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Abstract

Kuwait faces mounting challenges in municipal solid waste (MSW) management along-
side continued dependence on fossil-fuel-based electricity generation. Per capita waste
generation in Kuwait is approximately 1.7 kg/person/day, exceeding the global average
of 0.74 kg/person/day, indicating substantial potential for resource recovery and energy
conversion. This study evaluates public perceptions of waste-to-energy (WtE) in Kuwait’s
residential sector and estimates the potential electricity that could be generated from house-
hold waste. A structured online household survey (n = 470) was administered to assess
socio-demographic characteristics and key perception constructs, including awareness,
perceived risks, perceived benefits, and overall attitudes toward WtE. In parallel, a quanti-
tative estimation was undertaken using literature-based parameters for monthly per capita
waste generation and electricity consumption to derive household-level waste quantities,
corresponding energy potential, and generated-to-consumed energy ratios. Survey find-
ings indicate generally favourable attitudes toward WtE and recognition of its potential
to reduce landfill dependence and contribute to electricity supply, although respondents
showed stronger support for locating WtE facilities away from residential neighbourhoods.
Perceived risks—particularly related to health and environmental impacts—remained
salient, while perceived benefits associated with waste reduction and local economic value
were also acknowledged. The technical assessment indicates that higher waste generation
increases theoretical energy recovery potential; however, high residential electricity de-
mand reduces the relative contribution of WtE, with a generated-to-consumed energy ratio
of approximately 2, compared with a global benchmark ratio of 4.1. This study highlights
the need for targeted public engagement, improved source segregation, and more detailed
Kuwait-specific technical and economic evaluations to support evidence-based WtE policy
and investment decisions.

Keywords: domestic waste management; homeowner perceptions; Kuwait Vision 2030;
sustainable energy; waste-to-energy (WtE)

1. Introduction
Global waste generation has risen rapidly alongside socio-economic development,

urbanisation, and changing consumption patterns, creating major challenges for contempo-
rary waste management (WM) systems [1]. While technological advances have improved
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waste collection, separation, and recycling processes, growing waste volumes and com-
plexity still lead to significant resource loss and environmental pressures, especially in
developed economies [2]. Waste contains valuable recyclable materials and energy-rich
components, and its disposal in landfills represents both resource depletion and missed op-
portunities for low-carbon energy recovery. In this context, waste-to-energy (WtE) systems
are increasingly recognised as a means to reduce waste volumes, recover energy, and lower
net carbon emissions, thereby contributing to climate mitigation and sustainable resource
management [3].

Kuwait provides a particularly relevant case for examining WtE potential. As one
of the wealthiest Gulf Cooperation Council (GCC) countries, Kuwait has experienced
rapid socio-economic growth, rising living standards, and a corresponding increase in
consumption and waste generation [4]. Within the GCC, Kuwait aligns with collective
climate goals but lags behind some neighboring countries in domestic renewable energy
deployment. Municipal solid waste (MSW) generation has expanded significantly over
recent decades [5,6], yet most household waste (HW) is not separated at source, and is
largely disposed of in landfills [7]. At the same time, Kuwait’s electricity supply is almost
entirely dependent on fossil fuels, with gas and oil accounting for nearly all generation, with
over 97% of electricity generated from natural gas (~63%) and oil (~37%), resulting in very
high per capita CO2 emissions and severe air pollution, including PM2.5 concentrations far
above World Health Organization guidelines [8]. These conditions underscore the urgency
of developing integrated strategies that simultaneously address WM and decarbonisation.

HW is a major component of Kuwait’s MSW stream, and represents a key entry point
to introduce more sustainable practices, such as source separation, recycling, and WtE.
However, the success of such strategies depends heavily on public awareness, attitudes,
and willingness to adopt new behaviours [9]. Understanding how households perceive
WtE and their current WM practices is therefore essential for designing effective policies
and interventions.

Against this backdrop, the present study aims to investigate Kuwaiti households’
perceptions of WtE as a potential WM and clean energy solution, and to explore their
existing WM behaviours. By conducting a household survey, the research seeks to identify
opportunities and barriers for WtE adoption from a social perspective, and to generate
evidence that can inform national strategies seeking to reduce landfill dependence, recover
energy from waste, and support Kuwait’s broader commitments to emissions reduction
and sustainable development by 2030.

2. Literature Review
MSW management is a major challenge worldwide, with poorly managed waste

linked to land degradation, pollution, and public health risks. Kuwait is no exception.
The country covers 17,818 km2 between Saudi Arabia and Iraq, and has experienced
rapid socio-economic development, urbanisation, and consumerism and consumption in
recent decades, all of which have intensified waste generation pressures [5]. Over the
period from 2013 to 2025, Kuwait’s average per capita waste generation rate increased
from approximately 1.35 to 1.7 kg/person/day, with growing concern among government
agencies, NGOs, and private firms regarding escalating waste volumes and the need for
more sustainable management strategies [5,6].

Kuwait Municipality is the primary public authority responsible for MSW collection,
transport, and disposal, working through contractual agreements with private operators.
The average cost of HW collection and transport was estimated at around USD 72.51 per
tonne in 2024, reflecting the significant financial burden of conventional waste handling
systems [10]. Collected waste is currently disposed of at three main dumpsites: Al-Jahra,
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Mina Abdulla, and the Seventh Ring Road site, the latter of which serves around 70 districts
and represents the largest MSW facility in the country [11]. However, both the siting and
engineering design of these dumpsites have been criticised as suboptimal, with concerns
about long-term environmental risks [12].

The composition of Kuwait’s MSW stream is also highly relevant for resource recovery.
Organic waste constitutes around 46% of the total, followed by paper and corrugated fibre
(15%) and plastics (12%) [6]. This composition indicates strong potential for energy recovery
and material recycling, yet most of the waste is still landfilled with minimal source sepa-
ration. As in many rapidly developing economies, Kuwait’s prevailing practice remains
conventional landfill disposal, although there is an ongoing transition from uncontrolled
dumping towards more controlled facilities with the stated ambition of incorporating
advanced WtE technologies in the future [13].

2.1. WtE as a Response to MSW Challenges

The international literature emphasises WtE as a key option to address both WM
and energy system challenges. WtE technologies utilise MSW and other waste streams
(including industrial and commercial wastes) to produce electricity, heat, and in some cases
biofuels and bioproduct precursors. The typical process involves burning energy-dense
components such as paper, plastics, wood, and yard waste to generate steam, which drives
turbines for power generation. In contrast to the earlier focus on hygiene and simple
removal of refuse from urban areas, contemporary WM increasingly prioritises resource
efficiency, energy recovery, and environmental protection [2].

The potential benefits of WtE are well documented. Properly designed and oper-
ated plants can significantly reduce waste volumes, thereby relieving pressure on landfills
and extending their lifespan, while reducing environmental burdens associated with un-
controlled dumping and leachate generation [14]. When equipped with advanced flue
gas cleaning systems, modern WtE plants can comply with stringent emission standards,
limiting pollutants such as dust, hydrochloric acid, carbon monoxide, polyaromatic hy-
drocarbons, dioxins, and furans [2,15]. From a broader sustainability perspective, WtE
can displace fossil fuel-based electricity and thus contribute to greenhouse gas mitigation,
while also providing a reliable, base-load source of power [16,17].

Nevertheless, WtE’s social acceptance and environmental performance have been
contested, particularly in densely populated urban areas. In many developing countries,
local opposition is pronounced where WtE plants are sited close to residential communities.
In high-income countries, “not-in-my-backyard” (NIMBY) attitudes often surface in re-
sponse to proposed incineration projects, even where regulatory frameworks and pollution
control technologies are well established [18]. Economic compensation schemes—such as
tax reductions or lower utility bills—have been used to alleviate such opposition, but their
effectiveness is uneven, and some communities continue to resist siting decisions despite
compensation [19].

Kuwait’s particular spatial context is somewhat distinctive. The population is highly
centralised in a relatively small urbanised area, while large tracts of the national territory
are sparsely inhabited desert [5]. This theoretically affords greater flexibility in siting
WtE facilities away from densely populated districts, potentially mitigating some NIMBY
concerns. However, social acceptance cannot be assumed, and there is a clear need to
understand public perceptions of WtE before large-scale deployment.

2.2. Public Participation and Awareness in WM and WtE

A recurrent theme in the literature is that technical solutions alone are insufficient;
effective MSW management critically depends on public participation and awareness. In
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developing country contexts in particular, community participation has been shown to be
central to the success of waste collection and disposal services [20]. Households influence
the entire waste chain through everyday practices: storing waste correctly, segregating
recyclables, placing waste at designated locations and times, and maintaining cleanliness
in the immediate environment.

Community involvement can extend beyond the household level to collective activities
such as neighbourhood clean-up campaigns, local committees, and awareness-raising
events, as well as financial and material contributions to waste services [21]. However,
studies have also documented widespread practices of indiscriminate dumping in public
spaces, even where collection systems exist [22,23]. Such behaviour underscores the gap
between formal WM systems and everyday social practices, and highlights the importance
of long-term educational and behavioural interventions.

Some studies argue that modern waste streams, composed of complex and often haz-
ardous materials, pose risks that far exceed those of pre-modern biodegradable wastes [24].
Such studies emphasise that waste generation is driven by human activity at every stage
of the production–consumption cycle, from the extraction of raw materials to manufac-
turing, use, and disposal. In this sense, WM is fundamentally a societal issue: laws and
enforcement mechanisms are necessary but insufficient without active public engagement.
Consequently, there have been increasing calls for comprehensive waste education, inte-
grated into school curricula from an early age, and supported by mass media campaigns
and inter-agency coordination [24].

The value of public participation has also been examined in specific institutional
contexts. Carnes et al. [25], studying the U.S. Department of Energy’s environmental
management programmes, concluded that Structured public involvement can generate
tangible benefits such as cost savings, better problem definition, more legitimate decisions,
and smoother implementation. However, they also note that demonstrating the return on
investment of participation is important for sustaining institutional commitment. More
recent studies have affirmed that public engagement plays an essential instrumental role in
modern WM strategy, potentially leveraging cutting-edge technologies [26].

2.3. Public Perceptions of WtE: Evidence from International Studies

Empirical research on public attitudes towards WtE provides important insights for
countries like Kuwait. Yuan et al. [27], focusing on China, note that MSW has become a
critical environmental and public health issue, and that WtE offers a technologically and
politically supported option. However, they also document strong local resistance to WtE
facilities, especially in communities near proposed sites. In a survey of 650 respondents,
they found that the general public was, in principle, positively disposed towards WtE,
but concerns about environmental and health risks remained salient. Interestingly, public
awareness of environmental problems had a limited direct influence on attitudes towards
WtE, whereas perceived benefits and risk perceptions were more strongly associated with
support. Demographic factors such as age, education, and income also shaped attitudes,
with older, rural, and less educated respondents more likely to oppose WtE [27].

Yuan et al. [27] argue that inadequate public communication and transparency have
contributed to the failure of several WtE projects in China, including the cancellation of
a major plant in Guangzhou despite passing formal environmental impact assessments.
Similar protests have arisen in other provinces, and even in contexts such as Taiwan, where
overall acceptance of WtE is relatively higher, local organisations have resisted facility
siting. Conversely, they describe a successful WtE project in Zhejiang province where
early and meaningful engagement with the public helped overcome NIMBY opposition,
suggesting that participatory processes can play a decisive role in project success.
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These findings reinforce the broader literature on WM: public awareness, trust in
institutions, perceived fairness of decision-making, and clarity about risks and benefits are
critical determinants of social acceptance of WtE. For Kuwait, where WtE is still in a devel-
opmental phase, such evidence underlines the importance of proactively understanding
and shaping public perceptions before investing heavily in infrastructure.

2.4. Emerging WtE Initiatives in Kuwait

Kuwait has begun to position WtE as a strategic component of its waste and energy
policy. The Integrated WM Project, led by Kuwait Municipality, aims to reduce the vol-
ume of waste sent to landfills by around 80% and substantially expand the role of WtE
technologies [28]. A flagship facility under this programme is planned to process up to
3000 tonnes of MSW per day, generating electricity for approximately 150,000 households.
Complementary projects, such as the Al-Salmi Renewable Energy Park, combine solar
generation with WtE capabilities and reportedly process up to 1000 tonnes of solid waste
per day [29].

At the policy level, the Green Kuwait initiative seeks to promote environmental
sustainability and diversify the national energy mix. Targets include increasing the share
of renewables—solar, wind, and WtE—to 15% of total electricity generation by 2030 and
25% by 2050 [30]. These developments signal a growing official recognition that MSW is
not merely a disposal problem but also a potential resource that can contribute to Kuwait’s
climate and energy goals.

However, the literature also reveals important gaps. While technical, economic, and
policy dimensions of WtE in Kuwait are beginning to be documented, there is limited
empirical research on household-level perceptions, attitudes, and willingness to support or
participate in WtE and related waste practices such as source separation. Given the central-
ity of public participation and awareness to successful MSW and WtE systems [20,24,27],
this gap is significant.

Thus, the existing literature highlights that Kuwait faces a dual challenge: managing a
growing and resource-rich MSW stream and transitioning towards a lower-carbon energy
system. WtE emerges as a promising technology at this nexus, but its long-term success will
depend not only on engineering and policy design, but also on the engagement, perceptions,
and behaviours of Kuwaiti households.

3. Materials and Methods
This study employed a quantitative research design combining a structured household

survey with mathematical calculations to estimate the potential energy that could be
generated from MSW in Kuwait. The methodology was selected to address the dual aims
of: (1) assessing Kuwaiti households’ perceptions and attitudes towards WtE as a WM
solution, and (2) quantifying the potential energy yield from household solid waste.

3.1. Research Design

As shown in Figure 1, the research followed a four-stage sequential design. In the first
stage, a structured questionnaire was developed and administered to households across
Kuwait to collect quantitative data on socio-demographic characteristics and perceptions
of WtE. In the second stage, the survey data were statistically analysed to characterise
public awareness, perceived risks and benefits, and overall attitudes towards WtE. The
results from this phase provided inputs for the third stage, which consisted of mathematical
calculations to estimate the energy that could be generated from HW. In the fourth and
final stage, the findings from the survey and the calculations were integrated to provide a
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comprehensive assessment of both social acceptance and technical potential of WtE in the
Kuwaiti context [31].

Quantitative 
Questionnaire

Data 
Analysis 

Mathematical 
Calculation 

Results 
Presentation

Figure 1. Research design.

The combination of a survey-based approach with mathematical calculations allowed
the study to capture both behavioural/attitudinal dimensions and quantitative energy
potential, thereby strengthening the policy relevance and practical applicability of the
findings [31–34].

3.2. Data Collection
3.2.1. Questionnaire Development

Questionnaires were chosen as the primary data collection tool for the social dimension
of the research. This method was considered appropriate owing to its cost-effectiveness,
suitability for time-limited projects, capacity to reach geographically dispersed participants,
and compatibility with quantitative analysis [33].

The questionnaire was designed as an online survey and developed by adapting items
from a validated instrument used in a previous study on public perceptions of WtE in
China by Yuan et al. [27]. This ensured that the core constructs (awareness, perceived risks,
perceived benefits, and attitudes) were grounded in prior empirical work, while items were
contextualised for the Kuwait setting. To mitigate potential cultural differences arising from
the adapted questionnaire, a pilot study was conducted prior to the main data collection.
This pilot phase helped ensure clarity of the survey items and confirmed that no cultural
sensitivities were present that could influence respondents’ answers [33].

The final instrument consisted of two sections. The first section collected demographic
and household information, including place of residence, age group, education level, and
number of individuals living in the household. The second section focused on social
acceptance of WtE and comprised 29 items organised into five thematic categories, as
described in Table 1.
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Table 1. Key questionnaire themes.

Theme Abbreviation

Public awareness of general environmental issues PAW-Gen
Public awareness of waste-to-energy (WtE) PAW-WtE

Perceived risks of WtE PR-WtE
Perceived benefits of WtE PB-WtE

Overall public attitudes towards WtE PAT-WtE
Note. Questionnaire adapted from Yuan et al. [27].

All attitudinal items were measured using a five-point Likert-type scale ranging from
1 (“strongly agree”) to 5 (“strongly disagree”), with a neutral midpoint of 3. The use
of a Likert-type scale facilitates quantification of subjective perceptions and enables a
wide range of statistical analyses, including descriptive statistics, tests of difference, and
regression modelling [34,35].

3.2.2. Administration

The questionnaire was administered online via a survey link. The link to the ques-
tionnaire (hosted on Google Forms) was distributed via WhatsApp, which is widely used
for everyday communication in Kuwait, making it an efficient and culturally appropriate
recruitment channel [36]. The survey link was shared directly with potential participants
and circulated further through personal and social networks (i.e., snowball sampling),
enabling broad coverage across different regions and demographic groups.

This approach allowed participants to complete the questionnaire at their conve-
nience and reduced any perceived pressure to respond. The online format also simplified
data collection and storage, ensuring that responses were captured systematically for
subsequent analysis.

3.3. Sampling and Recruitment

Determining an appropriate sample size was essential to ensure that the findings
would be statistically robust and reasonably generalisable to Kuwaiti households. The
total number of houses in Kuwait is approximately 159,240 [37]. For large populations
(>100,000), a commonly accepted rule is that a sample size of 385 respondents yields a 95%
confidence level, with a 5% margin of error [38].

Based on this, the target sample size for the study was set at 385 completed ques-
tionnaires. This size balances statistical precision with practical constraints of time and
resources typical of an MSc-level project.

In line with standard survey practice, the sampling strategy was primarily non-
probabilistic, relying on voluntary participation via distributing an online survey link
(as described above). While this approach does not provide a strict probability sample,
the use of broad networks and extensive circulation across the country helped enhance
diversity in terms of age, education, and region. All participants were adults residing in
Kuwait, and responses were recorded using a pre-designed online schedule tailored to the
research aims and analysis requirements [38].

3.4. Mathematical Calculations for Energy Estimation

In addition to the survey, the study employed mathematical calculations to estimate
the energy that could be generated from household solid waste in Kuwait. The calculations
were based on Calculator Academy’s simple, previously tested formula [39]:

E = m × 550, (1)
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where E is the energy from waste (kWh), m is the total mass of solid waste (in tons), and
550 kWh/ton, which is the assumed average energy yield per ton of solid waste.

This formula, which accounts for Kuwait’s MSW, implies that the estimated energy in
kWh that can be generated from a given mass of MSW (in tons) is obtained by multiplying
the mass by 550, which represents the approximate average electrical energy (in kWh) that
can be obtained per ton of solid waste processed. The formula was judged appropriate
for the research context, providing a straightforward way to approximate energy potential
from HW quantities.

Microsoft Excel was used to implement the formula, perform the required calculations,
and generate graphical representations of the results. Excel offers a flexible platform
for applying mathematical models, manipulating data, and creating visual outputs that
support interpretation of findings [40,41].

3.5. Data Analysis

Two software tools were used for data analysis: SPSS version 26.0 for the questionnaire
data and Microsoft Excel for the energy calculations.

For the survey data, SPSS 26.0 was employed to conduct reliability analysis, descriptive
statistics, and inferential tests [42]. The reliability of the multi-item scales was assessed
using standard reliability coefficients (e.g., Cronbach’s alpha), ensuring internal consistency
of the constructs. Descriptive analysis (means, standard deviations, frequency distributions)
was used to summarise demographic characteristics and overall trends in awareness, PR-
WtE, PB-WtE, and PAT-WtE.

Inferential analyses included:

• Analysis of variance (ANOVA): to examine differences in mean scores across demo-
graphic groups (e.g., age, education level, household size);

• Independent samples t-tests: to compare mean responses between two-group cate-
gories where relevant;

• Multiple regression analysis: to explore the relationships between dependent vari-
ables (e.g., PAT-WtE) and multiple independent variables (e.g., PAW-WtE, PR-WtE,
and PB-WtE).

These techniques made it possible to identify significant predictors of PAT-WtE, and
to assess how different dimensions of awareness and risk–benefit perception contribute to
social acceptance.

For the second part of the study, Excel was used to apply the energy formula and
compute the estimated energy potential from HW quantities. The calculated values were
then tabulated and visualised to facilitate comparison and interpretation, and to link the
technical potential with the patterns observed in the survey data.

Together, the use of SPSS and Excel provided a robust analytical framework for
integrating social and technical evidence, thereby supporting well-founded conclusions
and policy-relevant recommendations regarding the feasibility and public acceptability of
WtE in Kuwait.

4. Results
This section presents and discusses the main findings of the study, combining the

survey results on public perceptions of WtE in Kuwait with the quantitative analysis of the
energy that could be generated from MSW.

First, the survey findings are reported, covering respondents’ demographic character-
istics, their PAW-Gen, PR-WtE, and PB-WtE, and PAT-WtE (concerning WtE adoption as a
WM strategy). These insights provide a nuanced picture of social acceptance and potential
behavioural support for WtE initiatives.
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Second, the results of the mathematical calculations are presented, including the
parameters and formula used, estimated waste generated per household, corresponding
energy potential, current household energy consumption, and the resulting generated-to-
consumed energy ratio.

Together, these social and technical findings offer an integrated evidence base to
inform stakeholders and decision-makers considering WtE as a viable option for Kuwait’s
future WM and energy planning.

4.1. Survey Results
4.1.1. Socio-Demographic Characteristics

Table 2 displays the socio-demographic characteristics of the participants, revealing
that they were located in various residential areas across Kuwait. In terms of gender,
the majority of participants are male (81.7%), and the largest age cohort was between
21–30 years old (67.2%), followed by those aged 31–40 (8.1%). In terms of highest edu-
cational attainment, over half of participants reported a graduate qualification (55.7%),
and almost a third cited a postgraduate qualification (31.5%), while 12.8% reported a high
school qualification. There were varying numbers of inhabitants per household, but the
largest cohort reported 10 or more people residing in their home (28.1%).

Table 2. Demographic characteristics of participants.

Variable N (%)

Place of residence

Ahmadi 96 (20.4)
Capital Governorate 60 (12.8)

Farwaniya 106 (22.6)
Hawalli 42 (8.9)

Jahra 74 (15.7)
Mubarak Al-Kabeer 92 (19.6)

Gender
Female 86 (18.3)
Male 384 (81.7)

Age

16–20 104 (22.1)
21–30 316 (67.2)
31–40 389 (8.1)
41–50 129 (2.6)

Education Level
High school 60 (12.8)

Postgraduate 148 (31.5)
Undergraduate 262 (55.7)

No. home residents

1 14 (3)
2 16 (3.4)
3 20 (4.3)
4 34 (7.2)
5 52 (11.1)
6 54 (11.5)
7 72 (15.3)
8 54 (11.5)
9 22 (4.7)

10+ 132 (28.1)

Total 470 (100)

4.1.2. PAW-Gen

Table 3 indicates general concern about environmentalism among respondents. The
mean score for the item “environmental pollution issues” was moderately less than that
for “the shortage of resources and energy,” thereby suggesting that the PAW level for
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pollution issues is greater than for energy and resource shortages, albeit this did not
attain statistical significance. Very small proportions of respondents selected “disagree” or
“strongly disagree” about such issues’ importance.

Table 3. Mean value of PAW-Gen.

Number Question Mean *

Q1 You care about environmental pollution issues 2.4
Q2 You care about the shortage of resources and energy 2.47

* Mean value = (1 he number of respondents who strongly agree + 2 the number of respondents who agree + 3
the number of respondents who choose neutral + 4 the number of respondents who disagree + 5 the number of
respondents who strongly disagree)/470.

4.1.3. PAW-WtE

Table 4 displays relatively low awareness concerning “WtE technology,” “the national
policies about WtE,” “how MSW is disposed of,” and “WtE may cause environmental
pollution.” Q3–Q6 concerned dependent variables deployed in t-test and ANOVA (with
0.05 significance level); the outcomes are displayed in Table 5, which indicates significant
within-group differences for: “Number of people living in the house” for Q3 and Q4;
“Educational level” for Q5 and Q6; and “Place of residence” for Q5.

Table 4. Mean value of PAW-WtE.

No. Question Mean

Q3 You know how MSW is disposed of 3.03
Q4 You know WtE technology 3.18
Q5 You know WtE may cause environmental pollution 2.99
Q6 You know national policies about WtE 3.2

Table 5. Significance level of PAW-WtE.

No. Place of Residence Gender Age Educational No. Home Residents

Q3 0.567 0.248 0.055 0.129 0.000 *
Q4 0.543 0.024 0.107 0.599 0.000 *
Q5 0.039 * 0.632 0.319 0.004 * 0.072
Q6 0.319 0.484 0.152 0.018 * 0.078

Note. * stands for the significant p-value.

According to one-way ANOVA testing, the following statistically significant differ-
ences were noted for the studied items. For “Place of residence,” there was a significant
difference for Q5, whereby “Ahmadi” residents scored the largest mean value, which indi-
cates that they have a lower level of PAW-WtE, and commensurately more potential to cause
environmental pollution. For “Educational level,” a significant difference exists for Q5 and
Q6, whereby those with “High school” educational attainment reported the largest mean
value, which indicates that such respondents have a lower level of PAW-WtE (and thus
more potential to cause environmental pollution) and awareness of national policies about
WtE. For “No. home residents,” a significant difference exists for Q3 and Q4, whereby those
in households with five and four residents had the highest mean values (respectively).

4.1.4. PR-WtE

Notwithstanding the PB-WtE adumbrated previously, participants perceived various
risk issues attributed to WtE that were commensurate with those reported by previous stud-
ies, including great costs for initial investment, and pollutants such as waste runoff, smells,
gases, and liquid, as well as noise pollution associated with processing activities [43–45],
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Table 6 shows that how “WtE will impact the health of residents” was a major risk per-
ceived by participants, followed in ranking order of importance by “The storage process
has environmental impacts” [43,44]. Respondents were least concerned about “WtE may
discharge waste liquid” [45].

Table 6. Mean value of PR-WtE.

No. Risk Mean Rank

Q12 WtE will impact the health of residents 2.67 1
Q14 The storage process has environmental impacts 2.69 2
Q13 The transport process has environmental impacts 2.69 3
Q9 WtE may produce solid waste 2.74 4

Q15 The ash disposal process has environmental impacts 2.75 5
Q10 WtE may have noise pollution 2.76 6
Q11 WtE may produce obvious odour pollutants 2.83 7
Q7 WtE may emit air pollutants 2.85 8
Q8 WtE may discharge waste liquid 2.87 9

4.1.5. PB-WtE

PB-WtE factors are generally acknowledged in terms of energy efficiency and reduced
negative environmental impacts [46,47]. Furthermore, the potential employment offered
by WtE infrastructure (including for development and operation) makes it an increasingly
viable economic consideration [47]. Nevertheless, the mean values for PR-WtE were con-
sistently higher than those of PB-WtE (as displayed in Tables 6 and 7), reflecting general
risk perceptions outweighing any optimistic evaluations of WtE potential impacts [46,47].
“WtE can solve garbage siege” was considered to be the most significant benefit of WtE,
followed in descending order by “provides jobs” and “increases the income of local res-
idents” [46,47]. Respondents affirmed that they regard WtE as an expedient solution for
ecological protection and (more prosaically) solid waste processing [46,47].

Table 7. Mean value of PB-WtE.

No. Benefits Mean Rank

Q24 WtE can solve garbage siege 2.60 1
Q20 WtE can provide jobs 2.60 2
Q21 WtE can increase the income of local residents 2.75 3
Q19 WtE can promote economic development 2.75 4
Q22 WtE can reduce the consumption of fossil fuel 2.75 5
Q23 WtE can improve local environmental quality 2.76 6
Q17 WtE have significant economic benefits 2.77 7
Q18 WtE has significant environmental benefits 2.78 8
Q16 WtE have significant social benefits 2.82 9

4.1.6. PAT-WtE

Table 8 indicates that participants were more amenable to WtE electricity generation
than that derived from fossil fuels, but they would prefer commensurate facilities to be
distant from their own homes (“construction in non-local place” rather than “construction
in local places”), reflecting NIMBY resistance (as discussed in Section 2).
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Table 8. Mean value of PAT-WtE.

No. Questions Mean Rank

Q27 You prefer electricity from WtE rather than coal 2.69 1
Q28 You support WtE construction in non-local places 2.73 2
Q26 You think WtE is the best way to dispose of waste 2.83 3
Q25 You think WtE has bright prospects 2.84 4
Q29 You support WtE construction in local places 2.86 5

Table 9 indicates that the PAW did not attain statistical significance for PAT-WtE, while
PR-WtE and PB-WtE displayed a positive correlation with the latter, thereby indicating that
acceptance would be promoted by higher PB-WtE and PR-WtE levels. As for PAW-Gen,
the positive correlation with PAT-WtE is negligible.

Table 9. B-values of independent variables of multiple regression analysis.

Independent Variables PAT-WtE

PAW-Gen 0.068
PAW-WtE /
PR-WtE 0.223
PB-WtE 0.548

Note. “/” stands for non-significant linear regression, PAT-WtE = F2 (PAW-Gen, PAW-WtE, PR-WtE, PB-WtE).

4.2. WtE Estimation
4.2.1. Calculation Parameters and Formula

In order to facilitate the necessary comparison, three key parameters were essential
for the calculation. These parameters included the monthly waste generated per person in
Kuwait and the global average, as well as the monthly electricity consumption per person
in Kuwait and the global average. These fundamental figures are presented in Table 10 for
easy reference.

Table 10. Essential parameters for calculation.

Waste Generated per Person
per Month (kg)

Electricity Consumed per
Person per Month (kWh)

Kuwait 51 [7] 1381 [48]

World average 22.5 [49] 300 [50]

By incorporating these parameters into the calculation process, we can obtain accurate
and meaningful results. The waste generation figures provide insights into the quantity
of waste produced in Kuwait and the global average, offering a basis for assessing the
potential energy generation from waste. Simultaneously, the electricity consumption figures
enable us to evaluate the existing energy demand in both Kuwait and the world, providing
valuable context for the WtE calculation. Equation 1 is used to determine the generated
energy that can be derived from waste.

4.2.2. Generated Waste per Home

To compare the monthly waste generation in Kuwaiti homes with the global average,
calculations were performed, and Figure 2 illustrates the results. The analysis reveals that
Kuwaiti homes tend to generate approximately twice the amount of waste compared to the
world average for the same number of people residing in each household.
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Figure 2. Monthly generated waste per home.

The above formula generates truly linear results, assuming energy output is directly
proportional to waste mass, so doubling the mass doubles the estimated energy without
accounting for thresholds or diminishing returns. This linearity is appropriate for first-order,
large-scale assessments where average waste composition and conversion efficiency are
assumed to be constant, and variations in calorific value average out, making the approach
suitable for preliminary planning and comparison. Therefore, due to the substantial waste
generation in Kuwaiti homes, the potential energy that can be derived from this waste is
also significantly higher, reaching almost twice the amount compared to the global average,
as depicted in Figure 3.

 

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10

kW
h

Number of people per home

Kuwait World average

Figure 3. Monthly generated energy from waste per home.

4.2.3. Generated Energy from Waste

The use of the above formula is justified as a simplified, empirically derived method
that represents average MSW energy content and typical WtE efficiencies, making it appro-
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priate for preliminary energy potential estimates. The amount of monthly energy generated
from waste in a household depends on the number of people residing in that particular
home. Figure 3 visually illustrates this relationship, indicating that an increase in the
number of occupants leads to a corresponding increase in the potential energy generation
from waste within that household. However, it is crucial to recall that Kuwaiti homes
tend to produce more waste compared to the global average. It is envisaged that Kuwaiti
households generate high waste volumes due to the rapid economic growth, high con-
sumption, a preference for replacing rather than repairing or recycling items, and limited
waste-separation awareness and infrastructure. Consequently, it becomes evident that
Kuwaiti households would generate a significantly higher amount of energy than the
global average (indeed, they could produce nearly double the energy generated by an
average household worldwide).

4.2.4. Energy Consumption

Due to the higher electricity consumption per individual in Kuwait compared to the
global average, it follows that energy consumption per household is also higher. This
disparity is illustrated in Figure 4, which provides a visual comparison between Kuwaiti
households and the global average in terms of energy consumption. The figure clearly
demonstrates that Kuwaiti households consume a greater amount of energy compared to
the world average.
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Figure 4. Energy consumption per home.

4.2.5. Generated to Consumed Energy

Figure 5 presents a comparison between the energy consumed per home based on
the number of people living in that household and the energy generated from waste.
Additionally, it provides the ratio of generated energy to consumed energy, highlighting an
important metric for evaluation. Notably, the figure reveals that the global average ratio
stands at 4.1.
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Figure 5. Ratio of global generated energy to consumed energy.

Figure 6 illustrates the energy consumption per home in Kuwait based on the number
of people living in the household, as well as the energy generated from waste in relation to
the number of individuals residing in the same household. Furthermore, it presents the
generated-to-consumed energy ratio, which amounts to 2, nearly half the world average.
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Figure 6. Kuwait’s generated energy to consumed energy ratio.

5. Discussion
The findings of this study shed light on the attitudes, awareness, and knowledge of

Kuwaiti households towards WtE as a strategy for WM. Overall, the results indicate that
there is a high level of concern and awareness regarding the environmental implications of
WtE, and participants generally view it as a favourable approach for WM. Additionally,
respondents showed a fair understanding of the benefits associated with WtE, particularly
the potential to generate electricity from waste instead of relying on fossil fuels. However, it
is important to note that there are regional differences in responses, which underscores the
necessity for a unified roadmap to ensure the successful implementation of WtE strategies
across the country.
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Based on the calculations and analysis, it is evident that Kuwait is well-positioned to
benefit from WtE strategies, surpassing the global average due to several key factors. Firstly,
Kuwaiti households generate significantly more waste per household compared to the
global average. This higher waste generation poses a unique challenge for WM, but it also
presents an abundant resource for potential utilization in WtE processes. Implementing
WtE strategies would not only address the WM challenge but also unlock the vast energy
potential inherent in the country’s waste.

Furthermore, the analysis demonstrates that the energy generation potential from
household waste in Kuwait, when assessed relative to household size, represents a mean-
ingful opportunity to partially offset residential energy consumption. The comparison
between energy consumed per household and energy generated from waste indicates a
generated-to-consumed energy ratio of approximately 2, which, although below the global
average ratio of 4.1, still highlights the strategic value of waste-to-energy (WtE) systems
in the Kuwaiti context. By adopting WtE solutions, Kuwait can simultaneously address
municipal waste management challenges while contributing to domestic energy supply
through more sustainable and resource-efficient practices.

Additionally, Kuwaiti households consume more energy compared to the global aver-
age, which further underscores the importance of adopting WtE strategies. By harnessing
waste as a renewable energy source, Kuwait can reduce its reliance on conventional energy
sources and enhance its energy self-sufficiency, leading to long-term environmental and
economic benefits.

Moreover, the comparison of generated-to-consumed energy ratios reveals that
Kuwaiti households exhibit higher efficiency and effectiveness in utilizing waste as a
renewable energy source compared to the global average. This indicates that WtE systems
in Kuwait have the potential to achieve greater energy generation in proportion to the
energy consumed, making it a promising avenue for sustainable energy production.

6. Conclusions
6.1. Main Outcomes

This study set out to assess Kuwaiti homeowners’ PAT-WtE as a WM strategy, and
to estimate the potential energy that could be generated from HW. Against the back-
drop of Kuwait’s high per capita waste generation and heavy dependence on fossil fu-
els, the findings indicate that WtE represents both a socially acceptable and technically
promising option.

The survey results show that Kuwaiti homeowners generally exhibit positive per-
ceptions of WtE, recognising it as an environmentally sound strategy that can convert
waste into a valuable energy resource, while reducing reliance on conventional fossil-based
electricity. This aligns with broader global trends towards low-carbon and renewable
energy systems. Moreover, WtE is perceived as a means of alleviating pressure on landfills,
mitigating environmental pollution, and contributing to a more sustainable and integrated
WM system.

The second component of the study—mathematical estimation of energy potential
from HW—demonstrated that WtE could make a meaningful contribution to household
energy demand and, in the longer term, support the development of net-zero or low-carbon
homes. These calculations, while based on a simplified formula, illustrate that household
solid waste in Kuwait is not merely an environmental liability but also a latent energy
resource. In addition, WtE offers an avenue for treating certain hazardous waste streams
in a controlled, regulated manner, thereby supporting national sustainability and public
health objectives.
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Taken together, the positive attitudes, baseline awareness, and willingness to engage
with WtE reported by households, combined with the indicative energy potential, under-
score the strategic role that WtE could play in Kuwait’s transition towards more sustainable
waste and energy systems. Harnessing this potential will require coordinated policy action,
public engagement, and more refined technical assessments, but the evidence from this
study suggests a favourable foundation on which to build.

6.2. Recommendations

To fully capitalise on the favourable public attitudes identified in this research and to
translate them into concrete behavioural and policy outcomes, the following recommenda-
tions are proposed:

1. Develop a national WtE awareness and engagement programme.

A comprehensive national programme should be established to consolidate existing
positive perceptions of WtE while addressing residual concerns and information gaps. This
programme should:

• Communicate clearly the environmental and energy benefits of WtE, including re-
duced landfill dependency and lower greenhouse gas emissions.

• Use multiple channels—television, radio, social media, schools, mosques, and commu-
nity events—to reach diverse segments of the population.

• Highlight economic co-benefits, such as potential cost savings in WM and job creation
in the green and renewable energy sectors.

2. Promote household-level participation and proper waste segregation.

Public support must be matched with practical guidance on how households can
contribute to WtE success. Policy and outreach efforts should:

• Emphasise proper waste segregation at source (e.g., separating organics, plastics,
paper, and metals).

• Provide user-friendly instructions and infrastructure (clearly labelled bins, collection
schedules, community collection points).

• Encourage long-term behavioural change by linking segregation and recycling to
national goals and local benefits, such as cleaner neighbourhoods and reduced odour
and pests.

3. Strengthen multi-stakeholder collaboration.

Effective implementation of WtE requires coordination across government entities, mu-
nicipalities, private waste operators, environmental agencies, and educational institutions.
It is particularly recommended to:

• Establish formal platforms or working groups to align regulations, technical standards,
and communication strategies.

• Involve universities and research centres in monitoring, public education, and technol-
ogy assessment.

• Engage civil society and NGOs to act as intermediaries between authorities and
communities, especially during the planning and siting of WtE facilities.

4. Refine energy potential estimates through detailed waste profiling.

The energy estimations in this study were based on a universal conversion factor and
aggregate waste mass. To support investment decisions and detailed project design, future
research should:

• Conduct a comprehensive characterisation of Kuwait’s HW streams, quantifying the
proportions of organic waste, plastics, paper, metals, and other fractions.
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• Evaluate the specific calorific value and energy potential of each major waste type.
• Develop or adopt differentiated formulas and models that more accurately reflect the

energy yield of mixed and segregated waste streams in the Kuwaiti context.

5. Integrate WtE into broader sustainability and climate planning.

Finally, WtE should not be treated as an isolated technical solution, but as part of an
integrated waste and energy strategy. Policymakers should:

• Align WtE deployment with national targets on emissions reduction, renewable energy,
and the circular economy.

• Ensure that WtE complements, rather than replaces, waste prevention, reduction, and
recycling efforts.

• Use the findings from this and similar studies as evidence inputs into long-term
planning for infrastructure, land use, and public finance.

By acting on these recommendations, Kuwait can leverage the positive public attitudes
and substantial waste resources identified in this study to accelerate the adoption of WtE,
thereby contributing to a more sustainable, resilient, and low-carbon future.

Author Contributions: Conceptualization, Z.H. and S.A.; methodology, Z.H. and S.A.; investi-
gation, Z.H. and S.A.; writing—original draft preparation, Z.H. and S.A.; writing—review and
editing, Z.A.H.; W.B. Supervision. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Department of Civil and Environmental Engineering, Brunel
University London (Reference No. 2272304; approval date: 24 August 2023).

Informed Consent Statement: Informed consent was obtained online from all participants involved
in the study.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
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ANOVA Analysis of variance
GCC Gulf Cooperation Council
HW Household waste
MSW Municipal solid waste
NIMBY Not-in-my-backyard
PAT-WtE Overall public attitudes towards waste-to-energy
PAW-Gen Public awareness of general environmental issues
PAW-WtE Public awareness of waste-to-energy
PB-WtE Perceived benefits of waste-to-energy
PR-WtE Perceived risks of waste-to-energy
WM Waste management
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