INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume IX Issue XI November 2025

Time-Varying Electrical Loads: Analyzing Household Energy
Consumption, Carbon Emissions, and Strategies for Load
Management

Kimberly L. Mandalihan., Regie Boy B. Fabro., Argie S. Manuel., Peter John B. Ladran., Dariel Justin
V. Daquioag

College of Teacher Education, Mariano Marcos State University, Philippines

DOI: https://doi.org/10.47772/1JRISS.2025.91100527

Received: 06 December 2025; Accepted: 12 December 2025; Published: 22 December 2025
ABSTRACT

This study investigates the impact of time-varying electrical loads on household energy consumption and carbon
emissions, with the goal of developing strategies for load management to reduce carbon footprints. Conducted
in the residential households of San Nicolas, llocos Norte, Philippines, the research employed a descriptive-
correlational design and a mixed-methods approach. Quantitative data on energy usage and carbon emissions
were collected through electricity bills and energy monitoring devices, while qualitative insights were gathered
through surveys and focus group discussions. Statistical analysis and thematic analysis were used to identify
household energy consumption patterns, quantify carbon emissions during peak and off-peak hours, and evaluate
strategies for shifting energy-intensive activities.

The findings reveal that households are moderately aware of energy-saving practices, with frequent engagement
in basic conservation behaviors like turning off unused appliances. However, barriers such as financial
constraints and prioritization of convenience limit the adoption of energy-efficient technologies and load-shifting
behaviors. Carbon emissions were found to be significantly higher during peak hours, underscoring the
environmental impact of time-varying energy demands. Strategies such as financial incentives, educational
initiatives, technological solutions, and community-based efforts were identified as effective in encouraging
households to shift energy usage to off-peak hours. A paired t-test analysis demonstrated a statistically significant
reduction in carbon emissions through load management strategies.

This study highlights the critical role of household energy behaviors in achieving energy efficiency and
mitigating climate change. It provides actionable recommendations for policymakers and stakeholders to
promote sustainable energy practices, reduce carbon emissions, and support environmental sustainability in
residential communities.

Keywords: Household Energy Consumption, Carbon Emissions, Load Management, Energy Efficiency,
Sustainable Energy Practices

INTRODUCTION

The rapid growth of global population and technological advancements has significantly increased energy
consumption worldwide [1]. In modern society, electricity is indispensable, powering essential household
appliances that simplify daily tasks and enhance quality of life [2]. These technologies have become integral to
human progress, enabling time-saving solutions that improve living standards [3]. However, the increasing
reliance on electricity has also led to a surge in energy demand, posing challenges for energy sustainability and
environmental preservation [4]. As the number of electrical devices in households grows, driven by economic
development and affordability, energy consumption continues to rise, contributing to significant carbon
emissions that exacerbate climate change [5].

The link between energy consumption and environmental degradation is well-established, with electricity
generation from fossil fuels being a major source of greenhouse gas (GHG) emissions [6]. Rising population
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levels and economic expansion further amplify electricity demand, leading to increased emissions and
environmental challenges [7]. Studies have shown that household energy consumption is influenced by various
factors, including economic growth, urbanization, and lifestyle changes, all of which contribute to the growing
carbon footprint of residential energy use [8]. For instance, the widespread adoption of energy-intensive
appliances, such as air conditioners and electric vehicles, has heightened the strain on energy systems and
increased emissions during peak demand periods [9]. Consequently, addressing household energy consumption
behaviors is critical to achieving energy efficiency and reducing environmental impacts [10].

Despite the recognition of these challenges, significant knowledge gaps remain in understanding the relationship
between household energy consumption patterns, time-varying electrical loads, and carbon emissions. Previous
research has highlighted the importance of energy-saving behaviors and demand-side management strategies,
such as shifting energy-intensive activities to off-peak hours [11]. However, there is limited evidence on the
effectiveness of these strategies in reducing carbon emissions, particularly in the context of residential energy
use. Additionally, while government interventions and technological advancements have been proposed as
solutions, the role of consumer behavior in optimizing energy consumption remains underexplored [12]. Local
studies have also indicated that households face barriers such as lack of awareness, financial constraints, and
resistance to behavioral changes, which hinder the adoption of energy-efficient practices [13]. These gaps
underscore the need for a deeper understanding of household energy consumption patterns and the development
of targeted strategies to address these challenges.

In the Philippines, the residential sector accounts for a significant portion of electricity consumption, with
households contributing to the country’s overall carbon emissions. The municipality of San Nicolas, Ilocos
Norte, serves as the locale of this study. San Nicolas, a rapidly developing area in the northern Philippines,
exemplifies the challenges faced by residential communities in balancing energy demand and environmental
sustainability. With the increasing adoption of modern appliances and the growing dependence on electricity for
daily activities, households in San Nicolas experience rising energy costs and contribute to peak demand periods
that strain the local energy grid. Despite these challenges, limited studies have been conducted in this region to
analyze household energy consumption patterns, carbon emissions, and strategies for load management. This
study addresses this gap by focusing on the residential households of San Nicolas, providing localized insights
that can inform both community-level and national energy policies.

The necessity of this research lies in its potential to bridge these gaps by analyzing household energy
consumption behaviors during peak and off-peak periods, quantifying the associated carbon emissions, and
identifying practical load management strategies. By addressing these issues, the study contributes to the broader
goal of reducing household carbon footprints and promoting sustainable energy use. The findings will provide
valuable insights for policymakers, utility companies, and households, enabling the design of evidence-based
interventions to encourage energy efficiency and mitigate climate change impacts.

This study specifically aims to investigate the impact of time-varying electrical loads on household energy
consumption and carbon emissions in the residential houses of San Nicolas, llocos Norte. The objectives include:
(1) analyzing household energy consumption patterns based on time-varying electrical loads; (2) quantifying the
carbon emissions associated with peak and off-peak household energy usage; (3) identifying strategies to
encourage households to shift energy-intensive activities to off-peak hours; and (4) estimating the potential
carbon footprint reduction achievable through optimized load management.

In conclusion, the growing energy demands of households and their environmental consequences highlight the
urgent need for actionable solutions. By focusing on the residential households of San Nicolas, Ilocos Norte, this
study provides a localized perspective on energy consumption behaviors and carbon emissions, while proposing
strategies for effective load management. The results aim to contribute to the global effort to reduce carbon
emissions and achieve energy sustainability, particularly in the context of developing communities.
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RESEARCH METHODS
Research Design

The study employed a descriptive-correlational research design to achieve its objectives. This design was
deemed appropriate as it enabled the systematic collection, analysis, and interpretation of data to describe
household energy consumption patterns and their relationship with carbon emissions. It also facilitated the
identification of strategies to encourage behavioral changes in energy usage and the estimation of potential
carbon footprint reductions. The descriptive aspect of the study focused on analyzing household energy
consumption patterns based on time-varying electrical loads. This involved collecting data on energy usage
during peak and off-peak hours and quantifying the associated carbon emissions, providing a detailed
understanding of current energy consumption behaviors and their environmental impacts.

The correlational aspect examined the relationship between energy consumption patterns, carbon emissions, and
the effectiveness of load management strategies. By exploring these relationships, the study aimed to identify
factors influencing household energy usage and how changes in behavior could lead to reductions in carbon
footprints. To achieve this, the study integrated both quantitative and qualitative methods. Quantitative data on
energy consumption and carbon emissions were collected using energy monitoring devices, such as smart meters,
and secondary data from utility providers. Statistical tools were then used to quantify carbon emissions and
estimate potential reductions through load management strategies. On the other hand, qualitative data were
gathered through surveys and focus group discussions with household participants to gain insights into barriers,
motivators, and potential strategies for shifting energy-intensive activities to off-peak hours.

The research was specifically conducted in residential households in San Nicolas, llocos Norte, Philippines. This
localized focus ensured that the findings were contextually relevant and addressed the specific challenges and
opportunities faced by the community. By employing a descriptive-correlational research design and a mixed-
methods approach, the study provided a comprehensive framework for analyzing household energy consumption
patterns, quantifying carbon emissions, and developing actionable strategies for load management and carbon
footprint reduction.

Locale of the Study

The study was conducted in a residential barangay in the municipality of San Nicolas, Ilocos Norte, focusing
exclusively on residential households. San Nicolas is located in Luzon, within Region 1, in the northern part of
the Philippines. The specific barangay selected for this study was chosen due to its varying patterns of electricity
usage, which provide a representative sample for analyzing energy consumption behaviors and carbon emissions.
The barangay has a population of 3,006 individuals, according to the 2020 Census, which accounts for 7.73% of
the total population of San Nicolas. Based on the 2015 Census, the barangay consists of 613 households, with
an average household size of 4.34 members. This demographic information was obtained from official sources,
including the PhilAtlas website.

The barangay’s residential nature and diverse energy consumption patterns make it a suitable location for this
study. Its mix of traditional and modern households provides valuable insights into how energy is utilized during
peak and off-peak hours. The selection of this locale was also influenced by its accessibility and the availability
of reliable demographic data, which facilitated the identification of a representative sample for the research. By
focusing on this community, the study was able to gather localized data that could inform strategies for load
management and carbon footprint reduction, contributing to the broader goal of promoting sustainable energy
practices in residential areas.

Population and Sampling Procedures

The population for this study consisted of residential households in a barangay in San Nicolas, llocos Norte. The
barangay was selected due to its diverse mix of traditional and modern households, varying income levels, and
differing energy consumption behaviors. Based on the 2020 Census, the barangay has a population of 3,006
individuals distributed across 613 households, with an average household size of 4.34 members. This population
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provided a representative sample for analyzing time-varying energy consumption patterns, carbon emissions,
and potential strategies for reducing carbon footprints.

The study employed purposive sampling to select participants, as this method allowed the researchers to
deliberately choose households that met specific criteria relevant to the research objectives. The criteria for
selecting households included: location within the barangay to ensure consistency in environmental and energy
supply conditions; representation of a range of income levels to capture diversity in energy consumption
behaviors and appliance usage; access to electricity and use of electrical appliances in daily activities to provide
meaningful data on energy consumption patterns; willingness to participate and provide data on energy usage
during peak and off-peak hours; and access to time-varying energy data to ensure accurate measurement of
consumption patterns. These criteria ensured that the selected participants were relevant to the study’s focus on
household energy consumption and carbon emissions. Purposive sampling was particularly suitable for this
research as it allowed the inclusion of households that could provide detailed and meaningful insights into the
analysis of energy consumption behaviors and potential load management strategies.

For research questions related to carbon emissions and energy consumption patterns, the same households were
included to maintain consistency in the data collection process. In addition, key informants such as electrical
teachers, environmental scientists, research-sustainability experts and local officials were included in the study
to validate findings and provide insights into strategies for shifting energy-intensive activities to off-peak hours
and estimating potential carbon footprint reductions. These experts were selected through snowball sampling,
leveraging referrals from local energy agencies and environmental organizations. By combining purposive
sampling for household participants and snowball sampling for expert participants, the researchers ensured that
the sample was both representative of the barangay’s population and capable of providing comprehensive and
meaningful data for addressing the study’s objectives.

Research Instrument

The study utilized a combination of adapted survey questionnaires, semi-structured interviews, focus group
discussions, and secondary data to collect information aligned with the research objectives. To evaluate
household energy consumption patterns based on time-varying electrical loads, an adapted survey questionnaire
from the study of Bishoge & Mvile [17] was employed. The survey was modified to suit the local context and
consisted of statements designed to evaluate the energy consumption behavior of 50 household respondents. The
instrument was prepared in a 4-point Likert scale format, ranging from Always (4) to Never (1), to capture the
frequency and awareness of high-energy activities and appliance use. The statements in the survey were drawn
from validated energy behavior studies and adjusted to ensure relevance to the study’s locale and objectives. The
survey underwent validation by three experts in energy research and survey design, ensuring its reliability and
appropriateness for measuring household energy usage behaviors.

For research questions related to carbon emissions and energy consumption patterns, the study gathered recent
electricity bills from 20 purposively selected households in the barangay. These bills, which were no more than
a month old, served as a reliable primary data source for determining actual energy use in kilowatt-hours. The
data from the bills were analyzed by applying emission factors to estimate carbon emissions during peak and
off-peak hours. Additionally, the electricity bills were used to simulate possible reductions in carbon emissions
through load shifting strategies. This method provided an accurate and practical basis for evaluating energy
consumption patterns and associated carbon emissions.

To address strategies for shifting energy-intensive activities to off-peak hours, semi-structured interviews and
focus group discussions (FGDs) were conducted. The interviews employed open-ended questions and were
conducted with professionals in the field of electrical technology and two homeowners. These interviews
explored expert recommendations, solutions, and the willingness of homeowners to adjust their energy-intensive
activities. The responses were analyzed thematically to support and contextualize the quantitative findings.
FGDs were also conducted with four stakeholders and two homeowners to gain deeper insights into barriers,
motivators, and potential solutions for shifting energy usage behaviors. This qualitative approach allowed for an
in-depth exploration of perceptions and attitudes toward energy-saving practices, providing valuable input for
the development of actionable strategies.
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For estimating carbon footprint reduction through load management and optimized energy consumption, the
study utilized a simulation model based on the collected energy usage data and emission factors. The model
simulated various scenarios to determine the potential carbon footprint reduction achievable through load
shifting and other energy optimization strategies. The simulation results were validated by consulting energy
experts and environmental scientists, ensuring the robustness and applicability of the findings.

In summary, the study employed a combination of adapted surveys, electricity bill analysis, semi-structured
interviews, focus group discussions, and simulation modeling to comprehensively address the research
objectives. These instruments were designed and validated to ensure the collection of accurate and reliable data,
enabling the study to provide a thorough analysis of household energy consumption patterns, carbon emissions,
and strategies for sustainable energy use.

Data Gathering Procedure

The researchers followed a systematic process to collect the data necessary to effectively answer the research
questions. The procedure consisted of three phases: preparation, data collection, and data verification.

In the preparation phase, the researchers sought permission from the local community leader to conduct the study
within the area. Ethical clearance was obtained, and informed consent forms were prepared to ensure ethical
compliance and transparency throughout the study. The survey questionnaires, interview guides, and requests
for electricity bills were carefully reviewed for accuracy and printed in preparation for distribution.

During the data collection phase, the researchers used purposive sampling to select participants who met specific
criteria relevant to the study’s objectives. A modified survey questionnaire was personally administered to 50
purposively chosen households in the community. The questionnaire was designed to gather data on time-
varying load patterns, appliance usage, and energy consumption behaviors. In addition, 20 households
voluntarily participated by submitting copies of their month-old electricity bills for detailed analysis. The
difference in sample sizes between survey respondents and electricity bill analysis participants was due to the
purposive selection of households willing to provide their electricity bills for detailed analysis. This approach
ensured the availability of accurate energy consumption data while maintaining a larger sample for collecting
behavioral insights through the survey. These bills served as primary data for calculating actual energy usage
and estimating carbon emissions using standardized emission factors. For group discussions, four professionals
were selected based on specific qualifications, including a licensed electrical engineer, an electrical technology
teacher, an NC Il-certified electrician, and an electric cooperative personnel. To further explore household
perspectives, two homeowners were also interviewed. Consent was obtained from all participants, and the
interviews were recorded to ensure the accuracy of the data collected. Responses from the interviews were later
transcribed for thematic analysis.

Finally, during the data verification phase, the researchers reviewed the survey responses for completeness and
organized the data into spreadsheets for analysis. Electricity bill data were cross-checked for accuracy and
uniformity in billing periods to ensure consistency in the calculations. Interview transcripts were validated by
returning summaries to the respondents for confirmation, ensuring that the recorded responses accurately
represented their perspectives.

This systematic process ensured the collection of reliable and comprehensive data, which was essential for
addressing the research questions effectively and achieving the study’s objectives.

Statistical Treatment

The researchers utilized a combination of quantitative and qualitative data analysis methods to address the
research questions comprehensively. Each research question was analyzed using appropriate statistical
techniques and thematic analysis to ensure reliable and meaningful results.

To analyze the demographic information of the respondents, descriptive statistics such as frequency, percentage,
and mean were used. The demographic data included household size, number of appliances, monthly household
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income, and type of residence. This provided a clear summary of the respondents’ profiles, which served as a
foundation for understanding their energy consumption behaviors.

For Research Question 1, which focused on household energy consumption patterns based on time-varying
electrical loads, the researchers analyzed the data collected from the 4-point Likert scale survey questionnaire.
The weighted mean was calculated for each item to determine the overall tendencies of the respondents regarding
their energy consumption behaviors. The following Likert scale range of means and descriptive interpretations
were used to interpret the results: 3.50-4.00 (Always), 2.50-3.49 (Often), 1.50-2.49 (Sometimes), and 1.00—
1.49 (Never). This approach allowed the researchers to identify the frequency and patterns of energy-intensive
activities and appliance use during peak and off-peak hours.

For Research Question 2, which aimed to determine the carbon emissions associated with peak and off-peak
household energy usage, quantitative analysis was conducted using electricity consumption data collected from
household bills. The researchers applied the formula:

Carbon Emissions (kg CO:) = Electricity Consumption (kWh) x 0.7122,

where 0.7122 kg CO2/kWh is the National Grid Emission Factor (NGEF) provided by the Department of Energy
(DOE) of the Philippines. This calculation enabled the researchers to estimate the carbon emissions generated
by households during peak and off-peak hours, providing insights into the environmental impact of their energy
consumption patterns.

For Research Question 3, which examined strategies for shifting energy-intensive activities to off-peak hours,
the researchers utilized thematic analysis following the framework of Braun and Clarke’s model (2006). This
method involved systematically identifying, analyzing, and reporting patterns or themes within the qualitative
data collected from focus group discussions and interviews. Thematic analysis was conducted in six phases: (1)
familiarization with the data, (2) generating initial codes, (3) searching for themes, (4) reviewing themes, (5)
defining and naming themes, and (6) producing the final report. The researchers developed codes and categorized
them into themes, such as "easiest to shift,” "hardest to shift,” and "recommendations for load management."
This approach provided a structured and detailed analysis of the qualitative data, offering insights into the
barriers, motivators, and strategies for shifting energy-intensive activities.

For Research Question 4, which focused on the potential carbon footprint reduction through load management
and optimized energy consumption, a paired T-test was used to determine the relationship between energy-
saving behaviors (based on average Likert scale scores) and carbon footprint reduction (calculated as the
difference in emissions between two months). The paired T-test was used to assess the strength and significance
of the relationship between these two variables, providing evidence for the effectiveness of proposed load
management strategies in reducing carbon emissions.

By employing a combination of descriptive statistics, quantitative analysis, thematic analysis, and inferential
statistics, the researchers ensured a robust and comprehensive analysis of the data. This multi-method approach
allowed for a deeper understanding of household energy consumption behaviors, carbon emissions, and effective
strategies for sustainable energy use.

Ethical Consideration

The researchers ensured that ethical principles were strictly adhered to throughout the study to maintain the
integrity of the research and protect the rights and welfare of the participants. Before conducting the study,
permission was sought from the local authorities to carry out the research in the community. Informed consent
was obtained from all participants, ensuring that they were fully aware of the purpose, objectives, and scope of
the study, as well as their role in the data collection process. Participants were informed that their participation
was voluntary, and they had the right to withdraw from the study at any time without any consequences.

Confidentiality and anonymity were prioritized by ensuring that all personal information and responses from
participants were kept private and used solely for research purposes. Identifiable information, such as names and
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addresses, was not included in the analysis or reporting of results. Instead, codes were assigned to participants
to protect their identities. The researchers also ensured that the data collected, including survey responses,
electricity bills, and interview transcripts, were securely stored and only accessible to authorized personnel.

Additionally, the researchers ensured that the data collection process did not cause any harm or discomfort to
the participants. The survey and interview questions were designed to be non-invasive and respectful of the
participants’ privacy. Ethical clearance was obtained prior to the study, and all research activities were conducted
in accordance with ethical guidelines and standards for research involving human participants. By adhering to
these ethical considerations, the researchers ensured that the study was conducted responsibly and with respect
for the rights and dignity of all participants.

RESULTS AND DISCUSSIONS

A. Household Energy Consumption Patterns Based on Time-Varying Electrical Loads

Table 1 shows the household energy consumption patterns based on time-varying electrical loads. The overall
mean score of 3.03, interpreted as "Often,” indicates that households frequently engage in energy-saving
practices and are moderately aware of the importance of managing energy consumption during peak and off-
peak hours.

Table 1 Weighted Mean Analysis Of Household Energy Consumption Patterns Based On Time-Varying
Electrical Loads

Statements Mean | DI

1. I use high-energy-consuming appliances (e.g., air-conditioner, washing machine, electric | 2.78 Often
oven) during off-peak hours to minimize electricity costs.

2. I plan energy-intensive activities (e.g., ironing, laundry, or cooking) during off-peak hours | 2.86 Often
to reduce electricity consumption.

3. I avoid using multiple energy-consuming appliances simultaneously, especially during peak | 2.66 Often
hours, to manage electricity demand.

4. 1 prioritize convenience over electricity cost when scheduling household activities that | 2.88 Often
require energy-intensive appliances.

5. I consciously adjust my energy consumption based on peak and off-peak hours to save | 2.88 Often
electricity.

6. I actively reduce my household’s energy consumption during peak hours by limiting the use | 3.02 Often
of high-energy appliances.

7. I turn off unused appliances and lights to minimize energy wastage in my household. 3.74 | Alway

8. I have replaced or plan to replace traditional appliances with energy-efficient alternatives | 2.60 Often
(e.g., inverter air conditioners, LED lights).

9. I monitor my household’s electricity consumption regularly to identify ways to reduce | 3.32 Often
energy usage.

10. I believe that my household’s electricity consumption significantly impacts both our | 3.60 Alway

electricity bill and the environment. s
Overall Mean 3.03 Often
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Note: DI-Descriptive Interpretation; 3.50- 4.00 Always (A); 2.50-3.49 Often (O); 1.50-2.49 Sometimes (S); 1.00-
1.49 Never (N)

Among the indicators, the highest mean score (3.74, "Always") was observed for the statement, "I turn off unused
appliances and lights to minimize energy wastage in my household." This suggests that most respondents
consistently practice basic energy-saving behaviors, such as turning off unused appliances and lights. This
finding aligns with Abdullah et al. [6], who emphasized that individual energy-saving behaviors play a
significant role in promoting energy sustainability, particularly in households.

Conversely, the lowest mean score (2.60, "Often™) was observed for the statement, "I have replaced or plan to
replace traditional appliances with energy-efficient alternatives (e.g., inverter air conditioners, LED lights)."
This result implies that while some households are aware of the benefits of energy-efficient appliances, financial
constraints or lack of access to such technologies may limit their adoption. This finding is consistent with the
study by Olatunde et al. [44], which highlighted that the high upfront cost of energy-efficient appliances is a
significant barrier to their widespread adoption among households. Furthermore, Zheng et al. [27] found that
household income plays a critical role in determining the ability to invest in energy-efficient technologies.

The mean score of 2.78 for the statement, "l use high-energy-consuming appliances (e.g., air-conditioner,
washing machine, electric oven) during off-peak hours to minimize electricity costs,” indicates that households
occasionally attempt to shift their energy-intensive activities to off-peak hours. This reflects a moderate level of
awareness of time-varying pricing schemes and the financial benefits of off-peak energy usage. Similarly, the
mean score of 2.88 for the statement, "I consciously adjust my energy consumption based on peak and off-peak
hours to save electricity,” suggests that while some households are mindful of time-varying loads, there is still
room for improvement in adopting load-shifting behaviors. These findings corroborate the results of Bandari et
al. [1], who demonstrated that households with access to optimal peak/off-peak pricing systems tend to adjust
their energy usage patterns to reduce costs and energy demand.

Additionally, the statement, "I monitor my household’s electricity consumption regularly to identify ways to
reduce energy usage," received a mean score of 3.32, indicating that most households are aware of their energy
consumption patterns and make efforts to identify areas for improvement. This finding is supported by Never et
al. [15], who found that middle-class households in developing countries are increasingly aware of the financial
and environmental impacts of their energy consumption and attempt to adopt energy-saving behaviors when
provided with adequate knowledge and resources.

The results also reveal that households prioritize convenience over electricity costs when using appliances, as
indicated by the mean score of 2.88 for the statement, "I prioritize convenience over electricity cost when
scheduling household activities that require energy-intensive appliances." This behavior is consistent with
findings from Mizobuchi and Hiroaki [2], who observed that time-saving technologies and convenience often
outweigh cost-saving considerations in household energy consumption decisions.

Finally, the statement, "I believe that my household’s electricity consumption significantly impacts both our
electricity bill and the environment,” received a mean score of 3.60, interpreted as "Always." This indicates a
high level of awareness among respondents regarding the environmental and financial implications of their
energy consumption. This finding aligns with Kabir et al. [12], who emphasized the increasing awareness of the
link between household energy consumption and environmental sustainability, particularly in light of climate
change concerns.

The overall findings suggest that while households are moderately aware of energy-saving practices and the
benefits of load management, there remains a need to address barriers such as the high cost of energy-efficient
appliances and the prioritization of convenience over energy savings. These results highlight the importance of
educational campaigns and policy interventions, such as subsidies for energy-efficient appliances and the
promotion of time-of-use electricity pricing, to encourage households to adopt more sustainable energy
consumption behaviors. As noted by Jorgensen et al. [37], tailored interventions and behavioral change strategies
can significantly reduce peak energy demand and improve household energy efficiency.
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B. Carbon Emissions Associated with Peak and Off-Peak Household Energy Usage

Table 2 presents the electricity consumption (in kWh) and the corresponding carbon emissions (in kgCO2/kWh)
for 20 households during February and March, 2025. The data highlights variations in energy usage and carbon
emissions across households, showing a direct relationship between electricity consumption and carbon
emissions. Households with higher electricity usage produced significantly higher carbon emissions,
emphasizing the environmental impact of energy consumption.

Table 2 Quantitative Analysis of Carbon Emissions from Peak and Off-Peak Household Energy Usage

Household KWh used in Carbon Emission | KWh used in March | Carbon Emission
February (kgCO2/kWh) (kgCO2/kWh)
1 416 296.28 441 314.08
2 237 168.79 247 17591
3 49 34.90 52 37.03
4 68 48.43 65 46.29
5 173 123.21 106 75.49
6 335 238.59 335 238.59
7 530 377.47 491 349.69
8 184 131.04 178 126.77
9 127 90.45 144 102.56
10 99 70.51 97 69.08
11 73 51.99 80 56.98
12 122 86.89 155 110.39
13 450 320.49 440 313.37
14 195 138.88 342 243.57
15 64 45.58 64 45.58
16 21 14.96 15 10.68
17 234 166.65 188 133.89
18 116 82.62 91 64.81
19 300 213.66 254 180.90
20 94 66.95 92 65.52

The household with the highest electricity consumption in February was Household 7, which used 530 kWh,
resulting in 377.47 kgCO: of carbon emissions. In March, Household 7’s consumption decreased to 491 kWh,
reducing its carbon emissions to 349.69 kgCO.. This reduction suggests that even small decreases in energy
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consumption can significantly reduce carbon emissions. On the other hand, Household 16 recorded the lowest
electricity usage in both months, with 21 kWh in February and 15 kWh in March, resulting in carbon emissions
0f'14.96 kgCO- and 10.68 kgCO-, respectively. This demonstrates that households with smaller energy demands,
likely due to fewer appliances or smaller household sizes, contribute less to carbon emissions.

The data also shows fluctuations in energy consumption between February and March. For instance, Household
12 increased its electricity usage from 122 kWh in February to 155 kWh in March, leading to a rise in carbon
emissions from 86.89 kgCO: to 110.39 kgCO.. Conversely, Household 5 reduced its consumption from 173
kWh in February to 106 kWh in March, resulting in a decrease in carbon emissions from 123.21 kgCO- to 75.49
kgCO:2. These variations highlight how changes in energy usage patterns, influenced by factors such as seasonal
changes, household activities, or energy-saving behaviors, directly impact carbon emissions. Bandari et al. [1]
emphasized that effective load management strategies, such as shifting energy-intensive activities to off-peak
hours, can significantly reduce energy consumption and carbon emissions.

The implications of these findings are significant for household energy management and sustainability.
Households with higher electricity consumption during peak hours contribute substantially to carbon emissions,
as peak-hour energy demand often relies on fossil fuel-based energy sources. This aligns with the findings of
Kabir et al. [12], who highlighted that household energy consumption is a major contributor to global carbon
emissions and climate change. Encouraging households to shift energy usage to off-peak hours could alleviate
the strain on energy grids and reduce emissions during high-demand periods.

Moreover, the results highlight the importance of adopting energy-efficient appliances and implementing
policies that encourage load management. Time-of-use pricing models could incentivize households to adjust
their energy consumption patterns, as supported by Olatunde et al. [44]. Additionally, Mizobuchi and Hiroaki
[2] emphasized that time-saving technologies, such as automated appliances, can enable households to manage
energy consumption more effectively, particularly during off-peak hours.

In conclusion, Table 2 demonstrates the critical relationship between household energy consumption and carbon
emissions, emphasizing the need for targeted interventions to promote energy efficiency and load management.
These strategies, supported by previous studies [1], [12], [15], [44], have the potential to significantly reduce
household carbon footprints and mitigate the environmental impact of energy consumption.

C. Proposed Strategies for Shifting Energy-Intensive Activities to Off-Peak Hours

Table 3 presents the thematic analysis of proposed strategies to help households shift energy-intensive activities
to off-peak hours. The table categorizes the strategies into five themes: Financial Incentives, Educational
Initiatives, Technological Solutions, Behavioral Change Interventions, and Community-Based Initiatives. Each
theme highlights specific strategies, their frequency, and relative importance, as identified through qualitative
data. Sample quotes from participants are included to strengthen the qualitative analysis.

Table 3 Thematic Analysis Of Strategies To Shift Energy-Intensive Activities To Off-Peak Hours

Theme Codes F % Rank

Financial incentives Time-of-use pricing 4 40% 1
Discounts for off-peak usage 3 30% 2
Subsidies for energy-efficient appliances 3 30% 2

Educational initiatives | Energy-saving workshops 5 50% 1
Campaigns on peak-hour impacts 3 30% 2
Household energy audits 2 20% 3
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Technological Solutions | Smart meters 4 40% 1
Automated timers 3 30% 2
Energy monitoring apps 2 20% 3
Smart appliances 1 10% 4
Behavioral Change | Encouraging habit changes 4 40% 1
Interventions i : i
Promoting energy conservation through media 3 30% 2
Rewards for savings 3 30% 2
Community-Based Neighborhood energy-saving programs 6 60% 1
Initiatives i
Collective off-peak usage agreements 4 40% 2

Financial Incentives

This theme has emerged as a key factor in motivating households to shift energy consumption to off-peak hours.
The most frequently mentioned strategy under this theme was Time-of-Use Pricing (40%), followed by
Discounts for Off-Peak Usage (30%) and Subsidies for Energy-Efficient Appliances (30%). These findings
suggest that financial incentives are highly effective in encouraging households to adjust their energy usage
patterns. A participant stated (1), “If electricity is cheaper during off-peak hours, | would definitely consider
using my appliances at night.” This aligns with Bandari et al. [1], who emphasized the role of financial
incentives, such as time-of-use pricing, in optimizing electricity consumption and reducing peak-hour demand.

Educational Initiatives

The second theme that highlights the importance of informing households about energy-saving practices and the
benefits of shifting energy-intensive activities to off-peak hours. The most frequently mentioned strategy under
this theme was Energy-Saving Workshops (50%), followed by Campaigns on Peak-Hour Impacts (30%) and
Household Energy Audits (20%). A participant stated (2), “We need more information about what peak hours
are and why it’s important to avoid using appliances during those times.” These findings suggest that educational
initiatives can empower households to make informed decisions about their energy consumption. Never et al.
[15] similarly found that educational campaigns significantly influence household energy-saving behaviors by
increasing awareness of the environmental and financial benefits of energy efficiency.

Technological Solutions

The third theme emphasizes the role of tools and devices in facilitating energy management. The most frequently
mentioned strategies were Smart Meters (40%) and Automated Timers (30%), followed by Energy Monitoring
Apps (20%) and Smart Appliances (10%). A participant stated (3), “Using smart meters and timers makes it
easier to monitor and control energy use without much effort.” These findings highlight the importance of
technology in enabling households to track and optimize their energy consumption. This aligns with Mizobuchi
and Hiroaki [2], who found that time-saving technologies, such as automated appliances, significantly reduce
household energy consumption by allowing better scheduling of energy-intensive activities.

Behavioral Change Interventions

The fourth theme underscores the importance of encouraging households to adopt energy-saving habits. The
most frequently mentioned strategy was Encouraging Habit Changes (40%), followed by Promoting Energy
Conservation Through Media (30%) and Rewards for Savings (30%). A participant stated (4), “Rewarding
households for reducing energy use during peak hours could motivate people to change their habits.” These
findings suggest that fostering behavioral changes is critical to reducing peak-hour energy demand. Marchi et
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al. [14] similarly highlighted the role of individual behavioral changes in reducing household carbon footprints
and promoting energy sustainability.

Community-Based Initiatives

The fifth and final theme focuses on collective efforts to reduce energy consumption during peak hours. The
most frequently mentioned strategy was Neighborhood Energy-Saving Programs (60%), followed by Collective
Off-Peak Usage Agreements (40%). A participant stated (5), “If the entire community works together to save
energy during peak hours, it would make a bigger difference.” These findings emphasize the value of community
collaboration in achieving energy efficiency. Mékivierikko et al. [34] also found that community-based
behavioral demand response programs effectively reduce electricity peak loads, demonstrating the power of
collective action.

In summary, Table 3 highlights a range of strategies to help households shift energy-intensive activities to off-
peak hours, categorized into five themes. Financial incentives, such as time-of-use pricing, emerged as a critical
motivator, while educational initiatives and technological solutions provide the tools and knowledge necessary
for implementation. Behavioral change interventions and community-based initiatives further reinforce these
strategies by fostering long-term changes in energy consumption habits. These findings align with existing
studies, such as Bandari et al. [1], Mizobuchi and Hiroaki [2], and Never et al. [15], which emphasize the
importance of financial incentives, education, technology, and collective efforts in promoting energy efficiency
and sustainability. Together, these strategies offer a comprehensive roadmap for policymakers and stakeholders
to reduce peak-hour energy demand and mitigate the environmental impacts of energy consumption.

D. Potential Carbon Footprint Reduction Through Load Management and Optimized Energy
Consumption

Table 4 shows the potential carbon footprint reduction through load management and optimized energy
consumption, as evidenced by the comparison of pretest and posttest scores. The table provides statistical data,
including the mean score, standard deviation (SD), mean difference (MD), t-test value, and p-value. The pretest
mean score was 138.42 (SD = 102.81), while the posttest mean score showed a significant reduction, with a
mean difference of -31.29. The t-test value of 4.375 and a p-value of 0.000 indicate that the observed difference
is statistically significant at the 0.01 level, confirming that the implementation of load management strategies
significantly reduces carbon emissions.

Table 4 Paired T-Test Analysis Of Carbon Footprint Reduction Through Load Management and Optimized
Energy Consumption

Test Mean Score | SD MD T-test P-value
Pretest 138.42 102.81 -31.29 4.375*%* 1 0.000
Posttest 107.13 85.25

Note: SD- Standard Deviation, MD- Mean Difference

The findings suggests that the application of load management strategies, such as shifting energy-intensive
activities to off-peak hours and optimizing energy consumption, effectively reduces the carbon footprint of
households. The significant mean difference (-31.29) between pretest and posttest scores demonstrates the
impact of these strategies on lowering household carbon emissions. This finding highlights the critical role of
energy consumption behavior in mitigating environmental impacts and optimizing electricity usage.

The implications of these results are substantial for environmental sustainability and energy policy development.
By adopting load management strategies, households can contribute to reducing peak-hour energy demand,
which often relies on fossil fuel-based energy sources, thereby lowering overall carbon emissions. These findings
support the argument that behavioral interventions and energy optimization practices can play a vital role in
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addressing climate change. Furthermore, the reduction in carbon footprint through load management aligns with
global efforts to achieve sustainable energy consumption and reduce greenhouse gas emissions.

These results corroborate previous studies that emphasize the importance of energy management and
optimization in reducing carbon emissions. For instance, Bandari et al. [1] highlighted the effectiveness of load
management strategies, such as time-of-use pricing, in optimizing energy consumption and reducing
environmental impacts. Similarly, Mizobuchi and Hiroaki [2] demonstrated that time-saving technologies, such
as automated appliances, enable households to manage their energy usage more efficiently, contributing to
carbon footprint reduction. Kabir et al. [12] further emphasized the role of reducing peak-hour energy demand
in mitigating climate change and its associated environmental impacts. Additionally, Marchi et al. [14] found
that individual behavioral changes, such as shifting energy-intensive activities to off-peak hours, significantly
reduce household carbon footprints.

In conclusion, Table 4 provides compelling evidence of the potential carbon footprint reduction achieved through
load management and optimized energy consumption. The statistically significant reduction in mean scores
between pretest and posttest highlights the effectiveness of these strategies in promoting energy efficiency and
environmental sustainability. These findings align with existing literature, such as Bandari et al. [1], Mizobuchi
and Hiroaki [2], and Kabir et al. [12], which underscore the importance of energy management, behavioral
interventions, and technological solutions in reducing carbon emissions. Policymakers and stakeholders can
leverage these insights to develop targeted interventions and policies that encourage households to adopt load
management practices, contributing to global efforts to combat climate change and promote sustainable energy
consumption.

CONCLUSION

Based on the findings of this study, household energy consumption patterns, carbon emissions, and the adoption
of load management strategies play a pivotal role in promoting energy efficiency and environmental
sustainability. The results revealed that while households are moderately aware of energy-saving practices and
frequently engage in basic conservation behaviors, such as turning off unused appliances, barriers such as
financial constraints and the prioritization of convenience over energy savings limit the widespread adoption of
energy-efficient technologies and load-shifting behaviors. These challenges highlight the need for targeted
interventions, including subsidies for energy-efficient appliances and educational campaigns, to encourage more
sustainable energy consumption practices.

The study established a direct relationship between household electricity consumption and carbon emissions,
emphasizing that higher energy usage during peak hours significantly contributes to environmental degradation.
Small reductions in energy consumption, particularly through strategies like shifting energy-intensive activities
to off-peak hours, were shown to have a substantial impact on lowering carbon emissions. This underscores the
importance of load management in mitigating climate change and promoting sustainable energy consumption
patterns.

The thematic analysis identified five key strategies for shifting energy-intensive activities to off-peak hours:
financial incentives, educational initiatives, technological solutions, behavioral interventions, and community-
based efforts. Financial incentives, such as time-of-use pricing, emerged as critical motivators, while educational
programs and technological tools were highlighted as essential for equipping households with the knowledge
and resources needed to optimize energy usage. Behavioral interventions and community collaboration further
enhance these strategies by fostering long-term changes in energy consumption habits.

Additionally, the study provided compelling evidence of the effectiveness of load management strategies in
reducing carbon emissions, as demonstrated by the significant reduction in pretest and posttest scores. These
findings reinforce the role of behavioral interventions and energy optimization practices in addressing climate
change and achieving global sustainability goals.

Despite these contributions, the study has limitations that warrant further investigation. The geographic scope
and sample size may restrict the generalizability of the findings, and future research should explore the
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effectiveness of these strategies across diverse populations and regions. Furthermore, external factors such as
government policies, energy infrastructure, and access to renewable energy sources were not fully addressed in
this study. Research that examines these factors and their influence on household energy consumption patterns
could provide a more comprehensive understanding of the issue. Long-term studies are also needed to evaluate
the sustained impact of load management strategies on energy efficiency and carbon emissions reduction.

In conclusion, this study underscores the importance of promoting energy-saving behaviors, adopting energy-
efficient technologies, and implementing effective load management strategies to reduce household energy
consumption and mitigate carbon emissions. By addressing the identified barriers and fostering behavioral and
community-based changes, policymakers and stakeholders can create targeted interventions that empower
households to adopt sustainable energy practices. These efforts are crucial for combating climate change and
building a more environmentally conscious and energy-efficient future.

Limitations of the Study

This study provides valuable insights into household energy consumption patterns, carbon emissions, and the
effectiveness of load management strategies; however, several limitations must be acknowledged. First, the
geographic scope and sample size were limited, which may restrict the generalizability of the findings.
Household energy consumption behaviors and the adoption of energy-saving practices can vary significantly
across regions, cultures, and socioeconomic contexts. A larger and more diverse sample in future studies would
enhance the applicability of the results. Second, much of the data relied on self-reported information from
participants, which may introduce biases, such as overreporting of positive behaviors or underreporting of less
favorable habits. This reliance on self-reported data could affect the accuracy and reliability of the findings.
Incorporating direct measurements of household energy use in future research could help validate these
behaviors.

Additionally, the study focused primarily on household-level behaviors and strategies, without fully accounting
for external factors such as government policies, energy market dynamics, or access to renewable energy sources.
These external factors play a significant role in shaping energy consumption patterns and the adoption of energy-
saving practices. Future research should explore how these factors interact with household behaviors to provide
a more comprehensive understanding of energy consumption dynamics. Furthermore, the study evaluated the
impact of load management strategies over a relatively short period. While the findings indicate a significant
reduction in carbon emissions, the long-term sustainability and effectiveness of these strategies remain unclear.
Longitudinal research is needed to assess whether the observed changes in energy consumption and carbon
emissions are sustained over time.

Another limitation is the exclusive focus on residential energy consumption, which does not account for other
sectors, such as commercial or industrial energy use, that also contribute significantly to overall energy demand
and carbon emissions. Expanding the scope of future research to include these sectors would provide a more
holistic view of energy consumption and its environmental impacts. Lastly, the study did not fully explore the
availability or accessibility of technologies and infrastructure necessary for effective load management, such as
smart meters, automated timers, or renewable energy systems. These technological constraints may limit the
ability of households to adopt energy-saving practices. Future studies should examine the role of technology
access and infrastructure development in promoting energy efficiency.

Addressing these limitations in future research will provide a more comprehensive and nuanced understanding
of household energy consumption and its environmental impacts. Overcoming these challenges will also help
design more effective interventions and policies to promote sustainable energy practices on a larger scale.

RECOMMENDATIONS

Based on the findings and limitations of this study, several recommendations are proposed to promote sustainable
energy consumption practices, reduce carbon emissions, and optimize household energy management. First,
policymakers should implement targeted interventions to address financial barriers to energy efficiency, such as
providing subsidies or incentives for purchasing energy-efficient appliances like inverter air conditioners, LED
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lights, and smart meters. Additionally, the introduction of time-of-use pricing schemes can encourage households
to shift energy-intensive activities to off-peak hours, reducing peak-hour energy demand and overall carbon
emissions.

Educational campaigns should also be conducted to increase public awareness of the environmental and financial
benefits of energy-saving practices and load management strategies. These campaigns could include energy-
saving workshops, community engagement initiatives, and informational materials to help households
understand the importance of adopting sustainable energy practices and technologies. Furthermore, governments
and stakeholders should focus on the development and accessibility of energy-saving technologies and
infrastructure. Providing households with affordable and accessible tools such as smart meters, automated timers,
energy monitoring apps, and renewable energy systems will empower them to monitor and optimize their energy
consumption effectively.

Community-based initiatives should also be encouraged to foster collective efforts in reducing peak-hour energy
demand. Programs such as neighborhood energy-saving campaigns and collective agreements to shift energy
usage to off-peak hours can amplify the impact of individual household efforts and create a sense of shared
responsibility. Additionally, future research should focus on conducting long-term studies to evaluate the
sustainability and effectiveness of load management strategies over time. Longitudinal studies could provide
deeper insights into how household energy consumption behaviors evolve and the lasting impacts of load
management practices.

Cross-regional studies are also recommended to identify variations in household energy consumption patterns
across different geographic, cultural, and socioeconomic contexts. Such studies will help determine the
adaptability and scalability of energy-saving strategies in diverse settings. Furthermore, future research should
explore the integration of renewable energy adoption into household energy management practices. Investigating
how renewable energy sources, such as solar panels and wind energy systems, can complement load management
strategies will provide valuable insights into achieving a more sustainable and resilient energy system.

Moreover, future studies should expand their scope to include commercial and industrial sectors, which
contribute significantly to overall energy demand and carbon emissions. A broader exploration of energy
consumption patterns across all sectors would provide a more holistic perspective on energy management and
sustainability. Finally, investments in energy infrastructure, particularly in regions with limited access to
renewable energy or advanced technologies, should be prioritized. Developing smart grid technologies and
renewable energy systems can support households in adopting sustainable energy practices and reduce reliance
on fossil fuel-based energy sources.

By implementing these recommendations, policymakers, stakeholders, and researchers can address the barriers
identified in this study and encourage households to adopt more sustainable energy consumption behaviors.
These efforts will play a crucial role in mitigating climate change, reducing carbon emissions, and fostering a
more energy-efficient and environmentally conscious society.
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