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Abstract
This study explores the relationship between Key Performance Indicators (KPIs) and environmental performance improve-
ment within the Saudi chemical industry. Against the backdrop of global sustainability imperatives and Saudi Arabia’s 
Vision 2030, which promotes sustainability for economic diversification, this research aims to assess the effectiveness of 
KPIs in driving environmental sustainability practices. The motivation for this study stems from the identified gaps in the 
systematic implementation and utilisation of KPIs and the lack of awareness regarding certain aspects of environmental 
impact management within the industry in the Kingdom. The methodology involved a structured survey administered to 
a diverse range of chemical manufacturing companies, followed by rigorous data analysis using descriptive evaluation, 
Analysis of Variance (ANOVA), reliability analysis, and t-tests. The results revealed insights into pollution areas, KPI utilisa-
tion, methods for pollution assessment, alignment with strategic goals, and governance regulations. Descriptive analysis 
highlighted air quality management as a priority, with notable attention to water and land pollution, while quantitative 
analysis confirmed the significance of KPIs in driving environmental performance improvement in the area. However, it 
also unveiled the absence of a systematic approach to implementing and utilising KPIs effectively, coupled with a lack 
of awareness regarding certain aspects of environmental impact management, consequently leading to uncertainty. 
Overall, this study contributes to advancing sustainability efforts within the Saudi chemical sector, providing actionable 
insights for industry stakeholders and policymakers.
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1 Introduction

In today’s global business landscape, sustainability has emerged as a central principle, guiding industries towards 
resilience and responsible stewardship. From multinational corporations to local enterprises, the imperative to bal-
ance economic prosperity with environmental preservation and social equity has become increasingly apparent [1]. 
At its core, sustainability encompasses the pursuit of continuing prosperity while safeguarding natural resources and 
ecosystems for future generations [2]. The shift towards sustainability underscores the interconnectedness of eco-
nomic, environmental, and social systems [3], requiring organisations to adopt holistic approaches to their operations. 
This triple-bottom-line approach recognises that economic growth must be coupled with environmental protection 
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and social well-being to ensure a sustainable future [4]. Consequently, industries worldwide are evaluating their 
practices and policies to align with these principles, seeking to mitigate their environmental footprint and enhance 
their societal contributions. Within this context, environmental sustainability occupies a vital position, emphasising 
the need to minimise negative environmental impacts while promoting resource efficiency and conservation [5]. 
Environmental sustainability initiatives encompass various facets, including reducing greenhouse gas (GHG) emis-
sions, conserving water and energy, minimising waste generation, and protecting biodiversity [6]. Realising such 
aspirations requires collaborative efforts from both the public and private sectors, with businesses playing a crucial 
role in driving innovation and implementing sustainable practices [7].

In Saudi Arabia, a nation historically reliant on oil revenues, sustainability has emerged as a strategic imperative 
for economic diversification and long-term prosperity. In 2022, hydrocarbon extraction constituted approximately 
39% of the GDP and contributed 80% to government revenues, highlighting the economy’s heavy dependence on 
fossil fuels and its vulnerability to market fluctuations [8]. Vision 2030, Saudi Arabia’s ambitious blueprint for the 
future, underscores the importance of sustainability as a catalyst for economic growth and social development [9]. 
This transformative agenda aims to reduce the kingdom’s reliance on oil, promote sustainable development across 
sectors, and enhance the quality of life for its citizens [10]. Among these broader sustainability efforts, the chemical 
industry in Saudi Arabia stands at a critical stage. As a cornerstone of the nation’s economy, accounting for 9.2% of 
the Gulf region’s GDP in 2021 and generating an estimated USD 42.1 billion in revenue [11, 12], the chemical sector 
assumes a pivotal role in fostering industrial growth and innovation [13]. However, it also struggles with notable 
environmental challenges, such as pollution, resource depletion, and ecological degradation [14]. In 2012 alone, 
the sector accounted for 50 million tons of  CO2 equivalent emissions [15]. Recognising the imperative to balance 
economic objectives with environmental considerations, Saudi chemical companies are progressively adopting sus-
tainability principles in their operations, a transition that may entail various challenges.

The motivation for this study is to address the gaps in the systematic implementation and utilisation of KPIs in the 
Saudi chemical industry and the lack of awareness regarding certain aspects of environmental impact management. 
Advancing environmental sustainability requires an initial step of understanding an organisation’s current impact lev-
els. This comprehension is vital as it allows for the identification of specific areas that require attention and improve-
ment, providing clarity on where efforts should be focused to mitigate adverse effects [16, 17]. This process entails 
meticulous monitoring and evaluation of industrial activities, assessing their impacts on the ecosystem, providing 
valuable insights into their environmental performance and developing targeted strategies to enhance sustain-
ability practices. In pursuit of this objective, the adoption of robust monitoring mechanisms becomes imperative. 
Environmental sustainability targeted Key Performance Indicators (KPIs) serve as an essential tool in this endeavour, 
offering a structured approach to assess and track environmental performance over time [18, 19]. These metrics 
provide quantifiable measures of various operational and sustainability aspects, ranging from energy consumption 
and waste generation to emissions levels and resource utilisation [20–22]. By establishing benchmarks and targets, 
KPIs enable companies to gauge their progress towards sustainability goals and identify areas for improvement 
[23]. Integrating KPIs into sustainability management systems is essential across industries worldwide, facilitating 
informed decision-making and enhancing accountability [24, 25]. In the context of the chemical sector in Saudi Ara-
bia, the utilisation of KPIs offers a means to systematically monitor environmental performance and drive continu-
ous improvement efforts. However, while the adoption of KPIs presents promising opportunities, challenges persist 
in their implementation and interpretation within the Saudi industrial landscape [26–28] and the chemical sector 
remains an ill-explored domain.

Through an in-depth examination of KPI usage and its impact on environmental sustainability practices within Saudi 
chemical companies, this paper aims to contribute to the existing literature by providing empirical evidence on the 
effectiveness of KPIs in enhancing environmental performance in this specific industrial context. The research questions 
(RQs) guiding this study are: (1) what is the current state of KPI implementation in the Saudi chemical industry? (2) How 
do KPIs impact environmental performance in the sector? (3) What are the challenges and opportunities associated with 
KPI utilisation in the Saudi context? The research objectives (ROs) are to (1) evaluate the extent of KPI adoption in the 
Saudi chemical industry, (2) assess the effectiveness of KPIs in improving environmental performance, and (3) identify 
the barriers and facilitators for effective KPI use in the sector.

Employing both qualitative and quantitative methods to critically evaluate current practices and identify areas for 
enhancement, the research seeks to contribute to the ongoing dialogue on sustainable development in the region. 
This comprehensive analysis aims to assess the effectiveness of existing environmental sustainability initiatives in Saudi 
chemical companies while also identifying challenges and proposing actionable recommendations for improvement.
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The originality of this research lies in its specific focus on the implementation and interpretation of KPIs within the 
Saudi chemical industry, a sector that has been relatively underexplored in the existing literature. While numerous 
studies have examined the use of KPIs in various industries, there is a significant gap in the context of Saudi Arabia’s 
chemical sector. This study addresses this gap by providing empirical evidence on the unique challenges and oppor-
tunities associated with KPI adoption in this industry, thus contributing to the broader understanding of sustainability 
management in the region.

This endeavour is rooted in the commitment to advancing national and global environmental sustainability aligned 
with the Pillars of the Saudi Vision 2030 [9] and aligns with several Sustainable Development Goals (SDGs), specifically 
SDG 9 (Industry, Innovation, and Infrastructure), SDG 12 (Responsible Consumption and Production), and SDG 13 (Cli-
mate Action). The research contributes to SDG 9 by promoting sustainable industrialisation and innovation through the 
implementation of KPIs within the Saudi chemical industry. By focusing on sustainable practices and efficient resource 
use, the study supports SDG 12’s aim of ensuring responsible consumption and production patterns. Additionally, the 
emphasis on reducing emissions and assessing environmental impact aligns with SDG 13, which calls for urgent action 
to combat climate change and its impacts. Through these contributions, the study provides valuable insights and strate-
gies for advancing sustainability in the chemical sector [29].

The next section presents the literature review conducted as part of the research. Section 3 presents the hypotheses 
developed, with Sect. 4 detailing the methodology employed to test them. The results and their practical implications 
are discussed in Sect. 5. Lastly, Sect. 6 serves as the conclusion, identifying limitations and providing recommendations 
for future research.

2  Literature review

The literature review aimed to provide insights into environmental sustainability efforts, sustainable manufacturing 
practices and the utilisation of KPIs for the purpose of identifying global best practices and emerging trends as well 
as strategies for minimising environmental impact. Furthermore, it examined the utilisation of KPIs as a vital tool for 
quantifying and managing environmental performance, highlighting their role in the decision-making process. Addi-
tionally, the analysis of literature specific to the Saudi chemical sector sheds light on regional challenges, regulatory 
frameworks, and industry-specific initiatives. This localised perspective enables the identification of unique challenges 
and opportunities for enhancing environmental actions within the Saudi chemical industry. Such outlooks are crucial 
for contextualising the research within the sector.

2.1  Environmental sustainability and KPIs

Environmental sustainability has been a longstanding concern throughout human history, reflecting the recognition 
of the intrinsic connection between human activities and the health of the planet. From ancient soil conservation 
efforts to modern-day environmental movements, societies have grappled with the consequences of environmental 
degradation and sought ways to mitigate them [30, 31]. In the current context, the concept of environmental sustain-
ability has gained renewed significance amidst growing awareness of the profound impact of human activities on the 
natural world. Industrialisation, while fuelling economic growth and technological advancement, has also contributed 
to widespread environmental degradation. From pollution of air and water to habitat destruction and biodiversity loss, 
the consequences of industrial actions on the environment are increasingly apparent [32].

In response to these challenges, researchers and policymakers have turned their attention to mitigating the envi-
ronmental impact of industrial activities. Studies have explored various strategies and initiatives aimed at promoting 
sustainability within a wide range of industrial sectors [33]. For instance, efforts have been made to develop and imple-
ment cleaner production practices to reduce emissions and minimise waste generation in various industries. In the 
aluminium industry, adopting cleaner production practices is essential for environmental sustainability. These practices 
include implementing electrolytic processes to reduce energy consumption, utilising recycled aluminium as a raw mate-
rial to minimise waste generation, and deploying advanced filtration systems to capture and recycle emissions [34]. 
Furthermore, within the energy sector, there is a growing recognition of the importance of adopting environmentally 
friendly production methods to achieve sustainable development objectives. This includes cleaner treatment of fossil 
energy and renewable sources, Gas reservoir well development, and Carbon Capture and Storage (CCS). These efforts 
aim to diminish environmental harm while maximising social and economic benefits [35]. Additionally, research has 
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demonstrated a growing emphasis on the adoption of sustainable resource management procedures across various 
industries [36]. For instance, in the manufacturing sector, companies have increasingly implemented strategies such 
as waste reduction, recycling initiatives, and the use of renewable energy sources to conserve natural resources and 
promote efficient material utilisation [37].

Companies often utilise KPIs as essential tools for monitoring and evaluating their environmental performance [18, 38]. 
These KPIs provide quantifiable measures of various operational and sustainability aspects, including energy consump-
tion, waste generation, emissions levels, and resource utilisation [25]. Within the chemical sector, KPIs play a crucial role 
in assessing and managing environmental impacts associated with manufacturing processes, material usage, and waste 
disposal practices [39, 40]. Various KPIs have been identified and categorised based on the type of industry as well as the 
associated pollution, including air, water, land, and other pollution [41, 42]. By establishing systematic approaches to 
identify, assess, and mitigate environmental impacts, the use of KPIs enable companies to achieve operational efficien-
cies and reduce environmental risks, through enhanced environmental stewardship [25].

Overall, the discourse on environmental sustainability within industrial contexts continues to evolve, with ongoing 
research efforts aimed at identifying effective strategies for mitigating environmental impacts and promoting sustainable 
development. By highlighting the significance of KPIs as integral components in driving improvement in environmental 
performance, the findings align with the aim of this research to assess the effectiveness of these metrics in promoting 
environmental sustainability within the Saudi chemical industry.

2.2  Sustainability efforts and initiatives in Saudi Arabia

Saudi Arabia has embarked on a comprehensive journey towards sustainability, characterised by its embrace of the 17 
SDGs [43]. Central to this endeavour is Saudi Vision 2030, built upon three pillars: a vibrant society, a thriving economy, 
and an ambitious nation [9]. This ambitious vision has encouraged the Saudi government to incentivise sustainability 
across industries, offering rewards for land use, discounts, and contract awards to organisations prioritising sustainability. 
Moreover, the introduction of green bonds has provided another avenue for organisations to bolster their sustainability 
initiatives, aligning with both environmental and economic goals [44].

Aligned with Vision 2030, Saudi Arabia has instituted various programs to promote sustainability awareness and 
action within manufacturing and service organisations, both locally and internationally [45]. For instance, key players 
like the Saudi Electricity Company (SEC) and Saudi Telecom Company (STC) have developed a sustainability framework 
and issued sustainability reports [46, 47]. SEC focuses on reducing carbon emissions and promoting circular economy 
initiatives utilising a framework which includes multiple performance criteria and indicators, while STC prioritised 10 
of the 17 SDGs within its strategy, developing a framework spanning 17 indicators. However, it’s noteworthy that the 
indicators chosen in both frameworks, such as infrastructure resilience and digital inclusion, are often high-level and 
lack specific measurability [48]. This can potentially pose challenges in accurately assessing and monitoring progress 
towards sustainability goals.

2.2.1  Environmental impact of Saudi chemical companies

The chemical companies in Saudi Arabia are engaged in the production of a wide range of products which include petro-
chemicals, methanol, ammonia, urea, sulphur, chemical fertilisers, as well as polymers and plastic. They also manufacture 
industrial gases like hydrogen, oxygen, and nitrogen, basic chemicals like polyvinyl chloride and ethylene glycol, greases 
and lubricants, and speciality chemicals. The scale of production and distribution activities often correlates directly with 
the level of emissions attributed to each company. Notably, the top ten Saudi chemical companies collectively emit more 
harmful substances than all other companies combined. This observation holds significant implications, suggesting that 
a substantial portion of the environmental impact could be mitigated if these leading players were to enact stringent 
policies aimed at environmental protection [49, 50].

Saudi Arabia Basic Industries Corporation (SABIC), renowned globally for its chemical production, stands out for its com-
mitment to sustainability. They continually evaluate fuel efficiency and environmental impact, aiming to reduce greenhouse 
gas emissions, energy consumption, and material and water utilisation [51]. However, this dedication to sustainability is 
not universal across all chemical producers in the kingdom. Despite strides in sustainability initiatives [52], Saudi chemical 
companies grapple with persistent environmental challenges, notably greenhouse gas emissions, hazardous waste disposal, 
and water pollution [53]. Moreover, while Saudi Arabia is a major petrochemical and plastics producer, many enterprises still 
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operate under Industry 3.0 practices, with limited adoption of Industry 4.0 technologies and circular economy principles. 
Additionally, research on these fronts within Saudi Arabian organisations remains scarce [54].

The reliance on fossil fuels within the chemical industry significantly contributes to carbon emissions, exacerbating 
climate change and air pollution. By 2017, Saudi Aramco alone had released over forty billion tons of greenhouse gases, 
significantly contributing to rising temperatures in Saudi Arabia [55]. Evidence suggests that certain regions in Saudi 
Arabia experience alarming temperature increases due to greenhouse gas emissions from chemical companies. Moreover, 
proximity to chemical companies correlates with higher mortality rates, particularly among children. Alshahrani et al. [56] 
found that child mortality rates near Saudi Arabian chemical companies were thirty per cent, significantly higher than in 
areas located farther away. Oil spills present another significant environmental challenge in the oil production process, 
often difficult to control, particularly in offshore environments with unpredictable tides. Nahed and Bander [57] highlight 
the detrimental impact of oil spills on marine life, posing risks to food safety for communities dependent on marine 
habitats. These findings underscore the urgent need for enhanced environmental stewardship and sustainability meas-
ures within the Saudi chemical industry to mitigate its adverse impacts on public health and environmental well-being.

2.3  Challenges and opportunities in Saudi Arabia’s sustainable development

Saudi Arabia has set ambitious targets, including a reduction goal of 130 MTon  CO2 as part of the Paris Agreement [58] and 
a commitment to achieving 9.5 GW of renewable energy capacity by 2030 [52]. However, significant challenges persist, 
such as heavy energy subsidies leading to overuse and inappropriate resource allocation, and the economy’s heavy reli-
ance on energy exports [59]. While many organisations in Saudi Arabia are gradually adopting sustainability practices, 
notable obstacles remain, with sustainability assessments lagging behind market sustainability efforts [60]. Some public 
sector agencies in the kingdom have not fully embraced new initiatives, possibly due to a lack of top management sup-
port, internal resistance to change, or limited awareness and engagement among individuals [61].

Addressing these challenges requires a better understanding of the effectiveness of KPIs in enhancing environmen-
tal sustainability practices, particularly within chemical companies in the kingdom. By assessing whether companies 
with well-defined KPIs report significant reductions in energy consumption and pollution generation, we can justify 
the adoption of KPIs and encourage broader engagement in tracking and reducing emissions. Studies such as those by 
Al-Alqam et al. [62], Singh et al. [63], and Trianni et al. [64] underscore the importance of integrating sustainability into 
organisational practices and utilising KPIs for environmental monitoring to achieve long-term environmental goals and 
reduce emissions effectively.

3  Hypothesis development

Based on the discussions presented in Sects. 1 and 2, this study moves forward to hypothesis development regarding the 
role of KPIs in driving environmental sustainability practices within the Saudi chemical industry. Drawing from insights 
on sustainability efforts in Saudi Arabia and the challenges faced by the chemical sector, three hypotheses are proposed:

1. Greater awareness of pollution sources leads to better environmental performance.
2. The use of KPIs is positively correlated with reduced emissions in chemical manufacturing companies.
3. The alignment of KPIs with a company’s strategic goals positively influences the implementation success of environ-

mental practices.

These hypotheses aim to contribute to the understanding of how KPIs influence sustainability practices in the industry, 
aligning with broader sustainability goals outlined in the Saudi Vision 2030 and global initiatives. The following sections 
will detail the methodology used to explore and test these hypotheses.

4  Methodology

This section outlines the methodology employed to comprehensively understand KPI usage, environmental performance, 
governance regulations, and potential areas for improving sustainability practices within Saudi Arabian chemical com-
panies. A structured survey methodology was utilised to test hypotheses regarding the association between KPI usage 
and environmental impact. This approach involves sample identification, survey development, and data analysis to yield 
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valuable insights into KPI utilisation and efforts toward enhancing sustainable performance across the Saudi chemical 
industry. The chosen methodology enables the systematic gathering of quantitative data from a representative sam-
ple, allowing for comprehensive analysis and assessment of research hypotheses. By embracing both quantitative and 
qualitative approaches, the research facilitates empirical assessment and statistical rigour, providing valuable insights 
into the effectiveness of KPIs in promoting sustainable practices within the Saudi chemical industry.

4.1  Data collection

Data were collected through a meticulously designed structured survey which was administered to a sample of Saudi 
chemical companies. The survey instrument aimed to extract comprehensive information on KPI implementation and 
usage, fostering an understanding of environmental impacts in the chemical sector.

4.1.1  Survey design

The survey design was tailored to address specific inquiries regarding stakeholders’ actions to mitigate the environ-
mental impact of chemical companies. It aimed to collect data on KPI usage, pollution assessment methods and over-
all environmental performance awareness, aligning with the research hypotheses for targeted analysis. An overview 
of the survey flow is presented in Fig. 1 while the survey questions are provided in Table 8 in Appendix. The questions 
encompassed various themes, including KPI Utilisation, Specific KPIs Tracked (KPIs included in the survey were identi-
fied through an extensive literature review conducted in the author’s previous research [41]), Critical Factors for KPIs, 
Benefits and Challenges of KPIs, Methods for KPI Implementation, Alignment with Strategic Goals, Environmental 
Performance Improvement, Pollution Detection and Management, and Government Regulations. Some questions 
consisted of multiple choices while others were open-ended to allow for deeper insights. Clear instructions were 
provided to participants to ensure consistency and accuracy in their responses. Moreover, affirmation of anonymity 
was provided at the start to ensure truthful and unbiased responses. Skip logic was employed to ascertain the extent 
of KPI usage in the companies and other methods utilised in the industry. The survey was distributed to various com-
panies in the Saudi chemical industry. To further minimise bias, we ensured a diverse sample by including companies 
of different sizes and operational scales. Once survey response collection had commenced, further communication 
was conducted with participants who left their email addresses for collecting actual data for certain KPIs.

Fig. 1  Survey flow
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4.1.2  Survey administration and sample size

The survey was conducted between August and December 2023, utilising online survey platforms for efficient data 
collection. Approval was obtained from Al Madinah Al Munawaroh Chambers to conduct field research, ensuring the 
data collection was performed in accordance with the relevant guidelines and supervised distribution to chemical 
companies in the Kingdom. Due to time constraints, it was exclusively distributed to basic chemical manufacturers 
in Saudi Arabia with a total of 320 companies (NAICS: 3251) [65]. This entails focusing on establishments directly 
involved in producing basic chemicals, excluding those processing intermediate or end products [66]. The required 
sample size was calculated using Slovin’s formula [67]:

where n represents the desired sample size, N stands for the total population, and e denotes the standard error, which 
is set at 0.1 for a 90% confidence interval [68]. When this formula was applied to a population size of 320, it resulted in 
a recommended sample size of 77. This calculation ensures that the obtained sample adequately represents the larger 
population, allowing for statistically reliable conclusions to be drawn from the survey data.

4.2  Data analysis

After completing the data collection phase, a manual review was conducted to identify and remove any irrelevant 
responses, involving a thorough examination for inconsistency or illogical answers. A total of 101 responses were 
received, of which 23 were deemed invalid or nonsensical and thus excluded from the analysis. Therefore, the analysis 
focused on the remaining 78 valid responses, surpassing the required sample size of 77 for robust statistical analy-
sis. Following this, the collected data underwent rigorous analysis. First, findings were appraised using qualitative 
methods including descriptive analysis and data visualisation, to explore the relationship between KPI usage and 
environmental impact reduction within chemical manufacturing companies. Subsequently, the reliability of the col-
lected results was evaluated using Cronbach’s alpha coefficient [69].

For hypothesis testing and evaluating the statistical significance of variations in KPIs across different chemical 
companies, Analysis of Variance (ANOVA) and t-tests were employed using SPSS 15.0 statistical software [70] using 
SPSS 15.0 statistical software. ANOVA was utilised to test for statistical differences among three or more groups, as 
summarised in Table 1 which lists the variables assessed during hypothesis testing and the corresponding questions 
from which measurements were extracted. Meanwhile, t-tests were used for pairwise comparisons between specific 
question pairs, detailed in Table 2. These statistical methods were chosen for their ability to compare means across 
multiple groups and to determine if there are statistically significant differences in environmental performance 
among these groups. The choice of ANOVA and t-tests was driven by the research objective to understand group 
differences and identify key areas for improvement in environmental performance within the chemical industry.

These methods are straightforward and appropriate given the study’s scope and data characteristics. While more 
complex methods like SEM or PLS-SEM could explore deeper relationships, the focus was on mean comparison, mak-
ing ANOVA and t-tests more suitable.

n =
N

(1 + Ne2)

Table 1  Hypotheses variables 
and associated questions

Hypothesis Independent variable Question Dependent variable Question

1 Awareness of pollution sources 2 Environmental performance 5
2 Use of KPIs 3 Reduced Emissions 5
3 Alignment of KPIs with Strategic Goals 7 Implementation Success of 

Environmental Practices
8
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5  Results and discussion

This section presents the findings of the comprehensive survey conducted to explore the relationship between KPIs and 
environmental performance improvement within chemical manufacturing companies in Saudi Arabia. The respondents 
represented a diverse array of chemical-producing industries, spanning from petrochemicals, closely tied to oil and gas, 
to basic chemicals, plastics, and rubber, among others, showcasing a broad spectrum of products within the sector. The 
roles of the respondents are equally varied, ranging from owners and directors to managers, engineers, and technicians, 
reflecting a comprehensive cross-section of personnel involved in chemical manufacturing. This diversity in industry 
sectors and roles enriches the dataset, providing multifaceted insights into the utilisation of KPIs and sustainability 
practices across different segments of the chemical industry. This section presents the descriptive analysis of the survey 
data, followed by the application of various statistical tests to investigate the hypothesised relationships between KPI 
usage and environmental impact reduction.

5.1  Descriptive result

5.1.1  Participants demographics

The survey respondents represented a diverse array of roles and sectors within the industry, offering a comprehensive 
perspective on KPI implementation and sustainability practices. Participants came from various sectors, including chemi-
cal, petrochemical, oil and gas, polymers, plastics, food, water, agriculture, and energy. In terms of roles, the respond-
ents included engineers, operations personnel, managers, production staff, chemical specialists, directors, maintenance 
staff, technicians, and owners. This diversity underscores the relevance and applicability of the study across different 
segments of the industry, reflecting the perspectives of individuals at various levels of organisational hierarchy, from 
technical experts to management and operational staff. The detailed distribution of respondents by sector and position 
is presented in Fig. 2a and b, highlighting the study’s inclusive approach.

5.1.2  Pollution areas of impact

The survey queried respondents regarding the primary areas affected by their pollution activities, offering options of 
air, water, and land [71], with respondents able to select multiple choices. The resultant data has been visually repre-
sented in two distinct figures for enhanced comprehension. Figure 3a illustrates the selection groupings, showcasing the 

Table 2  Question pairs for t-test

Pair Questions

1 (Q2) What is the main source of pollution in your company?—(Q3) Does your company use KPIs to monitor environmental impact?
2 (Q2) What is the main source of pollution in your company?—(Q4) Overall air emissions output KPI
3 (Q2) What is the main source of pollution in your company?—(Q7) Do the KPIs always align with your company’s overall strategic 

goals?
4 (Q2) What is the main source of pollution in your company?—(Q8) What were the challenges associated with KPIs implementation?

Fig. 2  Participants a sec-
tors and b positions within 
companies
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distribution of responses across various combinations of air, water, and land pollution. For instance, 49% of respondents 
identified air pollution exclusively, while 18% indicated pollution affecting both air and land, and 10% noted pollution 
impacting both air and water. This presentation method offers insights into the intersectionality of pollution across 
different environmental domains, providing a nuanced understanding of the multifaceted nature of pollution sources. 
Conversely, Fig. 3b presents a breakdown of the overall impact of pollution on air, water, and land individually. This 
approach offers a more straightforward visualisation of the prevalence of pollution in each environmental domain. For 
instance, it reveals that 60% of respondents reported air pollution, 35% indicated water pollution, and 25% noted land 
pollution. This segmentation allows for a clearer comparison of the relative magnitude of pollution across different 
environmental facets.

The results suggest that air quality management is a critical priority for chemical manufacturing companies. However, 
the acknowledgement of water and land pollution underscores the need for these companies to address a spectrum of 
environmental challenges to ensure sustainability and regulatory compliance. This complexity highlights the necessity 
for tailored solutions, recognising that a one-size-fits-all approach is inadequate in addressing the diverse range of pol-
lution sources and environmental concerns within the industry [72, 73].

5.1.3  KPI utilisation

A set of KPIs related to air, water, land, energy, and resource use were evaluated by respondents regarding their frequency 
of usage. The respondents ranked the frequency using defined categories: ‘Never” for not currently used, ‘Eventually” for 
planned future use, “Sometimes” for tracking 1 to 50 days a year, “Often” for 50 to 200 days a year, and “Always” for 200 
to 365 days a year.

In Fig. 4a, air emission KPIs were predominantly utilised, contrasting with lower usage rates for water and land KPIs 
(Fig. 4b and c). Most air KPIs were consistently tracked, while some were tracked less frequently. Notably, several air KPIs 
were never tracked, suggesting potential irrelevance to company operations. Water KPIs were primarily categorised as 
“Never,” reflecting minimal attention to water pollution, aligning with global research highlighting insufficient water 
accountability. Similarly, land KPIs were mostly tracked “Always” or “Never,” with indications of eventual tracking by some 
respondents, indicating increasing awareness of land pollution issues. Energy usage and raw material consumption 
emerged as the most tracked general KPIs (Fig. 4d), likely due to their recognised importance not only for the environ-
mental context but also the operational.

5.1.4  Methods for assessing pollution levels

The inquired Chemical companies employ a variety of methods to assess pollution levels in their processes or factories, 
as revealed in the survey responses. These methods include contracting specialised firms for assessments and conduct-
ing field visits and inspections by safety inspectors. Additionally, some companies implement in-house environmental 
programs utilising modern technology like Volatile Organic Compound (VOC) cameras for leak detection and air quality 
monitors and examining process parameters regularly by spot sampling. However, it is notable that some participants 
indicated a lack of specific awareness regarding the methods employed by their companies, suggesting a potential gap 
in communication and awareness across the workforce.

Fig. 3  Areas affected by 
pollution activities a per 
area groupings and b overall 
impact
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(a) Air pollution-related KPIs 

(b) Water-related KPIs 
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Fig. 4  The frequency at which the KPIs are being monitored by theme a Air, b Water, c Land and d General. Where CO2 Carbon Dioxide, CO 
Carbon Monoxide, SO2 Sulphur Dioxide, NOx Nitrogen Oxides, SPM Suspended Particulate Matter, N2O Nitrous Oxide, NMVOC Non-Methane 
Volatile, Organic Compounds, COD Chemical Oxygen Demand, BOD Biochemical Oxygen Demand, TSS Total suspended Solid, NaOH Sodium 
Hydroxide concentration, VOCs Volatile Organic Compounds, HTTP Human Toxic Potential, TTP Terrestrial Toxicity Potential



Vol.:(0123456789)

Discover Sustainability           (2024) 5:181  | https://doi.org/10.1007/s43621-024-00366-4 Research

5.1.5  KPIs alignment with strategic goals

Based on the responses provided, the majority (94%) indicated that KPIs align with their company’s overall strategic 
goals. However, a small percentage (6%) expressed alignment concerns, citing issues related to operational challenges 
impacting quality standards and raw material consumption. The high percentage of respondents indicating alignment 
suggests a strong integration between KPIs and strategic objectives, which is essential for driving performance improve-
ment and achieving organisational targets [74, 75]. However, the concerns raised by the minority highlight potential 
discrepancies between KPIs and operational realities, emphasising the importance of regular review and adjustment to 
ensure alignment with strategic goals.

5.1.6  Effective implementation and impact of KPIs

Participants in the survey emphasised several essential methods for successfully implementing KPIs in chemical com-
panies. Clear indicators were highlighted as crucial, emphasising the importance of establishing specific indicators to 
track performance and progress towards goals. Additionally, respondents stressed the need for strategy development 
and update, stressing the importance of modern, workable strategies that align with changing business environments 
and sustainability objectives. It was also identified that effective training programs, along with clear instructions and 
guidelines, were deemed crucial. Continuous education and awareness initiatives can ensure that employees at all levels 
of the organisation understand the significance of KPIs in driving sustainability. Furthermore, automation of monitor-
ing processes for streamlining data collection and analysis, along with providing incentives to encourage adherence to 
sustainability initiatives, were suggested as essentials for effective KPI implementation.

Moving on to the impact of KPI implementation, respondents perceived KPIs as leading to improvements in environ-
mental performance within chemical companies through various mechanisms. Goal achievement was acknowledged, 
highlighting how KPIs facilitate the achievement of pre-set environmental goals and desired outcomes, aligning with 
strategic objectives and sustainability vision. Moreover, KPIs were seen as enabling continuous monitoring and super-
vision of environmental performance, by permitting the tracking of pollution levels, identifying sources of pollution, 
and implementing corrective actions. Additionally, respondents noted the importance of KPIs in resource optimisation, 
enabling organisations to identify materials or processes contributing to pollution and prioritise improvements and 
investments in cleaner technologies.

These findings underscore the multifaceted impact of KPIs in enhancing both environmental performance and opera-
tional efficiency within chemical manufacturing companies. By tracking relevant indicators and processes, KPIs empower 
companies to pinpoint and address sources of pollution, a notion corroborated by prior research [25, 76, 77]. Moreover, 
the adoption of KPIs cultivates a corporate attitude of environmental awareness and responsibility, fuelling ongoing 
improvement initiatives and the adoption of sustainable practices across the organisation. This resonates with existing 
literature, which highlights the pivotal role of well-defined, measurable KPIs in driving effective performance improve-
ment [78]. The clarity provided by well-defined guidelines and specific metrics further enhances alignment with organi-
sational objectives and supports decision-making processes [79], thereby promoting robust sustainability initiatives 
within chemical manufacturing firms.

5.1.7  Governance

In the governance section of the survey, respondents provided insights into the regulatory landscape governing waste 
management, pollution limits, and associated penalties in chemical companies. Regarding waste management, respond-
ents highlighted the presence of various guidelines, rules, and laws established by government monitoring bodies. These 
regulations encompassed a regulatory framework accessible through government websites, specific agreements, and 
waste disposal procedures. This aligns with previous research highlighting the significance of implementing proper 
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waste management practices in the manufacturing industry to mitigate environmental impacts [80]. However, some 
respondents noted a lack of familiarity with these regulations, suggesting a potential gap in company-wide training on 
waste management practices.

Similarly, concerning pollution limits, respondents acknowledged the existence of government-imposed limits on 
company operations. These limits ranged from regulations regarding the presence of oil on the ground to emission 
limits for gases like oxides of nitrogen and sulphur. Regulatory bodies, such as safety and environmental authorities, 
enforce compliance with these limits, highlighting their importance in safeguarding the environment and public health. 
Respondents also stated that annual audits are conducted to ensure compliance.

Regarding penalties for exceeding pollution limits, respondents outlined various repercussions imposed by govern-
ment authorities. These penalties included financial fines, suspension of operations, and even the withdrawal of operating 
licenses for repeated non-compliance. Such stringent measures underscore the government’s commitment to enforcing 
pollution control and ensuring adherence to environmental standards within the chemical industry. Overall, as men-
tioned in previous research [81, 82], these responses underscore the critical role of regulatory compliance in promoting 
sustainable industrial practices and environmental safekeeping.

5.1.8  KPI actual data

Out of the 78 companies surveyed, 10 expressed interests in further engagement to share actual KPI data, denoted as 
letters A to J for anonymity. Figure 5 illustrates scaled values for energy, emissions, waste, water, and recycling rate KPIs 
for these 10 companies, with data normalised to a range of 0 to 1. This was performed to enable a comparative analysis 
and pattern recognition across companies by bringing all data points to a common scale. Their activities spanned from 
petrochemicals to basic chemicals, organic and synthetic chemicals, polymers, and agrochemicals.

The variability in KPI values among the 10 companies is evident, reflecting diverse operational contexts. For exam-
ple, Company B’s energy consumption is four times higher than Company A, likely attributed to differences in scale 
or operational intensity. Similarly, while Company B consumes three times more energy than Company C, their water 
consumption remains comparable, suggesting potential efficiencies in water management practices on Company C’s 
part. Additionally, Company C generates twice as much waste as Company D, at the same time Company D exhibits a 
recycling rate 2.5 times higher than Company C, highlighting the interrelation of KPIs and the potential for recycling 
efforts to positively impact waste reduction strategies.

These findings underscore the complex relationships between different KPIs within chemical manufacturing opera-
tions. Variations in energy, emissions, waste, water, and recycling metrics among companies suggest the need for tailored 
sustainability strategies that consider unique operational factors. Furthermore, the willingness of a subset of compa-
nies to share operational data signifies a potential for collaborative learning and benchmarking, enabling sector-wide 
improvements in environmental performance and resource efficiency.

Fig. 5  Normalised KPI data from further engagement with industries following the survey
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5.2  Quantitative analysis

5.2.1  Reliability analysis

Reliability analysis assesses the consistency of questionnaire items concerning their relevance to the dependent variable. 
The Cronbach’s Alpha coefficient, a measure of internal consistency, should ideally fall between 0 and 1. In this study, the 
calculated Cronbach’s Alpha value of 0.966 indicates a high level of internal consistency among the items, suggesting 
that 96% of the questionnaire items are reliable.

5.2.2  ANOVA

To test the hypothetical statements of this study, SPSS has been used to analyse the relationship of all variables through 
ANOVA analysis. ANOVA is an important statistical technique used in explaining the impact of independent variables on the 
dependent variable, thus allowing researchers to draw informed conclusions grounded in statistical evidence. This research 
study has more than two groups of data, ANOVA will identify the difference of their means.

Decisions regarding hypothesis acceptance were based on the p-value (typically 0.05) and F-statistics. A p-value below 0.05 
indicates a statistically significant difference between group means, leading to the acceptance of hypotheses. Conversely, 
hypotheses were not accepted when the p-value exceeded 0.05. An elevated F-value signifies that the variance between 
groups is significantly greater than within groups, suggesting a substantial impact on the independent variables and imply-
ing that observed mean differences are unlikely due to random chance. Conversely, a low F-value indicates that the variance 
between groups is similar to within groups, suggesting a lack of significant influence by the independent variable, where 
observed mean differences could be attributed to chance.

• Hypothesis 1: Greater awareness of pollution sources leads to better environmental performance.

The assumption statement of this hypothesis is that identifying and understanding a company’s primary source of pollu-
tion is crucial for implementing effective environmental management strategies in the chemical industries of Saudi Arabia. 
The pollution awareness was assessed based on the assumption that selecting less than two sources of pollution was hence 
marked as low awareness while selecting 2 indicated medium awareness and selecting 3 was considered as high awareness. 
Table 3 shows the value of the sum of squares 12.020 between groups and 226.090 within groups for the source of pollution 
in chemical companies. F-Statistics value 5.210 examines the relationship of variables while the significance value 0.025 is 
less than the cutoff value (p > 0.05) showing that the hypothetical statement is accepted.

• Hypothesis 2: the use of KPIs is positively correlated with reduced emissions in chemical manufacturing companies.

The analysis aimed to investigate the relationship between the use of KPIs to monitor environmental impact and the levels 
of emissions in chemical manufacturing companies. Hypothesis 2 stated that there is a positive correlation between the use 
of KPIs and reduced emissions. The analysis was performed on the respondents who reported reduced emissions and either 
reported always using air emissions KPIs, often using them or only sometimes tracking them.

Table 3  The main source of 
pollution

Sum of squares Df Mean square F Sig

Between Groups 12.020 1 12.020 5.210 0.025
Within Groups 226.090 98 2.307
Total 238.110 99
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As presented in Table 4, the relationship between the utilisation of air emission KPIs and the perceived effect has been 
analysed. The results of ANOVA show the significance value of 0.12 with F-Statistics 3.405 which suggests that tracking air 
emissions consistently has a positive relation with the reduction of emissions in chemical companies. This could be due to 
the greater understanding of the companies’ operations and the root causes of the pollution resulting from a more continu-
ous review of their emissions.

• Hypothesis 3: The alignment of KPIs with a company’s strategic goals positively influences the implementation success of 
environmental practices.

The objective was to investigate whether the alignment of KPIs with a company’s strategic goals has a positive 
influence on the successful implementation of environmental practices. The KPIs’ strategic alignment to company 
goals was analysed with comparison to respondents who identified 1 challenge, 2 challenges and 3 or more chal-
lenges. As shown in Table 5 of ANOVA, F-Statistics 2.586 with a significant value of 0.018 signifies that if a company’s 
overall strategic goals are aligned with KPIs then the implementation of environmental practices is more straight-
forward. This could be due to the clear alignment of KPIs with strategic goals, facilitating focused efforts and stream-
lined decision-making in environmental practices. When KPIs are directly tied to strategic objectives, they serve as 
effective metrics for monitoring progress and ensuring accountability across the organisation. This alignment helps 
prioritise sustainability initiatives, allocate resources efficiently, and enhance overall environmental performance 
within chemical manufacturing companies.

Table 6 summarises the hypotheses results.

5.2.3  T‑test

The t-test was employed to determine whether there exists a significant difference between the means of two distinct 
groups. Specifically, it compares the means of two independent groups to ascertain whether a statistically significant 
difference exists between them.

In this study, the t-test was used to examine the relationship between responses to different pairs of survey 
questions related to KPI usage and environmental impact within Saudi Arabian chemical companies. Each pair of 

Table 4  Environmental impact 
with air emission

Sum of Squares Df Mean Square F Sig

Between Groups 29.859 4 7.465 3.405 .012
Within Groups 208.251 95 2.192
Total 238.110 99

Table 5  Strategic 
alignment of KPIs with their 
implementation

Sum of Squares Df Mean Square F Sig

Between Groups 39.143 7 5.592 2.586 .018
Within Groups 198.967 92 2.163
Total 238.110 99

Table 6  Hypotheses results

No Hypothesis Significance 
(p > 0.05)

Remarks

1 H1: Greater awareness of pollution sources leads to better environmental performance 0.025 Accepted
2 H2: the use of KPIs is positively correlated with reduced emissions in chemical manufacturing companies 0.012 Accepted
3 H3: the alignment of KPIs with a company’s strategic goals positively influences the implementation suc-

cess of environmental practices
0.018 Accepted
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questions represents a comparison between distinct aspects of environmental management or KPI implementation 
within the surveyed companies.

The t-test calculates the t-value, which is a ratio derived from the disparity between the means of the two groups 
and the variability within each group. This t-value is then compared to a critical value obtained from the t-distribution, 
based on the degrees of freedom and the predetermined level of significance (typically 0.05). If the calculated t-value 
exceeds the critical value, it indicates a statistically significant difference between the means of the two groups. 
Hypotheses are accepted or rejected based on these significance values: hypotheses with p-values less than 0.05 are 
accepted, indicating a significant difference, while those with p-values greater than 0.05 are not accepted. Table 7 
presents the results.

• Pair 1: Main source of pollution vs. use of KPIs to monitor environmental impact

The statistically significant p-value (p < 0.05) indicates a substantial difference between responses regarding the 
main sources of pollution and the use of KPIs to monitor environmental impact. Therefore, the hypothesis that there 
is no difference between these aspects is rejected. This suggests that companies identifying specific pollution sources 
are more likely to employ KPIs for monitoring environmental impact. There may be a strong link between recognising 
pollution sources and implementing KPIs as a proactive measure.

• Pair 2: Main source of pollution vs. overall air emissions output KPI

Similarly, the significant p-value indicates a notable difference in responses between the main sources of pollution 
and the tracking of air emissions through KPIs. The null hypothesis is rejected in favour of the alternative hypothesis that 
there is a significant difference. This indicates that companies that identify air emissions as a primary source of pollution 
are more diligent in tracking these emissions with KPIs. It reflects the prioritisation of air quality management in their 
environmental monitoring efforts.

• Pair 3: Main source of pollution vs. alignment of KPIs with strategic goals

The results indicate a significant difference between responses regarding the main sources of pollution and the align-
ment of KPIs with strategic goals. Therefore, the hypothesis of no difference is rejected. This suggests that companies 
that recognise specific pollution sources tend to align their KPIs with overall strategic goals, indicating an integrated 
approach to environmental management and strategic planning.

• Pair 4: Main source of pollution vs. challenges associated with KPI implementation

The significant p-value suggests a significant discrepancy between responses regarding the main sources of pollution 
and the challenges associated with KPI implementation. This finding rejects the null hypothesis that there is no differ-
ence between these aspects. This implies that companies identifying certain pollution sources face distinct challenges 
in implementing KPIs. Understanding these challenges can help in developing targeted strategies to overcome barriers 
to effective KPI utilisation.

5.3  Discussion and summary

The comprehensive survey conducted among chemical manufacturing companies in Saudi Arabia revealed significant 
insights into the relationship between KPIs and environmental performance improvement. The study encompassed a 
diverse array of industry sectors and roles, reflecting a broad cross-section of personnel engaged in KPI implementation 
and environmental management. The findings highlight several key points. Firstly, the predominance of air pollution as 
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a primary concern underscores the sector’s focus on air quality management, albeit with significant impacts on water 
and land also acknowledged. This nuanced understanding of pollution sources emphasises the need for tailored envi-
ronmental strategies that address multifaceted challenges across different domains, ensuring regulatory compliance 
and sustainable practices.

The frequency analysis of KPI utilisation indicated that while air-related metrics were extensively monitored, water 
and land-related KPIs received comparatively less attention. This disparity suggests potential areas for improvement in 
comprehensive environmental monitoring strategies within the industry, aligning closely with global trends emphasising 
integrated pollution control and resource management practices. Moreover, the high level of alignment between KPIs and 
strategic goals among respondents underscores the strategic integration of environmental objectives within corporate 
planning frameworks. This alignment not only facilitates goal achievement but also enhances operational efficiency and 
regulatory compliance, crucial for maintaining competitive advantage and stakeholder confidence. The findings from the 
t-test analyses further corroborate these insights, revealing significant associations between the recognition of pollution 
sources and the adoption of KPIs for environmental monitoring. Companies that identified specific pollution sources 
demonstrated a proactive approach by aligning KPIs with strategic goals, thereby enhancing their capacity to address 
environmental challenges effectively. Additionally, the challenges associated with KPI implementation highlighted in 
the survey underscore the importance of targeted strategies to overcome barriers and optimise the use of performance 
metrics in driving sustainable practices.

Overall, these findings contribute to the growing body of knowledge on KPIs and environmental management within 
the chemical industry, providing empirical evidence of their role in enhancing environmental performance and regula-
tory compliance. The study’s implications extend beyond organisational practices to policy development and industry 
standards, advocating for tailored interventions that promote holistic environmental stewardship. Future research could 
explore longitudinal studies to assess the long-term impact of KPI implementation on environmental sustainability met-
rics, thereby fostering continuous improvement and innovation within the chemical manufacturing sector.

6  Conclusion

In synthesising insights from a multifaceted exploration of KPIs and their impact on environmental sustainability within 
the Saudi chemical industry, this study contributes significantly to the discourse on sustainable development in the 
region. Rooted in the context of the Saudi Vision 2030 and aligned with global sustainability initiatives, the research 
endeavours to illuminate the efficacy of KPIs in driving positive environmental outcomes while addressing challenges 
prevalent in the sector. The designed methodology which utilised a combination of qualitative and quantitative 
approaches, enabled a comprehensive understanding of KPI implementation, environmental performance, and gov-
ernance regulations within Saudi chemical companies. Through structured surveys and rigorous data analysis, the study 
unearthed nuanced insights into the utilisation of KPIs and their influence on environmental sustainability practices.

Findings underscored the critical role of KPIs in driving environmental performance improvement, with significant 
correlations observed between KPI adoption and emissions reduction. Moreover, the prioritisation of specific KPIs aligned 
with strategic environmental goals demonstrated a tangible impact on environmental outcomes, highlighting the impor-
tance of tailored sustainability strategies within the industry. The statistical analyses, including ANOVA and correlation 
tests, provided empirical evidence supporting the hypothesised relationships between KPI usage and environmental 
performance metrics. These findings offer valuable guidance for industry stakeholders and policymakers, facilitating 
targeted interventions and policy formulation to enhance environmental stewardship and sustainable practices within 
the Saudi chemical sector.

The findings highlight the critical role of awareness and management support in successful KPI implementation 
within the Saudi chemical industry. The significant differences observed between groups underscore the importance 
of targeted interventions to enhance environmental performance. The practical implications of this study suggest that 
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policymakers and industry leaders should prioritise awareness programs and robust management support to achieve 
sustainability goals.

Future research endeavours will extend this study’s findings by developing a streamlined framework for companies 
to adopt and utilise KPIs effectively for environmental performance management. This framework will provide clear 
and actionable steps for implementation, empowering the Saudi chemical industry to promote sustainable practices 
systematically and efficiently. However, the study is not without limitations, primarily stemming from the reliance on 
self-reported data and the exclusion of certain segments of the chemical industry. Future research endeavours could 
address these limitations by employing longitudinal studies and expanding the scope to encompass a broader spectrum 
of chemical manufacturing enterprises.

In conclusion, this study advances the understanding of the interplay between KPIs and environmental sustainability 
within the Saudi chemical industry. By clarifying the mechanisms through which KPIs drive environmental performance 
improvement, the research paves the way for informed decision-making and transformative action towards achieving 
sustainable development goals at both national and global levels.
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