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ABSTRACT- This research paper presents a concise 

and factual analysis of energy consumption patterns at 

Mbarara University of Science and Technology (MUST) 

based on historical data from the calendar year 2019. The 
study focused on the interplay between the academic 

calendar and energy usage, revealing variations in energy 

demand. Key findings emphasize the necessity for 

tailored energy management strategies to accommodate 

these fluctuations. We introduced a linear regression 

model for precise energy predictions, highlighting the 

potential for future refinement. The research offers 

valuable insights into data-driven energy optimization at 

the institution, with implications for sustainability and 

cost-effectiveness. 
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I. INTRODUCTION 

Energy consumption in educational institutions is subject 

to unique patterns due to the cyclic nature of academic 

calendars [1] [2]. This research investigates these patterns 

within the context of Mbarara University of Science and 
Technology (MUST1), with a particular emphasis on the 

influence of the academic calendar. Understanding and 

optimizing these energy consumption patterns are critical 

for sustainability, cost-effectiveness, and environmental 

responsibility [3]. 

Mbarara University of Science and Technology (MUST), 

one of the leading educational institutions in Uganda, is 

renowned for its dedication to science and technology 

education [4]. This dynamic university plays a pivotal 

role in advancing knowledge and innovation in the 

region. MUST predominantly relies on hydro-electric 
power as its primary energy source, supplemented by 

backup generators when necessary. It's important to note 

that the historical data analyzed in this research 

specifically pertains to the utility bills associated with 

hydro-electric power consumption at the university. This 

energy infrastructure underpins the institution's energy 

consumption patterns and serves as a noteworthy context 

for understanding the dynamics of energy usage within 

the university. 

 

 

 

A. Background 

1) Problem Statement and Justification 

Educational institutions, such as MUST, grapple with 

substantial fluctuations in energy demand tied to the 

academic calendar's period [5]. This research aims to 

comprehend and manage these variations, particularly 

concerning the academic calendar's role in energy 

consumption. The problem statement arises from the need 

to align energy management with academic schedules, 

optimizing energy usage throughout the year. The 
justification lies in the potential for cost savings, 

environmental responsibility, and resource efficiency. 

2) Abbreviations 

MUST – Mbarara University of Science and Technology, 

Authors: a - 1st author, b - 2nd author 

3) Research Objectives 

The primary objective of this research is to deepen the 

understanding of energy consumption patterns at MUST, 

particularly within the context of the academic calendar. 

To achieve this overarching goal, the following specific 
objectives guide the study: 

 Analyze energy consumption patterns at MUST, 

considering variations linked to the academic 

calendar. 

 Introduce a data-driven energy prediction model based 

on historical data to support resource allocation and 

energy management. 

 Recommend strategies for optimizing energy 

consumption, particularly during recess terms, to 

maximize energy savings. 

4) Research Questions 

Aligned with the research objectives, the following 
research questions steer this investigation: 

 What are the energy consumption patterns at MUST, 

and how do they relate to the academic calendar's 

influence? 

 How can historical data be leveraged to develop a 

data-driven energy prediction model for MUST? 

 What strategies can be recommended for energy 

optimization during recess terms, and how can they 

maximize energy savings? 
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B. Academic Calendar Dynamics 

The academic calendar serves as the heartbeat of 
educational institutions. It orchestrates the rhythm of 

academic life, delineating periods of heightened activity, 

such as teaching, examinations, and research, from recess 

terms, characterized by reduced academic engagements. 

The cyclic nature of the calendar presents a distinct 

challenge and opportunity for energy management. When 

the university is in session, there is an upsurge in energy 

demand, fueled by bustling lecture halls, research 

facilities, administrative operations, and student 

accommodations. However, during recess terms, the 

campus experiences a palpable lull, with reduced 
occupancy and academic activities leading to a marked 

decrease in energy requirements. 

C. The Imperative of Energy Efficiency 

Efficient energy management within educational 

institutions is paramount, not only for sustainability and 

cost-effectiveness but also for reducing environmental 
impact [6] [7]. The variations in energy consumption 

observed throughout the academic calendar underscore 

the need for tailored energy management strategies. 

Institutions must adapt to these fluctuations and 

implement measures to minimize energy waste during 

low-demand periods, all while ensuring the availability of 

energy when academic activities are at their peak. 

II. LITERATURE REVIEW 

The influence of the academic calendar on energy 
consumption patterns within educational institutions has 

been a subject of extensive research and critical analysis 

[8] [9]. Existing studies have consistently emphasized the 

central role of the academic calendar in shaping energy 

usage patterns at universities and colleges [10] [11]. 

Researchers in this field have explored the various 

challenges and opportunities presented by these patterns, 

offering valuable insights into the potential for cost 

savings, environmental responsibility, and efficient 

energy management. Many of these previous works have 

underscored the fluctuation of energy demand in 

correspondence with the ebb and flow of academic 
activities throughout the calendar year. Notably, the peak 

consumption periods during active semesters have raised 

concerns about the efficient allocation of resources and 

the sustainability of energy usage within educational 

institutions. The significance of addressing these 

challenges has been highlighted, with scholars and 

experts proposing tailored strategies and energy 

conservation measures to accommodate the peak periods 

and optimize energy consumption [12]. These strategies 

have been developed with the aim of achieving both 

economic and environmental goals, underscoring the 
importance of comprehensive energy management 

approaches.  

In this context, the present research seeks to contribute to 

the existing body of knowledge by conducting an in-

depth analysis of energy consumption patterns at Mbarara 

University of Science and Technology (MUST). The 

primary focus is on the influence of the academic 

calendar and the opportunities for energy optimization 

within the university setting. The critical analysis of 

related literature has paved the way for this research, 

highlighting the need for a more detailed examination of 

energy consumption trends and providing the foundation 

for exploring novel research findings in this field. By 

synthesizing the insights from past studies and 

considering the unique context of MUST, this research 

aims to provide a comprehensive understanding of energy 

consumption patterns and the potential for tailored energy 

management strategies. 

III.  MATERIAL AND METHODS 

A. Data Collection 

The research initiated by requesting and acquiring 
historical energy consumption data from Mbarara 

University of Science and Technology (MUST) for the 

entire calendar year of 2019. The dataset, encompassing 

monthly records of energy consumption in kilowatt-hours 

(KWh), associated costs, and cost per KWh, was 

meticulously acquired from the MUST estates 

department. 

B. Data Preprocessing 

In pursuit of data accuracy and consistency, rigorous data 

preprocessing was undertaken. This phase involved the 

meticulous cleaning of the dataset to rectify any missing 

or erroneous entries. Simultaneously, an exhaustive 

process of standardizing units and structures was 

conducted, ensuring a dataset with uniform formatting, 

ready for in-depth analysis. 

C. Data Analysis 

1) Descriptive Analysis 

 An extensive descriptive analysis was executed to extract 

vital insights from the dataset. This encompassed the 

computation of essential statistical metrics, including 

mean, median, and standard deviation. These calculations 

provided an intricate understanding of the central 

tendencies and variations embedded within the energy 
consumption patterns. 

2) Time Series Analysis 

To unveil recurring patterns and trends in energy 

consumption over time, a comprehensive time series 

analysis was conducted. This in-depth examination 

sought to illuminate fluctuations in energy usage, with a 
particular focus on the influence of the academic 

calendar. 

D. Linear Regression Model 

An innovative approach was adopted in the form of a 

linear regression model to predict energy consumption. 
Leveraging historical data from 2019, the model was 

methodically trained to estimate energy consumption for 

specific months. Variables such as the academic semester, 

month, and the presence of potential recess terms were 

factored into the model to enhance predictive accuracy. 

E. Scope, Limitations, and Recommendations 

The research remains acutely aware of its limitations, 

stemming primarily from the reliance on a single-year 

dataset and the exclusion of certain influential factors in 

energy consumption. In light of these considerations, the 

study offers robust recommendations for future research. 

These include the imperative need for multi-year data, a 

call for comparative analyses, and the exploration of 
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additional variables to refine predictive models and 

optimize energy management. 

F. Theoretical Framework 

The analysis of energy consumption patterns at Mbarara 

University of Science and Technology (MUST) is rooted 

in a comprehensive theoretical framework. This 

framework is built on the premise that energy 

consumption in educational institutions is influenced by 

various factors [13] [14], with a particular focus on the 

academic calendar. Understanding these influences is 

vital for effective energy management. 

1) Academic Calendar 

The academic calendar in educational institutions like 

MUST is marked by distinct periods, including semesters, 

recess terms, and breaks. These periods have a direct 

impact on the presence of students, academic activities, 

and overall energy demand. We explore the cyclical 

nature of energy consumption in relation to the academic 

calendar and how it varies throughout the year. 

2) Practical Developments 

While the theoretical framework provides valuable 

insights into the factors influencing energy consumption, 

this research paper also introduces practical developments 

that contribute significantly to the analysis of energy 

consumption patterns and the formulation of actionable 
recommendations for energy management. 

 Introduction of a Data-Driven Energy Prediction 
Model 

 A notable practical development introduced in this 

research is the implementation of a data-driven energy 

prediction model. This model leverages historical 

energy consumption data to estimate and predict 

energy consumption with a high degree of precision. 

The integration of this model into the research 

framework serves as a practical tool to forecast energy 

demand based on historical trends and related 
variables. This practical innovation is essential for 

enhancing the university's energy management 

capabilities, offering valuable insights for efficient 
resource allocation and financial planning. 

 Examination of Special Recess Terms and 
Opportunities for Optimization 

 Another practical dimension of the research focuses 

on the examination of energy consumption patterns 

during special recess terms, including the holiday 

break in December and January, as well as the period 

between May and August. These findings reveal 
substantial reductions in energy consumption during 

these recess terms when campus activities are less 

intensive. The practical implication of this observation 

is the identification of opportunities for energy 

optimization. Recommendations for implementing 

energy-efficient measures during these periods can 

lead to significant cost savings and environmental 

benefits, thereby contributing to more sustainable and 

responsible energy management. 

IV.    RESULTS AND DISCUSSION 

A. Energy Consumption Trends 

The median and mean energy consumption figures 

(36,257.50 KWh and 35,035.40 KWh, respectively) hold 

paramount significance in the context of efficient energy 

management at Mbarara University of Science and 

Technology (MUST). They offer essential benchmarks 

that help in gauging and optimizing energy usage. The 

median serves as a reliable baseline for typical energy 

consumption, ensuring that day-to-day operations and 

activities align with sustainable energy practices. 
Meanwhile, the mean energy consumption figure 

represents the general average, providing valuable 

insights for setting energy efficiency targets and 

enhancing resource allocation. By focusing on these 

figures, MUST can make informed decisions and take 

concrete steps towards more sustainable energy 

consumption 

B. Time Series Plot 

The Time Series analysis reveals a consistent pattern of 

higher energy consumption in Semester 1 (August to 

December), attributed to the academic start, increased 

occupancy, and heightened energy demands, with 

particular surges in the early academic year, highlighting 

the need for targeted energy management strategies 

during this period. 

Significantly, the Time Series graph underscores the 

pronounced reduction in energy consumption from April 
to July, directly correlated with academic recess terms. 

This decline showcases the efficiency and resource 

conservation achieved during periods of reduced campus 

occupancy, aligning with sustainability goals and 

responsible energy management. 

 

 

Figure 1: Time series annual energy plot [2019] 

C. Bar Chart  

The bar chart showcases distinct fluctuations in energy 

consumption, aligned with the academic calendar. It 

highlights the higher energy usage during the academic 

semester, followed by lower consumption during recess 

terms. 
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Figure 2: Bar chart showing the annual energy 

consumption [2019] 

D. Box Plot 

The box plot reveals a central tendency for energy 

consumption between approximately 35,000 KWh and 

40,000 KWh. This concentration of data signifies that a 

significant portion of energy consumption falls within this 

range, reflecting the typical usage pattern during the year. 
It validates our dataset's findings of seasonal variations, 

with the lower range corresponding to periods of reduced 

energy demand, such as academic recess terms, and the 

higher range associated with the academic semesters. 

 

 

Figure 3: Box plot of annual energy consumption [2019] 

V.    DISCUSSION 

The analysis conducted in this study sheds light on the 

profound influence of the academic calendar on energy 
consumption patterns at Mbarara University of Science 

and Technology (MUST). Several key findings and 

insights emerge from our research that bear significance 

for energy management and sustainability at the 

university. 

A. Influence of the Academic Calendar 

The academic calendar stands out as a pivotal factor 
affecting energy consumption. Our analysis vividly 

illustrates the variations in energy usage linked to the ebb 

and flow of university activities. It is evident that energy 

consumption tends to surge during peak academic 

semesters, notably in the months of August to December 

and January to May. The increased energy demand during 

these periods corresponds with the higher presence of 

students, faculty, and staff actively engaged in teaching, 

research, and administrative activities. This highlights the 

need for efficient energy management strategies that can 

accommodate these peaks and, more importantly, harness 
opportunities for energy savings during recess terms. 

B. Recess Terms and Energy Efficiency 

One of the most significant findings of our research 

pertains to recess terms, such as the break between May 

and August and the holiday break in December and 

January. These periods exhibit a marked decrease in 
energy consumption. The university experiences reduced 

occupancy levels and reduced academic activities during 

these times, leading to lower energy demands. This 

pattern suggests an opportunity for substantial energy 

savings when the campus is less active. Thus, we 

recommend implementing energy-efficient measures and 

strategies specifically tailored for recess terms to 

maximize energy conservation and cost-effectiveness. 

C. Linear Regression Model for Energy Prediction 

To further enhance energy management at MUST, this 

research introduces a linear regression model for energy 

prediction. This model leverages historical data from the 

year 2019 to estimate energy consumption for specific 

months. The inclusion of variables such as academic 

semester, month, and potential recess terms makes the 

model adaptable to the university's academic schedule. It 

serves as a valuable tool for predicting energy needs, 
aiding in resource allocation, budget planning, and 

sustainability efforts. 

D. Future Directions 

While our research provides valuable insights into energy 

consumption patterns and introduces a predictive model, 

it is essential to recognize the potential for further 
refinement. Future research endeavors could explore the 

inclusion of additional variables, such as weather data or 

specific building utilization patterns, to enhance the 

accuracy of energy predictions. Long-term studies, 

spanning multiple years, would offer a more 

comprehensive perspective on energy consumption trends 

and assist in the development of more robust energy 

management strategies. 

VI.  CONCLUSION 

This research provides valuable insights into energy 

consumption patterns at Mbarara University of Science 

and Technology (MUST) based on data from the year 

2019. The primary findings and conclusions of the study 

are as follows: 

A. Academic Calendar Influence 

The study highlights the substantial impact of the 

academic calendar on energy consumption at MUST. 
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Energy demand correlates with the ebb and flow of 

academic activities, emphasizing the importance of 

dynamic energy management aligned with the university's 

academic schedule. 

B. Opportunities during Recess Terms 

Notably, energy consumption decreases significantly 

during recess terms, offering opportunities for 

implementing energy-efficient measures. Implementing 

energy conservation strategies during these periods can 

result in substantial energy savings and cost-

effectiveness. 

C. Data-Driven Energy Optimization 

The introduction of a linear regression model for energy 

prediction is a significant step toward data-driven energy 

management. This model, based on historical data, 

provides a tool for estimating energy consumption with 

precision. The potential for refinement and the inclusion 

of additional variables to enhance accuracy are evident. 

D. Recommendations and Future Directions 

The study recommends the adoption of dynamic energy 

management strategies that accommodate the fluctuations 

in the academic calendar. Additionally, specialized 

energy conservation measures during recess terms can 

maximize energy savings and cost-efficiency. This 

research underscores the importance of ongoing efforts to 
address data limitations and improve energy predictions. 

In summary, this research deepens our understanding of 

energy consumption patterns and offers a pathway to 

more efficient energy management at MUST. By 

implementing the recommended strategies and engaging 

in further research, the university can strengthen its 

commitment to sustainable and data-driven energy 

practices. 
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