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Abstract

Global interest in Energy Demand Side Management (DSM) is growing, particularly in industrial and
domestic sectors. However, there is a lack of attention in existing literature regarding DSM practices in
higher education institutions, especially in developing countries. This study explores DSM in higher
education lecture rooms, examining energy consumption, costs, emissions, and optimization strategies.

The analysis of energy consumption patterns in lecture rooms at higher education institutions reveals
significant variations throughout the day, emphasizing the need for tailored DSM strategies. Morning
sessions consume 2,564 kWh, afternoon sessions 3,467 kWh, and evening sessions peak at 4,095 kWh.
Evening sessions stand out as the highest energy consumers due to reduced natural daylight, underscoring
the urgency of DSM measures. These variations in energy consumption highlight the importance of
adjusting energy use to match actual demand, rather than following static lighting schedules.

Key optimization strategies include dynamic lighting control, automated schedules, energy-efficient
technologies like LEDs, maintenance of faulty lights, and occupancy-based lighting. These strategies align
with the Unified Theory of Acceptance and Use of Technology (UTAUT), emphasizing factors influencing
DSM adoption. Integrating these practices can lead to substantial reductions in energy consumption, further
reinforced by figures indicating the potential for energy optimization during all sessions.

The study results revealed that for 76.58% of the study time, the Lights were kept ON and only switched
OFF 23.42% of the study time in the month of March. The study quantified energy costs incurred by keeping
lights ON during daytime, demonstrating that keeping lights ON in the selected lecture rooms during the
morning, afternoon and evening sessions amounted to about UGX 591,504.24, UGX 797,538.89 and UGX
968,310.83, respectively, in the Month of March. These cost variations emphasize the need for DSM to
manage demand and reduce expenses. Additionally, the embedded greenhouse gas emissions attributed to
keeping lights ON were assessed to underscore the environmental impact. Keeping lights ON in the
morning, afternoon and evening sessions accounted for about 189.23 kgCO2eq, 255.14 gCO2eq and 309.77
kgCO2eq emissions, respectively, in the e month of March. Embracing DSM strategies could contribute to
a reduction in the carbon footprint in educational institutions' lecture rooms, aligning with global
environmental goals. The study also reveals that energy consumption persists during weekends and
holidays, with an actual energy consumption of 504.9 kWh. These figures highlight untapped opportunities
for energy conservation during non-academic periods, further underscoring the need for efficient resource
allocation.

In summary, this study emphasized the dynamic nature of energy consumption in higher education lecture
rooms and underscores the significance of DSM strategies in optimizing energy usage. The integration of
figures, including frequency, cost, and greenhouse gas emissions, reinforces the importance of DSM in
minimizing energy wastage, reducing operational expenses, and contributing to environmental
sustainability. Policy recommendations include incentivizing energy-efficient practices, integrating
renewables, and fostering collaboration among institutions. Future research avenues involve a
comprehensive consumption analysis, longitudinal studies, and advanced technology exploration to further
enhance energy management in higher institutions of learning.

Xii



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the Study
The building sector (including services and households) is anticipated to remain the main

contributor to global electricity demand by 2040, according to the 2019 World Energy Outlook
reported by the International Energy Agency (IEA). Sanchez-Escobar et al. (2021) report that
households alone are anticipated to increase electricity consumption by 60%, especially in
developing nations. The projected trend is linked to the potential increment in the buildings'
demand for electricity by utilising more household appliances, electric vehicles and air
conditioners, worsening the risk of increased carbon dioxide emissions. In addition, Harkénen et
al. (2022) assert that the rapidly growing exploitation of renewable energy sources, such as solar
and wind, raises concerns regarding how to strike a balance between consumption and production

in the electric grid, especially with the growing share of non-adjustable generation.

Further, according to Bakare et al. (2023), governments, especially in the developing world regions
such as sub-Saharan Africa, are finding it challenging to handle power problems, such as
controlling efficiency, dependability, security and power losses amidst the sharp growth in global
energy consumption. To address the critical need for energy security and sustainable development
worldwide, demand-side management (DSM) has emerged as a crucial approach (Kamalakannan
et al., 2018). Although demand-side energy management (DSM) minimises energy acquisition
costs and the penalties associated with managing the appliance schedules and monitoring constant
energy use, it has been less adopted in developing nations like Uganda (Aalami et al., 2019).
However, the slow or failure to adopt advanced energy management techniques like the DSM has
resulted in high peak loads, higher carbon emissions and increased levels of power demand,

leading to regular power shade-offs.

In sub-Saharan Africa, institutional buildings such as offices consume more energy than
households due to their higher access and application of modern electrical appliances, such as
routers, conditioners, industrial machines, and other production equipment that rely on power
(Ambole et al., 2021). Uganda is experiencing rapid economic growth, population expansion, and

urbanisation, which has led to a sharp rise in energy demand (Omolo, 2019). Although Uganda is



endowed with abundant renewable energy resources, energy security, affordability, and
accessibility are pressing concerns that demand immediate attention (Omolo, 2019; UBOS, 2021).

Government institutions, such as ministries, agencies and higher learning institutions, such as
public universities, still incur exorbitant electricity bills from ineffective energy management
strategies. For instance, while Makerere University spent over Ugandan Shillings (UGX.) 300
million monthly in power bills in 2021, UMEME disconnected Kyambogo University over UGX.
67.3 million, as reported by Daily Monitor (2021a; 2021b). The disconnection of Kyambogo
University from the power grid left several departments in blackout as the few, like the
administration block, relied on a diesel generator with its undesired effects, such as pollution of
the environment. Moreover, an energy audit conducted by the Energy Efficiency and Conservation
Program (EECP) of Uganda in 2021 identified Kyambogo University and Makerere University
Business School (MUBS), an affiliate of Makerere University, among the top energy-consuming
higher education institutions in the country partly due to large population of students and staff, as

well as power consuming infrastructure compared to other institutions.

The 2019 Energy Policy report attributes energy conservation issues to a lack of awareness among
‘energy end-users regarding energy efficiency practices and possibilities, thus hindering
investments in demand-side management measures. Other cited causes of conservation
inefficiencies include the absence of skilled and specialised personnel in energy management and
the lack of incentives, such as reluctance to finance efficient practices and modern technologies
(MEMD, 2021). However, the government of Uganda, through its Energy Policy report of 2019,
advocates for efficiency in energy usage among institutions and households by advocating for
energy conservation measures, such as the adoption of modern technologies, increased awareness
and behavioural changes (MEMD, 2021). More so, through the Electricity Regulatory Authority
(ERA), the government has set different tariffs to cater to different categories of electricity
consumers, such as households, commercial and industry (ERA, 2021). Nevertheless, despite the
differences in the tariffs, training and mass sensitisation by the government through the Ministry
of Energy and Mineral Development (MEMD) and ERA institutions, particularly universities
mainly Makerere University and Kyambogo University, still incur huge electricity bills, further

increasing the burden on the taxpayer.



Although numerous empirical studies have been conducted to understand energy demand
management at the national and international levels, they do not directly address the specific
context of energy demand-side management in the mentioned universities in Uganda. For instance,
while the study by Evuti et al. (2020) conducted an energy audit at the University of Abuja in
Nigeria, a similar study has not been conducted in the context of energy demand-side management
in higher institutions of learning in Uganda. Therefore, this leaves a research gap in understanding
the energy consumption patterns, efficiency measures, and demand-side management practices,
specifically in the Ugandan universities. Besides, an investigation by Okoboi and Mawejje (2016)
focused on examining the trends and medium-term path of electricity peak demand in Uganda at
a national level. Some scholars do not provide specific empirical findings on electricity demand
patterns and behaviours within the academic settings of universities. This makes it challenging for
higher learning institutions to develop effective demand-side management strategies tailored to

unique needs.

Demand-side management (DSM) is vital for regulating electricity and gas consumption,
benefiting consumers and utilities by managing load demands (Potter et al., 2018). However,
insufficient DSM policies, especially in higher learning institutions, raise concerns. Absence of
effective DSM programs adversely affects sectors like manufacturing, reducing profits and
increasing electricity costs, driving peak loads up by nearly 38% (Javid et al., 2018). Fluctuations
in renewable sources and traditional appliances disrupt power grid management (Javaid et al.,
2018). This gap is critical in universities where power demand surges across residential, industrial,
and campus buildings. Lack of awareness or effective implementation hinders cost reduction,
revenue generation, and renewable adoption (Owusu & Asumadu-Sarkodie, 2016). Research is
urgently needed to identify utility-integrated DSM strategies, considering customer roles (Potter
et al., 2018; Corbett et al., 2018). Focus on smart devices in communities and homes is crucial
(Gazafroudi et al., 2019). Universities can educate students about energy-saving, aiding
sustainability. This study targets DSM challenges in higher education, aiming to guide energy-
efficient policies and methods (Potter et al., 2018). The goal is a sustainable future for universities

and the community.

Further, the existing studies provide sketchy information on how Uganda heavily relies on

hydropower for electricity generation and faces challenges due to this overdependence. Although



Bongomin and Nziu (2022) and Fashina et al. (2019) point to the existence of energy systems that
can diversify electricity generation, the researchers do not reveal specific information on the level
of development and utilisation of these alternative energy systems in the context of the universities
under consideration and the entire higher institutions of learning. In addition, despite Got¢biowska
et al. (2020) exploring the impact of social norms on electricity consumption decisions, the study
does not focus on the context of higher learning institutions in Uganda. Therefore, this leaves a
huge research gap in understanding the influence of social norms on energy consumption
behaviour among students, staff, and faculty at universities. To address the existing empirical
research gaps, this study was considered the Lecture rooms of the different faculties in Makerere
University Business School to assess the energy demand-side management practices. This study
involved energy surveys and data analysis to understand the specific opportunities and challenges

in promoting efficient energy consumption in the higher institutions in Uganda.

1.2 Problem statement
Demand-side management (DSM) is vital for regulating electricity and gas consumption,

benefiting consumers and utilities by managing load demands (Potter et al., 2018). However,
insufficient DSM policies, especially in higher learning institutions, raise concerns (Javid et al.,
2018). Absence of effective DSM programs adversely affects sectors like manufacturing, reducing
profits and increasing electricity costs, driving peak loads up by nearly 38% (Corbett et al., 2018;
Javid et al., 2018). Fluctuations in renewable sources and traditional appliances disrupt power grid
management (Javaid et al., 2018). This gap is critical in universities where power demand surges
across residential, industrial, and campus buildings. Lack of awareness or effective
implementation hinders cost reduction, revenue generation, and renewable adoption (Owusu &
Asumadu-Sarkodie, 2016). Research is urgently needed to identify utility-integrated DSM
strategies, considering customer roles (Potter et al., 2018; Corbett et al., 2018). Focus on smart
devices in communities and homes is crucial and universities can educate students about energy-

saving, thus, aiding sustainability (Gazafroudi et al., 2019).

The absence of effective energy DSM practices in higher learning institutions, particularly
Makerere University (and MUBS) and Kyambogo in Uganda, has resulted in high monthly
electricity bills and disconnections by the service provider (Joseph, 2021). For instance, in 2021,
Makerere University spent over UGX. 300 million monthly on power bills, and Kyambogo

University was disconnected due to unpaid bills of UGX. 67.3 million (Daily Monitor, 2021a;
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2021b). Furthermore, EECP’s energy audit clustered these universities among the country's top
energy-consuming higher education institutions, partly due to inefficient energy management
practices (EECP, 2021).

Despite the government’s intervention through its policies advocating for energy efficiency and
conservation, the challenge of high electricity bills among these institutions remains persistent
(MEMD, 2021). Moreover, the existing studies such as Bongomin and Nziu (2022), Fashina et al.
(2019), and Okoboi and Mawejje (2016) do not directly address the specific context of energy
demand-side management in Higher Institutions of Learning, creating knowledge gaps in
understanding these institutions’ energy efficiency measures, demand-side management practices
and energy consumption patterns. Therefore, to address these knowledge gaps, this study
conducted energy surveys and data analysis to identify opportunities and develop effective
demand-side management strategies tailored to Institutions of Higher Learning Lecture rooms'

unique needs.

1.3 Purpose of the study
The main aim of this study was to examine the appropriateness of energy demand side management

in Higher Institutions of Learning Lecture rooms.

1.4 Research objectives
i.  To determine the daily electricity consumption units due to daytime lighting in the Lecture

rooms.

ii.  To determine the daily electricity costs incurred due to daytime lighting in the Lecture
rooms.

iii.  To investigate the greenhouse gas emissions due to daytime lighting in the Lecture room.

iv.  To propose energy management measures Institutions of Higher Learning Lecture rooms

can undertake to minimise energy wastage.

1.5 Research Questions
1. How many units of electricity are consumed daily due to lighting of the Lecture rooms

during daytime?
2. What are the daily costs incurred to light the Lecture rooms during daytime?
3. What environmental consequences are associated with lighting the Lecture rooms during

daytime?



4. What are the best DSM strategies that Higher Institutions of Learning in Uganda can adopt

to minimise electricity wastage?

1.6 Scope of study

1.6.1 Content scope
This study aimed at exploring the feasible Energy Demand Side Management (DSM) strategies

for reducing electricity costs in higher education institutions without compromising educational
services. Practical approaches were identified and evaluated through literature review and case
studies. The research assessed the energy consumption patterns, conducted financial analyses, and
considered the institutional contexts to propose tailored DSM solutions. Additionally, emphasis
was placed on behaviour change and awareness campaigns to foster a culture of energy
conservation within the institutional community.

1.6.2 Geographical scope

This study focused on 27 out of the 35 existing Lecture rooms of the seven faculties at Makerere
University Business School's main campus, Nakawa, to examine the behavioural patterns of both
students and staff towards energy conservation. Acknowledging that the students across this
Higher Institution of Learning originate from more or less similar communities and often share
residences, it was assumed that students carry the same energy behavioural patterns to other
institutions of learning. Likewise, several university staff, particularly teaching staff, work in more
than one institution of learning; thus, using MUBS as a focal Institution of Higher Learning would
depict more or less a similar pattern as for the other Institutions. Worth noting, the shortage of
comprehensive DSM assessments and tailored energy management strategies in these institutions
creates a scholarly gap in the understanding of energy demand management in the context of higher
education (Otim et al., 2020).

1.6.3 Time scope
All study activities were executed within seven months, from February to August 2023. The tasks

included proposal writing and approval, data collection and analysis, and report writing and
submission.
1.7 Significance of the study
i.  The study findings could guide the management of Institutions of Higher Learning,
particularly MUBS in designing and implementing policies to minimise energy wastage.

The study provides information on electricity consumption incurred daily due to lighting



the Lecture rooms. Therefore, by understanding the number of units consumed or the costs
incurred daily, the management of these institutions can make informed decisions
regarding the appropriate policies to manage their monthly electricity bills.

By assessing the environmental impact of lighting the lecture rooms, the research
determined how much greenhouse gas emissions threaten the natural environment. Hence,
the study findings could guide the policymakers, Higher Institutions of Learning
management, their staff members and students on the appropriate environmental strategies.
Lastly, this study provided valuable insights into different factors influencing energy DSM
among Institutions of Higher Learning. Therefore, the information gathered could be used

to manage Uganda's energy sector for consultancy and scholarly purposes.



1.8 Conceptual framework
Figure 1 shows the conceptual framework for the proposed study.

e Financial factors

DSM Strategies Best for e Technological factors
Higher Institutions

N .
A e Behavioural factors

e Environmental factors

Institutional Factors

Figure 1: Study Conceptual Framework

Source: Author

The conceptual framework comprises four main components: Institutional Factors, Technological
Factors, Behavioral Factors, and Environmental Factors, which were used to evaluate the
effectiveness of Energy Demand Side Management (DSM) initiatives in Higher Institutions of

Learning.

Institutional Factors: This component includes institutional culture, leadership, and policies that
can influence the adoption and implementation of DSM initiatives in higher learning institutions.
For example, the level of commitment from top management in implementing DSM initiatives,
the availability of funding for DSM projects, and the existence of policies and regulations that

support DSM initiatives.

Technological Factors: This component includes the technological solutions used to implement
DSM initiatives, such as energy-efficient lighting, heating and cooling systems, renewable energy
systems, and energy management systems. The effectiveness of these technologies was assessed

based on their energy savings potential, cost-effectiveness, and ease of implementation.

Behavioural Factors: This component includes the behaviour of the various stakeholders in the

higher institution of learning, such as students, faculty, staff, and administrators. These
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stakeholders' behaviour can significantly influence DSM initiatives' success or failure. For
example, the willingness of stakeholders to participate in energy-saving campaigns, adopt energy-
efficient practices, and follow energy-saving guidelines.

Environmental Factors: This component includes the impact of DSM initiatives on the
environment, such as reduction in greenhouse gas emissions, energy consumption, and carbon
footprint. The environmental impact of DSM initiatives was evaluated based on the reduction in

energy consumption and greenhouse gas emissions achieved.

By evaluating these four components, the study assessed the effectiveness of DSM initiatives in

higher institutions of learning and identify the key factors that contribute to their success or failure.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Theoretical Review

The Unified Theory of Acceptance and Use of Technology (UTAUT)

The study was anchored on the Unified Theory of Acceptance and Use of Technology (UTAUT).
UTAUT is a theoretical framework that explains how institutions and individuals adopt and use
technology (Hewavitharana et al., 2021; Ayaz & Yanartas, 2020). According to Hewavitharana et
al. (2021), the theory identifies key factors influencing technology adoption and usage, including
effort, performance, facilitating conditions, and social influence. These factors collectively
contribute to an individual's or institution's intention to use a technology, which in turn influences
their actual usage behaviour. In addition, the theory introduces moderating variables, such as
gender, institutional factors, and age, which can impact the relationships between the explained
and explanatory variables.

In this study, UTAUT provides a valuable lens to understand how financial, technological,
behavioural, and environmental factors collectively shape the adoption of DSM strategies in higher
institutions' lecture rooms. For example, the concept of "Facilitating Conditions™ highlights the
importance of available resources and support, which in this study relates to the financial resources
that Higher Learning Institutions allocate for implementing energy-efficient technologies and
practices. The study by Ewvuti et al. (2020) revealed how highly perceived financial facilitation
leads to a positive attitude towards DSM among Institutions of learning in Nigeria. This is because
institutions are likelier to adopt strategies that align with their budgetary considerations (Evuti et
al., 2020).

Besides, the theory links technological factors to "Performance Expectancy” and "Effort
Expectancy”, which can be applied to the technological aspects of DSM. For instance, study
findings by Ye et al. (2023), Yaici et al. (2021), and Mela et al. (2018) resonate with "Performance
Expectancy™ in their arguments that institutions perceive that the technologies associated with
DSM, such as smart meters and other automated energy control systems are efficient in curbing

energy consumption and relatively easy to use, they are more inclined to adopt such strategies.

Furthermore, UTAUT's “Behavioral Intention” and "Actual Use” constructs provide suitable

grounds to explain behavioural factors that influence institutions’ intentions to engage in DSM
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practices. The theory proposed that if the perceived behavioural intention is high, driven by
positive attitudes, norms, and perceived behavioural control, the likelihood of adopting new
technology, DSM strategies in this case, increases (Tamilarasu et al., 2021; Whittle et al., 2020).
In addition, the relationship between institutions’ intentions to engage in DSM practices and the
environmental factors can be better explained by UTAUT's "Performance Expectancy.” Helmers
et al. (2021) assert that if organisations, such as higher institutions or universities, perceive DSM
practices to substantially impact energy consumption and minimise carbon footprint, they tend to

develop positive attitudes and intentions towards adopting strategies.

Lastly, the UTAUT framework provides a lens through which institutional factors can be observed
as a mediating variable, facilitating the explained and explanatory variables. For instance,
institutional support, resources, and policies can enhance or hinder the adoption of DSM strategies
among organisations, higher institutions of learning in particular (Tamilarasu et al., 2021), which
aligned with UTAUT's emphasis on the impact of facilitating conditions on technology adoption.

2.2 Empirical Review

2.2.1 Impact of Financial Factors on DSM Strategies
Financial development facilitates economic growth and industrialisation, leading to increased

energy consumption. The study by Ma and Fu (2020) analysed data from 77 countries from 1990
through 2015 to examine the relationship between financial development and energy consumption.
It revealed a positive relationship between financial development and energy consumption (Ma &
Fu, 2020). This implies that countries with more developed financial systems tend to have higher
energy consumption levels. Similarly, various demand-side policies, including energy efficiency
programs, demand response initiatives, and behaviour change energy consumption campaigns
(Warren, 2019). Further, Warren (2019) and Hoicka et al. (2021) highlight several mechanisms
that can contribute to the success of demand-side policies, including cost-effectiveness, consumer
engagement, technological advancements, and supportive institutional arrangements, of which the

majority of these factors have financial implications on the energy consumers.

Although Ma and Fu (2020) and Warren (2019) acknowledge financial factors as the leading
influencing energy demand variable, Panda et al. (2022) cite various aspects of residential DSM,
including modelling techniques, optimisation algorithms, and potential future directions for

research and implementation as the major influencers. Optimisation techniques in residential
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DSM, including mathematical programming, evolutionary algorithms, and machine learning
approaches, significantly influence the achievement of optimal energy management and cost
savings (Panda et al., 2022).

On the other hand, Usman et al. (2022) and Bakare et al. (2023) discuss a wide range of DSM
strategies, including time-of-use pricing, demand response programs, energy efficiency programs,
and load management techniques. Lack of incentives, behavioural challenges, and technological
limitations are the major barriers to adopting DSM strategies (Usman et al., 2022).

2.2.2 Influence of technological factors on energy DSM strategies
The studies by Bakare et al. (2023); Nasir et al. (2021); and Hussain et al. (2021) highlight the

importance of technological solutions and methodologies for Energy Demand Side Management
(DSM). These studies collectively emphasise the need for advancements in smart appliances, home
energy management systems, and advanced metering infrastructure to enable effective DSM
strategies. In addition, Bakare et al. (2023) and Nasir et al. (2021) suggest that integrating energy
storage systems, electric vehicles, and renewable energy sources can significantly enhance grid
reliability and flexibility. This integration allows for better energy demand and supply
management, reducing peak demand and promoting energy efficiency. Advanced metering
infrastructure and smart meters, as emphasised by Hussain et al. (2021), play a crucial role in

enabling efficient DSM at the household level.

Nasir et al. (2021) further present alternative methodologies and techniques, such as optimisation
algorithms, machine learning, and data analytics, which can optimise DSM strategies and improve
their effectiveness. These advanced techniques allow for more accurate forecasting, demand

response, and load balancing, leading to better energy management and cost savings.

On the other hand, Elio et al. (2021) provide an in-depth overview of various energy storage
technologies suitable for DSM in industrial operations. By analysing the benefits and drawbacks
of technologies like batteries, flywheels, compressed air energy storage, and thermal energy
storage, Elio et al. highlights the importance of selecting the most appropriate energy storage
solution based on specific industrial requirements. Furthermore, Dahiru et al. (2023) and Elio et
al. (2021) emphasise the need to comprehensively examine energy storage technologies to identify

the most suitable solutions for DSM in industrial operations. This highlights the importance of
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considering cost-effectiveness, scalability, environmental impact, and operational requirements

when implementing DSM strategies.

In conclusion, the mentioned studies provide valuable insights into technological solutions,
methodologies, and the integration of renewable energy sources and energy storage systems for
effective Energy Demand Side Management. These findings contribute to developing more

efficient and sustainable DSM strategies for residential and industrial settings.

2.2.3 Behavioral factors and energy DSM strategies
Energy consumption within the residential sector is influenced by various factors, including

consumer behaviour, social norms, and appliance choices (William et al., 2023). It is important to
raise awareness, provide education, and engage stakeholders to promote energy-saving behaviours
(Khan, 2019; William et al., 2023). Understanding energy consumption's cultural, social, and
behavioural components is crucial for successful Demand Response (DR) programs, which aim to

change energy consumption patterns based on power supply and demand (Shekari et al., 2021).

In addition, Traditional DR approaches often overlook human behaviour's significance in driving
energy consumption patterns (Pratt & Erickson, 2020). By understanding and leveraging human
behaviour, such as cognitive biases and social conventions, DR programs can effectively
encourage customers to adopt energy-saving behaviours and participate in demand response
activities (Schrammel et al., 2023; Silva et al., 2022; Pratt & Erickson, 2020).

Furthermore, Sloot et al. (2023) argue that behavioural science plays a vital role in understanding
consumer participation in DR initiatives. Psychological elements, such as attitudes, beliefs, and
preferences, influence customers' willingness to engage in demand response activities (Sloot et al.,
2023; Lemon & Verhoef, 2016). It is essential to develop individualised and targeted approaches
to engage consumers in demand response activities, taking into account their unique characteristics
and preferences (Sloot et al., 2023; Lemon & Verhoef, 2016).
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2.2.4 Institutional factors and energy DSM strategies
Energy management is important in educational institutions due to the substantial energy

consumption associated with activities like heating, lighting, air conditioning (HVAC) systems,
and ventilation (Tamilarasu et al., 2021). It is crucial to incorporate user comfort into demand-side
management (DSM) strategies to ensure the acceptance and effectiveness of energy-saving
measures. This highlights the need to consider the preferences and satisfaction of users when

implementing energy-saving initiatives in educational institutions.

The success of DSM initiatives in educational institutions is significantly influenced by various
factors, as highlighted by Usman et al. (2022). Legislative frameworks have a significant impact
on the adoption and effectiveness of DSM initiatives. Policies, incentives, and laws that encourage
educational institutions to actively participate in energy-saving measures can be effective. (Dahiru
etal., 2023; Usman et al., 2022). Additionally, Usman et al. (2022), Panda et al. (2022), and Bakare
et al. (2023) argue that another major issue is the availability of infrastructure and resources. DSM
methods, such as investing in energy-efficient technologies and infrastructure renovations, can be
adopted and implemented more easily by educational institutions with adequate infrastructure and

resources.

2.2.5 Environmental factors and energy DSM strategies
DSM has the potential to cut energy consumption, increase energy efficiency, reduce peak load,

and improve grid resilience. These advantages help to ensure environmental sustainability,
financial savings, and energy security (Usman et al., 2022; Sylvia et al., 2013; Dahiru et al., 2023).
In addition, Weather conditions have a considerable impact on energy demand. Weather-sensitive
demand response programs can successfully regulate energy usage during extreme weather events
by anticipating demand changes and adjusting pricing or incentives based on weather forecasts
(Gurriarian et al., 2023; Burillo, 2018).

The increasing use of renewable energy sources such as solar and wind needs adaptable DSM
techniques. DSM is critical in balancing energy supply and demand, optimising renewable energy

consumption, and decreasing dependency on traditional backup power sources (Panda et al., 2022).
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2.3 Summary of the Literature and Gaps/ Limitations in the Existing Studies

In the domain of financial factors and their influence on DSM strategies, a shared understanding
emerges regarding the positive correlation between financial development and increased energy
consumption (Ma & Fu, 2020). This observation underscores the potential role of financial systems
in shaping demand-side policies. However, a discernible gap becomes evident in the literature: a
lack of thorough investigation into specific financial barriers that might hinder the effective
adoption of these policies. Additionally, while scholars acknowledge the link between financial
development and energy consumption, there remains a distinct lack of granularity in delineating
the precise mechanisms through which financial systems influence the success of demand-side
policies, underscoring a significant knowledge gap (Ma & Fu, 2020).

Turning to technological factors and their impact on energy DSM strategies, researchers converge
on the importance of technological solutions such as smart appliances and integrating energy
storage systems to enhance DSM effectiveness (Bakare et al., 2023; Nasir et al., 2021).
Nonetheless, divergent viewpoints arise when considering the focus on residential versus industrial
contexts. While some studies prioritise the residential domain, others emphasise industrial
applications of DSM. This divergence reveals a conspicuous gap in the lack of holistic evaluation
of energy storage solutions tailored to specific contexts. This gap hampers the seamless
implementation of DSM strategies across varied sectors and impedes the potential for holistic

efficiency improvements.

The impact of behavioural factors on energy DSM strategies garners consensus around the pivotal
role of consumer behaviour and the imperative of awareness-raising initiatives (William et al.,
2023). However, an unmistakable gap emerges regarding integrating behavioural insights into
Demand Response (DR) programs. While some researchers acknowledge the importance of
leveraging human behaviour to promote energy-saving practices, the broader infusion of cognitive
biases and social conventions into DR initiatives remains relatively underdeveloped. This gap
underscores an unexplored opportunity to harness behavioural science's full potential to enhance

DSM strategies' effectiveness.

To conclude, the exploration of financial, technological, behavioural, and institutional factors
within the context of energy DSM strategies reveals both convergent viewpoints and areas of

divergence among researchers. These divergent perspectives underscore notable literature gaps,
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including the need for in-depth examinations of financial barriers, contextually tailored evaluations
of energy storage solutions, and a more comprehensive integration of behavioural insights into DR
programs. Addressing these gaps could substantially advance the understanding and
implementation of effective DSM strategies across diverse contexts, thereby contributing to more

sustainable and efficient energy consumption practices.
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CHAPTER THREE

3.0 METHODOLOGY

3.1 Introduction
The utilized delivery techniques for this study are discussed in this chapter. It elucidates the

different methods and procedures that were used to collect and evaluate the data, as well as the
population and sample methodologies applied for this project. The chapter specifically covers the
research design, methodology, study population, sampling process, data collecting, procedure,
research instruments, data analysis, validity and reliability, research ethics, and data analysis.

3.2 Research design
A quantitative approach entails precise measurements, mathematical, numerical, or statistical

analysis of the data gathered through questionnaires, polls, and surveys, or the use of computing
methods to alter the previously collected statistical data (Saunders et al., 2009). The research
employed a quantitative assessment of the DSM strategies on energy consumption. From this, the
research suggested the best DSM technique that Institutions of Higher Learning can use to enhance
energy efficiency and management.

3.3 Study Population
A study population is a broad category from which conclusive evidence must be drawn (Banerjee

& Chaudhury, 2010). According to Babbie (2011), the population has characteristics in common
from which the researcher hopes to derive conclusions. The study population consisted of 35
Lecture rooms shared by seven faculties, out of which 27 were used as study units in this research,
as shown in Table 1. The Lecture rooms for blocks highlighted in blue color in Table 1 were not

considered in this study.
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Table 1: Study blocks and rooms at MUBS

Blocks | Room Blocks Blocks Room Blocks Room
Block Digital
2 Rm1l Levell Laboratory Rm1l
Level2
Block Level3
3 Lecture
Rm3 theatrel Former Upper
Lecture Library
theatre2 Lower
Block | Rm2 Walusansa
4 Rm3 Former
GRC Block G
Rm4
Block | Rml Block 12 New
5 Rm2 WTO Building Lower

Source: Author

3.4 Sample size determination
Sampling refers to a technique in which a subset of people (sample size) or social phenomena are

chosen from a broader universe (population) to which they belong in order to be studied (Kothari,

2004). A sample is a representative subset of the population (Johnson & Christensen, 2012).

It has been stressed that sampling is a key tactic for accurately describing the characteristics of a
population under study (Ngulube, 2010). This study focused on six blocks randomly selected to

study their electricity usage during and after classroom time.

3.5 Data Collection Method
In a mixed-methods design, data is gathered using complementary data collection techniques that

independently enlist quantitative and qualitative data sequentially or concurrently (Halcomb et al.,

2009). In this study, data was collected using a catalogue designed to capture all the necessary
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information about electricity usage that will facilitate the effective study of the DSM in different
Lecture rooms of Higher Institutions. Data collection was based on an observatory approach where
the researcher routinely visited the different lecture rooms to record whether the lights are ON or
OFF and whether there are lectures or not during the data collection period. Figures 2 and 3 show
some of the energy management observations made while collecting data. Additional figures are

given in the Appendix 2.

=

Pl iy

Figure 2: New Building Upper taken on 19/03/2023, at 9:03AM
Source: Author’s phone camera observational empirical data
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Figure 3: Digital Laboratory taken on 13/03/2023 at 3:06PM.
Source: Author’s phone camera observational empirical data

3.6 Study definitions
Demand Side Management: Demand-side management is a “set of technologies, actions and

programs on the demand-side of energy meters, as implemented by governments, utilities, third
parties or consumers, to manage or decrease energy consumption through energy efficiency,
energy conservation, demand response or on-site generation and storage, in order to reduce total
energy system expenditures or to contribute to the achievement of policy objectives, such as
emissions reduction, balancing supply and demand or reducing consumer energy bills" (Warren,
2018).

Literature broadly categorizes DSM into two classifications (Albadi et al., 2007).

0] Demand Response

(i) Energy Efficiency
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Figure 4: Classification of the Demand Side Management (Albadi et al., 2007).

Demand Response

Demand Response as ‘‘changes in electric use by demand-side resources from their normal
consumption patterns in response to changes in the price of electricity, or to incentive payments
designed to induce lower electricity use at times of high wholesale market prices or when system

reliability is jeopardized” according to the Federal Energy Regulatory Commission (FERC).

Demand response (DR) describes the variations in load consumption by end-user side consumers
from their typical usage patterns in response to the change in unit tariffs over time or based on
incentivized programs offered to reduce the load consumption during times of high tariffs in the
electricity wholesale market or during situations where the grid stability is unstable (Lee et al.,
2013). When demand is low, or the spinning reserve capacity is at a minimum, DR is largely
concerned with making short-term adjustments during the day's important peak pricing/usage
periods (Panda et al., 2022).

Demand Response programs can be categorized into three categories according to the party

utilizing the DR program, as illustrated below:
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Figure 5: Demand Response Programs based on the initiating party (Panda et al., 2022).

() Incentive-Based Programs

In this program, consumers that make up the participating mass in the proposal of voluntary basis
demand reduction bids or mandatory orders are delivered a mixture of DR signals that have been
notified by the utility or the DR management service provider (aggregator). Based on information
signals received from the system operators, a number of resources can be integrated under the self-
dispatch program, which can be directly controlled, or loads that can be disrupted or demand can
be lowered (Brooks et al., 2010).

The following are some of the strategies under this category.
Direct Load Control (DLC)

Under this program, select customers or devices are registered so that the utility can remotely
regulate them and turn them off or change their operating cycle as needed (often during peak load
times or events) (Zhang et al., 2016; Cui et al., 2015; Shad et al., 2015). The customers who are
the participants of this program are paid in the form of an incentive to induce them to go in for this

program.
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Interruptible/ reduced rates

Some customers can choose specific pricing plans that may have an impact on other customers in
the event of a curtailment, but they benefit from limited load shelters. Reserve capacity may
typically be sent out in these circumstances for crucial tasks without upsetting the general
consumer base, generating more revenue (Panda et al., 2022).

Emergency DR programs

In this scheme, some customers can manually reduce their loads on their own initiative to give the
utility more control in emergencies. The consumers who participate voluntarily receive incentives

as a reward (Lee et al., 2013).
Demand bidding programs

In this scheme, consumers can gain from cost savings through their willingness to reduce certain
consumption at a specified bid tariff during peak periods or crisis scenarios (Saebi et al., 2010).
This program is often available to large users (more than 1 MW), while for small users,

participation in the bidding process requires third-party representation (Panda et al., 2022).
(i)  Time-based DR Programs

These are also known as price-based DR programs, which enable the provision of various tariff

rates to consumers at various times (Yang et al., 2014).

According to the information available on this tariff, consumers will consume less electricity
during periods of high prices, which eventually results in a fair reduction of the load demands
during the peak periods of the day (Zhou et al., 2019: Celebi & Fuller, 2012: Yang et al., 2012).

In this approach, rather than reducing load by directly controlling appliances, consumers
dynamically alter their load usage profile patterns in response to changes in tariff rates (Panda et
al., 2022).
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The following are some of the time-based tariff assignment methods used.
Time-of-use (TOU) Pricing

In this pricing method, different tariffs are applied at various times throughout the day, and tariff
rates are gradually altered based on a number of time blocks. A single day is typically divided into
three blocks: the on-peak, mid-peak, and off-peak periods (Datchanamoorthy et al., 2011).

The utility operators maintain the tariff at higher levels during on-peak times, leading to high unit
purchase prices for electricity during these peak times. For the purpose of balancing the overall
load consumption pattern, this encourages users to reduce their load usage during peak hours and
move these loads to either mid-peak or off-peak durations (Panda et al., 2022).

Critical Peak Pricing (CPP)

The majority of the time, this method is used when the load utilization exceeds 20 kW, and there
is a smart metering capability that logs the load usage every fifteen minutes. This time period is
identified as a critical moment when significant load utilization is concentrated there (Herter,
2007). The TOU peak tariff is switched out for the CPP tariff during the crucial period. Consumers
are expected to shift their load usage to times outside of crucial periods in order to balance out the
load demand (Panda et al., 2022).

Real-time Pricing (RTP)

This approach is also known as a dynamic pricing approach since it predetermines different rates
for certain time intervals (often every 15 minutes) based on hourly-ahead or day-ahead tariffs and
consumption trends (Allcott, 2009). RTP is regarded as one of the most effective and financially
viable time-based pricing approaches (Edward & Policy, 2005). An excellent illustration of RTP
implementation is the hourly-based RTP used in Illinois, USA (Panda et al., 2022).

Inclining Block Rate (IBR)

This technique makes use of various blocks of tariff structures, often a two-level tariff structure
(low and high pricing block). The consumer must pay the higher tariff on a per-kWh basis who
consumes more electricity (Borenstein, 2008). After exceeding a particular limit, increasing
electricity use will cause the customer to be moved to a higher tariff block, acting as a kind of

penalty-based pricing. IBR offers incentives to customers in exchange for them spreading out their
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usage throughout different hours of the day to avoid paying higher rates, which gradually lowers
the grid system's peak-to-average (PAR) ratio. Since the 1980s, this tariff technique has been
successfully and widely applied in numerous power distribution businesses. Pacific Gas and
Electric, San Diego gas providers, and Southern California Edison are just a few examples
(Borenstein, 2008).

(iii). Demand reduction bids

Demand reduction bids between the utility and operator are used by participating consumers to
transact (Mohagheghi et al., 2010). The bids typically include the demand price and any available
demand reduction capacity. This tactic persuades large-scale users to reduce their loads at a price
they feel comfortable changing their usage habits or accepting the amount of load that can be
reduced within the announced/bid price (Han & Piette, 2008).

Energy Efficiency

These changes mainly concentrate on reducing the load profile at the device level through energy
efficiency enhancement strategies, hence permanently improving load consumption. As opposed
to focusing on an event-driven method for load reduction, here energy efficiency refers to the
outcomes produced by giving more output power for each unit of power that is given as an input
to the appliance, leading to a reduction in consumption at all times (Chowdhury et al., 2018:
Tronchin et al., 2018). Energy efficiency strongly emphasises convincing consumers to use
efficient items to reduce demand (Behrangrad, 2015; Palensky et al., 2011 & Albadi et al., 2008).
There are sixty-three million small and medium-sized businesses (SMEs), of which the majority
lack energy efficiency because of outdated, inefficient technologies (Usman et al., 2022).

3.7 Data Analysis and Presentation

The data collected was analyzed using statistical software (Microsoft Excel) where the study

assessed the effect of DSM strategies on the consumption of energy.

A List of equations used in the data analysis was categorized depending on the following:
i Frequency of usage of the lights

Let X represent the number of lights being switched on at the time of data collection

Let X’ represent the number of lights being switched off at the time of data collection
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Let F represent the number of functional lights at the time of data collection
Let F' represent the number of lights being faulty at the time of data collection
Let Y represent lectures being ongoing at the time of data collection

Let Y’ represent lectures not being ongoing at the time of data collection

Let L represent the total number of lights in the lecture rooms under study

Let N represent the total number of data points

To get the frequency of lights being on, this can be utilized:

Number of times Lights are ON

F Lights ON =
requency of Lights Number of data points
— X
F(X) =225 @

To compute the frequency of lights being off;

Number of times Lights are OFF
Number of Data points

Frequency of Lights being OFF =

F(X') = % ()

The Frequency of Functional Lights is computed as:

Number of Functional Lights

Frequency of Functional Lights =

Total Number of Lights
__ n(XnF)
F(F) = 2400 ©
The frequency of Faulty lights is given as:
F Foultv Lights — Number of Faulty Lights
requency of Faulty Lights = Total Number of Lights
F(F) = 20r) (4)

n(L)

The frequency of lectures being ongoing is given as follows:
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] ) Number of times are ongoing
Frequency of Lectures being ongoing =

number of Data points

F(y) =223 (5)

The frequency of lectures not being ongoing can be computed as follows:

) number of times lectures were not ongoing
Frequency of Lectures not ongoing =

number of Data points

F(y") =) (6)

n(N)
How often are lights ON when lectures are ongoing?

= the number of times Lectures are Ongoing and Lights

F lights ON and Lect ON
requency of lights ana tectures are on a number of Data points.

n(xny)

FXnY) = T (7

How often are lights OFF when lectures are ongoing?

Frequency of lights OFF and Lectures ON

_ number of times Lectures are Ongoing and Lights being OFF

Number of Data points.

F(X'nY) = ”(nX(;)Y ) (8)

How often are lights ON when there are no lectures?

Frequency of lights ON and Lectures OFF

_ number of there are no lectures and Lights being ON

Number of Data points.

FXnY') = % (9)
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How long were the lights on during the day?

That question was answered based on the assumptions the researcher made while conducting the
research. The researcher visited these lecture rooms in three periods that can be categorized as

follows in Table 2.

Table 2: A table of the disaggregation of the different study session periods in hours

S/IN Sessions Observation time Period (hours)
I 7:00 AM-10:00 AM 9:00 AM 3
I 10:00 AM-2:00 PM 11:00 AM 4
Il 2:00 PM-7:00 PM 3:00 PM 5

Source: Author

Remark: If the lights were found on, then they were expected to stay on for the entire session, and
if the lights were found off, then they were expected to stay off the entire session.

ii. Energy consumption
Energy Consumption = Power (W) X time(h) (10)
The power rating of each of the fluorescent lights used in the Lecture rooms at MUBS is 36W.
Energy Consumption per session

Let S; represent the morning session, S;; represent the afternoon session, and S;;; represent the

evening session.

Energy consumed was categorized as expected energy consumed, the actual energy consumed,

energy consumed due to faulty lights and the unconsumed energy due to faulty lights.
Expected energy consumed per session

Egs, = Lry X Ly X S; X My (11)
Where, Ef s, is the expected energy consumed during the morning session
L is the total number of lights in each study unit

S, is the morning session duration
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Ly, is the Wattage of the fluorescent tubes
M, is the period of the study

Note, it is only the session time that changes for the afternoon and evening sessions to get their

respective expected energy consumed.
For the afternoon;

Egs, = Lrpn XLy X5 X Mg (12)
S,; is the afternoon session duration
For the evening session.

Eg s, = Ly X Ly X Sy X My (13)
Sy 18 the evening session duration
Actual energy consumed per session
For the morning session

Eys, = F XLy X5 (14)
E, s, is the Actual energy consumed during the morning session
F; is the number of functional lights
S, is the morning session duration
For the afternoon session

Eqs, = Fr X Ly X Sy (15)
S,;; is the afternoon session duration

Epsyy = Fi X Ly X Sy (16)

S, 1s the evening session duration
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Ratio (Share) of Actual energy consumed to Expected Energy consumed per session

For the morning session

S _ EA,S[
E Sy EE,S[

For the afternoon session

S _ EA,S”
E S —

EE,S”

For the evening session

_ Easiy

S =
E Sqn Egs;,

For the evening session

Easiin

Sgsi = £
ESIII

Energy not consumed due to faulty lights (energy saved by faulty lights)

EF,SI = Ff X LW X Sl

(17)

(18)

(19)

(20)

(21)

Ep s, is the energy that is not consumed due to the faulty lights during the morning session

F; is the number of faulty lights
Ly, is the Wattage of the fluorescent tubes
S, is the morning session duration
For the afternoon session
Eps, = Ff X Ly, X Sy,
S,;; s the afternoon session duration
Eps, = Ff X Ly X S

S;;; 1s the evening session duration
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Proportion of energy due to faulty lights per session

Ers
S — ad 24
Euer ™ Egg, (
SEUﬂ is the proportion of unconsumed energy due to faulty lights during the morning session

Er s, is the energy not consumed by faulty lights during the morning session
Es s, is the energy that should be consumed during the morning session

Eps, + Eps, = Ess, (25)
For the afternoon session

_ EF,S” (26)

E =
UfII ES,S”

Sg ) is the proportion of unconsumed energy due to faulty lights during the afternoon session

g
Ep s, is the energy that is not consumed due to faulty lights during the afternoon session

Es s, is the energy that should be consumed during the afternoon session

Ers, + Eas, = Ess;, (27)

For the evening session

_ Ersiy (28)

E =
UfIIl ES,S”[

Sg ) is the proportion of unconsumed energy due to faulty lights during the evening session

Urnr
Ep s, is the energy that is not consumed due to faulty lights during the evening session

Egs,,, is the energy that should be consumed during the evening session

EFrSIII + EArSIII = ES:SIII (29)
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Cost of Energy

The total energy cost of the university on lighting can be computed as follows:

Energy Cost = Energy consumption X Days per month X Energy cost per %

Cost of Expected energy

In the morning session
Cgs, = Egs, X Proy
Where, Cg 5, is the cost of expected energy during the morning session
Eg s, is the expected energy during the morning session
Proy is the time of use tariff price
For the afternoon session
Ces;, = Egs;; X Prou
For the evening session
Ce,s;; = Eg s X Prou
Cost of Actual energy
Cas, = Eas; X Proy
Where C, s, is the cost of actual energy during the morning session
E, s, is the actual energy during the morning session
Proy is the time of use tariff price
For the afternoon session

Cas;; = Eas; X Prou
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For the evening session

Cas;yy = Easyy X Prou (36)
Cost of Energy saved when lights are switched ON per session

Cep,s, = Ers, X Proy (37)
Cg,.s, Is the cost of energy saved due to faulty lights during the day
Ep s, is the energy that is not consumed (saved) due to faulty lights during the day

Proy 1S the time of use tariff price

In this research, saving was defined as a situation where, on a given day, lights were ON for at
least one session. Thus, a day where the lights were OFF for all the sessions is described as an

expected situation.
iii. Green House Gas (GHG) emissions
Expected GHG emissions per session
GHGgs, = Egs, X Gof (38)
Where, GH G 5, is the expected GHG emissions during the morning session
Eg s, is the expected energy consumed during the morning session
Gy is the grid emission factor of the fluorescent tubes
For the afternoon session
GHGg s, = Egs; X Gof (39)

For the evening session

GHGE,SI” == EE,S”I X Gef (40)
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Actual GHG emissions per session
Morning session
GHGys, = Eqs, X Ger
Where, GH G, 5, is the actual GHG emissions during the morning session
E, s, is the actual energy consumed during the morning session
G.ris the grid emission factor of the fluorescent tubes
For the afternoon session
GHGys,, = Eps, X Gy
For the evening session
GHGys,,, = Eas,y X Gef
GHG emissions saved/ avoided during the study
GHGsq 5, = Ep5, X Geg
Where, GH G, s, is the GHG emissions avoided during the study
Ep s, is the energy not consumed (saved) by faulty lights during the day

Gy is the grid emission factor of the fluorescent tubes

The results of the analyses provided substantial grounds to propose better energy-saving methods

to take on as Institutions of Higher Learning.

3.8 Validity and Reliability of the Research Instruments

While validity represents the degree of accuracy and precision assessed by the researcher from all
the data in the study, reliability refers to the consistency of ratings (Bryman, 2008). To verify the

validity and reliability of the data obtained, the supervisors did a pre-test the research instruments

for item suitability.
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CHAPTER FOUR

4.0 PRESENTATION, ANALYSIS AND INTERPRETATION OF RESULTS

4.1 Introduction
In this pivotal chapter, the study transitions from theoretical exploration to empirical revelation,

presenting the culmination of the assessment of Energy Demand Side Management (DSM) within
lecture rooms of higher learning institutions. This chapter encompasses the presentation,
interpretation, and analysis of the obtained results aligned with the study's predefined objectives.
These objectives encompass:

i.  To determine the daily electricity consumption units due to daytime lighting in the Lecture
rooms.

ii.  To determine the daily electricity costs incurred due to daytime lighting of the Lecture
rooms.

iii.  To investigate the Green House Gas emissions due to daytime lighting of the Lecture
rooms.

iv.  To propose energy management measures Institutions of Higher Learning Lecture rooms

can undertake to minimize energy wastage.
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4.2 Descriptive statistics
Descriptive statistics have been meticulously computed to analyze the frequencies of various

operational states within the lecture rooms at Institutions of Higher Learning. These states include
Lights ON, Lights OFF, Functional Lights, as well as Faulty or Malfunction Lights. Additionally,
the frequencies of ongoing lectures, instances where lectures are not being held, and specific
combinations such as Lights ON with Lectures On, Lights ON with Lectures OFF, and Lights OFF
during Lectures have all been examined. This comprehensive analysis is imperative, as these
combined factors significantly influence the efficacy of energy Demand Side Management (DSM)

strategies within lecture rooms at academic institutions.

4.2.1 Status of Lecture room illumination
By integrating Equation 1 and Equation 2 with the empirical data acquired from the lecture rooms,

the outcomes are unveiled through Figure 4. This visualization effectively portrays the frequency
distribution of Lights ON and Lights OFF instances, painting a comprehensive picture of the
energy consumption patterns within the lecture rooms. The insights offered by Figure 6 underscore
these equations' critical role in discerning and addressing the intricate interplay between lighting

utilization and energy efficiency.

Lights OFF,
23.42%

Lights ON ,
76.58%

Figure 6: Frequency of the Lights ON/ Lights OFF in the Lecture rooms.
Source: Author’s own computation using observational empirical data

The analysis of the collected data reveals significant insights into the energy consumption patterns

within lecture rooms in higher institutions of learning. The results indicate that lights were ON for
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approximately 76.58% of the entire data collection period, while they were OFF for the remaining
23.42% of the time. This stark contrast highlights a potential area for improvement through the
implementation of Energy Demand Side Management (DSM) strategies.

The prominent finding that lights were ON for the majority of the data collection period
underscores the necessity for a more efficient approach to energy consumption. The presence of
instances when lights remained ON even when not essential, suggests a clear opportunity for
energy conservation.

In this analysis, we delve into the status of lights within different study blocks of the institution,
shedding light on the percentage of lights left on. This breakdown provides valuable insights into
energy consumption patterns, highlighting areas where energy management measures can be

strategically implemented to minimize wastage and promote sustainability as shown in Figure 7.
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Figure 7: A bar graph of the frequency of Lights ON during the study time
Source: Author’s own computation using observational empirical data
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The data presented illustrates the percentage of lights that are switched on in various study blocks
within the institution. These percentages offer valuable insights into the energy consumption
patterns in different areas of the campus.

Notably, block 2 stands out with the highest percentage of lights switched on, at 91.40%. This may
indicate a need for more effective energy management strategies in this specific block, such as
implementing automated lighting controls or raising awareness among occupants about the

importance of turning off lights when not in use.

Other blocks, such as Block 3, Block 4, and Block 5, maintain relatively high percentages of lights
being on, ranging from 78.49% to 81.72%. While these percentages are not as high as Block 2,
they still signify opportunities for energy optimization. Implementing occupancy sensors and
scheduling systems in these areas could help reduce energy wastage.

The ADB block, on the other hand, has a notably lower percentage of lights on, at 54.30%. This
may be due to reduced activity or occupancy in this block during the observed period. It's essential
to consider the specific function and usage patterns of each block when interpreting these

percentages.

Overall, these figures emphasize the importance of targeted energy management efforts tailored to
the unique characteristics of each study block. By identifying areas with consistently high energy
consumption, institutions can prioritize the implementation of energy-saving measures to reduce

unnecessary energy usage, lower operational costs, and contribute to sustainability goals.

38



The duration of lights being on in lecture rooms during various study sessions reveals significant
energy consumption patterns as illustrated in Figure 8.
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Figure 8: A line graph of durations of Lights ON during different study sessions

Source: Author’s own computation using observational empirical data

The data on the duration of lights being on in lecture rooms during different study sessions
highlights substantial variations in energy consumption throughout the day. Notably, the evening
sessions recorded the highest duration of lights being on, totaling 3,095 hours. This prolonged
usage during the evening can be attributed to the decreasing availability of natural daylight,

necessitating a heavier reliance on artificial lighting to maintain adequate illumination levels.

Conversely, the morning sessions had the shortest duration of lights being on, totaling 1,947 hours.
This could be due to the presence of natural daylight during morning hours, reducing the need for

artificial lighting. The afternoon sessions fell in between, with a total duration of 2,620 hours.

These findings emphasize the dynamic nature of energy needs in lecture rooms and the importance
of implementing energy management measures that align with these patterns. Strategies such as
intelligent lighting controls, efficient lighting technologies, and occupancy-based systems can help
optimize energy usage, reduce costs, and contribute to sustainability by ensuring lights are on only

when necessary.
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4.2.2 Ratio of Functional to Faulty Lights
Leveraging the power of Equation 3 and Equation 4 in conjunction with the empirical data

meticulously gathered from lecture rooms in Institutions of Higher Learning, a revealing portrait

of functional and faulty lights (worth noting there are 434 lights in total) materializes in Figure 9.

Faulty Lights,
17.51%

Functional
Lights, 82.49%

Figure 9: Ratio of Functional to Faulty Lights during the time of study
Source: Author’s own computation using observational empirical data

The data reveals that a significant portion of the lights, approximately 82.49%, are functional,
while the remaining 17.51% are faulty. This finding emphasizes the urgent need for action from

the Estates department to address the non-functional lights.

The high percentage of functional lights is a positive indicator of the institution's initial efforts in
maintaining the lighting infrastructure. However, the presence of a considerable proportion of
faulty lights cannot be overlooked. These faulty lights contribute to unnecessary energy wastage,
impacting both operational costs and overall energy efficiency. Moreover, the dysfunctional lights
can lead to suboptimal learning environments, affecting the quality of education for students. The
Estates department's role in maintaining the lighting system is crucial to achieving effective energy
demand side management. The identified faulty lights must be promptly repaired or replaced to
ensure a balanced and efficient energy consumption pattern. This action aligns with the broader

objective of energy conservation, cost reduction, and sustainable practices.
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Table 3: A summary of the status of Lights of the different Lectures

Buildings Rooms Functional Lights Faulty Lights
Block 2 Rm1 4 4
Rm1 6 0
Block 3 Rm1 Rm2 3 3
Rm3 9 6
Rm1 8 7
Rm2 10 7
Block 4 Rm3 Rm3 5 7
Rm4 4 1
Rm1 11 1
Block 5 Rm2 5 0
Walusansa Rm1 4 5
Former GRC Rm1l 15 3
Rm1 11 1
Block 12 RM2 10 >
Level 1 62 4
Short Tower Level 2 40 0
Level 3 26 10
Lecture Theatrel 20 0

ADB

Lecture Theatre 2 20 0
WTO Rm1 14 0
Digital Lab Rm1 23 1
. Upper 11 1
Former Library Lower 1 11
Upper 1 1
Block G Lower 4 1
- Upper 14 0
New Building Lower 15 0

Source: Author’s own computation using observational empirical data

Table 3 presents a comprehensive overview of the lighting conditions in different lecture rooms
across various buildings within the campus. The table outlines the number of functional lights and
the count of faulty lights for each specific room, offering insights into the state of lighting fixtures
throughout the premises. Notable observations include Block 2, Room 1, where all lights are
reported as faulty, emphasizing the need for urgent attention. In contrast, Block 3, Room 1, exhibits
excellent lighting status with all 6 lights functional and no faults. Across Block 4, Room 3, and

Room 4, the number of functional and faulty lights is close, implying potential room for
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improvement. Differing trends continue, with variations observed in the Short Tower across
different levels and a lack of reported faults in Lecture Theatre 1 and 2 of the ADB building.
Overall, the data underscores the significance of addressing faulty lights promptly to ensure

adequate illumination and energy-efficient operations within lecture rooms across the campus.

From Table 3, we can summarize the percentages of the faulty lights in each study block as
illustrated in Figure 10.
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Figure 10: A summary of the percentages of Faulty Lights per study blocks

Source: Author’s own computation using observational empirical data

The data on the percentage of faulty lights in various study blocks within the institution reveals
disparities in the maintenance and functionality of lighting systems across different locations.
Block 5 and ADB demonstrate notably low percentages of faulty lights, at 5.56% and 0%
respectively, suggesting efficient maintenance and upkeep in these areas. Conversely, Block 2 and

Walusansa show higher percentages, at 50%, indicating a significant portion of lighting fixtures
requiring attention and repair.

Former GRC and Former Library also have relatively high percentages of faulty lights, at 20% and
50% respectively. In contrast, Short Tower and Block 12 exhibit lower percentages, at 9.86% and
12.50% respectively. These variations underscore the need for consistent maintenance practices

and highlight areas where improvements can be made.
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Additionally, the data emphasizes the importance of regular inspections and prompt repairs to
reduce energy wastage and enhance overall energy efficiency. Addressing faulty lights not only
contributes to energy savings but also ensures a conducive and well-lit environment for educational
activities. Institutions should consider implementing proactive maintenance strategies and

allocating resources efficiently to maintain lighting systems effectively across all study blocks.

4.2.3 Status of Lecture studies
Employing the computational prowess of Equation 5 and Equation 6 in tandem with the

meticulously collected empirical data from lecture rooms, a clear visualization emerges in the form

of Figure 11.

Lectures ON,
44.32%

Lectures OFF,
55.68%

Figure 11: Frequency of Lectures ON/Lectures OFF during the time of study
Source: Author’s own computation using observational empirical data

The data shows that lectures were ongoing for 44.32% of the entire data collection period, with
lectures not taking place for approximately 55.68% of the time. This finding raises attention to the
potential impact of external factors, such as weather conditions and public holidays, on lecture
attendance and, subsequently, on energy consumption. The notable decrease in lecture activity,
attributed to factors like rainy weather in the month of March and the occurrence of various public
holidays, sheds light on the complexity of energy demand side management. External factors that
influence lecture attendance directly impact the energy needs of the lecture rooms. On days with

reduced attendance due to weather or holidays, energy consumption is naturally expected to be
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lower, as fewer resources are required to power the rooms. This insight carries implications for

planning and resource allocation within institutions of higher learning.

From the data gathered, we could also notice the following trends of Lectures being ongoing within
the different blocks as shown in Figure 12.
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Figure 12: Frequency of Lectures being ongoing during the study time
Source: Author’s own computation using observational empirical data
The data on the percentages of lectures conducted in various study blocks within the institution
provides insights into the utilization of these spaces for academic activities. Former GRC stands
out with the highest percentage of lectures conducted, at 69.89%, indicating that this block is a
significant hub for educational purposes. This is followed by Block 5, which has 51.61% of

lectures conducted, highlighting its importance as an academic space.

Other study blocks, such as Walusansa, Block 3, and Short Tower, also have relatively high
percentages of lectures conducted, ranging from 46.24% to 51.97%. Conversely, Block G has the
lowest percentage of lectures conducted, at 23.12%, suggesting that it may be underutilized for

academic purposes.
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These variations in the percentages of lectures conducted across study blocks underscore the need
for efficient space allocation and utilization. Institutions should consider optimizing the use of
spaces based on demand and academic scheduling to ensure that resources are allocated
effectively. Additionally, understanding the patterns of space utilization can help in making

informed decisions regarding maintenance, energy management, and overall facility planning.

4.2.4 Status of Lectures and illumination of the Lecture rooms
Harnessing the computational precision of Equations 7, 8, and 9 in conjunction with meticulously

collected data from lecture rooms, a comprehensive depiction comes to fruition in the form of

Figure 13.

) Lights ON &
Lights ON & Lectures ON,
Lectures OFF, 42.41%

33.73%

Lights OFF &
Lectures ON,
1.91%

Figure 13: Frequencies of Lights ON & Lectures On, Lights On & Lectures OFF, and Lights ON
and Lectures OFF

Source: Author’s own computation using observational empirical data

The data analysis provides a clear and alarming picture of energy management inefficiencies
within lecture rooms in higher institutions of learning. The results highlight the need for a
comprehensive reassessment of energy consumption practices to address wastage and promote

sustainability.
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Firstly, the finding that lights were ON during 33.73% of the data collection period while lectures
were not ongoing signifies a significant concern. This reveals a blatant misuse of energy, as lights
were needlessly kept ON when no active educational activity occurred. This situation directly

contributes to energy wastage and increased operational costs.

Furthermore, there were instances (1.9% of the time) when lectures were not ongoing, yet lights
were switched ON, underscores the lack of awareness or operational oversight. This reinforces the
need for stricter control measures and automated systems that can intelligently manage lighting

based on room occupancy and lecture schedules.

The data also unveils a concerning pattern where lights were switched ON during 42.41% of the
times when lectures were ongoing. This figure becomes even more alarming when considering
that lectures were actually ongoing only 44.34% of the time. This implies that the lights were ON
nearly 95.64% of the time they could have been potentially switched OFF, indicating a substantial

overuse of energy resources.

This evidence underscores the need for immediate and comprehensive energy management
interventions. Strategies such as implementing occupancy sensors, timers, and automated lighting
systems can be highly effective in addressing these issues. Additionally, raising awareness among
faculty, students, and staff about responsible energy consumption can contribute to a cultural shift

towards energy efficiency.
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Table 4: Frequencies of Lights ON & Lectures On, Lights On & Lectures OFF, and Lights ON
and Lectures OFF for the different blocks

Lights ON & Lectures Lights OFF & Lights ON & Lectures
Study Blocks ON (%) Lectures ON (%) OFF (%)
Block?2 17.20 0 74.19
Block 3 44.80 1.43 36.92
Block 4 37.37 3.23 41.13
Block 5 51.61 0 29.57
Walusansa 46.24 1.08 31.18
Former GRC 69.89 0 20.43
Block 12 44.62 1.08 37.10
Short Tower 51.97 0 30.47
ADB 41.94 0.54 6.45
WTO 38.71 2.15 47.31
Digital Lab 47.31 2.15 39.78
Former Library 45.70 0.54 33.87
Block G 11.83 11.29 27.42
New Building 47.31 6.07 31.18

Source: Author’s own computation using observational empirical data

For visualization, the data in Table 4 is illustrated in Figure 14.
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Figure 14: A bar graph to represent the frequencies of Lights ON & Lectures On, Lights On &
Lectures OFF, and Lights ON and Lectures OFF of the different blocks
Source: Author’s own computation using observational empirical data

The data can be analyzed by dividing it into three categories based on the status of lights in relation
to lectures in various study blocks.

The first category, represented by the percentage of lights on while lectures are ongoing, showcases
the extent to which lights are utilized during lectures. Former GRC has the highest percentage in
this category, with a staggering 69.89% of lights being on while lectures are in session. This
implies that lights are frequently left on, even when they are not needed, leading to potential energy
wastage. Addressing this issue through stricter lighting management practices could result in

significant energy savings.

In the second category, we observe the percentage of lights being off while lectures are ongoing.
Block G stands out here, with 11.83% of lights on but 11.29% of lights off while lectures are in
progress, resulting in 27.42% of lectures occurring in darkened rooms. This indicates a discrepancy
between the scheduling of lectures and the availability of lighting resources. Improving
coordination between lecture scheduling and lighting control could enhance the learning

environment and reduce energy inefficiencies.
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The last category involves the percentage of lights on while lectures are not ongoing. Several study
blocks, including Block 3, Block 4, and Block 12, have notable percentages in this category,
ranging from 37.37% to 44.80%. These figures suggest that lights are often left on when they are
not needed for lectures, leading to unnecessary energy consumption during non-lecture hours.
Implementing more efficient lighting control systems to automatically turn off lights when not in
use could help conserve energy and reduce operational costs.

In conclusion, the data highlights discrepancies in the utilization of lighting resources during
lectures and non-lecture hours across different study blocks. It emphasizes the importance of
optimizing lighting management practices to minimize energy wastage, enhance the learning

environment, and achieve sustainability goals within the institution

4.3 Energy consumption units due to daytime lighting in Lecture rooms

4.3.1 Expected Energy and Actual Energy consumed
Below is a tabulated representation of the results obtained by integrating equations 10 to 20 and

incorporating the collected data related to lecture rooms. The table presents the expected energy,
actual energy, and their corresponding ratios as part of the assessment of energy demand side

management in lecture rooms within higher education institutions.

Table 5: Results of the Expected Energy, Actual Energy and the Ratio of Expected Energy to
Actual Energy

Study Sessions

Expected Energy (kWh)

Actual Energy (kWh)

Morning (Session I) 39,231.864 941.436
Afternoon (Session 1) 52,309.152 1,269.36
Evening (Session 111) 65,386.44 1,541.16

Source: Author’s own computation using observational empirical data
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Upon examining these figures, several observations can be made:

Energy Consumption Variation

The variation in energy consumption across different sessions within the lecture rooms
underscores the dynamic nature of energy needs throughout the day. This variation points to the
importance of tailoring energy consumption to match actual demand rather than following a static,
uniform lighting schedule. Such fluctuations present an opportunity for DSM strategies to play a

crucial role in optimizing energy usage.
Evening Session Dominance

The evening session's dominance in energy consumption highlights a critical challenge. As natural
daylight decreases during evening hours, there is a significant rise in the demand for artificial
lighting to ensure adequate illumination levels. This reliance on artificial lighting, particularly
during darker hours, accentuates the urgency of implementing DSM measures to manage this
heightened energy demand. By employing strategies that intelligently adjust lighting based on
occupancy and daylight availability, institutions can effectively minimize the energy needed for

illumination.
Afternoon Session

The higher energy consumption during the afternoon session compared to the morning session can
be attributed to a combination of factors, including the extended availability of daylight during the
morning hours and varying occupancy patterns. This discrepancy accentuates the need for flexible
lighting solutions that can adapt to changing daylight conditions and room occupancy. DSM
strategies incorporating occupancy sensors and automated lighting controls can ensure that lighting

is optimized based on actual room usage, helping curtail unnecessary energy consumption.
Energy Optimization Potential

The data's revelation of potential energy optimization during all three sessions underlines the
significant room for improvement. Implementing DSM techniques holds promise for achieving
these optimizations. Adjusting lighting levels based on the actual presence of occupants,
integrating energy-efficient lighting technologies such as LEDs, and deploying automated lighting

controls can collectively lead to a substantial reduction in energy consumption. Such measures
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align with the overarching goals of DSM by efficiently managing energy usage and promoting

sustainability.

In summary, the dynamics of energy consumption variations, the dominance of energy
consumption during evening hours, the disparities between afternoon and morning energy usage,
and the evident potential for optimization all spotlight the necessity for Energy Demand Side
Management in Institutions of Higher Learning Lecture rooms. By adopting intelligent lighting
solutions, integrating energy-efficient technologies, and promoting a culture of responsible energy
consumption, educational institutions can reduce costs and contribute to a more sustainable future.
The implementation of DSM strategies can effectively bridge the gap between energy supply and
demand, leading to more efficient and environmentally conscious energy usage in lecture room

environments.

From Table 6, the ratio of Expected Energy to Actual energy can be plotted in Figure 15
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Figure 15: A line plot of the Ratios of Expected Energy to Actual energy

Source: Author’s own computation using observational empirical data

The slight variations in these ratios between morning, afternoon, and evening sessions may reflect
differences in occupancy patterns, natural daylight availability, or specific lighting controls during
these times. For instance, lower energy consumption in the morning could be attributed to the

availability of natural daylight, which reduces the need for artificial lighting.
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In addition, the Actual energy consumed on Weekends and public holidays throughout the Month
of March, 2023 in the Lecture rooms was evaluated as 504.9kWh based on the collected data. This
unveils a rather startling revelation. The persistence of considerable energy usage during non-
academic periods raises a red flag about the energy management practices within these spaces. The
fact that substantial energy consumption persists even when academic duties are not taking place
paints a concerning picture of wastage and inefficiency. These energy levels are alarmingly high
given the absence of typical academic activities.

This situation underscores the urgency of implementing targeted energy management strategies to
curtail this unnecessary consumption during idle times. It brings to the forefront the need for
stricter controls over lighting and electrical equipment usage during weekends and holidays. This
scenario prompts a reevaluation of the overall energy infrastructure within the lecture rooms and
highlights the untapped potential for energy conservation measures during off-peak periods.
Addressing this issue requires a holistic approach, including the installation of automated systems
that can intelligently adjust lighting and equipment usage based on occupancy and time of day. By
recognizing the significance of these energy levels in the absence of academic duties, institutions
can take proactive steps to mitigate wasteful energy consumption, thereby aligning with

sustainability goals and responsible energy usage practices.
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4.3.2 Energy saved due to the faulty Lights
By applying Equations 21 to 29 to the dataset collected from lecture rooms during the month of

March 2023, the ensuing data showcases the energy savings attributable to malfunctioning lights
during individual sessions, alongside the proportion of energy savings directly linked to these
faulty lights. The results are illustrated in Figure 16.
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Figure 16: Energy saved by faulty Lights in different sessions

Source: Author’s own computation using observational empirical data

The results of the study on energy savings due to faulty lights in higher institutions of learning
lecture rooms reveal valuable insights for energy demand side management. The data indicates
that faulty lights result in substantial energy savings, with the highest savings occurring during the
evening, followed by the afternoon and morning hours. These findings are further reinforced by
the data on the duration of time lights were ON during different study sessions. The highest
duration of time lights were ON was observed during the evening session, totaling 3,095 hours,
followed by the afternoon session with 2,620 hours, and the morning session with 1,947 hours.
This data not only confirms the higher energy consumption during evening sessions but also

highlights the need for proactive energy management strategies, particularly during times when
natural daylight is lower.
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4.3.3 Proportion of energy saved due to faulty Lights
Figure 17 should the proportion of energy that was saved due to having faulty Lights in some of
the rooms.

18.00 - 17.98
17.92

17.90 -
S
< 17.80 -
(<3
g
S 17.70 -
g 17.66
L

17.60 -

17.50 -

Morning Afternoon Evening
Study Sessions

Figure 17: Results of Energy saved due to faulty lights as a fraction of Lights being ON

Source: Author’s own computation using observational empirical data

The study on energy savings in higher education lecture rooms due to faulty lights highlights
significant opportunities for energy efficiency. Faulty lights result in substantial energy savings,
with the highest proportion saved during evening sessions (17.66%), followed by afternoon
(17.98%) and morning sessions (17.92%). These findings underscore the potential for optimizing
lighting systems to conserve energy and reduce costs, supported by data showing longer light
durations during evening sessions. Proactive energy management measures, including
maintenance and energy-efficient technology upgrades, are crucial, especially during periods with
reduced natural daylight, to enhance sustainability and reduce greenhouse gas emissions in
educational institutions. Addressing faulty lights is a simple yet effective way to optimize energy
usage and reduce wastage, ensuring that energy is used only where and when needed. In addition,
the data strongly underscores the role of DSM strategies in achieving energy efficiency. By
actively identifying and addressing inefficiencies like faulty lights, institutions can better manage

their energy consumption, leading to reduced costs and a smaller environmental footprint.
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4.4 Energy daily costs incurred due to daytime lighting of Lecture rooms
By employing equations 30 to 37 in conjunction with the comprehensive dataset gathered from

lecture rooms within Institutions of Higher Learning, the ensuing outcomes regarding both the
energy expenses attributed to illuminating lecture rooms across various sessions throughout the

day in March 2023, quantified in Ugandan shillings.
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Figure 18: Results of the Energy cost of Lighting the Lecture rooms in the Month of March 2023.
Source: Author’s own computation using observational empirical data

The provided energy costs due to lighting in different sessions of the day for the month of March
2023 in Ugandan shillings highlight significant implications for Energy Demand Side

Management (DSM) strategies in Institutions of Higher Learning Lecture rooms.

The data reveals a clear variation in energy costs across different sessions. The evening session
incurs the highest energy cost, followed by the afternoon and morning sessions. This cost variation
underscores the importance of optimizing energy consumption to avoid unnecessary expenses. The
higher energy costs during peak hours, such as the evening session, underscore the need for DSM
strategies that can effectively manage energy demand during periods of high usage. Implementing
strategies such as load shedding, dynamic pricing, and energy-efficient technologies can contribute

to reducing energy costs during these expensive hours.
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In addition, the elevated energy costs during the evening session might indicate that peak demand
charges are applied during this period. Proper DSM implementation can help institutions avoid
peak demand charges by reducing energy consumption during high-demand times, thus leading to
substantial cost savings. The significant energy costs highlight the financial impact of inefficient
energy consumption practices. Adopting DSM strategies can help institutions allocate resources
more effectively, redirecting funds from unnecessary energy expenses toward educational and
operational priorities. Moreover, the data reinforces the importance of energy-efficient lighting
technologies. Energy-efficient lighting, such as LEDs, could significantly reduce energy
consumption and subsequently lower energy costs without compromising the quality of lighting
within lecture rooms. The total energy costs for all sessions in the month of March can be
substantial. Institutions can potentially achieve notable cost savings over time by optimising

energy consumption through DSM practices.

In conclusion, the energy costs associated with different sessions in the month of March underscore
the critical role of DSM in managing energy demand and costs within Institutions of Higher
Learning Lecture rooms. The variability in costs throughout the day emphasizes the need for
strategies that optimize energy consumption, reduce peak demand charges, and enhance energy
efficiency. By implementing effective DSM measures, institutions can achieve significant cost
reductions, promote sustainability, and allocate resources more efficiently toward their core

educational missions.

4.5 Green House Gas emissions due to daytime lighting of Lecture room
Utilizing Equations 38 to 44 in conjunction with the dataset collected from lecture rooms within

Higher Institutions of Learning, the resulting Greenhouse Gas emissions linked to the illumination
of these lecture rooms during the specified sessions are quantified and expressed in kilograms of
CO2 equivalent per kilowatt-hour. The grid emission factor for Uganda of 201 gCO2eq/kWh
(Mukisa et al. 2021). These emissions are comprehensively presented in Figure 19 for clear

elucidation.
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Morning, 189.23

Evening, 309.77

Afternoon,
255.14

Figure 19: Results of the Green House Gas emissions in kgCO2eq due to the illumination of
Lecture rooms in the Month of March 2023.

Source: Author’s own computation using observational empirical data

The provided data on Greenhouse Gas (GHG) emissions due to lighting in lecture rooms during
different sessions of the day for the month of March 2023, expressed in kgCO2eq highlights the
environmental implications and the importance of Energy Demand Side Management (DSM) in

Institutions of Higher Learning Lecture rooms.

The data reveals a clear variation in GHG emissions across different sessions. The evening session
has the highest GHG emissions, followed by the afternoon and morning sessions. This variation
underscores the need to optimize energy consumption during peak hours to reduce environmental
impact. Higher GHG emissions during peak hours, such as the evening session, indicate that
energy consumption during these times contributes significantly to carbon emissions.
Implementing DSM strategies to manage energy demand during peak hours can directly contribute

to reducing carbon emissions.

The data underscores the role of energy-efficient lighting technologies in reducing GHG
emissions. Energy-efficient lighting options, such as LEDs, consume less energy and result in
lower emissions per unit of energy consumed. Implementing DSM strategies that focus on energy

conservation, load shedding, and efficient lighting can substantially reduce the institution's carbon
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footprint. This aligns with global efforts to mitigate climate change and reduce overall

environmental impact.

By optimizing energy consumption and reducing GHG emissions, institutions contribute to
environmental sustainability and potentially lower costs associated with carbon taxes or emission-
related charges. The cumulative impact of GHG emissions over the course of a month can be
significant. By adopting DSM practices, institutions can proactively reduce their contribution to

climate change and demonstrate their commitment to environmental responsibility.

In conclusion, the GHG emissions associated with different sessions in the month of March
underscore the crucial role of DSM in minimizing the environmental impact of energy
consumption within Institutions of Higher Learning Lecture rooms. The variability in emissions
throughout the day emphasizes the need for strategies that optimize energy consumption, reduce
peak emissions, and promote energy-efficient technologies. By implementing effective DSM
measures, institutions can contribute to a greener future, align with sustainability goals, and foster

a culture of responsible energy usage.

4.6 Proposed energy management measures Institutions of Higher Learning Lecture rooms
can undertake to minimize energy wastage.
This recommendation emerged subsequent to the comprehensive exposition and deliberation on

the findings stemming from the economic, social, and environmental evaluations. The
identification of the most viable Demand Side Management (DSM) strategies is rooted in the
outcomes derived from the pursuit of objectives (i), (ii), and (iii). These outcomes pave the way
for formulating the most practical and tenable approach to implementing DSM within Institutions

of Higher Learning.

The analysis of the provided data and its corresponding interpretive insights yield a spectrum of
pragmatic Energy Demand Side Management (DSM) strategies, offering avenues for institutions
of higher learning to ameliorate energy wastage within lecture rooms. These strategies, informed
by empirical evidence, hold the potential to not only abate energy consumption but also foster a

sustainable energy consumption paradigm.

Dynamic Lighting Control emerges as a prudent approach in the quest for energy conservation.
Encompassing the integration of intelligent lighting systems equipped with occupancy and

daylight sensors, this strategy engenders an adaptive luminance environment. The sensors facilitate
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the activation of lights solely in the presence of occupants and the modulation of illumination
levels in response to ambient natural light levels. Such responsive luminosity management
circumvents the superfluous use of lighting during periods of low occupancy and ample natural
light, consequently mitigating energy waste.

Automated Lighting Schedules, underpinned by programmable lighting control systems, constitute
a methodological intervention aimed at curbing unnecessary energy expenditure. This approach,
harmonized with the temporal parameters of lecture sessions and occupancy patterns, orchestrates
the activation and deactivation of lighting systems with precision. By extinguishing lighting
fixtures during periods of inactivity, this practice upholds the principle of energy thriftiness.

Energy-Efficient Lighting Technologies, particularly the transition to Light Emitting Diode (LED)
bulbs, imparts tangible dividends in energy conservation. The intrinsic attributes of LEDs,
including superior energy efficiency and extended operational lifespans, contribute synergistically

to energy parsimony and concomitant curtailment of maintenance costs.
From the further analysis of the 36W fluorescent tube, the following assumptions can be made:

Table 6: Assumptions on the market prices of both LED and Fluorescent tubes

Variables Value Unit
LED Wattage 20 Wiatts
LED Single Unit cost 30,000 UGX
Existing Light Wattage 36 Watts
Existing Light Unit Cost 10,000 UGX
Number of lamps (LFL) 434 Lamps
Running time per day 12 Hours
Operational days per year 365 Days
Cost of energy /kWh 682.3 UGX
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From Table 6, the following computations can be made:

Table 7: Cost of replacing existing Lights with LED Lights

Calculations Existing system LED
Electrical cost

Electrical Load of lamps 15,624 8,680
Running time per year (hours) 4,380 4,380
Energy consumed per year (KWh) 68,433.12 38,018.4
Energy demand saving (kWh) 0 30,414.72
Total cost of energy per year (UGX) 46,691,917.78 25,939,954.32
Saving per year (UGX) 0 20,751,963.46
Capital Requirements

Purchase requirement cost 4,340,000 13,020,000
Installation cost per unit (UGX) 2,000 1,000
Installation cost (UGX) 868,000 434,000
Total capital investment requirement (UGX) 5,208,000 13,454,000
Net investment requirement (UGX) 0 20,751,963.46
Total operating costs per year (UGX) 51,899,917.78 39,393,954.32
Total savings first year 0 20,751,963.46

Source: Author’s own computation using observational empirical data
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From the above, we can generate a plot to visualize the computations.

Existing Lights,
51,899,917.78

Figure 20: A comparison of the total operating costs of the existing Lights and LED Lights
Source: Author’s own computation using observational empirical data

From the above, it is evident that the operating costs of existing lights is way much higher than
that of the LED lights. In addition, the variations in the energy consumed by the two sets of lights

can be illustrated in Figure 21.
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Existing Lights,
68,433.12

Figure 21: A variation of the energy consumptions between Existing Lights and LED Lights in
kWh throughout the year
Source: Author’s own computation using observational empirical data

These calculations demonstrate the financial and energy-saving benefits of switching from the
existing lighting system to LED. The LED system significantly reduces energy consumption,
leading to substantial cost savings over time. While there is an initial capital investment
requirement for the LED system, the savings in energy costs make up for this investment in the

first year and continue to provide cost benefits in subsequent years.

Occupancy-based lighting, predicated on the deployment of occupancy sensors and responsive
controls, furnishes a compelling mechanism to mitigate energy profligacy. By engendering a
lighting paradigm that solely corresponds to occupied spaces, this strategy effectively nullifies
energy wastage in areas devoid of human presence, such as unoccupied lecture rooms and

corridors.

Enforcing fines for leaving lights on in unoccupied rooms serves as a direct and tangible incentive
for individuals to be more mindful of their energy consumption habits. This approach creates an
immediate consequence for energy wastage, encouraging students, faculty, and staff to actively
participate in the energy-saving endeavor. Fines provide a visible deterrent against leaving lights

on unnecessarily, promoting a culture of responsibility and accountability for energy usage within
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the academic community. Furthermore, the introduction of fines can serve as a catalyst for
behavioral change. As individuals become more conscious of the financial implications associated
with energy wastage, they are likely to adopt more energy-efficient practices. This behavioral shift
can extend beyond just turning off lights; it can lead to a broader understanding of energy
conservation and inspire individuals to adopt other sustainable habits in their daily routines.

By adopting this comprehensive repertoire of DSM strategies, institutions of higher learning can
effectuate a holistic transformation toward energy-efficient lecture room environments. These
strategies, validated by data-driven insights accentuating energy consumption variations,
optimization prospects, and financial ramifications, underscore their critical role in

institutionalizing sustainability and curtailing operational costs.
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CHAPTER FIVE

5.0 DISCUSSION OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction
In this chapter, the findings presented in chapter four are discussed, conclusions drawn, and

recommendations suggested based on the study's objectives and research questions. It further
discusses the limitations of the study and the proposition of areas for further research. The journey
included literature review, theoretical analysis, methodology, and empirical results to
comprehensively understand energy management in these educational spaces. The study bridges
the gap between theory and practice, presenting findings that shed light on the efficacy of Energy
DSM strategies within higher education lecture rooms. This chapter serves as a conduit for
informed decision-making and further exploration in the domain of energy efficiency within
lecture rooms, emphasizing the potential for sustainable practices. The study strives to illuminate
the interplay between theory and real-world application through rigorous analysis, offering
insights that can reshape energy consumption practices in higher education institutions. The
outcomes detailed in this chapter underscore the potential for transformation and sustainable

practices in the context of lecture room energy management.

5.2 Discussion of results
The discussion of the results was rooted in the study's objectives and subsequent findings, as

follows:

5.2.1 The Energy consumption due to daytime lighting in Lecture rooms
In the energy demand side management (DSM) realm within higher education lecture rooms, the

interplay between the study's findings and the existing literature showcases both areas of
agreement and divergence. The study's observations on energy consumption variations across
sessions resonate with the literature's recognition of the dynamic nature of energy needs (Warren,
2019). This consensus underscores the significance of adapting energy usage to actual demand,
thereby highlighting the potential of DSM strategies to optimize energy utilization (Usman et al.,
2022). Similarly, the study's identification of evening session dominance in energy consumption
aligns with literature discussing the challenge of increased demand for artificial lighting during
darker hours (Bakare et al., 2023). This common ground underscores the urgency for DSM
measures to address this demand surge, effectively bridging the gap between energy supply and

demand (Sylvia et al., 2013). Furthermore, the study's revelation of afternoon session energy
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disparity is in harmony with the literature's emphasis on varying occupancy patterns and daylight
availability affecting energy consumption (Hussain et al., 2021). This correspondence reinforces
the necessity for flexible lighting solutions and DSM techniques to curtail unnecessary energy
usage (Pratt & Erickson, 2020). Additionally, the study's emphasis on energy savings due to faulty
lights is aligned with the literature's recognition of operational inefficiencies' impact on
consumption (William et al., 2023), yet the study does not extensively explore financial facets as
the literature does.

5.3 Energy daily costs incurred due to daytime lighting of Lecture rooms
The findings concerning energy costs due to lighting across different sessions in Ugandan shillings

present key implications for Energy Demand Side Management (DSM) in Institutions of Higher
Learning Lecture rooms. The variation in energy costs throughout the day highlights the
importance of optimizing energy consumption to avoid unnecessary expenses (Usman et al., 2022).
Notably, the higher costs during peak hours, like the evening session, underscore the necessity for
effective DSM strategies that manage energy demand during periods of heightened usage (Sylvia
et al., 2013). Strategies such as load shedding and energy-efficient technologies can mitigate costs

during these high-demand hours, ultimately reducing expenses (Bakare et al., 2023).

Additionally, the study acknowledges the potential application of peak demand charges during the
evening session, emphasizing the significance of DSM to circumvent these charges and achieve
substantial cost savings (Ma & Fu, 2020). The study's recognition of the financial impact of
inefficient energy consumption aligns with the literature highlighting the relevance of financial
development and demand-side policies (Warren, 2019). Furthermore, the study's emphasis on
energy-efficient lighting technologies resonates with literature discussing the adoption of energy-

efficient strategies to reduce costs without compromising quality (Panda et al., 2022).

Conclusively, the data on energy costs in different sessions aligns with the literature's focus on
DSM's financial, technological, behavioural, institutional, and environmental dimensions. The
study's emphasis on session-based energy cost variations underscores the need for strategies to
optimize energy consumption and reduce peak demand charges, aligning with literature discussing
cost-effective measures (Usman et al., 2022). Ultimately, the findings underscore DSM's critical
role in managing energy demand and costs within Institutions of Higher Learning Lecture rooms,

and they echo the literature's stance on the multifaceted nature of DSM strategies (Dahiru et al.,
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2023). By adopting effective DSM practices, institutions can significantly reduce costs, foster
sustainability, and allocate resources more judiciously, which is in line with the literature's

emphasis on effective energy management practices (Tamilarasu et al., 2021).

5.4 Green House Gas emissions due to daytime lighting of Lecture room
The data provided on Greenhouse Gas (GHG) emissions resulting from lighting in lecture rooms

during different sessions of the day for March 2023 underscores the environmental significance of
Energy Demand Side Management (DSM) within Institutions of Higher Learning Lecture rooms.
The clear variation in GHG emissions across sessions highlights the need to optimize energy
consumption during peak hours to mitigate the environmental impact, aligning with the literature’s
emphasis on energy conservation and efficiency (Usman et al., 2022; Sylvia et al., 2013). Notably,
the highest emissions during peak hours, particularly in the evening session, emphasize the
contribution of energy consumption to carbon emissions and the direct role of DSM strategies in

reducing these emissions (Bakare et al., 2023).

The study's recognition of energy-efficient lighting technologies' potential to reduce GHG
emissions aligns with the literature's discussion on the adoption of such technologies to lower
emissions per unit of energy consumed (Panda et al., 2022). The connection drawn between DSM
strategies, energy conservation, load shedding, and efficient lighting underscores the study's
alignment with global efforts to mitigate climate change and environmental impact (Nasir et al.,
2021). Moreover, the mention of lower costs associated with carbon taxes or emission-related
charges aligns with the literature's acknowledgement of the financial implications of energy

consumption and emissions (Warren, 2019).

The study's emphasis on the cumulative impact of GHG emissions and the potential role of DSM
practices in reducing an institution's contribution to climate change resonates with the literature's
overarching focus on environmental sustainability and carbon footprint reduction (Dahiru et al.,
2023). The study's conclusion aligns with the literature's call for strategies to optimize energy
consumption, reduce peak emissions, and foster responsible energy usage to achieve a greener
future (Tamilarasu et al., 2021). Incorporating the Unified Theory of Acceptance and Use of
Technology (UTAUT) provides a theoretical lens that aligns with the study's emphasis on
financial, technological, behavioural, and environmental factors shaping DSM adoption

(Hewavitharana et al., 2021). The empirical review further solidifies the study's findings, with
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literature consistently discussing the impact of financial, technological, behavioural, institutional,
and environmental factors on DSM strategies (Ma & Fu, 2020; Nasir et al., 2021; Sloot et al.,
2023; Usman et al., 2022). The literature emphasizes the multifaceted nature of DSM solutions
and the importance of tailored approaches in achieving energy efficiency and sustainability goals
(Elio et al., 2021).

In conclusion, the study's analysis of GHG emissions during different sessions aligns well with the
literature's emphasis on the multifaceted dimensions of DSM and their impact on environmental
sustainability. The study's emphasis on DSM strategies, energy-efficient technologies, and
environmental responsibility resonates with the literature's focus on the need for effective
measures to reduce emissions, mitigate climate change, and promote responsible energy

management in various settings.

5.5 Recommendations
Policy Recommendations

In light of the extensive research analysis, literature review, and study results, several policy
recommendations emerge to enhance energy efficiency and sustainability within higher education

institutions' lecture rooms.

Firstly, the implementation of mandatory energy efficiency standards is crucial. Enforcing
regulations that stipulate the adoption of energy-efficient lighting technologies, occupancy
sensors, and daylight harvesting systems would establish a foundation for effective energy

conservation practices.

Secondly, the integration of renewable energy sources should be incentivized. By offering grants,
subsidies, or tax incentives, institutions can encourage the installation of solar panels on campus
buildings, reducing reliance on conventional energy sources and decreasing greenhouse gas

emissions.

Lastly, fostering a culture of education, collaboration, and behaviour change is paramount. This
can be achieved through curriculum integration, collaborative research initiatives, and widespread
awareness campaigns. Empowering students, faculty, and staff with the knowledge and tools to
embrace energy-efficient practices can catalyze a collective effort toward a more sustainable

future.
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By adopting these recommendations, institutions can proactively address energy consumption
challenges, reduce costs, and contribute to broader environmental goals. The synergy of mandatory
standards, renewable energy integration, and transformative educational initiatives can pave the

way for enhanced energy management within lecture rooms and beyond.

Practical Recommendations to Institutions of Higher Learning

To begin, a strategic approach involves retrofitting existing lighting systems with advanced
technologies. Incorporating occupancy sensors and daylight sensors can intelligently regulate
lighting levels based on room occupancy and natural light availability. This targeted control
minimizes unnecessary energy consumption, fostering a more efficient energy use pattern.
Conducting regular energy audits of lecture rooms is paramount. These audits help identify energy
inefficiencies and provide insights into areas that require improvement. By quantifying energy
consumption patterns, institutions can establish a baseline for energy-saving initiatives and track

progress over time.

Transitioning to energy-efficient LED lighting is a tangible step towards sustainability. LED bulbs
consume significantly less energy and have longer lifespans, reducing both electricity consumption
and maintenance costs. Alongside this, the implementation of automated lighting controls is
recommended. Utilizing programmable lighting systems aligned with lecture schedules can ensure
lights are activated only when needed. This can curb energy wastage during unoccupied periods.
A proactive approach to maintenance, including prompt repair of faulty lights, contributes to
energy savings. Regular inspections can detect malfunctioning fixtures, preventing unnecessary

energy use and associated costs.

Moreover, occupancy-based lighting controls offer promising benefits. Integrating sensors that
detect room occupancy and adjust lighting accordingly can lead to substantial energy reduction in
unoccupied areas. Task lighting solutions, which direct light to specific areas rather than uniformly
illuminating entire rooms, effectively balance illumination and energy conservation. As part of a
comprehensive strategy, institutions can conduct energy awareness campaigns to engage students,
faculty, and staff in responsible energy use practices. Encouraging habits such as switching off

lights when leaving rooms contribute to collective energy savings.

During peak hours, load-shedding strategies can be employed. Implementing protocols that

temporarily reduce non-essential lighting or reschedule activities to off-peak times can alleviate
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peak energy demand. The integration of renewable energy sources, like solar panels on campus
buildings, offers a dual advantage. It offsets energy consumption from the grid and contributes to
reduced carbon emissions. Furthermore, data monitoring and analysis play a vital role in DSM.
Deploying energy monitoring systems enables institutions to identify trends, evaluate the
effectiveness of measures, and refine strategies accordingly.

Engaging students through involvement in energy-saving initiatives can drive sustainability across
the campus. Encouraging them to develop and implement energy-efficient projects can yield
innovative solutions while fostering a culture of environmental responsibility. Faculty training on
efficient classroom lighting management is also crucial. Equipping instructors with knowledge
about lighting controls and energy-conscious practices enables them to lead by example.
Additionally, instituting incentive programs that acknowledge individuals or departments for

consistent energy-saving behaviour can stimulate engagement and commitment.

A collaborative approach involving facilities management, environmental clubs, and academic
departments ensures a holistic implementation of DSM practices. By working together, institutions
can pool resources, expertise, and perspectives to create a campus-wide culture of energy
efficiency. These practical recommendations collectively contribute to minimizing energy
wastage, reducing operational costs, and advancing sustainability goals within higher education

institutions.

5.6 Limitations of the study
Despite the valuable insights gained from this study, several limitations should be acknowledged.

Firstly, the study's scope was limited to a specific subset of higher education institutions,
potentially impacting the generalizability of the findings. The selected institutions may have
unique energy consumption patterns, infrastructure, and cultural factors that differ from other
institutions, limiting the study's applicability on a broader scale. Future research could benefit from
a more diverse and representative sample of institutions to ensure a comprehensive understanding

of energy consumption behaviours.

Another limitation is the reliance on collected data from a single month (March 2023) to draw
conclusions about energy consumption and associated factors. Energy consumption patterns can
exhibit seasonal variations due to factors like weather, academic schedules, and special events,

which may not be fully captured within this short timeframe. A longer data collection period could
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provide a more accurate representation of energy consumption trends throughout different seasons
and academic periods.

Additionally, the study primarily focused on energy consumption related to lighting in lecture
rooms, which is just one aspect of energy usage within higher education institutions. Other factors,
such as heating, cooling, and electronics, contribute to the overall energy footprint of these
institutions. The study's limited focus on lighting may not provide a complete picture of energy
management strategies required for comprehensive sustainability efforts. Future studies could

consider a broader examination of energy consumption sources to provide a more holistic view.

Furthermore, the study did not extensively delve into qualitative aspects such as the attitudes,
perceptions, and behaviours of students, faculty, and staff members towards energy conservation.
Qualitative insights could offer a deeper understanding of the social and cultural dynamics that
influence energy consumption practices and the adoption of energy-saving measures.
Incorporating qualitative research methods, such as interviews or surveys, could enhance the
study's depth and provide a well-rounded perspective.

5.7 Areas of further research

The current study has shed light on critical aspects of energy consumption and Energy Demand
Side Management (DSM) practices within a specific subset of higher education institutions.
However, there are several avenues for further research that could expand and deepen our

understanding of this topic.
Comprehensive Energy Footprint

Extend the research to encompass a broader examination of energy consumption patterns beyond
lighting, encompassing heating, cooling, electronic devices, and other energy-consuming activities
within higher education institutions. Analyzing the entire energy footprint can provide a more

holistic perspective on potential energy-saving strategies.
Longitudinal Analysis

Conduct a longitudinal study that spans multiple academic years to capture seasonal variations in
energy consumption and DSM practices. This longer timeframe could reveal patterns and trends

that short-term studies may overlook.
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Qualitative Explorations

Incorporate qualitative research methods such as interviews, focus groups, or surveys to gain
insights into the attitudes, perceptions, and behaviours of students, faculty, and staff regarding
energy conservation. Qualitative data can help identify barriers, motivations, and potential

strategies for encouraging energy-saving practices.
Technological Advancements

Investigate emerging technologies, such as smart grid systems, advanced energy management
systems, and Al-driven energy optimization tools, and assess their potential for enhancing DSM

strategies and reducing energy consumption.

71



References
Aalami, H. A., Pashaei-Didani, H. & Nojavan, S. (2019). Deriving nonlinear models for incentive-
based demand response programs. International Journal of Electrical Power Energy

Systems, 106, 223-231.

Ajzen, 1. (1985). From intentions to actions: A theory of planned behavior. In J. Kuhl & J.

Beckmann (Eds.), Action control: From cognition to behavior (pp. 11-39). Springer.

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human Decision

Processes, 50, (2), 179-211.

Albadi, M. H., & El-Saadany, E. F. (2007). Demand Response in Electricity Markets: An
Overview. In Proceedings of the 2007 IEEE Power Engineering Society General Meeting,

(PES) Tampa, FL, USA. 1-5. https://doi.org/10.1109/PES.2007.385728

Albadi, M. H., & El-Saadany, E. F. (2008). A summary of the demand response in electricity
markets. Electric Power Systems Research. 78, 1989-1996.

doi:10.1016/j.epsr.2008.04.002

Ambole, A., Koranteng, K., Njoroge, P., & Luhangala, D. L. (2021). A review of energy
communities in Sub-Saharan Africa as a transition pathway to energy democracy.

Sustainability, 13, (4), 2128. https://doi.org/10.3390/su13042128
Babbie, E. (2011). Introduction to social research (5" Ed.). Belmont, CA: Wadsworth.

Bakare, M. S., Abdulkarim, A., Zeeshan, M., & Shuaibu, A. N. (2023). A comprehensive overview
on demand side energy management towards smart grids: Challenges, solutions, and future

direction. Energy Informatics, 6, (1), 1-59. https://doi.org/10.1186/s42162-023-00262-7

72



Bamberg, S., & Mdser, G. (2007). Twenty years after Hines, Hungerford, and Tomera: A new
meta-analysis of psycho-social determinants of pro-environmental behavior. Journal of

Environmental Psychology, 27, (1), 14-25.

Bandera, C. F, Porsani, G. B. & Iglesias, M. F. (2022). A Demand side management approach to
increase  self-consumption in  buildings. Building Simulation 16, 317-335.

https://doi.org/10.1007/s12273-022-0933-9

Bandera, C., Zufferey, D., & Scartezzini, J. L. (2022). An energy management system for demand-
side management in buildings: A case study in a university campus. Energy, 238, 121771.

doi:10.1016/j.energy.2021.121771

Banerjee, A., & Chaudhury, S. (2010). Statistics without tears: Population and samples. Industrial

Psychiatry Journal, 19, (1), 60-65. DOI: 10.4103/0972-6748.77642

Behrangrad, M. (2015). A review of demand side management business models in the electricity
market.  Renewable and  Sustainable  Energy  Reviews. 47, 270-283.

https://doi.org/10.1016/j.rser.2015.03.033

Bongomin, O. & Nziu, P. (2022). A critical review on the development and utilization of energy
systems in Uganda. The Scientific World Journal. Article ID 2599467, 25 pages.

https://doi.org/10.1155/2022/2599467

Borenstein, S. (2008). Equity effects of increasing-block electricity pricing. University of
California Energy Institute. Center for the study of energy markets.

https://eml.berkeley.edu/~webfac/moretti/e251_s09/borenstein.pdf

73



Brooks, A., Lu, E., Reicher, D., Spirakis, C. & Weilh, B. (2010). Demand dispatch: Using Real-
Time Control of Demand to help Balance Generation and Load. IEEE Power energy

magazine. 8, (3), 20-29.
Bryman, A. (2008). Social Research Methods (3™ Ed.). Oxford: Oxford University Press.

Cantarero, M. M. V. (2020). Of renewable energy, energy democracy and sustainable
development: A roadmap to accelerate the energy transition in developing countries.
Energy research and social science. 70, 101716.

https://doi.org/10.1016/j.erss.2020.101716

Canterero, D. (2020). The COVID-19 pandemic and its impact on renewable energy. Energy

Research & Social Science, 68, 101685. doi:10.1016/j.erss.2020.101685

Chen, X., Li, S., & Wang, Z. (2021). Optimal Demand-Side Management for Renewable Energy

Integration. IEEE Transactions on Smart Grid, 12, (2), 1778-1787.

Chowdhury, J. 1., Hu, Y., Balta-Ozkan, H., Halta, H., Matthew, G. J. & Varga, L. (2018). Reducing
industrial energy demand in the UK: A review of energy efficiency technologies and
energy saving potential in selected sectors. Renewable and Sustainable Energy Review. 94,

1153-1530. https://doi.org/10.1016/j.rser.2018.06.040

Corbett, C. J., Zhang, Y., & Fu, Y. (2018). Commercial building load management for frequency

regulation. Applied Energy, 229, 475-483. doi:10.1016/j.apenergy.2018.07.045

Corbett, J., Wardle, K., & Chen, C. (2018). Toward a sustainable modern electricity grid: The

effects of smart metering and program investments on demand-side management

74



performance in the U.S. electricity sector. IEEE Transactions on Engineering Management

2009-2012. 65, 252-263. https://doi.org/10.1109/TEM.2017.2785315

Cui, Q., Wang, X., Wang, X. & Zhang, Y. (2015). Residential appliances direct load control in
real-time using cooperative game. IEEE Transactions on Power systems. 31 (1) 226-233.

https://doi.org/10.1109/TPWRS.2015.2391774

Daily Monitor. (20214a). Kyambogo University broke - VC.
https://www.monitor.co.ug/uganda/news/education/kyambogo-university-broke-vc-

1619950

Daily Monitor. (2021b). Makerere University to save Shsl.2b on power bills.
https://www.monitor.co.ug/uganda/business/finance/makerere-university-to-save-shsl-

2b-on-power-bills-1469454

Datchanamoorthy, S., Kumar, S., Ozturk, Y. & Lee, G. (2011). Optimal time-of-use pricing for
residential load control. IEEE Conference on Smart Grid Communications.
(SmartGridComm), Brussels, Belgium. 357-380.

https://doi.org/10.1109/SmartGridComm.2011.6102350

Deconinck, G. & Thoelen, K., (2019). Lessons from 10 Years of Demand Response Research:
Smart Energy for Customers? IEEE Systems, Man, and Cybernetics Magazine. 5, (3) 21-

30 https://doi.org/10.1109/MSMC.2019.2920160

Evuti, A. M, Baba, Y. M. & Adeyemi, K. (2020). A study of energy demand and consumption in
University of Abuja, Nigeria. IOP Conference Series: Earth and Environmental Science.

476. doi:10.1088/1755-1315/476/1/012087

75



Fashina, A., Mundu, M., Akiyode, O., Abdullah, L., Sanni, D., & Ounyesiga, L. (2019). The
drivers and barriers of renewable energy applications and development in Uganda: a

review. Clean Technologies, 1, (1), 9-39. https://doi.org/10.3390/cleantechnol1010003

Fishbein, M., & Ajzen, 1. (1975). Belief, Attitude, Intention, and Behavior: An Introduction to

Theory and Research. Addison-Wesley.

Gazafroudi, A. S., Hooshmand, R. A., Shayanfar, H. A., & Mohammadi-Ivatloo, B. (2019).
Integrated optimization of demand response program and distributed generation in smart
distribution  networks considering load uncertainty. Energy, 168, 618-634.

doi:10.1016/j.energy.2018.12.110

Gazafroudi, A. S., Soares, J., Ghazvini, M. A. F., Pinto, T., Vale, Z., & Corchado, J. M. (2019).
Stochastic interval-based optimal offering model for residential energy management
systems by household owners. Electric Power and Energy Systems. 105, 201-2109.

https://doi.org/10.1016/j.ijepes.2018.08.019

Gotebiowska, B., Bartczak, A., & Czajkowski, M. (2020). Energy demand management and social

norms. Energies, 13, (15), 3779. https://doi.org/10.3390/en13153779

Graziano, A. M., Jensen-Campbell, L. A., & Hair, E. C. (2015). Perceived attitudes and norms
about help-giving and help-seeking among college students. Journal of Social and Clinical

Psychology, 34, (5), 436-461.

Green Energy Policy Report. (2023). Environmental Policies and Their Implications for Demand-

Side Management. https://www.greenenergypolicyreport.com/dsm-implications

76



Halcomb, E. J., Andrew, S., & Brannen, J. (2009). Introduction to mixed methods research for
nursing and the health sciences. Mixed methods research for nursing and the health

sciences, 3-12. https://doi.org/10.1002/9781444316490.ch1

Han, J. & Piette, M. A. (2008). Solutions for summer electric shortages: Demand response and its
applications in air conditioning and refrigerating systems. Energy Technologies Area.

https://eta-publications.Ibl.gov/sites/default/files/63806.pdf

Han, Q., Nieuwenhijsen, I., De Vries, B., Blokhuis, E., & Schaefer, W. (2013). Intervention
strategy to stimulate energy-saving behavior of local residents. Energy Policy, 52, 706-

715. https://doi.org/10.1016/j.enpol.2012.10.031

Han, Q., Nieuwenhijsen, 1., De Vries, B., Blokhuis, E., & Schaefer, W. (2013). Intervention
strategy to stimulate energy-saving behavior of local residents. Energy Policy, 52, 706-

715. https://doi.org/10.1016/j.enpol.2012.10.031

Hérkonen, K., Hannola, L., Lassila, J., & Luoranen, M. (2022). Assessing the electric demand-
side management potential of Helsinki's public service building stock in ancillary markets.

Sustainable Cities and Society, 76, 103460. https://doi.org/10.1016/j.s¢s.2021.103460

Herter, K. (2007). Residential implementation of critical-peak pricing of electricity. Energy Policy.

35, (4) 2121-2130. https://doi.org/10.1016/j.enpol.2006.06.019

ERA (2023) UMEME End-User tariffs. https://www.era.go.ug/index.php/tariffs/tariff-

schedules/756-umeme-end-user-tariff-q1-2023/download

IEA (2019). World Energy Outlook 2019, IEA, Paris https://www.iea.org/reports/world-energy-

outlook-2019, License: CC BY 4.0

77



Javaid, N., Alrajeh, N., Alabed, M. S., Alzahrani, B., & Alamri, A. (2018). A cloud-assisted smart
home energy management system using deep learning approach. IEEE Transactions on

Consumer Electronics.

Javaid, N., Hafeez, G., Iqubal, S., Alrajeh, N., Alabed, M. S., & Guizani, M. (2018). Energy
efficient integration of renewable energy source in the smart grid for demand side
management. A Section on energy management in buildings. IEEE Access p. 6, 77077—

77097. https://doi.org/10.1109/ACCESS.2018.2866461

Jensen, S. @., Madsen, H., Lopes, R., Junker, R. G., Aelenei, D., Li, R., Metzger, S., Lindberg, K.
B., Marszal, A. J., Kummert, M., Bayles, B., Mlecnik, E., Lollini, R., & Pasut, W.(2017).
Energy and Buildings. IEA EBC Annex 67 Energy Flexible Buildings. 155: 25-34.

https://doi.org/10.1016/j.enbuild.2017.08.044

Johnson, B. & Christensen, L. (2012). Educational Research, Qualitative, Quantitative and Mixed

Approach. (4" ed.). California: SAGE Publication.

Jones, M., & Brown, K. (2022). The Impact of Environmental Policies on Demand-Side

Management Adoption. Energy Economics, 99, 1054309.

Khan, A. (2022). Impact of Climate Change on Demand-Side Management: A Case Study of

Urban Areas. International Journal of Energy and Environment, 13, (2), 157-1609.

Khan, A. R., Mahmood, A., Safdor, A., Khan. Z. A., & Khan, N. A. (2016). Load forecasting,
dynamic pricing and DSM in a smart grid: A review. Renewable and Sustainable Energy
reviews. 54, 1311-1322.
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%
252Fj.rser.2015.10.117;h=repec:eee:rensus:v:54:y:2016:i:c:p:1311-1322

78



Khan, 1. (2019). Energy-saving behaviour as a demand-side management strategy in the
developing word: Case of Bangladesh. International Journal of Energy and Environmental

Engineering. 10, 493-510. https://doi.org/10.1007/s40095-019-0302-3

Kothari, C. R. (2004). Research methodology: Methods and techniques. New Delhi: New Age
International (P). Publishers.  https://ccsuniversity.ac.in/bridge-library/pdf/Research-

Methodology-CR-Kothari.pdf

Kua, H. W., & Wong, S. E. (2012). Lessons for integrated household energy conservation policies
from an intervention study in  Singapore. Energy  policy, 47,  49-56.

https://doi.org/10.1016/j.enpol.2012.04.009

Kumar, D. S., Varma, P. A., Kumar, J. S., Kumar, K. A., & Babu, P. R. (2021). Demand Side
Management Techniques for Peak Reduction. International Research Journal for Research
in  Applied Science and Engineering  Technology. 9 (VII)  45-98.

https://doi.org/10.22214/ijraset.2021.36979

Lee, S., Park, J., & Kim, T. (2023). Weather-Dependent Demand Response Strategies for Energy

Management. Energy Policy, 159, 112345.

Ma, Q., Wang, X., & Li, W. (2016). The influence of energy-saving behavior of college students:
An empirical study based on the theory of planned behavior. Journal of Clean Energy

Technologies, 4, (3), 175-180.

Manu, S., Shukla Y., Rawal R., Thomas L.E, De Dear R. (2016). Field Studies of Thermal Comfort
across Multiple Climate Zones for the Subcontinent: India Model for Adaptive Comfort
(IMAC). Building and Environment; 98, 55 70, https://doi.org/10.1016/j.buildenv.2015.

12.019

79



Mohagheghi, S., Stoupis, J., Wang, Z., Li, Z. & Kazemzadeh, H. (2010). Demand response
architecture: integration into the distribution management system. 2010 First IEEE
International Conference on Smart Grid Communications. Gaithersburg, MD, USA. 1 (2)

120-133. https://doi.org/10.1109/SMARTGRID.2010.5622094

Mukisa, N., Zamora, R., Lie, T. T., Wu, X. & Che, G. (2021). Multi criteria analysis ranking of
solar photovoltaic modules manufacturing countries by an importing country: A case of

Uganda. Solar Energy, 223, 326-345. https://doi.org/10.1016/j.solener.2021.05.078

Nasir, T., Bukhari, S. S. H., Raza, S., Munir, H. M., Abrar, M. Mugeet, H. A., Bhatti, K. L., Ro, J.
S., & Masroor, R. (2021). Recent Challenges and Methodologies in Smart Grid Demand
Side Management: State-of-the-Art Literature Review. Mathematical Problems in

Engineering. https://doi.org/10.1155/2021/5821301

Ngulube, P. (2010). Mapping mixed methods research in Library and information science journals
in Sub-Saharan Africa, 2004-2008. The International Information & Library Review, 42,

(4), 252-261. http://dx.doi.org/10.1016/j.iilr.2010.10.005

Ojolo, S. J., Oyedepo, S. O., & Sivakumar, A. (2016). Energy demand side management in
educational institutions: A case study of Covenant University, Nigeria. Energy, 117, (Part

1), 740-750.

Okoboi, G. & Mawejje, J. (2016). Electricity peak demand in Uganda: insights and foresight.

Energy, Sustainability and Society. 6. 10.1186/s13705-016-0094-8.

Ouellette, J. A., & Wood, W. (1998). Habit and intention in everyday life: The multiple processes

by which past behavior predicts future behavior. Psychological Bulletin, 124, (1), 54-74.

80



Owusu, P. A., & Asumadu-Sarkodie, S. (2016). A review of renewable energy sources,
sustainability issues, and climate change mitigation. Cogent Engineering. 3, (1), 1-14.

http://dx.doi.org/10.1080/23311916.2016.1167990

Ozturk, 1. (2010). A literature survey on energy-growth nexus. Energy Policy. 38, (1) 340-349.

https://doi.org/10.1016/j.enpol.2009.09.024

Palensky, P. & Dietrich, D. (2011). Demand Side Management: Demand Response, Intelligent
Energy Systems, and Smart Loads. IEEE Transactions on Industrial Informatics. 7, (3)

381-388. https://doi.org/10.1109/T11.2011.2158841

Panda, S., Mohanty, S., Rout, P. K., Sahu, B. K., Bajaj, M., Zawbba, H. M. & Kamel, S. (2022).
Residential Demand Side Management model, optimization and future perspective: A

review. Energy Reports. 8, 3727-3766. https://doi.org/10.1016/j.egyr.2022.02.300

Perez, R., Zhang, F., Smith, P., & Johnson, K. (2021). Weather-Sensitive Demand Response

Programs for Peak Load Management. Applied Energy, 288, 116564.

Potter, J., Stuart, E. & Cappers, P. (2018). Barriers and opportunities to broader adoption of
integrated demand side management at electric utilities. A Scoping study .US Department

of energy efficiency and renewable energy. https://doi.org/10.2172/1425437

Saebi, J., Taheri, H., Mohammadi, J. & Nayer, S. S. (2010). Demand bidding/ buyback modeling
and its impact on market clearing price. 2010 IEEE International Energy Conference. 791-

796. https://doi.org/10.1109/ENERGYCON.2010.5771788

Sanchez-Escobar, M. O., Noguez, J., Molina-Espinosa, J. M., Lozano-Espinosa, R. & Vargas-

Solar, G. (2021). The contribution of bottom-up energy models to support policy design of

81



electricity end-use efficiency for residential buildings and the residential sector: a

systematic review. Energies, 14, 6466. https://doi.org/10.3390/ en14206466

Seale, W. H., & Ansolabehere, S. D. (2017). Behavior and energy policy: What can behavioral

economics teach us? Energy Policy, 102, 54-61.

Shad, M., Momeni, A., Errouissi, R., Diduch, C. P., Kaye, M. E. & Chang, L. (2015). Identification
and estimation of electric water heaters in direct load control programs. IEEE Transactions

on. Smart Grid. 6 (2) 675-683. https://doi.org/10.1109/TSG.2015.2492950

Shaikh, P. H., Nor, N. B. M., Nallagownden, P. & Elamvazuthi, 1. (2018). Intelligent multi-
objective optimization for building energy and comfort management. Journal of King Saud
University-Engineering Sciences. 30, (2 195-204.

https://doi.org/10.1016/j.jksues.2016.03.001

Smeets, E. M., & Schmeets, J. J. G. (2014). The Theory of Planned Behavior applied to energy

saving behavior in the Netherlands. Energy Policy, 66, 547-555.

Smith, J., Brown, A., & Miller, C. (2020). Integrating Renewable Energy Sources in Demand-Side

Management: Challenges and Opportunities. Renewable Energy, 147, (Part 2), 2406-2415.

Song, Y., Lin, Z., Jia, J., Zhang, R., & Hu, Q. (2021). The determinants of energy-saving behavior
in public buildings: An empirical study of university staff in China. Energy and Buildings,

244, 111176

Stern, P. C. (2000). Toward a coherent theory of environmentally significant behavior. Journal of

Social Issues, 56, (3), 407-424.

82



StieR, 1. (2015). What drives energy use in developing countries? Insights from appliances data.

Energy for Sustainable Development, 24, 18-30.

Taylor, J., & Todd, P. (1995). An integrated model of waste management behavior: A test of
household recycling and composting intentions. Environment and Behavior, 27, (5), 603-

630.

Tronchin, L., Mnafren, M., & Nastasi, B. (2018). Energy efficiency, demand side management
and energy storage technologies-A Critical analysis of possible paths of integration in the
built environment. Renewable and Sustainable Energy Review. 95, (C) 341-353. DOI:

10.1016/j.rser.2018.06.060

Usman, R., Mirzania, P., Alnaser, S.\W., Hart, P., Long, C. (2022). Systematic Review of Demand-
Side Management Strategies in Power Systems of Developed and Developing Countries.

Energies 15, 7858. https://doi.org/10.3390/en15217858

Usman, R., Sigalo, M. B., & McDonald, S. (2016). Analysis of the Effect of Flexible Alternating
Current Transmission System (Facts) on the Nigerian 330KV Transmission Network Using
Eracs and Matlab Simullink. European Journal of Engineering and Technology. 4, (3) 18—

34. www.idpublications.org/ejet-vol-4-no-3-2016/

Wabukala, B. M., Bergland, O., Rudaheranwa, N., Watundu, S., Adaramola, M. S., Ngoma, M.,
& Rwaheru, A. A. (2022). Unbundling barriers to electricity security in Uganda: A review.

Energy Strategy Reviews, 44, 100984. https://doi.org/10.1016/j.esr.2022.100984

Warren, P. (2014). A review of the demand-side of management policy in the UK. Renewable and

sustainable energy review. 29 (C) 941-951. http://dx.doi.org/10.1016/j.rser.2013.09.009

83



Warren, P. (2018). Demand-side policy: Global evidence base and implementation patterns.

Energy and Environment. 29, (5) 706—731. http://dx.doi.org/10.1177/0958305X 18758486

Xu, P., Zhou, D., Wang, J., & Zhou, P. (2017). Factors influencing the energy-saving behaviors of
residents in apartment buildings: An empirical study from Beijing, China. Journal of

Cleaner Production, 147, 166-176.

Yang, J., Zhang, G. & Ma, K. (2014). Matching supply with demand: A power control and real
time pricing approach. International Journal of Electrical Power & Energy Systems. 61

111-117. https://doi.org/10.1016/j.ijepes.2014.03.014

Yang, P., Tang, G. & Nehorai, A. (2012). A game-theoretic approach for optimal time-of-use
electricity pricing. IEEE Transactions on Power Systems. 28, (2) 884-892.

https://doi.org/10.1109/TPWRS.2012.2207134

Zhang, J., Zazo, S., Wu, Y., Guo, Y., Wang, B. & Liu, H. (2016). A hybrid harmony search
algorithm with differential evolution for day-ahead scheduling problem of a microgrid with
consideration of power flow constraints. Applied Energy, 183, 197-804.

https://doi.org/10.1016/j.apenergy.2016.09.035

Zhang, L., Wang, Y., & Zhang, H. (2022). Weather-Driven Demand Response for Residential

Energy Management. Energies, 15, (6), 1461.

Zhou, K. & Wei, S. (2019). Time-of-use pricing model based on Power supply chain for user-side

microgrid. Applied Energy. 248 35-43. https://doi.org/10.1016/j.apenergy.2019.04.076

84



Appendix 1

0 Plot 5C-1, 3¢ Street, Lugogo Industrial Area
ERA P.0. Box 10332, Kampala
Tel: +256 417 101800 | +256 393 260 146
ueenaw | Email: info@era.go.ug |Website: www.era.go.ug

SCHEDULE OF BASE END-USER TARIFFS APPLICABLE FOR THE SUPPLY OF ELECTRICITY BY UMEME LIMITED FOR THE YEAR 2023

NOTICE is hereby given that pursuant fo Secfions 10 and 75 of the Hlecticty Act | The above Approved Base Eiecicity End-User Tanffs for 2023 represent
1999, Chapter 145 of ihe Lows of Uganda, the Becticity Reguioiory Authorty ('ihe | Weidhted average reduction of 1.2 percent relafive fo the Taifs of the Fourh
Authority') has Approved a Schadule of ihe 2023 Base Electrclty End-User Tarifls to | Quorter of 2022,

be chorged by Umeme Limited for the Supply of Blectrical Energy in the Biling Period | The Approved Base Blectriclly Ench-User Taffs shall be subject fo quarterly

January fo March 2023, s delalled in Table |, adjustments for changes in Infemational Prices of Fuel, Bxchangs Rale, Inflafion
TABLE T APPROVED ELECTRICITY END-USERTARIFS APPLCABLE FORTHE SppLy oFecraicrypy | 2 11 Generafion Mix. Tne Paromeers used n he defeminafon of the 2023
UMEME LIMITED FOR THE FIRST QUARTER (JANUARY TO MARCH) OF THE YEAR 2023 Base Tarits are os detaled in Table 2

TABLE 2: PARAMETERS USED IN DETERMINATION OF THE 2023 BASE TARIFFS

DCAESTIC CONSUMERS - COOE 101
| Wi B Phcr sl ot 4 iy

;n: Parameler Source Rale
ity Lt 1= 150 Ly P Exchange fote [USHILSS] | The MidRate of the Uganda Shillng ogoinst | 373833
newegy s oo 150 LBk [E} the United States Dollar os Fubiished by Bank

of Uganda os ot 30" Hovember 2022
COMMERCIAL CONEUMERS - CODE 100 doge | Peak thoulder Oft-Feok Core Consumer Frice Index | Publshed by he Uganda Bureau of Statishas | 1548
Three Phees Lo Voo oo rof Bceading | Amperes = - " r 1)
gy e (AT T 5 I N all for November 2022
Intarnctiongl Pices of Fugl | OFEC - Intemationgl Prices of Fuel for 7

WEDIUM INCUSTRIAL CONSUMEES - CODE . ’ i
| m# '.L'If:ll:l"-D}l-ﬂ\\'f: E?le'l::"\’.T‘I.Iﬁ?\“l'lﬂ:{'l:"l:\ | SLEVA Avmage Poak Hooulder -Feok “N’ per borre ! November 412
Enevgy Chivge (Ushykih| [irk L) [iY pit]
URINCERR ORI O lowoge [Pk ke | OFheck The detaled Tl Review Repert for 1he Fist Quarter of 2023 & avalable of
Bk 1: Enagy Lharge | Wpd | Wi [F
Bloch 2 {Decleing Bock") Erergy Crirge [UEeAT) R i T
T T T T e L v This Schedule of anﬁs for N_we First Quarter of 2023 shall be applicable fo
fgh eltage 1 000 o SN, wit v Dimond of Enargy consumed in the period January fo March 2023,
linl | aLUEVA dr nchuirky
Block 1: Enargy Cha s | &l 2 i,
Bloch 3 {Dicleing Boeh) rrgy Chiaige [UHAn) WE | wg ] L
STRLIT LGHTING - CODE ) |
ST ] Dated 31 December 2022

* The Block £ (Deckning Block) Tor for Large and Exha:Lorge Indushal consumers shall be opplicable for energy consumed above
the threshold defermined by the Autharly for the respactive consumers. The thrashold shall be communicoled fo the respechive
conyuman by Umem Linied,

CHIEF EXECUTIVE OFFICER
ELECTRICITY REGULATORY AUTHORITY

Figure 22:Schedule of bases end-user tariffs applicable for the supply of electricity by UMEME
for the 2023.



Appendix 2
This appendix represents the state of different Lecture rooms during the time of the study.

Figure 23: Former Minister’s Block taken on 1/03/2023, at 9:03Am.

Source: Author’s phone camera observational empirical data
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Figure 24: Block 3 upper taken on 28/03/2023 at 11:04Am.

Source: Author’s phone camera observational empirical data
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Figure 25: A satellite overview of Makerere University Business School
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