MATHEMATICS
AND STATISTICS

UNDERGRADUATE RESEARCH
PROCEEDINGS 2025

UiTM CAWANGAN NEGERI SEMBILAN




A

Mathematics and Statistics Undergraduate Research Proceedings 2025

HOME ENERGY MANAGEMENT FOR HOME APPLIANCES
USING KNAPSACK MODEL

Nor Aishah Md Noh, Fatin Nur Liyana Mohd Ridzuan
Faculty of Computer and Mathematical Sciences,
Universiti Teknologi MARA Negeri Sembilan Branch, Seremban Campus, 70300 Seremban,
Negeri Sembilan, Malaysia.
“nor_aishah@uitm.edu.my

Abstract

In recent months, increasing electricity bills have led to the need for consumers to manage their
energy consumption efficiently. This study used the knapsack model for home energy
management for home appliances to solve this problem. The aims are to adapt an optimization
approach for daily appliance usage using the knapsack model for home energy management of
home appliances and to compare the cost of electricity bills per day before and after using the
knapsack model. The model was developed using IBM CPLEX software where the knapsack
model will prioritize essential appliances for continuous use while nonessential devices are
scheduled based on the cost budget limit. The results indicate that the knapsack model reduced
daily electricity costs by RM0.22—RM0.66. This corresponds to monthly savings of RM6.60—
RM19.80, representing approximately 4—12% compared to the actual daily costs. In conclusion,
the model not only ensures optimal energy consumption but also provides consumers with a
sustainable and cost-effective solution for managing household electricity usage.

Keywords: Energy consumption, appliances, knapsack model, IBM CPLEX
Introduction

The knapsack model is a combined optimization method where the goal is to maximize the total
value of the items put into the bag without exceeding the weight of the bag [1]. Researchers
often use the knapsack model in their studies, especially in solving optimization problems most
efficiently. It shows that in home energy management (HEM), the knapsack model can optimize
energy consumption (EC) to effectively meet household demand. This is one of the ways of
HEM to maximize the EC in the home by using the knapsack model. HEM is the practice of
managing EC in the home effectively and efficiently to reduce the cost of EC [2]. The cost of
EC needs to be controlled because, in recent months, an increase in the price of electricity bills
has been an issue that is getting more attention in the community. Consumers need to understand
the factors that lead to this increase, as it helps manage their budget successfully while
minimizing the impact on their quality of life.

The management of household EC has become a crucial issue in the modern period,
due to the growth of home appliances for daily functions [3]. Efficient EC not only lowers utility
expenses but also helps protect the environment by lowering carbon emissions. HEM has some
difficulties in terms of assigning weights, since various appliances have different energy
consumption levels appliances have different weights. That means managing appliances with
varying weights complicates the optimization challenge. Determining the right weights needs
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detailed information about each appliance's EC, consumption patterns, and significance to the
home, which can be difficult to gather perfectly. The knapsack model can help solve EC
problems which are often used for optimization and offers a systematic way to divide limited
resources for maximum benefit. In HEM, these models help households prioritize EC for
different appliances based on immediate needs, consumer preferences, and energy efficiency
ratings. However, this knapsack also has its weaknesses. The data used must be in a large
amount to ensure that the result made is more accurate [4].

The objective of this study is to adapt an optimization usage of appliances per day
using the knapsack model for home energy management of home appliances. Next, to compare
the cost of electricity bills per day before and after using the knapsack model. This study focuses
on the knapsack model to address HEM for home appliances in urban areas of Malaysia. This
study focuses on urban Malaysia, where EC patterns differ from rural areas [5]. Besides, instead
of analyzing EC weekly, this study will do it daily to produce a more accurate and detailed
representation of consumption patterns which include increases and decreases in energy
demands and wants. The daily analysis enables easier optimization and ensures that energy
efficiency closely corresponds with the lifestyle of urban residents.

The significance of this study comes from its potential to address critical issues
related to energy efficiency, cost savings and sustainability in households. EC accounts for a
large portion of household expenses, so it needs to be managed properly so that the price of the
electricity bills can be reduced. It is very important to implement an effective HEM strategy to
minimize energy waste and maximize energy efficiency. The use of the knapsack model helps
consumers reduce their electricity bills by optimizing the scheduling and operation of
appliances based on factors such as EC rates and tariff structures. Carbon emissions and
environmental degradation are the effects of household EC. Households can reduce their carbon
emissions and contribute to environmental sustainability by optimizing EC with the knapsack
model.

Literature Review

The knapsack model is a well-known optimization method for dealing with multiple issues. It
is widely used in situations where a group of objects with related weights and values must be
chosen to maximize the overall value while keeping to a total weight limit [6]. The main purpose
of the knapsack model is to determine the maximum amount of profit that can be brought with
the maximum capacity of the knapsack. Each appliance has its own weight and profit [7]. This
study used the knapsack model because it offers several advantages over other optimization
algorithms. The knapsack model helps to achieve optimal consumption of limited resources by
selecting appliances that maximize the overall value within the cost budget. Next, the basic
idea of the knapsack model is easy to understand. Beginners and experienced users can use it
because of its simplicity [8]. By integrating the knapsack model into home energy management
(HEM), energy consumption (EC) can be optimized without exceeding the cost budget.
Besides the knapsack model, other optimization methods such as the greedy
algorithm and brute force algorithm have also been used in problem solving. The greedy
algorithm makes decisions step by step by choosing what looks most profitable at that moment.
This method is simple and fast. However, it only provides locally optimal solutions and does
not always guarantee the best overall outcome, which limits its suitability for energy
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management problems [4-9]. The brute force algorithm, on the other hand, tries all possible
solutions systematically to find the best result. Although it ensures accuracy, it is highly
resource-demanding and inefficient for large datasets. It is because it relies heavily on
computing power [4]. The knapsack model offers a more balanced approach compared to these
methods. It requires less computation than brute force and produces better-quality solutions
than the greedy algorithm. These strengths make the knapsack model both practical and
effective for scheduling household appliances within a limited cost budget.

HEM is the process of planning, managing, and controlling the EC in a house
efficiently and effectively. It involves the use of methods that aim to reduce energy waste,
increase awareness of EC, and reduce the negative impact on the environment. The purpose of
HEM is to schedule household appliances to reduce electricity bills [10]. Electricity bills have
increased because the increased mobility contributes to higher EC, with people using more
electrical devices in different places [11]. Consumers can use renewable energy at home to
reduce electricity bills. However, it is difficult to install it, especially for the B40 group [12],
but it is not an obstacle for consumers to reduce the cost of their electricity bills. Consumers
can use various other methods to reduce their electricity bills such as unplugging devices and
turning off the standby mode. Consumers can also set EC prioritize and limits for each appliance
based on factors such as immediate needs, consumer preferences, and energy costs.

Methodology
Data Collection Method

Primary data was obtained through a questionnaire conducted using Google Forms. The
questionnaire was used as a survey instrument to obtain the socioeconomic profile of
households and the type of electrical appliance consumption. This study will use a convenience
sampling technique where the selected respondents are from 18 years old to 50 years old and
live in urban areas. This sampling technique can minimize selection bias and be representative
of the population [13]. The sample of 30 respondents used for this study is all Malaysians in all
states who live in urban areas. This study collects 30 respondents as a sample due to cost
limitations and the time required to collect data from a larger population. The sample was
considered sufficient to obtain an initial view of household energy usage within the scope and
resources available for this study. Table 1 shows the data about the percentage of respondents
who have those appliances out of 30 respondents and the average duration of usage per day.

Table 1: Summary of the respondents’ appliances used with average usage time from the

survey
Appliances Description of Appliances’ User Average Usage Time
Parameter (1) Appliances (% out of 30 respondents) (hours per day)

1 Refrigerator 100 24

2 Fan 100 24

3 Lamp 100 12

4 Charger Device 100 3
Continue to the next page
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Continue from the previous page

5 Washing Machine 100 2

6 Iron 100 1

7 Rice Cooker 86.67 1

8 Television 83.33 5

9 Freezer 66.67 24
10 Air Fryer 56.67 1

11 Vacuum 53.33 1

12 Water Purifier 50 24
13 Wi-Fi 50 24
14 Pressure Cooker 50 1

15 Air Conditioning 43.33 8

16 Microwave 23.33

For secondary data, the data were obtained from previous studies and used the power rating
information. The data used is obtained from the journal [8-14] and Tenaga Nasional Berhad
(TNB). Table 2 shows data about the power rating for each appliance, the duration of usage for
each appliance, and a list of all appliances to be used. The duration of usage is taken from the
average time the respondents use the appliances daily. The cost of appliances is calculated using
(1) and the cost for each time slot is RM0.198.

C,=>P x,C, @
i=1
where,
C. = Costofappliances i (RM/hour)
i = Appliance
n = The total number of appliances
P, = The power rating of the appliances i (kilowatts)
X, = The duration of usage for the appliances i per day (hours)
C, = Thecost for each time slot (RM/kWh)
Table 2: Initial parameter for knapsack appliances
Appliances . i Cost of
Pgll')ameter DZSCHPUOH of 11;3332 [i:;it;ﬁglffs Appliances, C,
(i) ppliances | (ilowatts) | perday) | (RM per hour)
1 Refrigerator 0.400 24 0.0792
2 Fan 0.054 24 0.0107
3 Lamp 0.030 12 0.0059
Continue to the next page
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Continue from the previous page
4 Charger Device 0.005 3 0.0010
5 Washing Machine 0.425 2 0.0842
6 Iron 1.000 1 0.1980
7 Rice Cooker 0.300 1 0.0594
8 Television 0.100 5 0.0198
9 Freezer 0.140 24 0.0277
10 Air Fryer 1.400 1 0.2772
11 Vacuum 0.600 1 0.1188
12 Water Purifier 0.300 24 0.0594
13 Wi-Fi 0.006 24 0.0012
14 Pressure Cooker 1.000 1 0.1980
15 Air Conditioning 0.750 8 0.1485
16 Microwave 0.700 1 0.1386

Implementation of the Knapsack Model

The knapsack problem is an optimization model used to determine the best appliance
combination based on weight and value. The objective is to maximize the total value while
ensuring the total weight does not exceed the capacity limit. The objective can be formulated
as (2). By applying the knapsack model, this study optimizes home energy management by
prioritizing appliances that provide the most benefit within the given energy constraints.
- : 2)

Maximize E =Zvi X,

i=1

Subject to :Zwi X, <W

i=1

where,
E = Total energy consumption per day
i = Appliance
n = Total number of appliances
v, = Energy consumption of appliances i for each hour
X, = Duration of usage for the appliances i per day
w, = Costofappliances i for each hour
w = Cost budget per day

Everyone has different home appliances based on their needs, lifestyle, and financial
capabilities. These differences cause different energy consumption (EC) for each home.
Therefore, this study took three respondents as a case to represent the variation in the use of
home appliances. These respondents were selected based on specific criteria, such as their
energy usage patterns and appliance ownership to provide useful information about the impact
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of the knapsack model on home energy management (HEM). The goal of these cases is to
analyze the variety of possibilities regarding the duration of usage of the appliances per day, as
well as the uses for those cases that are subject to constraints. Table 3 shows the list of available
appliances based on respondents' feedback. This sample selection allows for a deeper analysis
of how each consumer makes decisions in managing home appliances. In the context of the
knapsack problem, each consumer needs to make the best choice to use certain appliances based
on the available cost budget and their daily needs. This involves considering basic needs and
the desire to use more advanced appliances that use more energy.

Table 3: List of available appliances based on three different cases

Parameter (1) | Appliances Casel | Case2 | Cased
1 Refrigerator v v v
2 Fan v v v
3 Lamp v v v
4 Charger Device v v v
5 Washing Machine v v 4
6 Iron v v 4
7 Rice Cooker v v v
8 Television v v v
9 Freezer v v v
10 Air Fryer v v v
11 Vacuum 4 v
12 Water Purifier v
13 Wi-Fi v v
14 Pressure Cooker v v v
15 Air Conditioning v v
16 Microwave

In this study, CPLEX was used to maximize the EC of the selected appliances without exceeding
the cost budget. CPLEX was used in this study because it can quickly and efficiently suggest
the duration of usage for the appliances with minimal user involvement [15]. Below is the
implementation and the constraints listed for each variable for three different cases with a cost
budget, is RM4.75 and RM5.00. RM4.75 per day because based on [8], each operation hour is
set as LkWh. For one day, it is equal to 24kWh equivalent to RM4.75. RM5.00 per day because
this study rounded the budget cost of RM4.75 to the nearest Ringgit Malaysia (RM). After
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inserting the constraints into the CPLEX and running the coding process, the software will
suggest the optimal duration of usage of each appliance per day that can be used without
exceeding the cost budget. The results from these two cost budgets will be compared to see the
difference in the suggested usage time. This equation is based on (2).

Maximize=0.400x,+0.054x,+0.030x,+0.005x , +0.425x,+1.000x , +
0.300x,+0.100x,0.140x, +1.400x ,+0.600x,,+0.300x,, +
0.006x,,+1.000x , +0.750x,,+0.700x ,

Subject to:

0.0792x,+0.0107x,+0.0059x,+0.0010x, + . Cost of
0.0842x,+0.1980x,+0.0594x,+0.0198x+ appliances
0.0277x,+0.2772x ,+0.1188x,,+0.0594x , + for each hour

0.0012x,,+0.1980x,,+0.1485x ;+0.1386x , <IW

Table 4 is the list of constraints based on the available appliances for three different cases.
Compulsory appliances needed means everyone has the appliances. All three cases use the same
constraints. However, there are different constraints for some appliances because of the
availability of the appliances. If the consumers did not have the appliances, it would equal to 0.
Range of the duration of usage for the appliances based on the average respondents use the
appliances from the questionnaire.

Table 4: List of constraints based on the available appliances for three different cases

Compulsory Appli
ppliances to use when .

appliances needed necessary Do not have the appliances
Casel | XvXo X, = 24 0<x,x, <2 Xip X35 X5, %5 =0

8§ <x, <24
Case 2 0 < x,,x, <2 X1, Xe = 0

5<x,<24 107714

l<x,x, <4 _
Case 3 4278 < xo,x,x,,x, 2| YiooXim Yo Yis Yig =0
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Performance Evaluation

This study will compare before and after using the knapsack model for the total cost consumed
by the appliances per day. Real-time monitoring is used to produce comprehensive assessments.
The total cost consumed by the appliances per day can be calculated by (3). The cost for each

time slot, C, is RM 0.198 after adjusting the tariff rate and Imbalance Cost Pass-Through
(ICPT) rebate.

: 3)
CT :ZPi xi yi Ci
i=1
where,
C, = Total cost consumed by the appliances per day
i = Appliance
n = The total number of appliances
P, = The power rating of the appliances i (kilowatts)
X, = The duration of usage for the appliances i per day (hours)
¥, = The decision variable for appliance i (1 if selected, 0 otherwise)
C = The cost for each time slot (RM/kWh)

Total cost for case 1,
Cr=Pxy,Ci+Pyx,y,C,+PxyCi+Px,y,C +Pxsy Ci+PxyCo+
Pox;y,C o+ Pyxy Co+Pox gy oCot+ Piox 14y 10C o+ Prixy1,Chy +
Piox 53 10C 1+ Pux 3y 15C 5+ Pux y014C 4 Pisx 595G s+ Prgx 61 14C i

=0.400(24)(1)(0.198)+0.054(24)(1)(0.198)+0.030(12)(1)(0.198) +
0.005(3)(1)(0.198)+0.425(2)(1)(0.198)+(1.000)(1)(1)(0.198) +
0.300(1)(1)(0.198)+0.100(5)(1)(0.198)+0.140(24)(1)(0.198) +
1.400(1)(1)(0.198) +0.600(1)(1)(0.198) +0.300(24)(0)(0.198) +
0.006(24)(1)(0.198)+1.000(1)(1)(0.198)+0.750(8)(1)(0.198) +
0.700(1)(0)(0.198)

=RM 5.32

Total cost for case 2,
Cr=Pxy,Ci+Pux,y,Cy+PxyyCi+Px,y,Co+Pxsy Ci+PxyCo+
Pox;y,Cr+Pyxy Co+Pox gy oCot+ Piox 14y 10C o+ Prix1y,,Chy +
Piox 53 10C 1+ Px 39 15C 5+ Pux y014C 4 Prisx 595G s +Pgx 61 16C i
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=0.400(24)(1)(0.198)+0.054(24)(1)(0.198)+0.030(12)(1)(0.198) +
0.005(3)(1)(0.198)+0.425(2)(1)(0.198)+(1.000)(1)(1)(0.198) +
0.300(1)(1)(0.198)+0.100(5)(1)(0.198)+0.140(24)(1)(0.198) +
1.400(1)(1)(0.198)+0.600(1)(1)(0.198) +0.300(24)(0)(0.198) +
0.006(24)(1)(0.198) +1.000(1)(1)(0.198)+0.750(8) (1)(0.198) +
0.700(1)(0)(0.198)

=RM 5.23

Total cost for case 3,

Cr=Pxy,Ci+Pyx,y,Cy+PxyCi+Px,y,Ci+PxsyCs+PxyCo+
Pox;y,C o+ PyxyCo+Pox gy oCot+ Piox 4y 10C i+ Prixy,,Chy +
Pox 0y 10C 10+ Pix 3y 13C 5+ Pryx 1y €y Pisx 59 15C 15+ Prgx 41 14C i

—0.400(24)(1)(0.198)+0.054(24)(1)(0.198)+0.030(1 2)(1)(0.198) +

0.0053)(1)(0.198)+0.425(2)(1)(0.198)+(1.000)(1)(1)(0.198) +
0.300(1)(1)(0.198)+0.100(5)(1)(0.198)+0.140(24)(1)(0.198) +
1.400(1)(0)(0.198)+0.600(1)(1)(0.198) +0.300(24) (1)(0.198) +
0.006(24)(1)(0.198)+1.000(1)(0)(0.198)+0.750(8)(0)(0.198) +
0.700(1)(1)(0.198)

=RM 5.13

Results and Discussions

The results of this study provide an analysis of the duration of usage for each appliance using
the knapsack model. By using energy consumption (EC) as the value of the appliances and the
cost of appliances as the weight, this study gets the optimal solution for the duration of usage
for each appliance without exceeding the cost budget which is RM4.75 and RM5.00. The
objective is to choose the combination of appliances that stay within the set budget while
maximizing EC. For all cases, the optimal duration of usage of appliances that can stay within
the cost budget is shown in Table 5. It shows the comparison between the actual total cost of
electricity per day and the suggested total cost of electricity per day after using the knapsack
model.
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Table 5: Summary of the results from CPLEX for the cost budget

Cost Budget (RM)
4.75 5.00
Case 1 532 4.66 0.66 491 0.41
Case 2 5.23 4.66 0.57 491 0.32
Case 3 5.13 4.66 0.47 491 0.22

For all cases, the suggested total cost per day is RM4.66, which is less than the cost budget of
RM4.75 while RM4.91 for the cost budget of RM5.00 per day. The cost savings range is from
RMO0.22 to RMO0.66 per day and RM6.60 to RM19.80 per month. It shows that this model can
help control the monthly electricity bills by ensuring daily EC is within a set budget range. This
model also maximizes energy efficiency by prioritizing appliances, such as lights and fans, over
less efficient appliances such as air fryers. This not only saves costs but also increases consumer
awareness of responsible EC. This can make consumers more enjoyable with a sustainable and
budget-friendly lifestyle. The results of CPLEX for each case are shown in Table 6. From the
table, it shows that the knapsack model successfully identifies the most energy-efficient
appliances within the cost constraints. An important insight is the adaptability of the model to
different cost constraints. When the budget increases, the model includes more high EC
appliances such as fan and lamp. On the other hand, selecting cheaper and energy-efficient
appliances is preferred by those with smaller budgets. This flexibility shows how the knapsack
model can be used to address a variety of home energy management (HEM) needs.
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Table 6: Summary of the results from CPLEX for the duration of usage for the appliances per day

Cost Budget (RM)
4.75 | 5.00
Duration of Usage for the Appliances per Day (hours)
Appliances Parameter (i) Description of Appliances Case 1 Case 2 Case 3 Case 1 Case 2 Case 3

1 Refrigerator 24 24 24 24 24 24
2 Fan 22 10 10 23 22 22
3 Lamp 5 5 5 16 21 5
4 Charger Device 3 4 4 1 3 2
5 Washing Machine 1 1 1 1 1 2
6 Iron 1 1 1 1 1 1
7 Rice Cooker 1 2 1 1 1 1
8 Television 3 1 2 2 1 4
9 Freezer 24 24 24 24 24 24
10 Air Fryer 0 0 0 0 0 0
11 Vacuum 0 1 1 0 1 1
12 Water Purifier 24 0 24 24 0 24
13 Wi-Fi 0 24 24 0 24 24
14 Pressure Cooker 0 1 0 0 0

15 Air Conditioning 0 8 0 0 8

16 Microwave 0 0 0 0 0
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Conclusion and Recommendations

The knapsack model helps to get efficient energy resource allocation based on consumer
preferences and the energy efficiency of appliances. The first objective of this study was to
adapt an optimization usage of appliances per day using the knapsack model for home energy
management (HEM) of home appliances. The focus of home appliances is to optimize energy
efficiency and balance the household energy load. Some appliances such as refrigerator, water
purifier, freezer and wi-fi must be used continuously which is 24 hours and always prioritized
while other appliances are scheduled based on the capacity limit which is the cost budget of
RM4.75 and RM5.00. Appliances such as air fryer, pressure cooker and microwave will be
selected if the total cost consumed by appliances does not exceed the cost budget.

The second objective is to compare the cost of electricity bills per day before and
after using the knapsack model. The findings show that strategically scheduling appliance
usage with the model enhances energy efficiency, potentially reducing electricity costs. This
analysis shows the significance of optimization in household energy management and
emphasizes the benefits of efficient appliance scheduling. Overall, the results support the
knapsack model as a valuable tool for reducing electricity costs while ensuring essential energy
needs are met.

The knapsack model is one of the effective models to solve problems related to
optimization. Future studies can include more appliances with varying energy demands to
improve the knapsack model’s performance. This addition will allow for more accurate and
efficient management overall energy consumption (EC). Besides, renewable energy such as
solar panels may be considered in the optimization process. The knapsack model may produce
specific energy management solutions that encourage increased efficiency and support
sustainable energy practices by adjusting to both conventional and renewable energy systems,
especially in different weather conditions
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