework was implemented and tested within a 
retrospective real-world construction case study to evaluate its effec
tiveness and practical applicability. Subject matter experts in Lean 
construction and sustainability were engaged to evaluate the framework 
based on criteria such as feasibility, scalability, and its ability to mini
mise waste. The evaluation aimed to validate both the practical and 
theoretical applicability of the framework.

3.5. Stage 5: identification of theoretical contribution and scope of 
application

The research concludes by identifying the theoretical contributions 
of the proposed solutions to the body of knowledge in lean construction, 
particularly in bridging the gap between production and environmental 
waste management. The scope of application within the Saudi con
struction industry was validated through evaluation sessions with ex
perts, confirming the framework’s practical implications for enhancing 
both sustainability and operational efficiency.

4. The current state of waste management and lean construction 
in the Saudi construction industry

4.1. Data collection

This section addresses the foundational step of assessing the current 
state of waste management practices and the extent of Lean construction 
application in the Saudi construction industry, providing the necessary 
baseline to inform the development of the proposed framework. Semi- 
structured interviews were chosen as the data collection method to 
gain a deep understanding of the current issues of waste management 
within the Saudi construction sector.

The semi-structured interview sessions comprised eight questions 
designed to explore the understanding of waste among Saudi construc
tion practitioners, identify waste generation factors, examine the focus 
of current waste management practices, and assess the dimensions of 
production and environmental waste generation and management. 
Additionally, the interviews evaluated the status of Lean construction 
implementation. The interview questions were designed to explore both 
production and environmental waste challenges, providing a dual focus 
that informs the framework’s development.

Eighteen participants from Saudi companies of various sizes were 
interviewed, using a purposive sampling strategy. Participants were 
chosen based on specific criteria, including their roles (managerial, 
technical, and strategic positions), years of experience, and involvement 
in different project types (residential, commercial, and infrastructure). 
This purposive approach ensured diverse perspectives from stakeholders 
directly involved in construction waste management practices. Table 1
provides information about the participants’ profiles.

While the sample size of 18 participants is not statistically repre
sentative of the entire Saudi construction industry, it provides diverse 
perspectives from key stakeholders. This sample size aligns with similar 
qualitative studies in construction waste management research. For 
instance, Udawatta et al. (2015) conducted 16 semi-structured in
terviews with construction practitioners to explore waste management 
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practices in the Australian construction industry. Similarly, Lu and Yuan 
(2010) carried out 14 semi-structured interviews with construction 
stakeholders to study construction waste management policies in 
Shenzhen, China. Importantly, several of the interviewed companies in 
this study are part of a consortium working with public sector entities 
such as Riyadh Region Municipality and the Royal Commission for 
Riyadh City on major projects like the Riyadh Metro. This connection 
ensures that although the participants are from private companies, their 
insights are closely relevant to public sector construction activities.

Data from the interview sessions were transcribed and analysed 
using the content analysis technique, a research technique that enabled 
the researcher to make valid inferences by interpreting and coding 
written, verbal, or visual communication messages (Bauer, 2000). 
Content analysis also allows the conversion of qualitative insights into 
quantifiable data (Srnka and Koeszegi, 2007), providing a structured 
approach to identifying the root causes of waste generation and envi
ronmental challenges, directly supporting the development of the pro
posed framework. The analysis followed three steps, as suggested by Elo 
and Kyngäs (2008): Open coding, creating categories, and abstraction. 
Data was analysed regardless of participants’ experience levels to ensure 
objectivity and capture a broad range of perspectives. The sample was 
deliberately selected to include varying years of experience, allowing us 
to incorporate both traditional and modern views on waste management 
practices. This approach provided a comprehensive understanding of 
the current state of waste management in the Saudi construction in
dustry across different career stages.

4.2. Construction waste management practices in Saudi Arabia

This sub-section addresses the first objective of this study by pre
senting the findings related to the status of construction waste man
agement in Saudi Arabia. It starts by reporting the definition of waste in 
the industry, followed by a thorough identification of waste generation 
factors. It then provides a critical discussion of the main current prac
tices for waste management in SA as well as any training initiatives to 
promote waste management in the industry.

4.2.1. Definition of waste in Saudi industry
Participants in the semi-structured interviews were asked to describe 

their understanding of the term "waste" in the context of the construction 
industry in Saudi Arabia. Approximately 60 % of participants identified 
waste as either physical-related (material-related waste) or non- 
physical-related (time and cost overrun). The remainder described 
waste as either solely physical or non-physical. The common under
standing among the participants is that waste is anything that directly or 
indirectly affects the consumption of materials, time, and project costs. 
This encompasses factors such as inefficiencies in resource utilisation, 
delays, and rework.

Participant 3 stated that “waste is anything that causes us to spend 
more time and money”. Participant 8 referred to waste as “any human 
activity or procedure that may lead to rework”. Additionally, several 
participants provided insights specifically on physical waste, with 
Participant 9 noting that “Physical waste includes leftover materials that 
could have been reused or recycled, which not only affects costs but also 
impacts our environmental performance”. Moreover, Participant 11 
emphasised that “Improper handling of materials on-site leads to significant 
physical waste, which we need to address to improve our overall efficiency.”

While participants demonstrated a general understanding of waste, 
particularly its physical aspects, there was limited awareness of the 
concept of non-value-adding (NVA) activities beyond immediate time 
and cost implications. This gap in understanding highlights the need for 
a deeper comprehension of lean principles and their application in the 
construction industry. The limited awareness of NVA activities is central 
to our discussion because it underscores a critical gap in the application 
of Lean principles in Saudi construction practices. This gap directly 
impacts both production efficiency and environmental sustainability, 
which emphasises the need for our integrated framework that addresses 
both aspects simultaneously.

4.2.2. Factors contributing to the generation of waste
The factors contributing to waste generation in the Saudi construc

tion industry were identified through a comprehensive analysis of the 
interview transcripts. This process involved extracting waste causes 
mentioned by participants, determining the frequency of mention for 
each cause, and analysing interviewees’ statements to establish links 
between causes and impacts. The resulting data, presented in Table 2, 
reflects the perspectives and experiences of the interviewees.

Data analysis revealed 44 factors that generate waste in the Saudi 
construction industry. Poor planning emerged as the most frequently 
mentioned waste factor among participants, followed by poor coordi
nation among stakeholders, leftover materials on-site/packaging, poor 
attitudes of workers, frequent design changes, and lack of waste man
agement practices.

The participants were asked to discuss the possible impact that the 
identified waste factors could have on a project based on their practical 
experience. They were also asked to provide a probability of the impact 
in percentage. The data collected from the discussion was coded and 
analysed to define the most influential factors on the project manage
ment elements. Poor planning and unsuitable management tools 
emerged as the most critical waste factors, significantly impacting time, 
cost, and material consumption across all project management elements. 
Environmental factors were reported less frequently, with only seven 
out of the 44 factors directly impacting environmental sustainability. 

Table 1 
Participants profile.

Participant Position Years of 
experience

Organisation/Sector

P1 Assistant Manager 4 Local Civil Engineering 
Contractor

P2 Civil Engineer 7 International Infrastructure 
Contractor

P3 Construction 
Engineer

7 International Infrastructure 
Contractor

P4 Electrical Engineer 9 International networking 
and telecommunications 
company

P5 Engagement 
Manager for 
Services

13 International Infrastructure 
Contractor

P6 General Manager 23 Local Civil Engineering 
Contractor

P7 Installation Manager 8 International networking 
and telecommunications 
company

P8 MEP Manager 9 International Infrastructure 
Contractor

P9 Owner of a company 31 Local Civil Engineering 
Contractor

P10 Procurement 
Manager

18 Local networking and 
telecommunications 
company

P11 Program Director for 
Site Acquisition 
Civil Work

24 International Manufacturer 
of Rail Transport Solutions

P12 Project Coordinator 6 International Infrastructure 
Contractor

P13 Project Manager 9 Local Civil Engineering 
Contractor

P14 Project Manager 12 Local Civil Engineering 
Contractor

P15 Quality Inspector 14 International Manufacturer 
of Rail Transport Solutions

P16 Site Engineer 6 Local Civil Engineering 
Contractor

P17 Site Engineer 5 International Manufacturer 
of Rail Transport Solutions

P18 Technical 
Coordinator

7 International Manufacturer 
of Rail Transport Solutions
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These findings highlight the need for a framework that not only ad
dresses production waste but also integrates environmental consider
ations, reinforcing the importance of Lean principles in minimizing both 
forms of waste. This is also consistent with the findings in the literature 
(Ali et al., 2013; Aljarallah et al., 2024; Blaisi, 2019; Haider et al., 2022; 
Ouda et al., 2018).

4.2.3. Current practices for waste management
The findings of the interviews indicate that construction practi

tioners in Saudi Arabia primarily deal with waste reactively, addressing 
it once encountered on-site. Participant 10 stated that “I didn’t 
encounter before any manager in the top management, who gave too 
much attention to waste generation”. Participant 13 supported the 

previous statement by stating that, “I have never encountered a plan to 
manage waste while the construction process is in progress”. More than 
one participant highlighted that the industry culture in Saudi Arabia is 
more concerned with time and cost performance, neglecting the quality 
standard or physical waste impacts on the environment. Even when 
waste is of concern, the attention is mostly limited to the amount (and 
cost) of material waste generated, which needs to be moved off-site.

It was also found that waste monitoring and measurement methods 
in the Saudi construction industry are limited to the materials used 
during the construction phase, e.g., daily checklists of ordered and used 
materials, overlooking other types of non-material wastes. Most partic
ipants pointed out that waste management practices typically involve 
collecting waste in on-site containers for disposal by local waste 

Table 2 
Waste factors in Saudi Arabia.

WASTE ORIGIN CAUSES OF WASTE Frequency Waste Impact

Time Cost Material Quality Machine Labour Environment

Design Frequent design changes 5 ** ​ **** ​ ​ * ​
Design errors 1 ​ ​ **** ​ ​ ​ ​
Poor design quality 2 ​ ​ **** ​ ​ ​ ​

Information, Communication 
and Coordination

Poor coordination among parties 7 **** * * ​ ​ ​ ​
Poor Communication 4 ** * *** * ​ ​ ​
Wrong interpretation of information or 
instructions

1 **** ​ ​ **** ​ ​ ​

Materials Leftover materials on-site 7 * * **** ​ ​ ​ ​
Lost material or items during construction 1 **** **** ​ ​ ​ ​ ​
Items not in compliance with specification 1 ​ ​ **** ​ ​ ​ ​
Materials supplied in a standard size 3 ** ** **** ​ ​ ​ ​
Inaccurate quantity survey 1 ​ ​ **** ​ ​ ​ ​

Labour Poor attitudes of workers 6 *** ** ** *** * ​ **
Lack of experience 5 * ** **** *** ​ * ​
Lack of training 1 **** **** ​ **** **** ​ ****
Interference of other crew members 1 **** **** ​ **** ​ ​ ****
Poor human resource utilisation 1 **** **** ​ ​ ​ ​ ​

Technical, Management, and 
Administration

Poor Planning 9 **** ** **** * * * *
Inadequate controlling 2 ** ​ **** **** ** ​ ​
Inappropriate construction methods 4 ** * *** ​ ​ * ​
Unsuitable management tools 2 ** ** **** **** **** ** **
Poor supervision 1 **** **** ​ ​ ​ ​ ​
Lack of waste management practices 5 ** ** *** ** * ​ ​
Issues in contract document 1 **** ​ **** ​ ​ ​ ​
Lack of awareness about waste generating 
factors in construction

2 ​ ​ **** **** ** ​ ​

Ignorance of government rules/Lack of legal 
enforcement

1 **** **** **** **** ​ **** ​

Physical paperwork 1 **** ​ **** ​ ​ ​ ​
Late approvals 4 **** ​ ** ​ * * *
Unimplemented waste management measures 1 ​ ​ **** **** **** ​ ​
Wrong sequence of activities 3 *** ** **** *** ​ ** ​
Prioritising cost and schedule 1 ​ ​ **** **** ​ ​ ​
Uninformed decision making 1 **** **** **** **** ​ **** ​
Improper task allocation 2 **** ** **** **** ​ ** ​
Lack of quality management system in small size 
companies and subcontractors

1 ​ ​ **** **** **** ​ ​

Inadequate on-site maintenance of equipment 1 **** ​ **** ​ **** **** ****
Space Improper storage of materials 3 ** ** **** ​ ​ ​ ​

Storage location 1 **** **** **** ​ ​ ​ ​
Inefficient use of site space 1 ​ ​ **** ​ **** ​ ​
Poor Material handling 1 **** ​ **** ​ ​ ​ ​
Damage during transportation 1 **** ​ **** ​ ​ ​ ​

Procurement Ordering errors 2 **** ​ ** ​ ​ ​ ​
Delay in material supply 1 **** ​ ​ ​ ​ ​ ​
Shortage of materials in market 1 **** ​ ​ ​ ​ ​ ​

External Unforeseen site/ground conditions 2 **** **** ​ ​ ​ ​ ​
Accidents 2 **** ​ ** ​ ​ ** ​

Key: Significance level of the identified factors on the construction process’s resources. It was calculated (using R), based on the number of mentions and probability 
that each waste cause could have on the construction process’s resources (Time, Cost, Material, Quality, Machine, Labour, Environment). The meaning of the stars for 
the probability percentage is shown below.

* = 0–25 %
** = 25–50 %
***

= 50–75 %
**** = 75–100 %
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management companies. The participants were asked to explain how 
they measure waste. Half of the participants indicated no specific 
method to measure waste on-site. 38 % stated that waste is measured by 
the size of containers and bins placed on site. The remaining indicated 
that waste management is considered as part of other management plans 
such as risk and resource management. This confirms that prevailing on- 
site waste management practices in Saudi Arabia are mainly focused on 
material-related waste.

Environmental waste management practices are largely inadequate, 
with minimal attention given to recycling or reusing materials. The 
prevailing industry culture prioritises time and cost performance over 
environmental sustainability. Participant 12 stated that “honestly, we 
don’t, or mostly here in Saudi Arabia, they don’t care about the envi
ronment, it’s the very least; we have never had someone who cares 
about the environment”. Participant 4 supported it by saying, “We focus 
on waste reduction to save money, not the environment”. Additionally, 
Participant 6 stated that “for the environment it is only related to sort 
and throw”. Participant 10 further emphasised that “we do not have the 
mentality for sorting and recycling to protect the environment in Saudi”.

The reactive approach to waste management, as indicated by the 
participants, underscores the need for a more proactive, structured 
framework that integrates Lean principles and environmental sustain
ability. Such a framework would prioritise waste prevention rather than 
merely addressing it after it occurs. The lack of structured waste man
agement practices is further compounded by the absence of formal 
training and awareness programs, as discussed in the following section.

4.2.4. Waste management training
Despite the critical role of waste management in construction pro

jects, there is a notable lack of training and awareness among con
struction practitioners in Saudi Arabia. Challenges such as the absence 
of dedicated training courses, limited knowledge about waste genera
tion factors and impacts, and cultural attitudes toward waste indicate 
this gap. The findings of the interviews show that only a minority of 
participants had received any form of waste management training, 
typically as part of broader health and safety courses.

Participants emphasised the need for mandatory waste management 
training as part of project induction processes to enhance awareness and 
improve waste management practices. Participant 11 stated that 
“Without proper training, we often overlook the amount of waste we generate 
and its implications”. Similarly, Participant 6 indicated that “Training 
should focus not just on disposal but on prevention and resource 
optimisation”.

The findings of the interviews confirm that waste management 
training programmes for construction practitioners should encompass 
several key components to enhance awareness and practices. These 
include understanding the types of waste generated, both physical 
(materials) and non-physical (time and costs), as well as strategies for 
waste prevention at the source to emphasise efficient resource uti
lisation. Training should also cover recycling and reuse practices, sup
ported by successful case studies, and ensure compliance with local 
regulations regarding waste management and environment 
sustainability.

Incorporating comprehensive training programmes into the pro
posed framework would ensure that practitioners are equipped with the 
knowledge and skills necessary to address both production and envi
ronmental waste proactively. By integrating training, the framework 
will align waste management practices with both operational efficiency 
and sustainability goals.

4.3. Lean construction application in Saudi Arabia

We assessed the understanding and implementation of Lean Con
struction (LC) for waste minimisation in Saudi Arabia next. This section 
defines construction activities that utilise resources without creating 
value for the customer, i.e., non-value-adding (NVA) activities and 

examines their impact on environmental waste generation. It also re
views the current status of managing production and environmental 
waste from an LC perspective.

4.3.1. NVA activities in the Saudi construction industry
Results from the semi-structured interviews identified seven NVA 

activities prevalent in the Saudi Arabian construction industry. These 
activities and their respective frequencies of mention are summarised in 
Table 3. Among these, ‘Waiting’ emerged as the most frequent NVA 
activities mentioned by participants, followed by ‘Unnecessary 

Table 3 
NVA activities in Saudi Arabia.

Waste categories/ 
frequency of 
mention

Description Reasons for occurrence

Waiting (66.67 %) Time spent for approval, 
use of equipment, space, or 
materials delivery.

– Waiting for replacement 
of wrong material 
delivered

– Waiting due to too many 
inspections

– Waiting for repair 
(Stopping time for 
redesigning or rework)

– Waiting for approval
– Delay in operation due to 

stoppage or suspension of 
the project

– Late delivery of material 
to the site

Unnecessary- 
Ordering (38.89 %)

Ordering more than what is 
required

– Over-ordering due to 
mistakes in quantity or 
delivery

– Ordering more resources 
than necessary due to 
rework or to catch up on 
planned time

– Ordering extra materials 
to mitigate risks related to 
material shortage

– Hiring more labour than 
what is required

Overproduction 
(33.33 %)

Producing more than what 
is required.

– Producing more than what 
is required to satisfy the 
client

– Producing wrong work 
due to poor guidance on 
site

– Poor planning
– Mistakes/faults during the 

execution process
Transportation 
(33.33 %)

Unnecessary transportation 
to the site and excessive use 
of transportation on-site.

– Unnecessary movement of 
heavy vehicles

– Too many site visits
– Travel time to deliver 

physical paperwork
Over-Processing 
(22.22 %)

Invaluable, wrong or 
overuse of resources like 
materials, labour, 
equipment, or site space.

– Unnecessary/over-use of 
machinery

– Over-utilisation of labours
– Over-use of materials

Motion (16.67 %) Unnecessary or over 
movement of machines, 
equipment or workers 
while the construction 
process is in progress

– Several unauthorised 
breaks for lunch or social 
activities

– Unnecessary movement of 
heavy vehicles

Other (33.33 %) Any activity, action, 
behaviour, or attitude 
associated with the project 
but does not add value

– Early kick-off (starting 
before having the final 
design approved)

– Eating onsite
– Rushing to complete work 

without proper 
procedures

– Unnecessary cleaning of 
equipment (e.g., 
repeatedly washing cars 
and trucks)
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Ordering’ and ‘Overproduction’. Each NVA category is associated with 
specific reasons for occurrence, ranging from inefficient resource uti
lisation to delays in project execution.

Understanding these NVA activities is crucial for recognising their 
broader impact, both on project efficiency and on environmental waste 
generation, as will be explored in the next section.

4.3.2. Relationship between NVA activities and environmental waste
To identify the relationship between production and environmental 

waste, participants in this study were asked to state their level of 
agreement about the impact that NVA activities could have on the 
environment. Then, they were asked to provide examples that support 
their answers. Content analysis was conducted to detect, in a wider 
scope, the impact of NVA activities on the sustainability pillars. Table 4
highlights the effects of these activities on environmental, economic, 
and social sustainability.

The majority of participants (13 participants) agreed that NVA ac
tivities significantly contribute to environmental waste generation. Only 
four participants believed that there is little or no impact on the envi
ronment, as they thought that NVA activities affect only the production 
process. Content analysis revealed that all NVA activities contribute to 
energy consumption, while Overproduction notably affects multiple 
sustainability elements. Lastly, one participant had no clear under
standing of the impact of NVA activities on the environment.

The relationship between NVA activities and environmental waste is 
significant, particularly in terms of excessive energy consumption and 
emissions. Overproduction, in particular, was identified as having a 
substantial impact across multiple sustainability elements, further 
emphasising the need to integrate environmental considerations into 
waste minimisation strategies. The findings from this analysis under
score the importance of developing a Lean-based framework that not 
only addresses production waste but also integrates environmental 
sustainability.

4.3.3. Production and environmental waste management in Saudi Arabia
Despite the recognised impact of NVA activities on the generation of 

environmental waste, current waste management practices in Saudi 
Arabia predominantly focus on productivity performance, neglecting 
environmental considerations. Participant 15 stated, “We mostly look at 
these types of waste from the productivity perspective and to manage 
the project time and cost, and honestly, the environment is of minor 
concern in our management practice, as it is in most Middle Eastern 
countries”. This indicates a lack of integration between production and 
environmental waste management, which highlight a key problem of 
short-term thinking and lack of sufficient understanding of long-term 
consequences. Similarly, Participant 1 noted “I didn’t face any special 
waste management practices dealing with these two waste types, for 
environment and production together”. Moreover, Participant 14 stated 
that “they are managed separately; for productivity we deal with waste 
once found, but for the environment, we just sort waste and ask someone 
to remove it out of the site”.

The management of environmental waste is often limited to physical 
waste, such as solid or hazardous materials, and does not extend to the 
environmental impacts of production processes. This separation reflects 
a broader issue of fragmented management practices, which fail to 
recognise the interconnectedness of production inefficiencies and their 
environmental consequences, as highlighted by the Lean approach. This 
short-term focus on productivity at the expense of environmental con
siderations undermines long-term sustainability goals, particularly those 
outlined in Saudi Arabia’s Vision 2030.

Despite the current lack of integration, participants expressed strong 
support for implementing a management framework that simulta
neously manages production and environmental waste. Specifically, 17 
participants (90 %) agreed with the idea, while one participant justified 
their disagreement by saying, “because we are not dealing with material 
which causes environmental effect.” This response indicates a limited Ta

bl
e 

4 
Im

pa
ct

 o
f p

ro
du

ct
io

n 
w

as
te

 o
n 

su
st

ai
na

bi
lit

y.

N
VA

 c
at

eg
or

y
En

vi
ro

nm
en

ta
l w

as
te

Ec
on

om
ic

 Im
pa

ct
So

ci
al

Ex
ce

ss
iv

e 
Co

ns
um

pt
io

n
Ex

ce
ss

iv
e 

Em
is

si
on

Pr
od

uc
tiv

ity
H

um
an

 H
ea

lth

M
at

er
ia

l
En

er
gy

W
at

er
La

nd
A

ir
 

po
llu

tio
n

So
lid

 
W

as
te

H
az

ar
do

us
 

W
as

te
W

at
er

 
po

llu
tio

n
So

il 
Po

llu
tio

n
O

th
er

s 
(R

ub
bi

sh
 a

nd
 

de
fo

re
st

at
io

n)
Ti

m
e

Co
st

Q
ua

lit
y

La
bo

ur
N

oi
se

St
re

ss
A

cc
id

en
t

M
ot

io
n

​
**

*
​

​
**

​
**

​
**

​
**

​
​

​
​

**
**

*
O

ve
r-

 P
ro

ce
ss

in
g

**
**

**
​

​
**

**
**

​
**

*
​

​
​

​
​

​
​

​
O

ve
r-

 P
ro

du
ct

io
n

*
**

**
**

**
**

**
​

**
**

**
*

**
*

*
*

​
​

​
Tr

an
sp

or
ta

tio
n

​
**

**
​

​
**

**
​

​
​

​
​

**
**

​
​

**
​

​
U

nn
ec

es
sa

ry
 

or
de

ri
ng

**
*

**
​

​
**

**
*

​
​

**
​

​
**

*
​

​
​

​
​

W
ai

tin
g

​
**

*
​

​
*

​
​

​
​

**
**

**
​

*
​

*
​

O
th

er
**

*
​

​
​

*
**

​
​

*
*

**
​

*
​

*
​

*

Si
gn

ifi
ca

nc
e 

le
ve

l o
f t

he
 p

ro
du

ct
io

n 
w

as
te

 o
n 

su
st

ai
na

bi
lit

y.
 It

 w
as

 c
al

cu
la

te
d 

(u
si

ng
 R

), 
ba

se
d 

on
 th

e 
nu

m
be

r o
f m

en
tio

ns
 a

nd
 p

ro
ba

bi
lit

y 
th

at
 e

ac
h 

w
as

te
 c

au
se

 c
ou

ld
 h

av
e 

on
 su

st
ai

na
bi

lit
y 

el
em

en
t. 

Th
e 

m
ea

ni
ng

 o
f t

he
 

st
ar

s 
fo

r 
th

e 
pr

ob
ab

ili
ty

 p
er

ce
nt

ag
e 

is
 s

ho
w

n 
be

lo
w

.
*
=

0–
25

 %
**

=
25

–5
0 

%
**

*
=

50
–7

5 
%

**
**

=
75

–1
00

 %

S. Alazmi et al.                                                                                                                                                                                                                                  Cleaner Waste Systems 10 (2025) 100195 

7 



understanding of the broader concept of waste management.

5. An integrated framework for waste management in the Saudi 
construction industry

This section outlines processes linked to the development and veri
fication of a novel and integrated framework for improving waste 
management practices and environmental awareness in the Saudi con
struction industry. As discussed in Section ↱4, current waste manage
ment practices in Saudi Arabia lack integration between production and 
environmental waste, which results in inefficiencies and missed oppor
tunities for sustainability. To address these gaps, this framework aims to 
manage both types of wastes concurrently.

5.1. Development of the framework

In the construction industry, waste management practices usually 
deal with production and environmental waste as separate issues. This 
separation often leads to inefficiencies and missed opportunities to 
improve sustainability. In this paper, a novel framework is proposed that 
integrates principles from both lean production and environmental 
sustainability research. The framework integrates the DMAIC (Define, 
Measure, Analyse, Improve, and Control) model from Lean Six Sigma 
with the Aspect and Impact Analysis (AIA) from environmental man
agement systems. The integration of these two approaches allows for a 
holistic approach to waste management, where production waste and 
environmental impacts are treated not as isolated issues but as inter
connected challenges that can be managed more effectively through 
data-driven and environmentally focused solutions.

DMAIC is a structured data-driven method to optimise existing pro
duction processes or develop new ones. (Banawi and Bilec, 2014). 
Relying on data-driven decision-making, DMAIC helps to define and 

measure waste, analyse the root causes of the problems, and enhance 
overall process performance. Additionally, it assists in controlling the 
proposed actions and establishing procedures for future improvements. 
AIA, on the other hand, is an environmental management system that 
focuses on improving environmental performance (International Orga
nization for Standardization, 2015). AIA is used to identify NVA activ
ities that contribute to environmental waste, find their root causes, 
prioritise them based on the level of impact, and suggest suitable actions 
to address these causes and impacts.

The integration of these two approaches enabled this study to 
develop a novel framework that consists of six stages. Fig. 1 illustrates 
the framework, which is used to define, measure, analyse, and improve 
processes, as well as to identify waste and suggest ways to reduce 
environmental impact.

The framework flow is designed to provide clear guidance to industry 
practitioners on production and environmental waste management in 
construction projects. It follows a straightforward approach aiming to 
capture NVA activities and recognise their impact across three produc
tion levels: strategic, tactical, and operational. The framework’s prac
tical implementation is critical to its success. It provides industry 
practitioners with actionable steps for managing waste at different 
production levels.

However, it is important to understand that some NVA activities are 
unavoidable in construction, and completely eliminating them is unre
alistic. While Lean principles strive for waste minimisation, it is 
acknowledged that some NVA activities are inevitable in construction. 
Therefore, the framework is designed not for complete elimination but 
for continuous improvement by minimising their impact over time. The 
framework should be implemented iteratively to ensure that all NVA 
activities are identified and managed effectively. A detailed explanation 
of the framework and its components is provided in the description of 
the case example in the next section.

Fig. 1. The proposed framework stages and workflow.
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5.2. Case example: the construction of case-in-place reinforced concrete 
piles

To demonstrate the implementation of the novel and comprehensive 
waste management framework, this paper provides a case example of 
constructing cast-in-place reinforced concrete piles. Piles form a key 
structural element in several types of buildings. Piling operations are 
inherently complex due to the fact that they involve interrelated activ
ities that require different materials and machinery. Furthermore, 
external factors such as groundwater level, space constraints, and soil 
profile can all contribute to the complexity of operations.

This example aligns with the study conducted by Banawi and Bilec 
(2014), which demonstrated the use of a Lean, Green, and Six Sigma 
(LG6) model on pile cap operations. Their research shows that imple
menting lean practices in piling cap construction can lead to a 1 % 
reduction in costs and a 9 % reduction in environmental waste.

The case example presented here, based on a construction project of 
an educational building, demonstrates how the framework addresses 
both production and environmental wastes concurrently within a com
plex piling operation. The project was located in a busy area with 
proximity to a hospital and residential buildings, posing several chal
lenges. One significant challenge was complying with the restrictions on 
machinery types and numbers. Careful planning was required to ensure 
uninterrupted production while still meeting these constraints.

The piling process involved seven main activities, each requiring 
careful planning and coordination. The first activity was site prepara
tion, followed by land surveying, pile drilling, dewatering, steel cage 
insertion, concrete pouring, and the removal of excavated soil. In 
addition to the seven main activities, two other activities were essential: 
ensuring a consistent supply of steel cages and fresh concrete. A detailed 
overview of each of the six stages of the framework’s implementation is 
provided in the following subsections.

5.2.1. Stage 1: define a process
The objective of this stage of the framework is to identify the sources 

of waste generated during construction. Initially, a production process 
or sub-process within a construction operation is chosen to investigate 
the reasons for waste production. It is crucial to evaluate the current 
state of the selected process by identifying all activities and sorting them 
into Value-Adding (VA) or Non-Value-Adding (NVA) categories. NVA 
activities should be further classified into necessary and unnecessary 
subcategories.

Necessary NVAs are inherent and indispensable to the production 
process, while unnecessary ones use up resources without adding value 
to the final product. The framework concentrates on dealing primarily 
with unnecessary NVA activities (i.e., waste). This aligns with the Lean 
construction principles of reducing inefficiencies, which were discussed 
earlier in the paper, emphasising the minimisation of both production 
and environmental waste.

It is important to note that activities such as necessary NVA and VA 
can also have environmental impacts; however, addressing them re
quires distinct approaches and falls beyond the scope of the proposed 
framework. The classification in Table 5 are determined through the 
framework’s process of identifying VA and NVA activities, as outlined in 
the Define stage of the framework. As demonstrated, three activities are 
classified as VA activities, three as necessary NVA activities, and one as 
unnecessary NVA activity. It is crucial to highlight that this analysis 
depends on the project requirements, complexity, and circumstances. 
Therefore, these activities may be classified differently in other settings.

This classification helps inform the subsequent stages of the frame
work, where unnecessary NVAs can be targeted for elimination or 
mitigation, improving both productivity and environmental outcomes.

5.2.2. Stage 2: identify the root causes of the identified wastes
In order to effectively address waste, it is imperative to identify its 

root causes. This stage aims to accomplish this end by utilising the 5- 

Whys technique developed by Sakichi Toyoda (Ohno, 1988) and the 
Ishikawa diagram, also known as the fishbone diagram (Ishikawa, 
1990), to identify the root causes of NVA activities and their impacts. 
This stage considers both production and environmental waste, aligning 
with the dual focus of the framework on improving efficiency and sus
tainability. The 5-Whys technique is a powerful tool for uncovering the 
origins of waste in the process, while the Ishikawa diagram effectively 
illustrates the cause-and-effect relationships between the different cau
ses of waste and their impacts.

The outcome of this stage can be presented in a matrix that outlines 
the connections between identified root causes and their potential im
pacts. This is critical to ensure that the root causes and impacts of each 
identified NVA activity are transparent, thereby enabling actionable 
waste management strategies in the following stages. By uncovering the 
root causes of both production and environmental waste, these tools 
help lay the foundation for targeted strategies to minimise inefficiencies 
and environmental impacts, supporting the overarching goals of the 
framework.

Table 5 
VA and NVA activities for the construction of cast-in-place concrete piles.

Piling 
activities

VA Necessary 
NVA

Unnecessary 
NVA

Explanation

Site 
preparation

​ ✓ ​ Although this process 
does not directly 
contribute to pile 
production, it is 
necessary to allow piling 
machinery to operate 
within the pile location.

Land survey ✓ ​ ​ Land survey is classified 
as VA as any mistakes in 
pile locations might 
diminish the operational 
value of the pile to 
support the building 
structure.

Drilling ✓ ​ ​ Piles cannot be 
constructed without 
displacing the soil in the 
pile location to allow for 
the steel and concrete to 
be inserted.

Dewatering ​ ✓ ​ Dewatering is a 
necessary NVA due to the 
negative effect of water 
on the quality of the pile 
materials. It is not VA as 
the pile can still be 
produced underwater 
using special tools and 
materials if necessary.

Steel cage 
insertion

✓ ​ ​ Steel is a critical 
structural component of 
reinforced concrete piles, 
so it has to be inserted 
into the piling location.

Concrete 
pouring

✓ ​ ​ Concrete is a critical 
structural component of 
reinforced concrete piles, 
so it has to be poured 
into the piling location.

Excavated 
soil removal

​ ​ ✓ The process of drilling 
produces soil from the 
pile location. The 
removal of this soil does 
not add value to the 
production of piles. This 
soil type was found to be 
suitable for recycling in 
any future construction 
operations and thus was 
unnecessary to be 
removed from the site.
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To illustrate the application of this stage, the Ishikawa diagram 
method was employed to identify the root causes for the soil removal 
activity in the case example. The identified root causes are presented in 
Fig. 2.

Table 6 demonstrates the relationship and impact that the identified 
NVA activities could have on production and environmental waste 
generation during the construction process. Soil removal may generate 
both production and environmental waste due to the use of trans
portation within the construction site and outside to the dumping site. 
The removal of soil necessitates excessive movement of excavators to 
shift the soil to a stocking area, as well as haul trucks to transport the soil 
from the construction site to the dumping station. These machines 
consume energy, generate pollutants, and create dust. Additionally, the 
use of heavy machinery increases the risk of hazardous material leakage 
and soil pollution.

5.2.3. Stage 3: measure waste impact
Building on the root cause analysis conducted in Stage 2, this stage 

focuses on quantifying the environmental impact of the identified NVA 
activities. While conventional lean practice prioritises productivity, 
time, and cost efficiency, it often overlooks environmental impacts 
(Teixeira et al., 2021; Wu et al., 2013). However, research suggests that 
incorporating environmental considerations into lean principles is both 
useful and feasible (Aljarallah et al., 2024; Arroyo and Gonzalez, 2016; 
Issa and Alqurashi, 2020). By extending Lean principles to include 
environmental waste, this stage contributes to a more holistic waste 
management strategy, addressing both productivity and sustainability 
goals.

To reinforce the environmental aspect of lean, the framework pro
poses process analysis techniques, such as Value Stream Mapping (VSM) 
(Weinheimer et al., 2017), Life Cycle Assessment (LCA) (Farias et al., 
2019), and Simulation modelling (Golzarpoor et al., 2017), to gauge the 
environmental impact of targeted NVA activities. The selection of 
analysis techniques may vary depending on the waste types and avail
able data and is at the framework user’s discretion.

Since the case study was retrospective, the impact of soil removal 
activities was not measured. It is expected that incorporating a simula
tion model can prove to be a highly efficient approach in aiding impact 
measurement. This is primarily because simulation modelling possesses 
advanced analytical capabilities that enable it to capture intricate sys
tems and assess project performance against various criteria. Simulation 
modelling offers a sophisticated means of evaluating complex systems, 
which can be beneficial in accurately gauging impact (Abdelmegid et al., 
2022; Hao et al., 2019; Züst et al., 2021).This approach ensures that 

future projects can utilise advanced tools to quantify the environmental 
impact of NVA activities, enabling more informed decision-making and 
continuous improvement.

5.2.4. Stage 4: prioritise NVA activities
This stage of the framework is part of the tactical level. The first step 

is to assess the identified NVA activities using a risk assessment rating 
system. This system considers both the probability and impact of each 
activity to enable determining which ones pose a low, medium, or high 
risk in terms of both production and environmental waste. This priori
tisation process is crucial, as it helps to focus attention and resources on 
addressing the riskiest NVA activities. This, in turn, aids in defining a 
strategic and efficient approach to waste management in the following 
stages.

To illustrate this process, Table 7 shows the results of the risk 
assessment for three NVA activities. Based on this assessment, soil 
removal the highest priority for management intervention due to its 
classification as an unnecessary NVA activity. However, it is also 
important to assess the other NVA activities, even if they are deemed 
necessary for the process. Such activities will be analysed in the next 
stage to establish if it is possible to reduce the need for these activities or 
minimise their impact on production and environmental waste.

5.2.5. Stage 5: manage NVA activities
Building on the prioritisation of NVA activities in Stage 4, this stage 

focuses on managing those activities by developing actionable strategies 
to reduce or eliminate waste. The ultimate goal is to prevent the creation 
of unnecessary waste by eliminating NVA activities altogether. If com
plete elimination is not feasible, alternative measures should be imple
mented to minimiSe their impact on production and the environment.

The proposed framework outlines a strategic and structured 
approach to manage NVA activities in a specific order, enhancing the 
effectiveness of minimising their impacts. These steps include: 

1. focusing on immediate measures to prevent waste generation,
2. redesigning production operations to avoid unnecessary NVA activ

ities, and
3. utilising approaches to control waste generation in the process.

In the case example, it was discovered that the NVA activity of soil 
removal during construction operations could be partially eliminated. 
Some of the excavated soil was not suitable for other construction ac
tivities, leading to unnecessary removal. To prevent the generation of 
such waste in piling operations, a mitigation strategy was developed, 

Fig. 2. Ishikawa diagram for the root causes of soil removal in the case example.
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which involved a thorough review of the geotechnical report and regular 
updates based on accurate site information gathered during operations.

Moreover, it was found that any excess soil excavated from piling 
operations could be utilised as a temporary protective layer under heavy 
machinery, preventing physical damage to the site and minimizing 
environmental impact. Later, the foundation contractor could remove 
the soil during their site excavation activities, eliminating the need for 
dedicated soil removal operations and thus improving resource uti
lisation and boosting productivity. These align with the framework’s 
goal of reducing environmental impact, ensuring environmental sus
tainability, and enhancing process efficiency, consistent with Lean 
principles.

5.2.6. Stage 6: monitor improvement progress
The final stage of the framework is centred around monitoring the 

performance of implemented waste reduction strategies and identifying 
any new forms of waste that may arise as a result of the strategies 
implemented in the previous stage. This stage is a key distinguishing 
feature of the proposed framework, as it emphasises the need for 
continuous evaluation and adaptation to address evolving waste 

management challenges. This addresses the limitation of waste man
agement frameworks that focus solely on the initial implementation of 
improvement strategies, and thereby overlook the dynamic nature of 
construction projects and the potential for new waste streams to emerge 
(Ajayi et al., 2015; Osmani, 2012). By incorporating a dedicated stage 
for performance monitoring and waste identification, this framework 
ensures that organisations remain vigilant and proactive to changing 
conditions. This stage allows for the early detection of new waste 
streams and the timely adaptation of strategies to address them.

It is crucial to maintain a record of the current challenges and the 
decisions or solutions that have been implemented to ensure continuous 
improvement. These records can be used as valuable lessons learned to 
enhance knowledge retention and transfer. The documentation of les
sons learned is a common practice in project management, as it facili
tates organisational learning and continuous improvement (Aerts et al., 
2017; Kiomjian et al., 2020; Langley, 2015). By applying this principle 
to waste management, the framework promotes a culture of continuous 
learning and adaptation, enabling organisations to stay ahead of 
emerging waste challenges and maintain their competitive edge in the 
industry. This focus on continuous monitoring and adaptation aligns 

Table 6 
Impacts of NVA activities.

Piling 
activities

VA Necessary 
NVA

Unnecessary 
NVA

Explanation

Site 
preparation

​ ✓ ​ Although this process does 
not directly contribute to 
pile production, it is 
necessary to allow piling 
machinery to operate 
within the pile location.

Land survey ✓ ​ ​ Land survey is classified as 
VA as any mistakes in pile 
locations might diminish 
the operational value of 
the pile to support the 
building structure.

Drilling ✓ ​ ​ Piles cannot be 
constructed without 
displacing the soil in the 
pile location to allow for 
the steel and concrete to be 
inserted.

Dewatering ​ ✓ ​ Dewatering is a necessary 
NVA due to the negative 
effect of water on the 
quality of the pile 
materials. It is not VA as 
the pile can still be 
produced underwater 
using special tools and 
materials if necessary.

Steel cage 
insertion

✓ ​ ​ Steel is a critical structural 
component of reinforced 
concrete piles, so it has to 
be inserted into the piling 
location.

Concrete 
pouring

✓ ​ ​ Concrete is a critical 
structural component of 
reinforced concrete piles, 
so it has to be poured into 
the piling location.

Excavated 
soil removal

​ ​ ✓ The process of drilling 
produces soil from the pile 
location. The removal of 
this soil does not add value 
to the production of piles. 
This soil type was found to 
be suitable for recycling in 
any future construction 
operations and thus was 
unnecessary to be 
removed from the site.

Table 7 
VA and NVA activities for the construction of cast-in-place concrete piles.

Piling 
activities

VA Necessary 
NVA

Unnecessary 
NVA

Explanation

Site 
preparation

​ ✓ ​ Although this process does 
not directly contribute to 
pile production, it is 
necessary to allow piling 
machinery to operate 
within the pile location.

Land survey ✓ ​ ​ Land survey is classified as 
VA as any mistakes in pile 
locations might diminish 
the operational value of 
the pile to support the 
building structure.

Drilling ✓ ​ ​ Piles can not be 
constructed without 
displacing the soil in the 
pile location to allow for 
the steel and concrete to be 
inserted.

Dewatering ​ ✓ ​ Dewatering is a necessary 
NVA due to the negative 
effect of water on the 
quality of the pile 
materials. It is not VA as 
the pile can still be 
produced underwater 
using special tools and 
materials if necessary.

Steel cage 
insertion

✓ ​ ​ Steel is a critical structural 
component of reinforced 
concrete piles, so it has to 
be inserted into the piling 
location.

Concrete 
pouring

✓ ​ ​ Concrete is a critical 
structural component of 
reinforced concrete piles, 
so it has to be poured into 
the piling location.

Excavated 
soil removal

​ ​ ✓ The process of drilling 
produces soil from the pile 
location. The removal of 
this soil does not add value 
to the production of piles. 
This soil type was found to 
be suitable for recycling in 
any future construction 
operations and thus was 
unnecessary to be 
removed from the site.
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with the core principles of Lean construction, where ongoing improve
ment and waste minimisation are central to enhancing both productivity 
and sustainability.

5.3. Framework evaluation

5.3.1. Expert evaluation
The evaluation of the proposed framework was conducted by experts 

from both academic and industry backgrounds in the fields of lean 
construction and sustainability. Expert evaluation is a commonly used 
qualitative method for the evaluation of conceptual models and frame
works, as established by (Hancock et al., 2001). Initially, a sample of 10 
participants was selected based on their extensive experience in both 
lean construction and sustainability. Six experts agreed to participate in 
the study. The demographic details of the participants are presented in 
Table 8. These experts were chosen for their extensive experience in 
Lean construction and sustainability, providing a balanced perspective 
from both academic and industry viewpoints.

This evaluation study employed semi-structured interviews con
ducted online via Zoom. The interviews focused on ensuring the align
ment of the developed framework with state-of-the-art research and 
industrial best practices. The interviews were based on four key cate
gories, which were identified based on the research objectives and the 
framework components. The expert evaluation process yielded results 
that are detailed in the following subsections. Based on the outcomes of 
these interviews, the framework underwent refinement to incorporate 
feedback and recommended modifications.

5.3.2. General overview of the framework
After familiarising themselves with the framework, the experts 

shared their general impressions, which were critical in assessing its 
clarity and potential effectiveness. Several experts agreed that the 
framework is well-organised and easy to follow, with Expert 2 noting, 
"The flow of the framework is clear, easy to follow" and Expert 5 empha
sising its holistic approach to waste management and sustainability. 
Expert 3 added, "I found your framework very useful, and it’s a good idea to 
combine lean and sustainable concepts every time, in my opinion". This 
feedback reinforces the core objective of the framework: to bridge Lean 
construction and sustainability practices in a cohesive and actionable 
manner.

In assessing the effectiveness of the framework, experts provided 
valuable insights. Expert 1 emphasised that "it can eliminate the non- 
value adding activities… It has the potential to reduce schedule for 
sure, environmental impact in terms of emission from the construction 
phase". This feedback highlights the framework’s ability to identify and 
eliminate non-value-adding activities, which can lead to significant 
improvements in project performance and environmental impact.

Expert 2 pointed out the framework’s comprehensive approach, 
stating, "The framework consists of strategic, tactical, and operational 
levels… This will help in LEED accreditation… I notice that in your 
framework". This comment suggests that the framework’s multi-level 
structure enhances its practical relevance and applicability.

Furthermore, Expert 4 noted, "This framework could definitely 
improve the efficiency of construction, provided the users could prop
erly conduct and understand the impact measurement well." This 
statement underscores the importance of proper implementation and 
understanding of the framework for realising its full potential in 
improving construction efficiency.

5.3.3. Applicability of the framework
The subsequent interview question was designed to explore the 

practicality of the framework by identifying potential issues or con
straints that could impede its implementation in construction projects. 
The participants expressed a high degree of confidence in the frame
work’s applicability in real-world construction projects, highlighting its 
ease of practical application and reporting no significant impediments. 
This confidence was largely due to the framework’s structured 
approach, which integrates Lean principles with sustainability practices 
in a way that is practical and adaptable to various construction projects.

Expert 3 stated, "Yes, in my opinion, you can apply it to a real con
struction project". This affirmation suggests that the framework is 
perceived as relevant and actionable within the context of actual con
struction scenarios. Similarly, Expert 5 emphasised, "Absolutely yes…I 
would apply it straight away as we are suffering from a lack of attention in 
waste management". This comment reflects a sense of urgency and a 
recognition of the framework’s potential to address existing challenges 
in waste management practices.

5.3.4. Benefits and drawbacks of implementing the framework
To evaluate the feasibility of the framework, the next inquiry 

examined its advantages and disadvantages. The reported drawbacks 
primarily concerned the time and costs involved in implementing such a 
management intervention.

On a positive note, the experts identified potential benefits for the 
framework in construction projects, such as reducing production and 
environmental waste, boosting productivity, enhancing time and cost 
performance, and raising awareness about environmental waste. The 
experts also noted that the framework can improve comprehension of 
the interplay between lean and sustainability concepts, enhancing the 
overall efficiency of construction processes.

5.3.5. Challenges of implementation
Despite the numerous benefits, the experts also identified several 

challenges that must be addressed to ensure the framework’s successful 
implementation. One of the major challenges identified was related to 
resistance to change. Additionally, construction practitioners’ lack of 
knowledge about lean and sustainability concepts was another obstacle. 
Expert 1 highlighted that "Measuring NVA can be hard but depends on NVA 
types" pointing to the difficulty of assessing non-value-adding activities, 
which could hinder the framework’s implementation.

The scope of implementation was also discussed, and the experts 
suggested starting with smaller pilot projects before tackling entire 
projects. In order to overcome these challenges, well-designed guide
lines and clear demonstrations of the framework’s benefits were deemed 

Table 8 
Demographic details of participant.

Interview Reference Title of Interviewee Education Country Years of experience in lean and/or sustainability Type of Experience

Expert 1 Researcher/ 
Academic

Doctoral USA Over 15 years Academic+ Practical

Expert 2 Researcher/ 
Academic

Doctoral Chile Over 15 years Academic + Practical

Expert 3 Researcher/ 
Academic

Doctoral Turkey Over 15 years Academic + Practical

Expert 4 Researcher/ 
Academic

Doctoral Malaysia five to ten years Academic + Practical

Expert 5 Project Manager Master Saudi Arabia five to ten years Practical
Expert 6 Construction Manager Bachelor New Zealand Five years Practical
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necessary by the experts. Successfully overcoming these challenges is 
essential to achieving the framework’s aim of integrating Lean princi
ples with sustainability, ensuring long-term waste reduction and project 
efficiency.

6. Conclusion

The construction industry in Saudi Arabia faces significant chal
lenges in waste management and the preservation of natural resources, 
especially in light of the ambitious projects outlined in Vision 2030. This 
study aimed to contribute to addressing these challenges by developing 
an integrated framework that combines lean construction principles 
with environmental management systems. The proposed framework 
offers a structured approach to managing both production and envi
ronmental wastes, empowering construction organisations and pro
fessionals in Saudi Arabia to utilise resources effectively and reduce 
environmental impact throughout all stages of project execution.

The study employed a constructive research approach, beginning 
with semi-structured interviews to gain insights into the current state of 
waste management in the Saudi construction industry. These interviews 
identified several key factors contributing to waste generation, with 
poor planning and coordination among stakeholders being the most 
prominent issues. Additionally, the study found that current waste 
management efforts are primarily focused on material waste, often 
overlooking the broader environmental implications of construction 
activities. This highlights the need for a more integrated approach that 
addresses both production and environmental waste simultaneously.

Also, the study found that waste management practices in Saudi 
Arabia are mainly approached from a productivity perspective to 
manage time and cost; however, environmental sustainability consid
eration is relatively overlooked, or at least seen by many practitioners as 
a concept of minor concern in comparison to productivity.

The proposed framework provides this integration by enabling waste 
management at strategic, tactical, and operational levels. Its application 
in the case study demonstrated its effectiveness in identifying non-value- 
adding (NVA) activities, analysing their root causes, and prioritising 
them based on their potential impact on both production and environ
mental waste generation. This proactive approach fosters a culture of 
continuous improvement in construction organisations, allowing them 
to optimise resources and improve project outcomes.

The expert evaluation process affirmed the framework’s clarity, 
effectiveness, and applicability in real-world construction projects. By 
incorporating lean and sustainability principles, the framework presents 
a practical solution to reduce production and environmental waste 
simultaneously. It equips construction organisations with tools to 
improve their operational efficiency while implementing environmen
tally friendly strategies. Through its use, industry professionals can 
identify inefficiencies and improve overall performance in terms of cost, 
time, and environmental sustainability.

However, the successful implementation of the framework may face 
challenges, such as resistance to change and a lack of knowledge among 
construction practitioners regarding lean and sustainability concepts. To 
overcome these obstacles, well-designed guidelines and clear demon
strations of the framework’s benefits were presented. Previous studies 
have emphasised the importance of practical applicability and over
coming the industry’s reactive nature to effectively address construction 
waste.

This study acknowledges certain limitations. The framework focuses 
on unnecessary NVA activities, but necessary NVA and VA activities can 
also generate waste during construction operations. Therefore, embed
ding sustainability into engineering methods and the design of con
struction operations is crucial to avoid waste generation. By doing so, it 
is possible to avoid waste generation during both the construction and 
operation of the asset. Moreover, the use of a retrospective case study 
may not fully represent the complexities of real-life implementation. 
Future research should refine the framework by applying it in live 

construction projects in Saudi Arabia to validate its effectiveness in 
practical settings and expand it to cover the entire lifecycle of con
struction projects. Additionally, future research should explore how the 
proposed framework can inform and support the development of 
comprehensive waste management policies in the Saudi construction 
sector, particularly as new regulations emerge in line with Vision 2030 
sustainability goals.

In conclusion, this research contributes to the body of knowledge in 
lean construction and sustainability by offering a holistic approach to 
waste management. By integrating production and environmental waste 
management, the framework addresses a critical gap in current practices 
and offers a pathway towards achieving the sustainability goals outlined 
in Vision 2030. As the construction industry in Saudi Arabia continues to 
expand, adopting this framework can play a pivotal role in promoting 
resource efficiency, reducing environmental impact, and fostering a 
more sustainable future for the built environment.
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Appendix a. : interview questions

1. Waste generation during the construction phase of a project is a big 
concern nowadays and has different impacts on the projects, based 
on your experience and perspective, could you please talk about this? 
1. What is your perception/definition of waste?
2. What would you consider as a waste?

1. As you know, during the construction phase, there are different types 
of waste generated. Could you please talk about waste types that are 
generated during the construction process of your current or last 
projects, and what are their reason/s of occurrence? 
11. What are the major areas of waste during the construction 

phase?
12. What are the biggest contributors to waste in terms of project 

completion, time, quality, and Profit & Loss?
2. During the construction process, there are activities and aspects that 

affect the construction productivity and/or cause environmental 
waste or, rather, losses. Could you please think of any of these ac
tivities or aspects, and explain how?

3. Following up with the previous question, would you group the ac
tivities that you just mentioned in one category or into different 
categories? If so, on what basis?

4. Researchers argue that the activities that are not adding value to the 
project have negative impacts on the environment. To what extent do 
you agree? Please support your answer with examples.
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5. Based on the types of waste that you have identified, how could you 
manage these wastes effectively? 
51. How do usually monitor waste during the construction process?
52. How do you usually measure waste? Based on which criteria?
53. Have you ever undertaken training courses for waste 

management?
6. There are two types of waste: production and environmental waste. 

Do you think that the current waste management plan in your 
company manages both types simultaneously? Explain?

7. Based on your experience, can you think of a method, tool, technique 
or action that could be used on-site to manage production and 
environmental waste concurrently? 

8.1If the answer is “YES”. 
701. How do you think this new method will benefit and reflect on 

the project and the company as a whole?
702. Would you like to adapt such a method to your current or next 

project instead of your current methods?

8.2If the answer is “NO”.
8.2.1Why do you think that there is no need to modify the current 

method used on-site?

Data availability

The data that has been used is confidential.
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