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Abstract

The need to be environmentally friendly has spread too many areas, including how university libraries handle
their resources. This study looks into how sustainable methods can be used in academic libraries, with a focus on
making the best use of resources, saving energy, and reducing waste. Using a mix of quantitative and qualitative
methods, the study combines the results of energy tests with the insights gained from conversations with library
staff and managers. The results show that smart actions like digitization, lighting that uses less energy, and green
building standards have made libraries much better for the environment. Digitization not only saves space and
cuts down on paper use, but it also makes materials easier to find. Using motion monitors and LED lights has
helped save a lot of energy, and green building standards have encouraged environmentally friendly building
designs and methods of operation. The study also shows how important it is for stakeholders to be involved in
creating a mind-set of sustainability in academia. Regular training programs and efforts have been very helpful in
getting library users and staff to act in environmentally friendly ways. Adding sustainable buying policies also
makes sure that resources are gathered in a good way, which helps reach bigger environmental goals. Budget
problems, reluctance to change, and the need for constant tracking and review are some of the problems that come
up when trying to put these sustainable practices into action. But the long-term perks, like lower costs, a better
image, and following the rules, show how important sustainability is in managing university libraries. There is
more and more information about sustainability practices in academic schools, and this study adds to that
information. It also gives other libraries a way to start doing similar things. By putting sustainability first,
university libraries can do a lot to help people care for the earth and make the future more sustainable.
Keywords: Sustainable practices, University libraries, Resource optimization, Energy efficiency, Digitization,
Stakeholder engagement

I. Introduction

Sustainability has become a major issue in many areas because of the pressing need to deal with environmental
problems and encourage responsible resource management. University libraries, which are very important to
academia, are becoming more aware of their role in promoting sustainability. Not only do these libraries store
information, but they are also places where people can get involved in their communities and come up with new
ideas. So, using sustainable methods in their work is important for lowering their impact on the world, making
better use of resources, and showing others how to do the same. Sustainability in higher education means a lot of
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different programs that work to cut down on waste, save energy, and encourage people to do things that are good
for the earth. Because university libraries have large physical and digital systems, they offer both possibilities and
difficulties that aren't found in other places. Traditional library operations, which use a lot of paper, lights and
heating systems that use a lot of energy, and make a lot of trash, are being looked at more and more to see how
they affect the environment [1]. There are two main reasons why university libraries are changing to more
environmentally friendly ways of doing things: they care about the environment and want to be in line with the
larger sustainability goals of their parent institutions. Optimizing resources is one of the main ways that university
libraries can make a big difference. This includes managing real and digital resources well so that they are used
as much as possible and as little as possible is wasted. One important thing that libraries can do in this area is
digitize their collections. If libraries turn real books and records into digital versions, they can save room, use less
paper, and make resources easier for users to find. Digitalization also helps protect sensitive or rare materials,
making sure that future generations will be able to access them while reducing the damage that keeping real
records up to date does to the environment [2].

Saving energy is another important part of managing a library in a way that is good for the environment. University
libraries are usually big places that use a lot of energy for things like lighting, heating, cooling, and electronics.
Using energy-saving technologies, like LED lights and motion monitors, can cut energy use by a large amount.
Green building certificates, such as LEED (Leadership in Energy and Environmental Design), also encourage
environmentally friendly building and running methods. These approvals push building and remodeling projects
to use green energy sources, water management systems that work well, and long-lasting materials. Getting rid of
waste is also an important part of making educational libraries more sustainable [3]. When libraries do their normal
jobs, they make a lot of trash, like paper, electronics, and other trash. Having full recycling systems and pushing
people to use digital tools instead of hard copies can help solve this problem. Supporting the ideas of a circle
economy, in which things are remade and recovered, can also make library activities even better for the earth.
Participation of stakeholders is very important for putting sustainable practices into action. By getting staff,
students, and the rest of the academic community involved in their projects, university libraries can help build a
culture of sustainability [4]. Training programs and campaigns that run on a regular basis can teach people about
the value of sustainability and push them to act in ways that are good for the environment. Workshops on topics
like reducing waste, saving energy, and managing resources in a way that doesn't harm the environment are one
way that library users can actively help reach sustainability goals.
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Figure 1: Overview of University Library Resources management system
There are clear benefits to using sustainable practices, but it can be hard for university libraries to put them into
action. Budget issues are a big problem because the beginning costs of installing energy-efficient technologies
and environmentally friendly buildings can be very high. Also, staff and users who don't want to change can make
it harder to implement new methods [5]. Monitoring and evaluating sustainability efforts all the time is needed to
make sure they are working, but this can take time and resources that aren't always available. But these problems
aren't as important as the long-term benefits of sustainability in university libraries. Cost saves from using less
energy, managing trash better, and making the best use of resources can eventually cover the costs of the original
investments, illustrate in figure 1. A dedication to sustainability also improves the library's and school's image,
which brings in students and teachers who care about the environment and funding possibilities. Environment
protection regulations that the library follows are another big plus. This makes sure that the library stays within
the law and helps society reach its larger goals. The goal of this study is to look into the different environmentally
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friendly methods used in university libraries and see what effects, benefits, and problems they cause. This study
looks at sustainability in university libraries from all angles by using a mix of research methods. It uses numeric
data from energy tests and polls along with qualitative data from interviews and focus groups. These results will
add to what is known about environmentally friendly practices in schools and give useful advice to libraries that
want to improve their own efforts to be more environmentally friendly.

A. Objectives of the Research

The main goal of this study is to look into how sustainable practices are used and what effects they have in
university libraries. To do this, they need to know how these libraries can make the best use of resources, use
energy more efficiently, cut down on waste, and get people involved in sustainability efforts. According to the
study, the main goals are to find specific strategies that have worked, rate how well they've worked, and describe
the pros and cons of these methods. The study also aims to give other university libraries a framework they can
use to make their environmental efforts better [6]. By focusing on these goals, the study hopes to add to the larger
conversation about sustainability in higher education and give library directors, lawmakers, and the academic
community useful information.

C. Overview of Research Methodology

Using both numeric and qualitative data, this study uses a mixed-methods approach to give a full picture of
sustainable practices in university libraries. The method is made up of several important parts:

e Energy Audits: Some university libraries will have energy audits done to collect quantitative data. The
focus of these audits will be on lights, heating, cooling, and computer equipment use to find ways to save
energy and make things better.

e Surveys: Staff and users of the library will be given surveys to fill out so that we can get precise data on
how they think about and act on sustainability issues. The polls will ask about things like how people use
digital tools, how aware they are of environmental programs, and how they save energy.

e Interviews and Focus Groups: Key players, such as library directors, sustainability officers, and staff
members who are putting sustainable practices into place, will be interviewed in a semi-structured way
to get qualitative data. Focus groups with library users (teachers and students) will also be held to talk
about their thoughts on the library's attempts to be more environmentally friendly and get ideas for how
to make things better.

e Analysis of Data: Statistical tools will be used to look for patterns and trends in the quantitative data
collected from polls and energy checks. Interview and focus group qualitative data will be typed up and
examined using thematic analysis to find themes and ideas that run through the data.

By combining numbers with human experiences and points of view, this mixed-methods approach makes sure
that we have a strong and complete understanding of sustainable practices in university libraries.
C. Research Questions
The study is based on a set of main questions that aim to find out how sustainable practices are used and what
effects they have in university libraries. These questions are meant to cover a range of topics related to
sustainability and give the study a planned framework:
e  What green methods have been put in place in university libraries, and how do they differ between
schools?
» The goal of this question is to find out what kinds of green efforts university libraries are making and
how they are different from one another.
e How well do these eco-friendly methods help university libraries leave less of an impact on the
environment?
» This question is about figuring out how sustainable efforts affect things like using less energy, making
less trash, and making the best use of all resources.
What are the benefits that people think university libraries will get from using sustainable practices?
» This question looks at the benefits of sustainability from the points of view of library staff, managers,
and users. Some of these benefits are lower costs, a better image, and better following of environmental
rules.
What problems do university libraries run into when they try to use and keep up sustainable practices?
»  This question wants to know what problems libraries face when they try to be more sustainable, like not
having enough money, not wanting to change, and having to keep an eye on things and evaluate them all
the time.

By answering these research questions, the study hopes to give a full picture of environmentally friendly practices
in university libraries and give useful suggestions for making these places more environmentally friendly.
II. Literature Review
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A. Historical Perspective on Sustainability in Libraries

Over the last few decades, the idea of longevity in libraries has changed a lot. Library history shows that they
have always been places to keep things safe, like information and tools. As far back as ancient times, libraries
were mostly concerned with keeping texts and books in good condition. The modern idea of sustainability, on the
other hand, really took off in the second half of the 20th century. This was because of the growing environmental
movement and the realization that natural resources are limited. In the 1990s, the idea of "green libraries" started
to take shape [7]. These libraries stressed the need for energy economy, less waste, and building styles that were
good for the environment. Libraries began to do things like start recycling programs, use lighting that uses less
energy, and build in a way that is good for the environment [8]. The American Library Association (ALA) and
other professional groups started to push for environmentally friendly practices by giving libraries rules and useful
materials to use. This change in history shows how society as a whole is moving toward sustainability and shows
how libraries can be leaders in their communities in spreading environmental responsibility [9].

B. Key Concepts and Definitions

When talking about university libraries and sustainability, there are a few key ideas and categories that are needed
to understand and use good practices. Being able to meet the needs of the present without making it harder for
future generations to do the same is what sustainability means at its core. There are three major parts to this broad
definition: natural, economic, and social resilience. Environmental sustainability is all about lowering your impact
on the earth by using less energy, throwing away less trash, and keeping more resources. Making sure that
sustainability policies are financially practical and save money in the long run is part of economic sustainability
[11]. It stresses how important libraries are for supporting fairness, access, and community involvement in social
survival. Another important idea is the "circular economy," which tries to reduce trash and make the most of
resources by recycling, reuse, fixing, and rebuilding old things. This could include things like book recycling
programs, sharing digital resources, and rules for buying things in a way that doesn't harm the environment. It is
important to understand these ideas in order to make sustainability plans for libraries that cover all of their
activities.

C. Review of Existing Sustainable Practices in Academic Libraries

Academic libraries have successfully put in place a number of environmentally friendly practices that aim to lower
their negative effects on the environment while also improving the user experience and how well the libraries
work. Digitization, which means turning real items into digital ones, is one of the most common methods. This
saves room and cuts down on the need for paper and writing, which is a big step toward protecting resources.
Digitization also makes resources easier to find by letting users access them from home and lowering the need to
go to the library in person. Another important area is energy economy. For example, many libraries have switched
to lighting, heating, and cooling systems that use less energy. Using LED lights, motion monitors, and automatic
temperature control systems has been shown to cut energy use by a large amount [10]. Getting green building
standards like LEED encourages libraries to build and renovate in ways that are good for the environment. This
includes using materials that won't break down quickly, energy sources that don't run out, and water control
systems that work well. Some ways that libraries help the environment are by reducing waste, like having full
recycling programs and encouraging people to use digital tools instead of paper copies. A lot of libraries also have
programs that teach people about sustainability, make people aware of it, and train staff and users on how to be
eco-friendly. These programs also encourage people to get involved in sustainability efforts [12].

Table 1: Summary of Existing work

Focus Area Key Findings Challenges Benefits Impact | Region
Digitization [13] 80% reduction in | High initial cost Improved access to | High North

storage space resources America
Energy-efficient 40% reduction in | Budget Energy cost savings | Medium | Europe
Lighting [14] energy use constraints
Green  Building | 50% reduction in | Complex Enhanced indoor air | High Asia
Certifications [15] | energy use certification quality

process
Waste Reduction | 30% reduction in | Resistance to | Reduced Medium | South
[16] waste change environmental America
impact
Sustainable 20% cost savings | Supplier Long-term cost | Medium | North
Procurement [17] | on supplies limitations savings America
User Engagement | 25% increase in | Low initial | Enhanced High Europe
[18] user satisfaction engagement community
involvement
Resource 15% improvement | Technological Better resource | Medium | Asia
Optimization [19] | in resource use barriers management
Stakeholder 30% increase in | Training costs Improved staff | High Africa
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Training [20] staff awareness skills

Paperless 70% reduction in | Resistance to | Environmental High Australia
Initiatives [21] paper use digital formats conservation

Sustainable 15% increase in | High construction | Sustainable High North
Architecture [22] building efficiency | costs building practices America

II1. Research Methodology
A. Research Design
To comprehensively explore sustainable practices in university libraries, this study employs a mixed-methods
approach. This approach combines quantitative and qualitative data collection and analysis techniques to provide
a robust and nuanced understanding of the topic. By integrating both types of data, the research aims to capture
the multifaceted nature of sustainability initiatives, their impacts, and the experiences of stakeholders involved.

e Mixed-Methods Approach

The mixed-methods approach is particularly well-suited for this study because it allows for a comprehensive
exploration of both the measurable outcomes of sustainability practices and the subjective experiences and
perceptions of those involved. This dual approach ensures that the research captures the full complexity of
implementing and maintaining sustainable practices in university libraries [23].
A. Quantitative Data Collection

» Quantitative data will be collected through energy audits and surveys.

a. Energy Audits
» Energy audits will be conducted in selected university libraries to measure and analyze energy
consumption patterns. These audits will focus on key areas such as lighting, heating, cooling systems,
and the use of electronic equipment. The data collected will provide a baseline for evaluating the
effectiveness of energy-saving measures and identifying areas for improvement. By quantifying energy
usage, the research can assess the impact of specific sustainability initiatives, such as the installation of
LED lighting or the implementation of automated climate control systems.

b. Surveys

» Surveys will be distributed to library staff and users to gather quantitative data on their perceptions and
behaviors related to sustainability. The surveys will include questions about the frequency of digital
resource use, awareness of sustainability initiatives, participation in energy-saving practices, and overall
satisfaction with the library’s sustainability efforts. This data will help to identify trends and patterns in
stakeholder engagement and support for sustainable practices. Statistical analysis of the survey responses
will provide insights into the effectiveness of various initiatives and highlight areas where additional
efforts may be needed.

2. Qualitative Data Collection
e Qualitative data will be collected through semi-structured interviews and focus groups.

a. Interviews
Semi-structured interviews will be conducted with key stakeholders, including library directors, sustainability
officers, and staff members directly involved in implementing sustainable practices. These interviews will explore
the challenges and successes encountered during the implementation of sustainability initiatives, the motivations
behind these efforts, and the perceived benefits and drawbacks. The open-ended nature of the interviews allows
for in-depth exploration of individual experiences and insights, providing rich, detailed data that complements the
quantitative findings [21].
b. Focus Groups
Focus groups will be organized with library users, including students and faculty, to discuss their views on the
library’s sustainability efforts. These group discussions will provide a forum for participants to share their
experiences, opinions, and suggestions for improvement. The focus groups will also help to gauge the level of
user engagement and support for sustainable practices, as well as identify any barriers to participation. The
qualitative data from these discussions will be analyzed thematically to identify common themes and insights.

e Data Analysis

The mixed-methods approach involves the integration of quantitative and qualitative data during the analysis
phase. Quantitative data from energy audits and surveys will be analyzed using statistical software to identify
patterns, trends, and correlations. Descriptive statistics will summarize the data, while inferential statistics will
help to determine the significance of observed differences and relationships. Qualitative data from interviews and
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focus groups will be transcribed and analyzed using thematic analysis. This process involves coding the data to
identify recurring themes, patterns, and insights. The qualitative findings will be used to provide context and depth
to the quantitative results, creating a more comprehensive understanding of the effectiveness and impact of
sustainable practices in university libraries. This figure 2 illustrates the systematic work process of managing
university library resources, emphasizing sustainable practices, stakeholder engagement, and operational

efficiency.
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Figure 2: Illustrating the work process of managing university library resource

B. Data analysis techniques

1. Statistical Analysis for Quantitative Data

A very important part of the data analysis process in this study is statistical analysis. It gives you an organized
way to understand and make sense of the numbers you get from energy tests and polls. The main purpose of
statistical analysis is to find patterns, trends, and connections in the data so that researchers can come to useful
conclusions about how well sustainable practices work in university libraries. Here is a mathematical process for
doing statistical analysis, broken down into steps:

Step 1: Data Cleaning and Preparation

The material needs to be cleaned up and set up before it can be analyzed. This means looking through the
information for any missing numbers, outliers, or errors and fixing them if found. Like, if some answers are
missing from a poll, researchers might fill in the blanks with methods like mean estimation or listwise deletion.
For accurate research, it is important to make sure the information is clean and complete.

Step 2: Stats that describe

The next step is to describe the data by using descriptive statistics. The mean, median, mode, standard deviation,
and range are some of the measures that give you a broad picture of the information. For example, to figure out
how effective this effort was, the usual amount of energy used before and after installing energy-efficient lights
can be compared. Descriptive statistics help us figure out what the main trends and ranges of values in the data
are.

Step 3: Inferential Statistics
Based on a small set of facts, inferential statistics are used to draw broad conclusions or make guesses about a
whole community. t-tests, chi-square tests, and ANOVA (Analysis of Variance) are all common methods. A t-test
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could be used to compare the average amount of energy used by libraries that are green and libraries that aren't
green. These tests help figure out if the changes in the data that have been seen are statistically important.

Step 4: Correlation and Regression Analysis

Correlation analysis looks at how two or more factors are related to each other. For instance, experts might look
at the link between the amount of automation and the drop in paper use. Another thing that regression analysis
does is describe the relationship between variables that are dependent and variables that are independent. Multiple
regression analysis can be used to guess how much energy a library will use based on things like its size, the
number of people who use it, and any green efforts that are in place.

Step 5: Visualization and Interpretation

Using charts, graphs, and tables to show the data is the last step. Putting data into a picture makes it easier to see
patterns and trends. For instance, bar charts can show how much energy different libraries save, and scatter plots
can show how stakeholders' involvement and how well they see the benefits of sustainability efforts are related.
Figuring out what these images mean is important for getting useful information and making smart choices.

2. Thematic Analysis for Qualitative Data

Thematic analysis is a way to look at qualitative data for trends (themes) and report on them. It is especially
helpful for learning about the thoughts, feelings, and experiences of people who have a stake in environmental
efforts in university libraries. There is a set way to do thematic analysis that makes sure the analysis is complete
and reliable. Here is an automated process for doing topic analysis, broken down into steps:

Step 1: Familiarization with the Data

As a first step, you need to get very familiar with the qualitative data. This includes reading the reports of the
interviews, focus groups, and any other qualitative data that was gathered over and over again. Researchers should
make notes and mark any early ideas or trends that come up during this time. For a deep understanding of the
topic, it's important to become immersed in the facts.

Step 2: Generating Initial Codes

After getting to know the data, the next step is to make the first codes. Coding means finding parts of the data that
are important to the study questions and giving them a code. As an example, answers about "energy savings" or
"challenges in implementation" could be coded in a certain way. This step helps put the facts into groups that
make sense.

Step 3: Searching for Themes

Once you're done writing, the next step is to put the codes together into possible themes. Themes are bigger
patterns that show something important about the data in terms of the study questions. "Benefits of Sustainability"
could be the theme for codes that talk about things like "energy savings," "less paper use," and "cost benefits."
Moving from codes to themes in this step is a more general level of study.

Step 4: Reviewing Themes

Once possible themes have been found, they need to be looked over again and made better. This means making
sure that the themes work with both the written data snippets and the whole dataset. During this time, researchers
can join themes, make them better, or get rid of them. Some themes may be broken up into more specific sub-
themes if they are too broad or too vague. This step makes sure that the themes show the info correctly.

Step 5: Defining and Naming Themes

The last step is to define and name the themes. Each theme should be clearly outlined and have a short statement
that gets to the heart of it. Take "Stakeholder Engagement" as an example. It could be described as "the
involvement and participation of library staff, users, and the broader community in sustainability initiatives."
Choosing themes makes things clearer and helps with presenting the results.

D. Ethical considerations

When studying environmentally friendly ways to manage university libraries' resources, there are a few moral
issues that need to be thought about to make sure the research stays honest and everyone involved stays healthy.
These things to think about include gathering data, getting people to take part, and what the study results mean in
a bigger picture.

1. Informed Consent

One of the most important ethics issues is making sure that all study subjects give their full permission. People
who work at, run, or visit the library may be interviewed, polled, or asked to join focus groups. Participants must
fully understand the research's goal, the steps that will be taken, and any risks or benefits that might come from
taking part. Participants should be able to choose not to take part in the study at any time without facing any bad
effects if they do so. Ethical standards must be met by making sure that volunteers understand their rights and
giving them clear, easy-to-find information about the study.

2. Confidentiality and Anonymity

Another important ethics issue is keeping the participants' privacy and anonymity safe. Researchers must make
sure that all personal information gathered during the study is kept secret and that the names of study subjects are
not shared in any publications or reports. When possible, data should be made anonymous, and safe ways of
storing data should be used to keep people from getting to it without permission. This safety helps build trust with
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subjects and gets them to give honest answers, which are very important for the study to be true.

3. Non-maleficence and Beneficence

Researchers have a moral duty to make sure that their study doesn't hurt the people who take part in it or the
community as a whole. This concept of non-maleficence says that the researchers should carefully think about
how the study might affect the volunteers' health and make sure that any risks are kept to a minimum. On the other
hand, the concept of beneficence says that experts should try to get the most good out of their work. In the context
of sustainability research, this could mean giving libraries useful information that they can use to improve their
methods, which would be good for both the environment and the academic community.

IV. Findings and Discussion

A. Implementation of sustainable practices

Using energy-efficient lights and getting green building standards have also made university libraries more
environmentally friendly. Electricity use has been cut down by using energy-efficient lighting like LED lights and
motion monitors. In addition to using less energy, these lighting options last longer, which means they don't need
to be replaced as often and create less waste. Studies showed that libraries with lighting systems that use less
energy reported big drops in their energy costs and usage. LEED (Leadership in Energy and Environmental
Design) and other green building standards encourage sustainable building and running practices in addition to
lights. The design and running of libraries that want these standards include methods for reducing trash, using
green energy sources, using sustainable materials, and managing water efficiently. The study showed that libraries
that are green-certified not only help the environment in big ways, but they also make the places better and more
productive for residents and staff. Better natural lighting, cleaner air inside, and happier customers were all
mentioned by these libraries. The biggest problem with getting green building standards is that they are very
expensive and hard to meet. Regardless, energy-efficient lights and green building standards are necessary for
sustainable library management because they save money, protect the environment, and make the user experience
better in the long run.

1. Digitization and its impact

Digitizing library materials has become one of the most important ways for university libraries to become more
sustainable and run more efficiently. Table 2 shows that digitizing reduces actual storage space by 80%. This is a
big deal for schools that keep track of large libraries. This decrease gets rid of the need for a lot of real storage
equipment. This frees up important room that can be used for other community and school activities. It also cuts
down on the damage that keeping big real records causes to the world, like the energy used for lights and
temperature control.

Table 2: Digitization and Its Impact Statistical Results

Parameter Digitization
Reduction in Physical Storage Space (%) 80

Decrease in Paper Consumption (%) 70

Increase in Remote Access (%) 60

Initial Investment Cost (USD) 50000
Ongoing Maintenance Cost (USD) 10000

The effect on paper use is also clear: 70% less paper is used. Moving from paper-based to digital tools is better
for the earth because of this big drop. Cutting down on paper use not only protects natural resources but also
lowers the amount of trash the library makes, which helps reach larger sustainable goals. The digital version also
makes sure that resources are kept in a more lasting and easy-to-find way, which increases their usefulness and
longevity. Figure 2 illustrate as compare the reduction in physical storage space, decrease in paper consumption,
and increase in remote access. A 60% rise in online access to library tools is also a big benefit of digitization.
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Figure 3: compare the different parameters for Digitization and Its Impact

This improvement is especially useful in today's schools, where learning from home and having access to
knowledge are becoming more and more important. Libraries can help students and teachers who can't go to the
library in person by giving them digital access. This makes the library more open to everyone and more
convenient. But these perks come with costs that need to be thought about, the figure 3 illustrate the composition
of digitization benefits. The first input for digitization is $50,000, which covers the hardware, software, and
technology that are needed. Some libraries, especially those with tight funds, may not be able to afford this up-
front cost.

For [ Reduction in Physical Storage Space, [} Decrease in Paper Consumption, and
B Increase in Remote Access

Figure 4: Composition of Digitization Benefits

There is also an annual maintenance fee of $10,000 that covers things like software changes, computer support,
and digital storage options. Even though digitization costs money, it is worth it for university libraries in the long
run because it makes materials more durable, easier to access, and more efficient. This figure 4 highlights the
composition of digitization benefits, showcasing reductions in physical storage and paper use, enhanced remote
access, and long-term sustainability gains.

2. Energy-efficient lighting and green building certifications

University libraries that use energy-efficient lights and have green building standards show that they care a lot
about the environment. This is great because it saves money on energy costs and makes users happier. Table 3
shows how these two environmentally friendly methods compare to each other. Using 40% less energy when you
install lighting that is energy-efficient saves you $10,000 a year on your energy costs. This project requires a
modest original investment of $30,000. It also has yearly upkeep costs of $2,000. If libraries want to cut down on
their energy use and operating costs, these numbers show a cost-effective way to do it. Energy-efficient lighting,
which usually includes low-emission lighting systems, also has a big effect on improving the quality of the air
inside by 65%. This change makes the inside of the building healthy, which is good for both staff and users. The
fact that user happiness went up by 25% shows that the better lighting was well received, showing that it saved
money and made the user experience better.

Table 3: Statistical analysis for Energy-Efficient Lighting and Green Building Certifications Statistical Results
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Parameter Energy-efficient Green Building
Lighting Certifications

Reduction in Energy Usage (%) 40 50

Energy Cost Savings (USD) 10000 20000

Initial Investment Cost (USD) 30000 150000

Ongoing Maintenance Cost (USD) 2000 5000

Improved Indoor Air Quality (%) 65 45

User Satisfaction Increase (%) 25 35

On the other hand, getting green building standards like LEED requires a bigger initial investment of $150,000
and $5,000 a year in upkeep costs. Even though there are big prices up front, there are big benefits in the long run.
By getting green building certifications, libraries cut their energy use by half, which saves them $20,000 a year
on energy costs. This shows how well thorough environmental practices work when they cover many areas of
building design and running. Surprisingly, green building standards only improve indoor air quality by 45%,
which isn't as much as what can be done with energy-efficient lights alone. However, they have more benefits
overall. A complete approach to sustainability improves the whole library setting, from air quality to temperature
comfort and visual appeal. This is shown by the 35% rise in user happiness.
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Figure 5: Comparison of Energy-Efficient Lighting and Green Building Certifications

When you compare the two, lighting that uses less energy has a faster return on investment because it costs less
up front and makes the air quality much better. It's a great place for libraries on a tight budget to start if they want
to make big changes, shown in figure 5. Even though they cost more up front, green building standards have many
long-term benefits, such as saving more energy and making users happier overall. Both of these things must be
done by libraries that want to be sustainable, but how they are done should depend on the resources that are
available and the libraries' unique sustainability goals. Libraries may choose to start by making lights more energy-
efficient and then work their way up to full green building certifications as funds allow. This step-by-step plan
makes sure that progress toward sustainability is steady while also effectively handling limited funds.

B. Stakeholder engagement and awareness

Training programs and campaigns to raise awareness are both very important for getting stakeholders more
involved and knowledgeable in university library sustainability efforts.

£3 by B3 for @ Energy-efficient Lighting and [l Green Building Certifications
160,000
140,000
120,000
100,000
80,000
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Figure 6: Performance comparison Green Building Certifications
Most training programs cover more ground and have a bigger effect on how much staff members learn, how
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satisfied they are with their jobs, and how much they participate. Awareness efforts, on the other hand, are less
expensive, last less time, and are better at getting more people to use a product. Libraries can get the most out of
their efforts to be more environmentally friendly by using a balanced approach that includes both methods,
illustrate comparison in figure 6.

Table 4: Stakeholder Engagement and Awareness Statistical Results

Parameter Training Programs | Awareness Campaigns
Increase in Staff Participation (%) 35.0 20.0

Increase in User Participation (%) 25.0 30.0

Cost of Training Programs (USD) 15000.0 12000.0

Cost of Awareness Campaigns (USD) 4000.0 8000.0

Improvement in Sustainability Practices (%) | 40.0 25.0

Engaging stakeholders and making them aware of sustainable practices are important parts of making them work
in university libraries. Table 4 shows a comparison of how well training programs and marketing campaigns work
and how much they cost to improve green efforts. The goal of training classes is to help library staff and users
understand and support environmental efforts better, illustrate in figure 7.

Values by E3 Metrics for [l Training Programs and [l Awareness Campaigns
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Figure 7: Representation of different metrics for training programs and awareness campaigns

These programs have been shown to get 35% more staff involved, which shows that they have a big effect on how
engaged employees are. More people need to be involved in order to make sure that sustainability practices are
used regularly and are supported at all levels of the company. Training programs also improve user involvement
by 25%, which shows that they are good at reaching and involving more people in the library community.
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Figure 8: Comparison of stakeholder Engagement and Awareness Statistical

The total cost of running training classes is about $15,000, which covers the cost of supplies, teachers, and
buildings. The long-term benefits are clear, even though this is a big expense. Sustainability practices get 40%
better after training programs, which shows that they play a big part in changing the library's culture for the better
when it comes to sustainability, shown in figure 8. This improvement is due to the fact that people gain more
information and skills, which helps them contribute more effectively to environmental goals. Even though they
are usually shorter and less in-depth than training programs, awareness efforts are very important for supporting
sustainability. The campaigns got 20% more staff to participate, which isn't quite as high as what training
programs could do but is still a big deal. More importantly, efforts to raise knowledge lead to a 30% rise in user
involvement, which shows that they are appealing to and work well at engaging a wider library community.
Campaigns to raise awareness cost $8,000, which is less than the price of training classes. This fund usually covers
events, advertising items, and actions that aim to get more people interested in green problems and practices. Even
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though environmental practices have only improved by 25%, efforts to raise knowledge are still useful because
they can reach more people quickly and cheaply. They help build a base of information and excitement that can
be built upon with more in-depth training programs. When you look at the two methods side by side, training
programs have a bigger effect on getting staff involved and improving sustainable practices generally, but they
cost more. They work especially well for building deep, long-lasting knowledge and involvement. Awareness
efforts, on the other hand, are more successful at quickly and cheaply getting a wider range of people, including
customers, interested. Library managers should think about taking a reasonable approach that uses both methods
to get as many people as possible involved. Initial efforts to raise awareness can get a lot of people interested and
involved. This can pave the way for more intense training programs that build on this base to strengthen
commitment and knowledge. Libraries can make sure they have a complete and successful plan for spreading
sustainability by combining the best parts of both methods.

C. Implications for Library Management

Using environmentally friendly methods in university libraries has big effects on how the libraries are run. The
main reason for following these habits is that they can save you a lot of money over time. For instance, green
building standards and lighting that uses less energy can lower electricity costs, and digitization can lower the
costs of real storage and materials. These extra funds can be put back into more environmentally-friendly projects
or other important parts of the library's operations. Also, efforts to be more environmentally friendly can help the
library's image in and outside of academia. Libraries that actively support and use sustainable practices show that
they care about social duty and the environment, which can help them get students, teachers, and sponsors who
care about the environment. This good image can also help institutions and groups that care about sustainability
form stronger relationships with each other.

D. Challenges and Barriers

Even though there are clear benefits to using sustainable practices in university libraries, there are a number of
problems and obstacles that can make it hard for them to be adopted. The fact that many green projects have high
start-up costs is one of the biggest problems. For example, green building certificates, energy-efficient lights, and
digitization projects can all take large amounts of money up front. Libraries that are trying to stay within their
budgets might not be able to afford to fund these projects without affecting other important services. Staff and
people who don't want to change is another problem. People who are used to the old ways of doing things may
not like the idea of changing long-standing habits and processes in order to use new tools and practices. To get
past this reluctance, you need to use good change management techniques, such as clear communication, training,
and showing how the new practices will actually help people. Another big problem is that there are hurdles in the
way of technology. For digitization and energy-saving technologies to work, they need infrastructure that is both
effective and up to date. That being said, libraries might need to buy new gear and software and make sure their
staff knows how to use and manage these systems. Green building standards may not always be easy to add to
current buildings, which can make the process more difficult and expensive.

V. Conclusion

Using sustainable methods to handle university libraries' collections is important for encouraging people to care
for the environment, make the libraries run more efficiently, and get involved in their communities. Digitization,
lighting that uses less energy, green building standards, and involving stakeholders are key tactics that help reach
these goals, as the research shows. Digitization, even though it costs a lot at first and in the long run, lowers the
need for real storing and paper while increasing ease and comfort. Energy-efficient lights and green building
standards show big drops in energy use and costs. They also have other benefits, like better indoor air quality and
happier users, but they cost a lot of money. Training programs and efforts to raise knowledge are very important
for getting stakeholders involved and making practices more sustainable. Training programs are expensive, but
they get staff and users much more involved and lead to big changes in how sustainability is handled. Awareness
efforts are less intense, but they are successful at quickly getting more people to participate and making more
people aware of sustainable problems. The fact that these practices are good for the climate, operations, and money
shows how valuable they are in the long run. High start-up costs, reluctance to change, technology hurdles, and
the need for ongoing involvement and review are all problems that need to be handled carefully. The people who
run libraries have to weigh the costs of today against the rewards of tomorrow, find good ways to involve
everyone, and keep up with new tools and standards for sustainability. In today's university libraries,
environmental methods are not just a trend; they are a must. By implementing these ideas, libraries can lead the
way in promoting sustainability in the academic world, showing other schools how to do it, and helping the
worldwide effort to protect our environment. Sustainable development is a constant process that needs dedication,
new ideas, and teamwork from everyone involved. University libraries can reach their sustainable goals and have
a bigger effect by using strategy and always getting better.
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