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Introduction
Residential energy consumption in Kuwait ranks among the highest globally, largely due to villa-style housing and intensive air conditioning use under extreme climatic conditions. While prior studies have explored factors such as household size, occupancy, and thermostat settings, the combined impact of structural and behavioral determinants remains underexplored. This study addresses this gap by integrating villa ownership types, renovation practices, and energy-efficient technology adoption with constructs from the Theory of Planned Behavior (Attitude, Subjective Norms, and Perceived Behavioral Control).
Methods
A cross-sectional survey was conducted among households across Kuwait. Data were analyzed using Structural Equation Modeling (SEM) to examine the relationships between structural and behavioral determinants of residential energy consumption. The model incorporated both tangible factors (e.g., villa ownership, renovation behavior) and psychological constructs influencing energy-saving intentions and actions.
Results
The analysis revealed that villa ownership and renovation practices significantly influence household energy demand, serving as key structural drivers. Among behavioral constructs, Perceived Behavioral Control and Attitude had strong positive effects on energy-saving behaviors, whereas Subjective Norms exhibited a weaker influence. The results underscore the interplay between contextual housing characteristics and individual behavioral factors in shaping consumption.
Discussion and Conclusion
Findings highlight that energy consumption patterns in Kuwait are deeply rooted in socio-economic and cultural contexts—particularly villa culture and subsidized energy pricing—which differentiate Kuwait from other regions. The study advances understanding of residential energy behavior by linking physical housing attributes with behavioral constructs. Practical implications are offered for households, policymakers, and private-sector stakeholders, outlining strategies for targeted energy-efficiency interventions and sustainable behavioral change in the Gulf region.
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1 INTRODUCTION
Energy consumption in residential sectors worldwide plays a pivotal role in shaping national energy policies, particularly in regions characterized by extreme climatic conditions. Residential buildings account for a significant share of global electricity usage, influenced by a combination of socio-economic, environmental, and technological factors. The rapid growth of urbanization, coupled with rising living standards, has led to an increasing demand for energy across the globe. Addressing inefficiencies in residential energy use is essential for achieving sustainability and mitigating the environmental impacts of high energy consumption (Alqatan et al., 2025; Dehwah and Asif, 2019).
In Kuwait, residential energy consumption ranks among the highest globally on a per capita basis, primarily driven by the prevalence of large villa-style homes that significantly contribute to the nation’s electricity usage. These villas account for approximately 58.4% of the total electricity consumption in the residential sector, reflecting the unique architectural and cultural preferences prevalent in the country (Al-Mutairi et al., 2011). The extreme climatic conditions, particularly the prolonged hot summers with temperatures often exceeding 50 °C (Alahmad et al., 2023), necessitate extensive use of air conditioning systems, which are responsible for approximately 72% of the total electrical usage in residential buildings (Alajmi and Phelan, 2020).
Moreover, the socio-economic landscape in Kuwait, characterized by substantial government energy subsidies (Gelan and AlAwadhi, 2022) further exacerbates the high levels of energy consumption. The substantial subsidies provided by the government effectively lower the cost of electricity, leading to higher consumption rates among households (Ma and Zeng, 2022). While high energy consumption has historically been associated with economic growth and development, in Kuwait the concern lies in the sustainability of such patterns. The country’s nearly exclusive reliance on oil and natural gas for power generation, combined with generous subsidies, results in disproportionately high per capita consumption. This dependence exacerbates carbon emissions, places pressure on domestic fuel allocation, and raises long-term concerns about energy security and economic opportunity costs (Alhajeri et al., 2019; AlRukaibi and AlSalem, 2022; Naseeb et al., 2022).
Kuwait’s energy consumption dynamics are intricately tied to both demand-side factors and the prevailing energy supply structure. The nation’s exceptionally high per capita electricity use is primarily driven by the extensive reliance on air conditioning in residential villas, which alone accounts for approximately 72% of residential consumption (Alajmi and Phelan, 2020). According to the Kuwait Energy Outlook (2019), the building sector contributes nearly 90% of total electricity demand, underscoring the urgency of improving household efficiency to mitigate peak loads that frequently exceed 15 GW during the extreme summer months (Saber and Maref, 2019; Sedaghat et al., 2023).
The energy generation framework in Kuwait predominantly relies on fossil fuels, with oil and natural gas constituting nearly the entire energy mix. This reliance poses significant sustainability challenges, as carbon emissions from power generation are compounded by Kuwait’s limited progress in integrating renewable energy sources (Alhajeri et al., 2019; Al-Kenane et al., 2025; Hamed et al., 2020). While current infrastructure can meet peak loads, this dependence on fossil fuels raises concerns regarding resilience and long-term sustainability (Alhajeri et al., 2019). The Kuwaiti government aims to derive 15% of domestic energy needs from renewable sources by 2030, emphasizing the necessity for substantial policy and infrastructural changes to reduce reliance on hydrocarbons (Al-Fadhli et al., 2022).
High per capita energy consumption has implications beyond environmental degradation; there are significant economic opportunity costs associated with current energy utilization patterns. Maintaining domestic fuel consumption at current levels not only conflicts with national sustainability goals but also inhibits the country from pursuing economic pathways linked to renewable energy sectors (Hamwi et al., 2022; Naseeb et al., 2022). By addressing inefficiencies in demand-side energy consumption, Kuwait can alleviate pressures on the electricity grid and contribute towards broader objectives of sustainability, energy security, and emissions reduction.
In summary, Kuwait’s energy consumption profile, characterized by high demand for electricity largely driven by residential practices and a fossil-fuel-dependent supply system, necessitates urgent attention regarding the reduction of household energy intensity. Integrating efficient technologies and policies could substantially relieve the strain on the grid during peak periods and align Kuwait’s energy practices with sustainable development goals. While earlier research (Jaffar et al., 2019) identified key drivers of energy use in villas, including thermostat settings, villa size, and occupancy levels, evolving socio-economic conditions and technological advancements necessitate updated investigations. This study addresses these gaps by incorporating new variables that reflect emerging household and structural dynamics in Kuwait. For example, villa ownership type (government-built versus custom-built) captures differences in construction quality and space utilization that influence cooling loads. Renovation practices are significant because they often involve insulation upgrades, window replacements, and air-conditioning system improvements that directly affect energy efficiency. Likewise, the adoption of energy-efficient technologies, such as double-glass windows or LED lighting, reflects behavioral and financial choices that mediate household energy intensity. Including these variables allows for a more comprehensive understanding of how both structural and behavioral factors shape residential consumption, thereby extending previous research that primarily focused on household size, thermostat settings, and occupancy patterns. To provide a behavioral foundation for examining energy-saving practices, this study draws on an established theoretical model.
Beyond household-level drivers, recent work emphasizes the importance of examining the decoupling between electricity consumption, economic growth, and environmental impacts. For instance, a study done by (Laghari et al., 2023) demonstrated that energy efficiency gains can mitigate environmental degradation while sustaining economic development, highlighting the need to contextualize residential demand within broader sustainability debates. This perspective reinforces the significance of situating Kuwait’s residential energy consumption within both household-level dynamics and national policy frameworks.
1.1 Theoretical framework
This study is grounded in the Theory of Planned Behavior (TPB), which posits that individual behavior is determined by behavioral intention, itself shaped by three constructs: Attitude toward the behavior (ATT), Subjective Norms (SN), and Perceived Behavioral Control (PBC) (Ajzen, 1991). TPB has been widely applied in studies of energy and environmental behavior to explain why individuals adopt or resist energy-saving practices (Ali et al., 2019; Hossain et al., 2022). In Kuwait’s context, where household energy choices are influenced by cultural norms, perceptions of control (e.g., ability to adopt efficiency measures), and attitudes toward conservation, TPB provides a robust framework. Accordingly, ATT, SN, and PBC were selected as the key behavioral attributes in this study, ensuring theoretical grounding and comparability with international scholarship.
Table 1 provides a summary of relevant studies, highlighting their factors, methods, key findings, and identified gaps. This synthesis makes clear the scope of prior research and the specific gaps that the present study seeks to address.
TABLE 1 | Summary of relevant literature on residential energy consumption.	Author (Year)	Context	Factors/Variables	Method(s)	Key findings	Gaps identified
	Jaffar et al. (2018)	Kuwait (villas)	Household size, thermostat settings, occupancy	Household survey	Identified residential buildings as major drivers of national energy demand	Did not consider structural or efficiency-related variables
	Jaffar et al. (2019)	Kuwait (villas)	Social and physical factors	Empirical + modeled analysis	Villa size and AC use dominate energy demand	Lacked behavioral theory integration
	Alajmi and Phelan (2020)	Kuwait	End-use consumption	Bottom-up modeling	AC accounted for ∼72% of residential electricity use	Focused on technical modeling; excluded socio-demographic/behavioral drivers
	Alhajeri et al. (2019)	Kuwait	Power generation and emissions	Emissions inventory	High CO2 emissions linked to electricity sector	Did not link emissions with household consumption
	Ali et al. (2019),Hossain et al. (2022)	Pakistan, Bangladesh	TPB constructs (Attitude, PBC, SN, moral norms)	Surveys +SEM	Behavioral constructs shape energy-saving intentions and appliance choices	Limited application to Gulf/Kuwaiti context


TPB, theory of planned behavior; SEM, structural equation modeling.
As shown in Table 1, prior studies in Kuwait have mainly emphasized household size, occupancy, and technical modeling, while international studies have applied behavioral constructs such as Attitude, Perceived Behavioral Control, and Subjective Norms in different contexts. However, no study has yet integrated structural variables with behavioral constructs in the Kuwaiti context. This gap motivates the present research questions. Accordingly, this study is guided by the following research questions:
RQ1: How do socio-demographic and structural household factors—such as villa ownership type, renovation practices, and adoption of energy-efficient technologies—affect residential energy consumption patterns in Kuwait?
RQ2: To what extent do behavioral constructs from the Theory of Planned Behavior (Attitude, Perceived Behavioral Control, and Subjective Norms) influence energy-saving behaviors among Kuwaiti households?
RQ3: How are these structural and behavioral determinants interrelated, and what do these relationships reveal about pathways for improving household energy efficiency?
To address these questions, this study employs descriptive analysis of household and villa characteristics, followed by Structural Equation Modeling (SEM) to evaluate direct, indirect, and mediating effects among behavioral constructs.
By addressing these questions, this study contributes new insights into both structural and behavioral drivers of residential energy consumption in Kuwait.
2 MATERIALS AND METHODS
This study employed a quantitative cross-sectional survey to examine the socio-demographic, structural, and behavioral determinants of energy consumption among households in Kuwaiti villas. The survey instrument was structured into different comprehensive sections, encompassing socio-demographic data, building characteristics, energy usage practices (e.g., air conditioning and lighting), appliance utilization, and payment awareness. This structured approach ensured a holistic understanding of the variables influencing energy use.
2.1 Sample and data collection
Data were collected from 813 households across all six governorates of Kuwait. The sampling strategy employed stratified random sampling to ensure representation across various socio-economic groups and villa types. Interviews were conducted face-to-face by trained enumerators to address potential biases and ensure data reliability. Within each selected household, a single adult respondent was surveyed—preferably the head of household or a member responsible for energy-related decisions such as paying bills or selecting appliances. This approach ensured consistency in the type of information collected and avoided multiple responses from the same household. Respondents were assured anonymity, and the questionnaire was pre-tested for clarity before the full survey rollout.
The structured questionnaire consisted of 52 items divided into four main sections. The first section addressed socio-demographic characteristics, including employment status, education level, family size, and age distribution. The second section covered villa and structural attributes, such as ownership type, construction date, built-up area, number of floors, presence of unused rooms, renovation practices, insulation, and window types. The third section focused on appliances and energy use practices, including air-conditioning systems, lighting, refrigerators, televisions, and other household appliances, along with electricity billing information. Finally, the fourth section measured behavioral constructs derived from the Theory of Planned Behavior (Attitude, Subjective Norms, and Perceived Behavioral Control), using a five-point Likert scale (1 = strongly disagree, 5 = strongly agree).
2.2 Data analysis
The statistical methodology employed in this study involved a comprehensive approach to evaluating the relationships among the constructs of Attitude (ATT), Perceived Behavioral Control (PBC), and Subjective Norms (SN). Descriptive statistics were first calculated to summarize demographic, socioeconomic, and villa-related variables, providing insights into household characteristics and energy usage behaviors. This initial step was crucial for identifying patterns and understanding the sample distribution. Data preparation included screening for missing values, as well as testing for reliability using Cronbach’s Alpha to ensure internal consistency of the constructs.
In the subsequent steps Partial Least Squares Structural Equation Modeling (PLS-SEM) was employed to examine the to examine the hypothesized relationships among the constructs of Attitude (ATT), Perceived Behavioral Control (PBC), and Subjective Norms (SN). PLS-SEM was chosen for its suitability in handling complex models with multiple constructs and its ability to assess both the measurement model and the structural model simultaneously. This approach allowed for the evaluation of indicator reliability, internal consistency, convergent validity, and discriminant validity within the measurement model, as well as the estimation of path coefficients and mediation effects in the structural model. In the structural model evaluation, path coefficients, t-statistics, and p-values were calculated using bootstrapping with 5,000 resamples, providing robust estimates for the hypothesized relationships. Bootstrapped estimation of indirect effects is consistent with recent applications in related social-science models (e.g., AlReshaid et al., 2025). All the analysis was carried out using JAMOVI (2.3.28) (The jamovi project, 2024) and SmartPLS 4 software.
3 RESULTS
3.1 Demographic characteristics
The demographics and socioeconomic characteristics of the surveyed households (N = 813) reveal insightful trends (Table 2). Regarding villa possession, a significant majority of households (87.1%) own their villas, while only 12.9% are tenants. The employment status of the head of the household shows that 51.4% are employed, 47.8% are retired, and a minimal 0.7% are unemployed, indicating a predominantly stable income structure among households. In terms of educational attainment, the most common level of education among household heads is college-level studies, accounting for 38.7% of the sample, followed by high school graduates at 24.1%, and those with postgraduate university studies at 19.3%. A smaller proportion reported middle school education (16.4%), while only 1.5% of household heads had completed primary school education.
TABLE 2 | Demographic characteristics.	Demographic	Overall (N = 813)
	Villa possession
	 Owned	708 (87.1%)
	 Tenant	105 (12.9%)
	Employment status of the main head of household
	 Employee	418 (51.4%)
	 Retired	389 (47.8%)
	 Unemployed	6 (0.7%)
	Main educational level of head of household
	 Middle school	133 (16.4%)
	 University postgraduate studies	157 (19.3%)
	 College student	315 (38.7%)
	 High school	196 (24.1%)
	 Primary	12 (1.5%)
	Family size (number of people)
	 1–4	104 (12.8%)
	 13 or more	32 (3.9%)
	 5–8	509 (62.6%)
	 9–12	168 (20.7%)


Family size distribution highlights that the majority of households consist of 5-8 members (62.6%), followed by households with 9–12 members (20.7%), and smaller families of 1-4 members (12.8%). Larger families of 13 or more members were less frequent, representing only 3.9% of the total sample. These findings collectively provide a detailed overview of the demographic and socioeconomic attributes of the households, emphasizing trends in villa ownership, employment stability, educational attainment, and family size, which are important considerations in analyzing household dynamics in the study context.
Table 3 represents the distribution of household income levels among surveyed households (N = 813). Among the surveyed households (N = 813), the majority (60.1%) reported a monthly income of 1,000–2500 KD, followed by 17.2% earning 2,501–3500 KD. Lower-income households (<1000 KD) accounted for 11.8%, while higher-income households (>3500 KD) made up 10.8%. This distribution highlights a predominance of middle-income families with notable representation from both lower- and higher-income groups.
TABLE 3 | Household monthly income distribution among surveyed households (N = 813).	Demographic	Overall (N = 813)
	Household income (monthly in Kuwaiti dinars)
	 1,000–2,500 Kuwaiti Dinars	489 (60.1%)
	 2,501–3,500 Kuwaiti Dinars	140 (17.2%)
	 Less than 1000 KD	96 (11.8%)
	 More than 3500 KD	88 (10.8%)


The descriptive analysis of villa characteristics among the surveyed households (N = 813) reveals various trends (Table 4). Custom-designed villas comprise 54.6% of the sample, while government villas account for 45.4%. Most villas were constructed between 2010 and 2024 (54.4%), followed by 1996–2009 (23.2%). The predominant built-up area ranges from 351 to 450 m2 (46.0%), with 17.1% falling within 551–650 m2. Most villas have three floors (62.9%), and over half (52.2%) report no unused rooms. Renovations have been conducted in 58.8% of the villas.
TABLE 4 | Villa features, insulation, air conditioning, and water systems (N = 813).	Villa features	Overall (N = 813)
	Villa type
	 Custom Design/Built Villa	444 (54.6%)
	 Government villa	369 (45.4%)
	Construction date
	 1960–1983	69 (8.5%)
	 1984–1995	90 (11.1%)
	 1996–2009	189 (23.2%)
	 2010–2024	442 (54.4%)
	 Before 1960	23 (2.8%)
	Built-up area (m2)
	 351–450 square meters	374 (46.0%)
	 451–550 square meters	90 (11.1%)
	 551–650 square meters	139 (17.1%)
	 651–750 square meters	62 (7.6%)
	 751–850 square meters	33 (4.1%)
	 Less than 350 square meters	55 (6.8%)
	 More than 1,000 square meters	60 (7.4%)
	Number of floors
	 1	29 (3.6%)
	 2	155 (19.1%)
	 3	511 (62.9%)
	 4 or more	118 (14.5%)
	Number of unused rooms
	 1–2	192 (23.6%)
	 3–4	80 (9.8%)
	 5 or more	117 (14.4%)
	 Nothing	424 (52.2%)
	Has your villa undergone renovation work?
	 Yes	478 (58.8%)
	 No	335 (41.2%)
	Wall and ceiling insulation level
	 Not isolated	36 (4.4%)
	 Poorly insulated	59 (7.3%)
	 Properly insulated	408 (50.2%)
	 Well insulated	310 (38.1%)
	Window glass type
	 Solar reflector	151 (18.6%)
	 Trilogy	76 (9.3%)
	 Double	445 (54.7%)
	 Individual	141 (17.3%)
	Window tint type
	 Exterior shutters	597 (73.4%)
	 No shading	216 (26.6%)
	Air conditioning type
	 Divided units	178 (21.9%)
	 Mixed (central and divided)	99 (12.2%)
	 Central	536 (65.9%)
	How many months a year do you run your air conditioning system?
	 11–12 months	145 (17.8%)
	 5–6 months	167 (20.5%)
	 7–8 months	251 (30.9%)
	 9–10 months	250 (30.8%)
	AC Thermostat Setpoints (°C)
	 19 °C or less	97 (11.9%)
	 20 °C	174 (21.4%)
	 21 °C	163 (20.0%)
	 22 °C	196 (24.1%)
	 23 °C	118 (14.5%)
	 24 °C	44 (5.4%)
	 25 °C	15 (1.8%)
	 26 °C or higher	6 (0.7%)
	Do you adjust your air conditioning settings while away for long periods (such as traveling)?
	 Sometimes	249 (30.6%)
	 Yes	413 (50.8%)
	 No	151 (18.6%)
	Do you heat your villa in winter?
	 Sometimes	192 (23.6%)
	 Yes	292 (35.9%)
	 No	329 (40.5%)
	Domestic hot water system type
	 Mixed (central and local heaters)	100 (12.3%)
	 Single (local heaters)	203 (25.0%)
	 Central	510 (62.7%)


Regarding insulation, 50.2% are properly insulated, and 38.1% are well-insulated. Double-glass windows dominate (54.7%), and most villas utilize exterior shutters for window tinting (73.4%). Central air conditioning is the most common type (65.9%), with 61.7% of households using air conditioning for 7–10 months annually. Thermostat setpoints commonly range between 20 °C and 23 °C, with 24.1% setting it at 22 °C. Adjustments to air conditioning during long absences are made by 50.8% of respondents. Heating usage in winter is less frequent, with 40.5% of households not heating their villas. Finally, domestic hot water systems are predominantly central (62.7%), reflecting widespread integration of centralized heating systems in modern villas.
The analysis of household lighting and appliance ownership among the surveyed households (N = 813) reveals significant trends in energy use and device prevalence (Table 5). LED lighting is the most common type, used by 45.1% of households, followed by glowing lights (24.4%) and fluorescent lights (19.3%), with compact fluorescent lamps (CFLs) being the least common (11.2%). A majority of respondents (51.5%) reported always turning off lights in unoccupied rooms, with 25.0% doing so often and 20.0% sometimes, while 3.4% never turn off lights.
TABLE 5 | Household lighting and appliance ownership patterns among surveyed households (N = 813).	Household lighting and appliance	Overall (N = 813)
	Main lighting type
	 (compact fluorescent lamp (CFL)	91 (11.2%)
	 Fluorescent	157 (19.3%)
	 Glowing	198 (24.4%)
	 LED	367 (45.1%)
	Do you turn off the lights in unoccupied rooms?
	 Often	203 (25.0%)
	 Sometimes	163 (20.0%)
	 Always	419 (51.5%)
	 Never	28 (3.4%)
	TV - Please estimate quantity
	 1	66 (8.1%)
	 2	109 (13.4%)
	 3	180 (22.1%)
	 4	151 (18.6%)
	 5	121 (14.9%)
	 6	77 (9.5%)
	 7+	109 (13.4%)
	Satellite Receiver - Please estimate quantity
	 1	316 (38.9%)
	 2	180 (22.1%)
	 3	133 (16.4%)
	 4	75 (9.2%)
	 5	44 (5.4%)
	 6	35 (4.3%)
	 7+	30 (3.7%)
	Refrigerator - Please estimate quantity
	 1	80 (9.8%)
	 2	199 (24.5%)
	 3	212 (26.1%)
	 4	145 (17.8%)
	 5	77 (9.5%)
	 6	52 (6.4%)
	 7+	48 (5.9%)
	Washing Machine - Please estimate quantity
	 1	189 (23.2%)
	 2	319 (39.2%)
	 3	131 (16.1%)
	 4	76 (9.3%)
	 5	41 (5.0%)
	 6	31 (3.8%)
	 7+	26 (3.2%)
	Clothes Dryer - Please estimate quantity
	 1	437 (53.8%)
	 2	194 (23.9%)
	 3	77 (9.5%)
	 4	42 (5.2%)
	 5	22 (2.7%)
	 6	21 (2.6%)
	 7+	20 (2.5%)
	Microwave - Please estimate quantity
	 1	352 (43.3%)
	 2	223 (27.4%)
	 3	97 (11.9%)
	 4	60 (7.4%)
	 5	37 (4.6%)
	 6	21 (2.6%)
	 7+	23 (2.8%)
	Electric Stove - Please estimate quantity
	 1	342 (42.1%)
	 2	207 (25.5%)
	 3	124 (15.3%)
	 4	55 (6.8%)
	 5	28 (3.4%)
	 6	21 (2.6%)
	 7+	36 (4.4%)


Television ownership shows diverse patterns, with 22.1% of households having 3 TVs and 13.4% owning seven or more. Satellite receivers are similarly common, with 38.9% of households owning one, and 16.4% possessing three. Refrigerator ownership is widespread, with 26.1% of households owning three units and 24.5% owning two. Washing machines are prevalent, with 39.2% of households having two and 23.2% owning one. Clothes dryers are less commonly owned, with 53.8% of households reporting one and 23.9% owning two.
Microwaves and electric stoves are also widely used, with 43.3% and 42.1% of households, respectively, owning one unit. A smaller percentage of households report multiple units for these appliances, with 27.4% owning two microwaves and 25.5% owning two electric stoves. These findings highlight a strong presence of energy-efficient lighting and the prevalence of multiple household appliances, reflecting varying consumption patterns and energy usage behaviors in the sample.
The analysis of electricity-related behaviors and perceptions among the surveyed households (N = 813) provides insights into energy usage and financial patterns (Table 6). The majority of households (46.2%) reported an estimated annual electricity bill between 501 and 1000 KWD, followed by 33.5% with bills under 500 KWD. A smaller proportion (13.7%) had bills ranging from 1,001 to 1500 KWD, and only 6.6% reported bills exceeding 1500 KWD.
TABLE 6 | Electricity billing practices, payment awareness, and consumption concerns among surveyed households (N = 813).	Consumptions	Overall (N = 813)
	Estimated annual electricity bill (KWD)
	 1,001–1,500 Kuwaiti Dinars	111 (13.7%)
	 501–1,000 Kuwaiti Dinars	376 (46.2%)
	 Less than 500 KD	272 (33.5%)
	 More than 1500 KD	54 (6.6%)
	How often do you pay your electricity bill?
	 Every 6 months	189 (23.2%)
	 When requested by the Ministry of Electricity and Water	100 (12.3%)
	 Annually	201 (24.7%)
	 Monthly	323 (39.7%)
	Are you aware of online bill payment options?
	 Yes	590 (72.6%)
	 No	223 (27.4%)
	How concerned are you about your electricity consumption?
	 Not interested	78 (9.6%)
	 Interested	367 (45.1%)
	 Neutral	221 (27.2%)
	 Very worried	147 (18.1%)


Payment frequency varies, with 39.7% of respondents paying monthly, 24.7% paying annually, 23.2% every 6 months, and 12.3% paying only when requested by the Ministry of Electricity and Water. Awareness of online bill payment options is high, with 72.6% of households acknowledging this option.
Regarding concerns about electricity consumption, 45.1% of respondents expressed interest, and 18.1% were very worried, while 27.2% remained neutral, and 9.6% were not interested. These findings reflect diverse billing practices and varying levels of awareness and concern about electricity usage, suggesting opportunities for promoting energy-saving behaviors and online payment adoption.
3.2 Reliability analysis
The reliability analysis for the constructs of Attitude (ATT), Perceived Behavioral Control (PBC), and Subjective Norms (SN) demonstrates acceptable internal consistency (Table 7). The Cronbach’s α values for each item range between 0.856 and 0.867 when individual items are excluded, indicating that the overall scale is robust. Item-rest correlations for most items are above 0.5, further supporting the reliability of the constructs. Notably, ATT4, PBC3, and PBC4 exhibit the highest item-rest correlations (0.637, 0.644, and 0.645, respectively), suggesting strong alignment with the overall scale. These results validate the reliability of the measurement instrument used in the study.
TABLE 7 | Reliability statistics for attitude (ATT), perceived behavioral control (PBC), and subjective norms (SN) constructs.	Item	Mean	SD	Item-rest correlation	Cronbach’s α
	ATT1	3.52	1.085	0.575	0.860
	ATT2	3.69	1.050	0.603	0.858
	ATT3	3.59	1.020	0.616	0.857
	ATT4	3.46	0.979	0.637	0.856
	PBC1	3.37	0.997	0.606	0.858
	PBC2	3.08	1.032	0.503	0.865
	PBC3	3.52	0.926	0.644	0.856
	PBC4	3.46	0.956	0.645	0.856
	SN1	3.11	1.012	0.514	0.864
	SN2	3.21	1.010	0.478	0.867
	SN3	3.16	0.966	0.497	0.865


Cronbach’s α = 0.871.
The correlation matrix presents the relationships among the constructs of Attitude (ATT), Perceived Behavioral Control (PBC), and Subjective Norms (SN) (Table 8). Significant positive correlations were observed between all constructs at the p < 0.001 level. ATT and PBC exhibited a strong correlation (rp = 0.607), indicating that individuals with favorable attitudes tend to perceive greater control over the behavior. Similarly, ATT and SN demonstrated a moderate correlation (rp = 0.402), suggesting that subjective norms positively influence attitudes. Additionally, PBC and SN showed a moderate correlation (rp = 0.514), highlighting the interconnection between perceived control and the influence of social norms. These findings underscore the theoretical alignment and interdependence of these constructs within the study framework.
TABLE 8 | Correlation matrix.	Construct	ATT	PBC	SN
	ATT	—		
	PBC	0.607***	—	
	SN	0.402***	0.514***	—


*p < .05, **p < .01, ***p < .001.
The analysis highlights significant differences in Attitude (ATT), Perceived Behavioral Control (PBC), and Subjective Norms (SN) across levels of concern about electricity consumption (Table 9). For ATT (p < 0.001p < 0.001), the “interested” group had the highest mean score (3.7 ± 0.8), while the “not interested” group scored the lowest (3.2 ± 0.8). PBC also varied significantly (p < 0.001p < 0.001), with the “interested” group reporting the highest mean (3.5 ± 0.7) and the “not interested” group the lowest (3.1 ± 0.8). For SN (p = 0.006p = 0.006), the “interested” and “very worried” groups showed the highest means (3.2), while the “not interested” and “neutral” groups scored lower (3.0).
TABLE 9 | Cross Table - How concerned are you about your electricity consumption?	Construct	Not interested (N = 78)	Interested (N = 367)	Neutral (N = 221)	Very worried (N = 147)	Total (N = 813)	p value
	ATT						< 0.001a
	 Mean (SD)	3.2 (0.8)	3.7 (0.8)	3.5 (0.7)	3.4 (1.1)	3.6 (0.8)	
	 Range	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	
	PBC						< 0.001a
	 Mean (SD)	3.1 (0.8)	3.5 (0.7)	3.3 (0.7)	3.3 (0.9)	3.4 (0.8)	
	 Range	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	
	SN						0.006a
	 Mean (SD)	3.0 (0.9)	3.2 (0.8)	3.0 (0.7)	3.2 (0.9)	3.2 (0.8)	
	 Range	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	1.0–5.0	


a Linear Model ANOVA.
3.3 SEM for the conceptual proposed frame work
The Structural Equation Modeling (SEM) approach utilized in the proposed conceptual framework provides a robust analytical method for simultaneously examining relationships among observed variables, latent constructs, and their indicators. This approach enables the evaluation of hypothesized associations, including direct, indirect (mediating) effects, while also measuring the significance and strength of each pathway, thereby supporting the validation of theoretical models. Figure 1 depicts the basic node diagram with corresponding loadings.
[image: Diagram showing relationships between factors influencing "Subjective Norms" and "Perceived Behaviour Control" on "Attitude". "Subjective Norms" (0.518 influence) and "Perceived Behaviour Control" (0.562 influence) connect to "Attitude", which has a value of 0.400. "Subjective Norms" is affected by SN1, SN2, SN3 with values 0.824, 0.828, 0.783 respectively. "Perceived Behaviour Control" is influenced by PBC1, PBC2, PBC3, PBC4 with values 0.766, 0.722, 0.820, 0.818 respectively. "Attitude" influences ATT1, ATT2, ATT3, ATT4 with values 0.804, 0.833, 0.836, 0.784 respectively.]FIGURE 1 | Structural equation model showing relationships among Subjective Norms, Perceived Behavioral Control, and Attitude, with standardized path coefficients and indicator loadings.3.3.1 Measurement model assessment
In PLS-SEM, assessing the measurement model is a crucial step to ensure the constructs’ reliability and validity prior to evaluating the structural model. This process involves evaluating indicator reliability through outer loadings, internal consistency using Cronbach’s Alpha and Composite Reliability (rho_a and rho_c), and convergent validity via the Average Variance Extracted (AVE). Furthermore, multicollinearity is assessed using the Variance Inflation Factor (VIF), with values below the commonly accepted threshold of 5 indicating low multicollinearity among indicators (Diamantopoulos and Siguaw, 2006). Meeting these criteria ensures that the measurement model is robust, enabling the subsequent structural model evaluation.
Table 10 provides the results of the measurement model assessment for the constructs Attitude, Perceived Behavioral Control, and Subjective Norms, using multiple statistical metrics. Each construct is measured through several items, with their respective outer loadings exceeding the threshold of 0.70, which indicates strong indicator reliability (J. F. Hair et al., 2012). For example, the outer loadings for Attitude range from 0.784 to 0.836, while those for Perceived Behavioral Control range from 0.722 to 0.820, and Subjective Norms range from 0.783 to 0.828. Additionally, the VIF values for all items are well below 3, confirming the absence of multicollinearity issues.
TABLE 10 | Outer model summary table for the PLS-PM model.	Construct	VIF	Loading	Cronbach’s alpha	Composite reliability (rho_a)	Composite reliability (rho_c)	Average variance extracted (AVE)
	Attitude	1.809	0.804	0.831	0.833	0.887	0.664
	2.064	0.833
	1.999	0.836
	1.508	0.784
	Percieved Behaviour Control	1.503	0.766	0.789	0.798	0.863	0.612
	1.477	0.722
	1.794	0.820
	1.777	0.818
	Subjective Norms	1.542	0.824	0.741	0.742	0.853	0.659
	1.652	0.828
	1.352	0.783


Internal consistency is supported by Cronbach’s Alpha values of 0.831 for Attitude, 0.789 for Perceived Behavioral Control, and 0.741 for Subjective Norms, indicating satisfactory reliability (Hair et al., 2017; Nunnally and Bernstein, 1994). Composite reliability values from 0.742 to 0.887 across all constructs, further reinforcing their internal consistency and robustness (Hair et al., 2017). The AVE values for the constructs are 0.664, 0.612, and 0.659, respectively, all exceeding the 0.50 threshold recommended by (Fornell and Larcker, 1981), thereby establishing strong convergent validity.
In conclusion, the measurement model demonstrates excellent reliability, validity, and consistency across all constructs, providing a robust foundation for further structural model analysis.
The cross-loading results confirm discriminant validity (Table 11), with each indicator showing the highest loading on its intended construct (Hair et al., 2017). Attitude indicators (ATT1-ATT4) load strongly on their construct (0.784–0.836). Similarly, PBC indicators (PBC1-PBC4) load highest on PBC (0.722–0.820), and SN indicators (SN1-SN3) exhibit the strongest loadings on SN (0.783–0.828). These results ensure the constructs are distinct and measured accurately.
TABLE 11 | Discriminant validity–Cross loading.	Item	Attitude	Percieved behaviour control	Subjective norms
	ATT1	0.804	0.480	0.285
	ATT2	0.833	0.487	0.305
	ATT3	0.836	0.490	0.337
	ATT4	0.784	0.563	0.398
	PBC1	0.536	0.766	0.370
	PBC2	0.349	0.722	0.375
	PBC3	0.538	0.820	0.409
	PBC4	0.505	0.818	0.462
	SN1	0.325	0.459	0.824
	SN2	0.302	0.393	0.828
	SN3	0.371	0.403	0.783


Bold values indicate the highest loading for each item on its corresponding construct, confirming discriminant validity.
The Fornell-Larcker criterion was employed to assess discriminant validity among the constructs Attitude, Perceived Behavioral Control (PBC), and Subjective Norms (SN) (Table 12). The results confirm that the square root of the Average Variance Extracted (AVE) for each construct exceeds its correlations with other constructs, indicating that each construct is distinct and captures unique aspects of the model (Hair et al., 2017). These results provide strong evidence of discriminant validity, ensuring that the constructs are appropriately differentiated within the measurement model.
TABLE 12 | Discriminant validity - Fornell-Larcker criterion.	Construct	Attitude	Percieved behaviour control	Subjective norms
	Attitude	0.815		
	Percieved Behaviour Control	0.624	0.782	
	Subjective Norms	0.411	0.518	0.812


The third criterion for assessing discriminant validity is the Heterotrait-Monotrait (HTMT) ratio (Henseler et al., 2015), which evaluates the degree of similarity between constructs (Table 13). The HTMT values among the constructs Attitude, Perceived Behavioral Control (PBC), and Subjective Norms (SN) were all below the recommended threshold of 0.85 (Henseler et al., 2015), confirming acceptable discriminant validity. Specifically, the HTMT value between Attitude and PBC is 0.755, between Attitude and SN is 0.516, and between PBC and SN is 0.673. These results further support that the constructs are sufficiently distinct and appropriately measured, ensuring the robustness of the measurement model.
TABLE 13 | Discriminant validity - Heterotrait-Monotrait Ratio (HTMT).	Construct	Attitude	Percieved behaviour control	Subjective norms
	Attitude
	Percieved Behaviour Control	0.755		
	Subjective Norms	0.516	0.673	


3.3.2 Structural model assessment
Structural model assessment in SEM evaluates the relationships among constructs by analyzing path coefficients and significance levels. This includes testing direct, and indirect (mediating) effects to determine the strength and direction of hypothesized associations.
The structural model results confirm the hypothesized relationships among Perceived Behavioral Control (PBC), Subjective Norms (SN), and Attitude (Table 14). The relationship between PBC and Attitude is strong and significant (β = 0.562, t = 16.907, p < 0.001), indicating a substantial positive effect. Similarly, SN has a positive and significant influence on Attitude (β = 0.120, t = 3.419, p = 0.001), though the effect is weaker compared to PBC. Furthermore, SN significantly affects PBC (β = 0.518, t = 15.297, p < 0.001), highlighting its strong contribution.
TABLE 14 | Path analysis direct effect.	Path	Original sample (O)	Standard deviation (STDEV)	T Statistics (|O/STDEV|)	P Values	Decision
	Percieved Behaviour Control - > Attitude	0.562	0.033	16.907	0.000	Supported
	Subjective Norms - > Attitude	0.120	0.035	3.419	0.001	Supported
	Subjective Norms - > Percieved Behaviour Control	0.518	0.034	15.297	0.000	Supported


These results demonstrate that PBC and SN are significant predictors of Attitude, with PBC having the strongest direct effect. Additionally, SN influences PBC, further reinforcing the robustness of the structural model.
Table 15 presents the results of mediation analysis. It examines whether the mediation effect of Perceived Behavioral Control (PBC) for Subjective Norms (SN) and Attitude (ATT).
TABLE 15 | Path analysis indirect effect (Mediation Analysis).	Path	Original sample (O)	Standard deviation (STDEV)	T Statistics (|O/STDEV|)	P Values	Decision
	Subjective Norms - > Percieved Behaviour Control - > Attitude	0.291	0.028	10.541	0.000	Supported


The structural model results indicate a significant indirect effect of Subjective Norms (SN) on Attitude through Perceived Behavioral Control (PBC) (β = 0.291, t = 10.541, p < 0.001). This finding supports the hypothesis that PBC mediates the relationship between SN and Attitude, emphasizing the role of PBC as a key pathway through which SN influences Attitude.
4 DISCUSSION
4.1 Behavioral and structural determinants of energy consumption
The study of residential energy consumption in Kuwaiti villas reveals a complex interplay between behavioral and structural factors, particularly highlighting the significant role of air conditioning practices. The extreme climatic conditions in Kuwait necessitate heavy reliance on cooling systems, with thermostat settings commonly reported between 20 °C and 23 °C. This reliance on energy-intensive cooling behaviors is corroborated by research indicating that air conditioning constitutes a major contributor to residential energy consumption, accounting for a substantial portion of peak electricity demand (Peffer et al., 2011; Solanki et al., 2022). The findings suggest that households’ thermostat settings directly influence energy use, as higher settings can lead to increased energy consumption (Belazi et al., 2019; Susanto et al., 2018).
Moreover, structural attributes such as villa insulation levels and window types significantly impact energy efficiency. Proper insulation has been shown to enhance energy performance by reducing the cooling load required to maintain comfortable indoor temperatures (Boait and Alshahrani, 2018). Studies indicate that well-insulated buildings can substantially decrease energy demand, thus mitigating the adverse effects of high cooling needs associated with extreme weather conditions (Peffer et al., 2011; Solanki et al., 2022).
4.2 Demographic influences
Socio-demographic characteristics, such as villa ownership and income levels, are significant predictors of energy consumption in Kuwait. The cultural preference for larger residential spaces, as evidenced by the high prevalence of villa ownership, inherently leads to increased energy demands for cooling and maintenance. This trend is supported by findings from Jaffar et al., who highlighted that residential buildings account for nearly 60% of the national electrical power generated in Kuwait, with villas being a primary contributor to this consumption (Jaffar et al., 2018). The larger footprint of villas necessitates greater energy use, particularly for air conditioning, which is critical in the extreme climate of Kuwait.
Furthermore, the study indicates that higher-income households are more likely to adopt energy-efficient technologies, such as double-glass windows and centralized air conditioning systems. This suggests that affordability plays a crucial role in shaping energy efficiency practices. Research by Pelenur indicates that financial capability significantly influences the adoption of energy-efficient technologies, as households with higher income levels tend to invest more in such improvements (Pelenur, 2018). However, it is important to note that Pelenur’s study found only a small number of strong correlations between distinct energy viewpoints and specific energy efficiency technologies or behaviors, suggesting that being environmentally aware may not directly lead to the adoption of energy-efficient technologies.
4.3 Behavioral constructs and energy-saving attitudes
The analysis utilizing Partial Least Squares Structural Equation Modeling (PLS-SEM) highlights the critical role of behavioral constructs in influencing energy-saving behaviors. Specifically, the strong influence of Perceived Behavioral Control (PBC) on Attitude (ATT) and the mediating role of PBC in the relationship between Subjective Norms (SN) and ATT are consistent with the Theory of Planned Behavior (TPB) as proposed by Ajzen in 1991 (Ajzen, 1991). This theoretical framework posits that individuals’ intentions to engage in a behavior are shaped by their attitudes, perceived control, and the influence of social norms (Ali et al., 2019).
Supporting this, Jaffar et al. (2018) emphasized the necessity for behavioral interventions aimed at promoting sustainable energy use, indicating that enhancing individuals’ perceived control can significantly impact their energy-saving behaviors (Jaffar et al., 2018). Furthermore (Hossain et al., 2022), found that subjective norms, alongside attitudes and perceived behavioral control, significantly influence consumers’ intentions to purchase energy-efficient appliances, reinforcing the importance of social influences in driving energy-saving practices.
Awareness campaigns designed to enhance perceived control and leverage social norms could effectively foster greater adoption of energy-saving practices. For instance (Suntornsan et al., 2022), demonstrated that behavioral intention mediates the effect of perceived behavioral control on energy-saving behaviors, suggesting that interventions that increase individuals’ confidence in their ability to save energy can lead to more proactive energy-saving actions.
In conclusion, the integration of behavioral constructs within the framework of the Theory of Planned Behavior provides valuable insights into the factors influencing energy-saving behaviors. By focusing on enhancing perceived behavioral control and utilizing social norms, stakeholders can develop effective strategies to promote sustainable energy consumption.
4.4 Critical reflections and contradictions
While several of our findings align with prior international studies, some variations can be better understood through Kuwait’s unique socio-economic and environmental context. For example, the strong influence of villa ownership type and renovation practices on household energy consumption diverges from studies in European and Asian contexts, where building codes and energy-efficiency regulations are stricter (Ali et al., 2019; Hossain et al., 2022). In Kuwait, however, generous energy subsidies reduce the financial incentives for households to adopt efficiency upgrades, which may explain why structural factors such as villa type and renovation choices exert a more pronounced effect.
Another point of contrast lies in the limited predictive strength of Subjective Norms (SN) compared to findings in collectivist societies such as Bangladesh and Pakistan, where social expectations significantly shape household energy-saving practices (Hossain et al., 2022). In Kuwait, despite cultural emphasis on family and community, the combination of economic affluence, subsidized utilities, and limited regulatory enforcement may weaken the role of peer or community pressure in influencing energy behaviors. Instead, Attitude (ATT) and Perceived Behavioral Control (PBC) appear to play stronger roles, reflecting the importance of individual perceptions of cost, comfort, and control over energy choices in the Kuwaiti context.
These findings highlight the importance of situating household energy behavior within the local policy and socio-economic environment. Unlike regions where rising energy prices and strict building codes act as strong behavioral motivators, Kuwait’s heavily subsidized energy system and reliance on large villas create distinct drivers of consumption. Recognizing these contextual differences not only explains the observed variations but also underscores the need for locally tailored policy interventions that go beyond global best practices.
5 CONCLUSION
This study investigated the structural and behavioral determinants of residential energy consumption in Kuwait, examining villa ownership types, renovation practices, adoption of energy-efficient technologies, and behavioral constructs derived from the Theory of Planned Behavior. The analysis demonstrates that household characteristics and behavioral choices interact with broader contextual factors to shape energy demand. The contribution of this research lies in integrating both structural and behavioral perspectives within a single empirical framework, offering evidence from the Kuwaiti residential sector where high energy intensity remains a pressing concern. By highlighting how household decision-making intersects with socio-economic conditions, the findings enrich theoretical understanding of energy behavior and extend the application of the Theory of Planned Behavior to a new regional context. Beyond its theoretical value, this work provides an empirical foundation for future studies to explore household energy transitions in rentier economies, where affordability often masks the urgency of conservation.
5.1 Implications for households
Households play a central role in reducing energy intensity, as villa ownership type, renovation practices, and energy-saving behaviors directly influence electricity consumption. Residents can contribute to reducing demand by adopting energy-efficient technologies such as double-glass windows, LED lighting, and modern cooling systems, while also maintaining thermostat settings at more sustainable levels, typically between 24 °C and 26 °C during summer months. Periodic renovations that improve insulation, enhance window sealing, and upgrade air-conditioning systems are equally important in mitigating energy waste. Beyond these structural measures, households must also embrace behavioral shifts, particularly by strengthening their perceived control over energy-saving practices, which has been shown to encourage more consistent and proactive energy conservation.
5.2 Implications for government and policymakers
The government, particularly the Ministry of Electricity, Water, and Renewable Energy (MEWRE), has a pivotal role in shaping energy efficiency outcomes through regulatory and policy interventions. Stronger enforcement of building and insulation codes for both new and existing villas is essential, along with the introduction of targeted subsidies or financial incentives to support retrofitting of older properties with advanced insulation and efficient cooling technologies. At the same time, gradual reform of energy subsidies is necessary to discourage wasteful consumption while safeguarding vulnerable households through socially sensitive measures. In addition, the government can strengthen its role by launching public awareness campaigns that not only highlight the environmental benefits of energy-saving practices but also emphasize their economic advantages, thereby encouraging households to take action.
5.3 Implications for the private sector
The private sector, including construction companies and appliance manufacturers, is equally critical to the transition toward sustainable residential energy use. By developing and marketing affordable energy-efficient construction materials and appliances tailored to Kuwait’s climatic conditions, private firms can facilitate the adoption of new technologies across a wider range of households. Collaborations between private companies and government agencies can also generate cost-effective retrofitting packages that make renovations more accessible to middle-income families. Furthermore, expanding after-sales services and providing warranties will help build consumer confidence in long-term investments, ensuring that households are more likely to adopt and sustain energy-efficient technologies.
In summary, addressing Kuwait’s high residential energy demand requires a multi-stakeholder approach. Households must adopt energy-saving practices, the government must create an enabling regulatory and policy environment, and the private sector must provide cost-effective technological solutions. Clear delineation of roles ensures that responsibilities are shared, coordinated, and actionable. By combining structural reforms, behavioral interventions, and policy innovations, Kuwait can reduce household energy intensity, alleviate pressures on its electricity grid, and contribute to broader sustainability and energy security objectives.
6 LIMITATIONS
The sample was representative of Kuwaiti households, cultural and climatic factors unique to Kuwait may limit the generalizability of the findings to other regions. In addition, the cross-sectional design restricts the ability to capture temporal dynamics or causal inferences, which future longitudinal or experimental studies could address. For example, time-lagged dyadic designs similar to AlReshaid et al. (2025) can mitigate common-method concerns and strengthen causal inference in relational models. The reliance on self-reported data for energy practices and behaviors may introduce response bias, underscoring the need for complementary objective measurements, such as smart metering data. Moreover, the study focuses exclusively on villa-style homes, leaving scope for investigating energy consumption in other residential types such as apartments. Finally, the analysis did not account for broader macroeconomic or policy shifts (e.g., subsidy reforms or renewable energy integration) that may influence household energy behaviors over time. Addressing these limitations will further enrich the understanding of residential energy consumption dynamics in Kuwait and beyond.
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