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Abstract: This research focuses on developing an innovative platform to manage carbon footprint
data related to office activities and monitor green spaces, integrating geoinformatics and machine
learning technologies. The platform addresses the lack of automated systems for tracking carbon
emissions, particularly in high paper consumption environments, such as those involving printing
and photocopying. Additionally, it monitors green spaces within corporate settings, an aspect often
overlooked in existing systems. The study demonstrates the platform’s capability to automate carbon
footprint calculations and provide accurate assessments of green areas, achieving a high accuracy
rate of 96.22% and a Kappa coefficient of 0.92. The results confirm the platform’s ability to deliver
both comprehensive and granular environmental insights, supporting decision making for more
sustainable office environments. The key novelty of this study lies in the integration of real-time data
capture with geoinformatics and machine learning to efficiently track both carbon footprints and
green spaces. This approach offers a practical solution to a gap in environmental data management in
office settings, enabling organizations to align their practices with sustainability goals. The platform’s
precise, automated system contributes significantly to the development of eco-friendly workplaces,
highlighting its academic and practical value in the field of environmental sustainability.

Keywords: carbon footprint; green space classification; deep learning; SDGs

1. Introduction

Countries across the globe are confronting critical challenges posed by climate change,
global warming [1-3], environmental degradation [4-6], and unsustainable resource and
energy consumption [7-9]. These issues not only affect environmental conditions but also
have significant implications for the health and well-being of individuals, including em-
ployees within organizations [10,11]. In response, many nations have implemented policies
and measures centered on prevention, mitigation, and monitoring, with an emphasis on
achieving sustainable development goals (SDGs) and promoting environmental conserva-
tion [12-14]. One key area of focus for organizations is the concept of the green office, which
aims to reduce costs, foster employee engagement, mitigate global warming, and improve
overall organizational well-being [15-17]. Transitioning to a green office typically involves
initiatives such as energy management, green space optimization, and the adoption of
paperless operations [18-22]. However, a review of the relevant literature reveals that,
despite widespread implementation of green office strategies, there is still a significant
lack of real-time data recording and comprehensive data management platforms. This
absence impedes real-time analysis, limiting the ability to identify problems and implement
continuous improvements.
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Research findings regarding green office practices and green space management have
been well-documented, with studies employing various methodologies such as surveys
and organizational assessments of green office adoption [23,24]. Common challenges iden-
tified include budget constraints, lack of awareness, and insufficient technical expertise.
Nevertheless, green office initiatives have demonstrated clear benefits, such as reduced
energy consumption, lower carbon emissions, and decreased waste, all of which promote
environmental sustainability. These initiatives also promote behavioral changes in work
practices, encouraging the conservation of natural resources and fostering environmental
awareness [25]. Additionally, integrating green plants into office environments has been
shown to positively affect employees’ physical and mental well-being, ultimately improv-
ing work efficiency. Despite these advantages, organizations promoting green offices have
primarily focused on paperless initiatives, such as the use of digital files to replace pa-
per, in efforts to become green organizations or green universities [26-30]. Studies have
demonstrated that paperless practices significantly reduce water consumption and are
more effective at mitigating global warming compared to practices involving traditional
paper use [28]. Moreover, such practices contribute to reducing deforestation and pollution,
aligning with sustainability development goals [29,30]. However, the development of plat-
forms or applications that manage information related to paperless initiatives and green office
practices remains limited. Existing applications often focus on waste management strategies
but lack automation and real-time data management features [27]. A mobile application was
developed to provide green office management insights and analyze paper usage, but it is
limited to the Android operating system and requires the manual input of printing data. While
the application presents paper usage data and costs through a dashboard, it lacks features such
as automatic data retrieval from printer databases and individual user tracking, thus limiting
its effectiveness in monitoring paper usage [31]. Additionally, no existing application has the
capability to calculate the carbon footprint from paper usage in printing and photocopying,
which hinders efforts to reduce an organization’s carbon footprint.

Research on green area analysis has extensively utilized satellite image processing
and UAV imagery for effective assessments [32-36]. Various methodologies, such as
the Normalized Difference Vegetation Index (NDVI) [36], provide reliable measures of
vegetation health and greenness. However, a key limitation of these methods is the need
for recalibrating threshold values when shifting between study areas. Visual analysis
by experts can differentiate between green and non-green areas, but this approach is
time-consuming when applied to large regions. ArcGIS has also been used for green area
classification through raster calculations, though studies often fail to report the classification
accuracy [32]. Machine learning techniques, such as artificial neural networks (ANN), have
been applied to classify green areas using Sentinel-2A satellite imagery, achieving high
accuracy (94.6%) [35]. Similarly, deep learning algorithms applied to Landsat 8 satellite
images have produced an accuracy of 93.50% in real-time classification [35]. Despite these
advances, some methods focus solely on presenting greenness values rather than classifying
satellite images directly into green areas [34]. Furthermore, studies have explored the
relationship between green areas and socioeconomic factors, such as income levels, to
provide insights for regional development [36]. Research on the role of green spaces in
workplace environments has shown that green spaces reduce stress, improve alertness, and
foster creativity, ultimately enhancing well-being, communication, and social relationships
in professional settings [37-40].

Despite these advancements, significant gaps remain in terms of automated, real-time
data management systems for tracking both paper usage and carbon footprints, limiting
the ability of organizations to effectively monitor and reduce their environmental impacts.
Moreover, the lack of platforms that integrate green office practices with green space man-
agement represents a critical gap in sustainability efforts. Current solutions often require
manual input or recalibration, reducing their efficiency and scalability. To address these
limitations, this study proposes the development of a comprehensive platform that inte-
grates geoinformatics, information technology, and machine learning. The platform will
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manage data related to printing and photocopying, calculate associated carbon footprints,
and monitor green spaces within organizational premises. By automating these processes,
the platform will enable precise, real-time tracking of carbon emissions, helping organi-
zations align with green office policies and contribute to sustainable development goals.
This integrated approach offers a robust solution for managing both carbon footprints
and green space metrics, advancing environmental sustainability within organizations.
The hypothesis of this study is that integrating real-time data from office activities, such
as printing and photocopying, with machine learning and GIS technologies will enable
accurate and automated carbon footprint calculations. The visualization of these data will
enhance organizational decision making for sustainability goals.

2. Research Methodology

This research introduces the development of a platform or application designed to
manage carbon footprint data derived from printing and photocopying activities within
office settings and to analyze green space utilizing satellite and digital imagery. The primary
objective is to devise an application that facilitates the advancement towards establishing
green office practices and aligning organizational objectives with sustainable development
goals. The second objective is to analyze and classify green spaces within organizations and
agencies using satellite imagery and digital images, in conjunction with machine learning
techniques, through greenness analysis and green space classification. This methodology
enables organizations to leverage green space data for strategic planning, facilitating the
effective management and expansion of green spaces to reduce the organization’s carbon
footprint. The research focuses on the Faculty of Science and Industrial Technology at Prince
of Songkla University’s Surat Thani Campus, as delineated in Figure 1. This academic
institution operates within the purview of a university-type educational establishment, with
a core mission centered on producing graduates equipped to meet labor market demands,
conducting research, and providing academic services to society, while also preserving
arts and culture. The faculty comprises administrative personnel, faculty members, and
operational staff, and the communication methods encompass both digital and paper-
based mediums for printing and photocopying. Typically, individual printing volumes are
regulated through a quota system per person per annum; however, individuals may request
additional print runs upon exhaustion of their quotas. Identified issues include the inability
to monitor individual printing volumes over specified timeframes, the lack of real-time
tracking for total faculty printing, and the absence of data necessary for calculating the
faculty’s or department’s carbon footprint. Detailed research methodologies are explained
in Sections 2.1-2.5.

Figure 1. Study area. Source: Image retrieved using Google Maps API (© Google, accessed on
1 May 2024).
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2.1. Proposed Application Platform Architecture

This research has formulated the architectural framework of the system or application,
as depicted in Figure 2. The design operates within the current operational context of the
faculty office, wherein printer services are accessible via the university’s intranet network,
catering to three distinct user groups: lecturers/staff, executives, and administrators.
Although individual print and copy counts are logged in a database to monitor yearly
quotas, the absence of an application precludes real-time tracking and temporal analysis.
Consequently, this study proposes the development of an application to serve all user
groups, facilitating data retrieval through an application programming interface (API)
for querying and storing information in the green office database. The resultant data
are presented to each user group, enabling the tracking of both carbon footprint metrics
and green space classifications. Furthermore, the operational details of the developed
application or platform are delineated in Figure 3. The workflow comprises three distinct
stages: firstly, recording the number of document pages into the database upon user
initiation of print jobs; secondly, data retrieval, processing, and subsequent storage within
the green office database for carbon footprint calculation and result display; and finally,
querying map data and satellite imagery via Google Maps API and Google Earth Engine to
analyze green areas within the university. This analysis involves calculating the NDVI and
employing machine learning algorithms for green area classification.

2.2. System Analysis and Design

In this research, the results of analyzing and designing a system or application using
the use case diagram in Figure 4 are presented. The diagram illustrates three user groups:
lecturers/staff, executives, and administrators, each with distinct roles and abilities within
the application. Members of the lecturers/staff group can utilize the application to display
personal printing and photocopying data for specific time periods but are unable to access
others’ data. They also have access to information about green area mapping. Executive
users, in addition to viewing individual personnel’s printing and photocopying data within
their unit, can track overall information for the entire group through the dashboard. They
can export data in the MS Excel format and set carbon footprint usage goals for comparison
with actual usage. Administrators can manage user accounts and printing and copying data.
They can upload files manually when the API cannot retrieve data automatically for all user
groups. Identity verification through the application is required for all three groups.

ao

Users

www

Network Printers

Application

Figure 2. Proposed application platform architecture.
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Figure 3. Proposed workflow of platform.
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Figure 4. Use case diagram.

2.3. Carbon Footprint Calculation and Visualization

In this study, data pertaining to the volume of paper consumed for photocopying
and printing were employed to compute the carbon footprint associated with printing
activities. Furthermore, carbon footprint calculations were based on data derived from the
utilization of electronic documents, aiming to assess the extent to which carbon emissions
can be mitigated through the adoption of electronic documents or digital files via the
https:/ /docs.psu.ac.th platform(accessed on 1 May 2024).

The platform’s visualization is designed to be intuitive and interactive, making carbon
footprint data easy to understand. Users can view real-time results of resource usage and
compare them with set targets over time. This capability helps users make informed decisions
about their environmental impact and adjust their resource usage behavior as needed.

The application presented in this research currently sets carbon footprint targets
on a monthly basis. This time frame was chosen because it strikes a balance between
granularity and feasibility in tracking resource consumption patterns. A monthly target
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allows organizations to monitor their progress regularly without overwhelming users with
overly frequent data adjustments, which could occur if shorter intervals, such as weekly or
daily periods, were used. Furthermore, a monthly approach provides a clear time frame
for evaluating trends, such as seasonal fluctuations in printing and photocopying usage or
operational cycles, and makes it easier for decision makers to implement corrective actions
or adjust targets accordingly.

The formula for calculating the carbon footprint (CFysage) from black-and-white print-
ing and photocopying is given by the following;:

CFusage = Number of Pages x Paper Weight x Emission Factorysage @)

where

CFusag represents the carbon footprint resulting from black-and-white printing and
photocopying.

Number of Pages denotes the total number of sheets of paper used.

Paper Weight is the weight of a single sheet of paper, which, in this research, is set to
0.004375 kg.

Emission Factorysage represents the greenhouse gas emissions associated with printing
and photocopying activities. In this study; it is assigned a value of 1.1400 kgCO»e per kg
of paper.

More than 95% of office printing and photocopying within the departments at Prince
of Songkla University is conducted in black and white, with most printers configured for
black-and-white output. Therefore, this research focuses on calculating the carbon footprint
exclusively for black-and-white printing and photocopying.

2.4. Greeness Analysis and Green Space Classification

This study analyzes and classifies green areas within the vicinity of Prince of Songkla
University, Surat Thani Campus, using Landsat-8 satellite imagery data, in combination
with the NDVI. To enhance classification accuracy, machine learning techniques, specifically
the support vector machine (SVM) algorithm, are employed. The primary goal is to catego-
rize green spaces into two distinct classes: green space and non-green space, facilitating the
presentation of green space data within developed applications for planning, tracking, and
analysis purposes.

Additionally, this study explores the relationship between the carbon footprint and
the amount of green space within the organizational context, which is essential for sus-
tainability planning. The NDVI is used to analyze and quantify green spaces, providing a
clear understanding of the extent of vegetation. However, due to the medium resolution
of Landsat-8 imagery, this data is insufficient for detailed monitoring, especially when
analyzing green areas near or within buildings. To mitigate this limitation, digital image
classification techniques are applied in conjunction with NDVI to obtain more comprehen-
sive data for both outdoor and indoor green spaces. This integrated approach supports
more effective organizational planning aimed at reducing the overall carbon footprint.

The SVM algorithm was selected for this research due to its proven effectiveness in
high-dimensional data classification and its ability to handle non-linear relationships within
datasets. When classifying complex environmental features such as green spaces, where
boundaries between categories (e.g., green and non-green areas) may not always be linear,
SVM excels using kernel functions. These kernels allow the algorithm to project the data
into a higher-dimensional space, enabling it to more easily find the optimal separating
hyperplane between the two classes, i.e., green space and non-green space. SVM is partic-
ularly well-suited for tasks involving remote sensing data and satellite imagery, such as
that obtained from Landsat-8, where the data often includes noise, overlapping spectral
features, and non-linearity between classes. SVM has demonstrated strong generalization
ability, meaning it performs well, even with limited training data, a common challenge in
environmental and land cover classification studies. Moreover, compared to other machine
learning algorithms like decision trees or random forests, SVM typically offers superior
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classification accuracy, especially in binary classification problems like this one. Experimen-
tal comparisons in the field show that SVM consistently outperforms other algorithms by
achieving higher precision and accuracy in land cover and vegetation classification tasks.
This makes SVM the ideal choice for this study, in which high classification accuracy is
critical for generating reliable green space data that can be used in sustainability planning,
carbon footprint reduction strategies, and effective resource management. Table 1 provides
the specific details of the SVM model used in this research.

Table 1. Model parameter settings.

Parameter Value Remark
Class 1: Green Space
NumClasses 2 Class 2: Non-Green Space
Kernel Radial Basis Function
Iteration 500

2.5. System Implementation

The system or application developed in this research adopts a web-based architecture
and employs a variety of programming languages and software tools, including PHP 8.3,
Python 3.7.9, JavaScript ES13, Google Maps API 3.55.1, Google Earth Engine, MySQL
8.0, and Visual Studio Code 1.85. Furthermore, a green space classification model was
established using deep learning techniques, specifically through image processing. This
involved training a model to classify images into two distinct categories: green space
class and non-green class, utilizing image datasets comprising 300 images per class for
training purposes. To assess the model’s performance, an independent set of 172 images
per class, totaling 344 images, was utilized for evaluation, ensuring that these images were
not included in the training dataset.

2.6. Usability Testing

Usability testing was conducted with 15 participants from three distinct user groups:
lecturers/staff, executives, and administrators. These participants were selected to provide
diverse perspectives on the platform’s usability across different roles. The evaluation
focused on five key dimensions: simplicity and ease of use, font size appropriateness,
dashboard clarity and understanding, appropriate data visualization, and system response
time. Each participant completed tasks designed to explore the system’s functionalities and
subsequently rated their experience using a 5-point Likert scale, where 1 represented the
lowest satisfaction and 5 the highest. The feedback was quantitatively collected and used
to inform the analysis of usability across these key dimensions. This approach ensured a
comprehensive evaluation of the platform’s user interface and functionality across diverse
user needs.

3. Results and Discussion

The results of developing the system or application used in this research encompass
two principal components: the first component is designed for managing printing, photo-
copying, and electronic file usage to ascertain the carbon footprint. This segment includes
functionalities for user authentication, depicted in Figure 5, wherein users employ their
respective usernames and personnel passwords for system access. Notably, authentication
is facilitated through programming via an application programming interface (API). Fur-
thermore, user accounts and roles are administrable through the administrator interface, as
illustrated in Figure 6, with default roles assigned to lecturers/staff members. Additionally,
the administrator and executive user groups have the capability to configure supplementary
settings. Moreover, the administrator possesses the authority to upload data files detailing
the number of copies and prints generated by all users, with support for CSV or Excel file
formats. Upon data upload, pertinent information, such as the recorder’s details, creation
date, and update timestamp, are recorded. The interface depicted in Figure 7 facilitates
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the viewing of past uploads and provides options for data deletion. Typically, application
development in this domain involves retrieving data regarding copies and prints from the
database. However, for printers not integrated into the network, such as personal printers,
data can be uploaded via file submission, ensuring accurate tracking aligned with actual

usage volumes.

Faculty of Science and Industrial Technology

Green Office

Login with PSU Passport

Username

admin@greenoffice.com

Password

Remember

'8

Forget password?

(o]

Figure 5. User authentication interface.
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Figure 6. Administrator interface (user permission data manipulation). Source: Image generated
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—  GREEN OFFICE SYSTEM S Admin

Import Data / Upload Data

Import Data / Upload Data

Import File

Choose File no file selected

Flies Uploaded
# User Type Created Updated View / Delete
Admin EXCEL 09/05/2024 09:13:32 09/05/2024 09:13:32 o &
Admin APl 09/05/2024 09:13:32 09/05/2024 09:13:32 o &
Admin EXCEL 09/05/2024 09:13:32 09/05/2024 09:13:32 o &
Admin APl 09/05/2024 09:13:32 09/05/2024 09:13:32 o ®
Admin APl 09/05/2024 09:13:32 09/05/2024 09:13:32 o &

Admin EXCEL 09/05/2024 09:13:32 09/05/2024 09:13:32 o @

Figure 7. Administrator interface (import data). Source: Image generated from the web application
developed by the authors.

The application development results for executive users encompass the establishment
of a monthly carbon footprint target, facilitated through the input of target quantities, as
depicted in Figure 8. This functionality includes the display of date information, high-
lighting the most recent goal setting to inform executives of the timing of the latest goal
establishment for informed decision making regarding goal adjustments. Furthermore,
executive users can leverage the application to monitor diverse datasets, including the
carbon footprint generated from printing and photocopying activities and carbon footprint
reduction achieved through the utilization of digital files via the E-document system, as
well as metrics related to tree consumption attributed to printing and photocopying, along
with subsequent reductions. These metrics are presented comprehensively in a dashboard,
as depicted in Figure 9, allowing for visualization through line graphs comparing carbon
footprint quantities associated with monthly printing, photocopying, and E-document
generation. Historical data from previous years is also accessible, serving as informative re-
sources for strategic planning and policy formulation aimed at mitigating carbon footprint
usage or reducing printing activities at the organizational level. The line graph presented
in the application uses three colors: light green, dark green, and blue. The light green line
represents the carbon footprint associated with printing, the dark green line represents the
carbon footprint from photocopying, and the blue line represents the carbon footprint from
electronic documents (E-docs). Moreover, the dashboard provides a comparative analysis
between actual carbon footprint usage and target values for each month, as illustrated
in Figure 10. The functionalities offered in this section enable agencies to monitor data
against predefined objectives, facilitating the assessment of progress towards goals and
the identification of usage disparities across different timeframes. Figure 10 presents three
color-coded bar graphs: light green, dark green, and blue. The light green bars indicate
the carbon footprint associated with printing, the dark green bars represent the carbon
footprint from photocopying, and the blue bars show the carbon footprint from electronic
documents (E-docs). The yellow line on the graph represents the monthly carbon footprint
target set by the organization.
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—  GREEN OFFICE SYSTEM SRS Admin

Setting targets

Setting monthly targets for carbon footprint

(kgCo2eq) *

300

Figure 8. Carbon footprint target setting interface. Source: Image generated from the web application
developed by the authors.

TREE CONSUMPTION REDUCED TREE CONSUMPTION

245 70 6 2

CARBON FOOTPRINT Data: Year

100 75 70 7 days
Printing Photocopyin
30 days
Year

Custom

Legend
Printing

_ ® Photocopying

@ Edoc .

Figure 9. Line graphs comparing carbon footprints on the dashboard. Source: Image generated from
the web application developed by the authors.

Comparative analysis between actual carbon footprint usage and target values Data: Year
2 100 75 7 days
Printing Photocopying 30 days
Legend
Year
Printing Custom

® Photocopying

® Edoc

Carbon Footprint
Target

Figure 10. Comparative analysis between actual carbon footprint usage and target values on the
dashboard. Source: Image generated from the web application developed by the authors.

Moreover, the application has the capability to generate a line graph illustrating
monthly carbon footprint data, as exemplified in Figure 11. This feature enables the
analysis of monthly carbon footprint trends, facilitating the identification of usage patterns
crucial for strategic planning and reviewing strategies aimed at mitigating future corporate
carbon footprints. Additionally, the application enables the tracking of individual users
and the analysis of printing, photocopying, and carbon footprint usage. It provides detailed
information on individual users, including the top 10 most active users on a monthly
basis (Figure 12). Furthermore, the application allows for data exportation in PDF and MS
Excel formats on a monthly and yearly basis (Figure 13). The provision of comprehensive
information in this section empowers executives to conduct in-depth analyses for root cause
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identification and planning, thereby informing various measures or strategies to curtail
printing and photocopying activities among agency personnel. The results of application
development in the domain of printing data management, photocopying, and digital file
usage indicate that the developed application facilitates the tracking of the carbon footprint,
deforestation, and reductions in deforestation resulting from the transition from paper to
digital files within offices or organizations. These insights are invaluable for organizational
planning towards the realization of green office objectives and can serve as a blueprint for
implementation in other departments or faculties within the university.

CARBON FOOTPRINT Types: printing Data: Custonm

Figure 11. Line graph illustrating monthly carbon footprint data on the dashboard.

Top 10 individual carbon footprint usage by monthly

No. Name Total(Sheet) Printing(Sheet) Photocopying(Sheet) Carbon Footprint(kgCO2e)

264 0 1.31

196 0 0.98

0 194 0.97

133 26 0.79

0 97 0.48

Y 88 0.44

62 0 0.31

0 23 0.1

18 0 0.09

Figure 12. Top 10 individual carbon footprint usage by month.
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Report by types (monthly)

Printing & 673

W Photocopying & 428

Figure 13. Carbon footprint usage report by types.

The results of application development in the second component encompass the anal-
ysis and classification of green areas within the Prince of Songkla University Surat Thani
Campus vicinity, comprising various facets such as green area information management.
Within this module, users are afforded the capability to input green area data via the appli-
cation interface, as illustrated in Figure 14. Green area information encompasses latitude,
longitude, altitude, and direction, along with photographic documentation of green spaces,
accompanied by timestamps. The requisite data for users to import comprises photographs
capturing green areas, with supplementary data extracted from the GPS functionality of
the user’s smartphone. During the process of data recording for green area monitoring
and classification, a deep learning model is deployed to discern whether the captured
image features green elements such as trees, plants, or grass. Classification outcomes
designate the recorded image as either green space, if verdant elements are identified, or
non-green space, if the image predominantly depicts built structures. Exemplars of classifi-
cation outcomes are depicted in Figures 15 and 16. Figure 15 illustrates the classification
result indicating green space, wherein an area within the photograph depicts a building
or structure accompanied by allocated green space. Conversely, Figure 16 illustrates a
non-green classification outcome, indicating an absence of greenery within the depicted
area. Evaluation of the green area classification model’s efficacy reveals accurate classi-
fication performance. Assessment based on training and validation data attests to high
accuracy, with an accuracy rate of 98.08% and a Kappa coefficient of 0.96 for the training
dataset. Similarly, the validation dataset demonstrates commendable performance, with an
accuracy rate of 99.22% and a Kappa coefficient of 0.92. Detailed evaluation metrics are
presented in Table 2.
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Green Apace Area Data Collection

Latitude:
9.092572222222223
Longitude:
99.35772777777777
Altitude:
35.7224
Direction:
53.3435
Image:
Choose File ﬁ g1l.jpeg

Date and Time:

03/05/2024, 10:38

Get Geolocation

Figure 14. Green space data input interface.

Green Space Green Space
99.98% 100.00%
Non Green Non Green

Green Space Green Space
100.00% 99.99%
Non Green Non Green

Figure 15. Green space classification results using digital images.
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Green Space
i
Non Green Non Green

Green Space

3.73%

Non Green

%.27%

Figure 16. Non-green space classification results.

Table 2. Accuracy assessment.

Data Accuracy Precision Recall
Training data 98.08% 98.1% 98.08%
Validation data 96.22% 96.35% 96.22%

Furthermore, the application has the capacity to present the coordinates of recorded
green areas or notify the users thereof, as depicted in Figure 17. This information is
displayed in a map format, where numbers within yellow and green circles represent
recorded green areas stored in the database. These records undergo verification utilizing a
deep learning model to ascertain the presence of green areas within the captured images.
The accompanying image on the right showcases a map delineating green areas within
each region. Users can access the coordinates of each green space by selecting individual
pins or markers, as illustrated in Figure 18. In this study, Landsat-8 satellite imagery
was processed to assess greenness, with SVM employed for classification into green and
non-green areas. The outcomes of this analysis are illustrated in Figure 19, which presents
classification results superimposed onto ESRI and Google Hybrid maps. Red pixels denote
non-green areas, while green pixels represent green spaces. Analysis findings indicate
that the university area comprises green spaces accounting for 57.87% of the total area,
with building areas accounting for 42.13%. Nonetheless, limitations persist due to the
resolution of satellite images, leading to challenges in distinguishing small green areas. To
address this, the study integrates ground-truthing through smartphone-captured green
space photography and deep learning processing, yielding green space data reflective
of real-world conditions. This data can serve as a foundation for developing support
and management tools aimed at facilitating the efficient transition towards a green office
or organization.

To address the limitations of Landsat 8 imagery for detailed green space monitoring,
particularly due to its medium spatial resolution (30 m), integrating ground-truthing
with smartphone photography presents a complementary approach. Ground-truthing
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involves collecting real-world data to validate and enhance the accuracy of satellite image
classifications. This approach offers the following advantages:

Improved spatial detail: Smartphone photography allows for the capture of high-
resolution images of specific areas, providing detailed information that Landsat 8 imagery
may not capture, particularly in small or complex green spaces such as urban parks,
gardens, or areas near buildings. By comparing high-resolution smartphone images with
satellite data, researchers can more effectively classify smaller or fragmented green spaces
that may not be visible or accurately classified using Landsat 8 data alone.
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Figure 18. Green space data visualization.
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Figure 19. Green space classification results using satellite images.

Temporal flexibility: Smartphones enable real-time or on-demand data collection,
making it possible to capture seasonal variations in vegetation or monitor short-term
changes that the 16-day revisit cycle of Landsat imagery might miss. This capability is
particularly valuable in monitoring areas that undergo rapid changes due to urbanization,
seasonal vegetation growth, or other environmental factors.

One significant challenge is the need for personnel to physically capture photos using
smartphones and then process the data. This introduces limitations in terms of time and
human resources required for data collection and processing. Moreover, large-scale ground-
truthing efforts may not be feasible due to logistical constraints, particularly in larger or
more remote areas.

This study conducted a usability test involving three distinct user groups: lectur-
ers/staff, executives, and administrators, with a total of 15 participants. The evaluation
focused on five key usability dimensions: simplicity and ease of use, font size appropri-
ateness, dashboard clarity and understanding, appropriate data visualization, and system
response time. Participants rated each aspect on a 5-point Likert scale, with a score of 5
representing the highest level of satisfaction. The usability dimensions were assessed based
on the feedback from the participants. The mean and standard deviation values for each
dimension are presented in Table 3.

Table 3. Usability testing results.

Usability Topic Mean Standard Deviation
Simplicity and Ease of Use 4.60 0.51
Font Size Appropriateness 4.60 0.51
Dashboard Clarity and Understanding 4.67 0.49
Appropriate Data Visualization 473 0.46
System Response Time 473 0.43

As shown in Table 3, the system response time and appropriate data visualization
received the highest mean scores, each at 4.73, indicating that users particularly valued the
system’s quick responsiveness and the clarity of its data presentation. In contrast, simplicity
and ease of use, along with font size appropriateness, both received a mean score of 4.60,
reflecting generally positive user experiences but with opportunities for further refinement.
The relatively low standard deviations, ranging from 0.43 to 0.51, suggest a high level of
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consistency in user experiences across the different participant groups. This indicates that
the platform’s usability features function reliably across a variety of user demographics.

Based on the results of developing an application tailored for managing printing, pho-
tocopying, and digital file usage data, along with the subsequent analysis and classification
of green areas employing GIS and machine learning techniques, it is evident that the appli-
cation facilitates data processing and presentation conducive to green office management
within the Faculty of Science and Industrial Technology at Prince of Songkla University,
Surat Thani Campus. This advancement addresses and rectifies limitations identified in
previous research [27,28,31], encompassing diverse issues such as cross-platform compati-
bility, automated data retrieval from printer databases, and the capability to import files for
non-network printers. Notably, the application enables the calculation of the carbon footprint
resulting from printing and photocopying activities, along with tracking data pertaining to
the printing and photocopying volumes of individual personnel. Moreover, this research
integrates the development of an application aimed at analyzing and monitoring green areas
within the study area, facilitating the management of green area information. Consequently,
these endeavors contribute to fostering a more environmentally stable organizational milieu
conducive to mitigating global warming and advancing towards the realization of low-carbon
organizational objectives aligned with sustainable development goals.

While this study focuses on the analysis and classification of green spaces at Prince of
Songkla University, Surat Thani Campus, the methodologies and applications developed for
calculating carbon footprints and classifying green areas can be extended to other faculties
and universities. The general approach used in this research provides a framework that can
be adapted to different types of organizations with varying data structures, sustainability
goals, and resource consumption patterns. However, the generalizability of the results
depends on the following key factors:

1. Organizational structure: Different organizations may have unique operational setups,
resource consumption profiles, and sustainability practices. Adapting this platform to
other settings requires customization based on specific organizational processes, such
as resource usage frequency and reporting intervals (daily, weekly, monthly, etc.).

2. Geographical and environmental differences: The performance of classification tech-
niques, particularly NDVI and SVM, can vary across different geographical regions
due to variations in vegetation types, climate, and environmental conditions. In
this study, combining NDVI with SVM improved green space classification accuracy,
especially during the dry season. However, when applying this approach in other
regions, it is important to consider the vegetation type and seasonal patterns. For
example, SVM may require retraining in regions with deciduous plants, as their sea-
sonal behavior differs from that of evergreen species. Additionally, incorporating
multi-temporal data ensures that the model can adapt to these variations, further en-
hancing classification accuracy. Future work should validate this approach in diverse
climates and vegetation types to optimize performance.

3. Carbon footprint metrics: The carbon footprint formulas and emission factors may
vary based on regional practices, different energy consumption standards, and the
types of activities specific to the organization. Custom equations may need to be
developed to reflect the unique characteristics of each organization.

4. Data availability: The availability of accurate and real-time data is crucial to the
platform’s effectiveness. Organizations that lack detailed data on activities such as
printing, photocopying, or energy usage may face difficulties in applying the platform
without modifying their data collection practices.

By considering these factors, the methods and tools developed in this research can be
applied as a flexible framework for organizations aiming to calculate carbon footprints and
manage green spaces. Future studies could explore adapting this framework to different
types of institutions or regions with diverse environmental and operational characteristics.

The integration of carbon footprint data from printing and photocopying activities
with green space analysis provides organizations with a powerful tool for making informed
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sustainability decisions. The ability to monitor carbon emissions from internal operations
while simultaneously assessing the carbon absorption capabilities of managed green spaces
enables a more holistic approach to sustainability. By comparing these datasets, organiza-
tions can evaluate the trade-offs between reducing carbon emissions through operational
changes (e.g., reducing printing) and increasing investment in green space initiatives to
offset emissions. This integrated approach fosters a deeper understanding of the environ-
mental impact of internal activities and supports more effective decision making aimed at
minimizing environmental footprints.

4. Conclusions

This study introduces the development of a comprehensive platform that integrates
digital image processing, satellite imagery, GIS technology, and machine learning to manage
data related to printing and photocopying activities, calculate carbon footprints, and monitor
green areas. The following key outcomes and future research directions are summarized:

1.  Platform efficiency: The platform automates carbon footprint calculations for office
printing and photocopying, providing organizations with real-time, accurate assess-
ments of their environmental impact. It effectively addresses limitations found in
previous systems by enabling precise, streamlined analyses of both office activities
and green space data.

2. Environmental impact: By improving data management related to paper consumption,
the platform helps organizations reduce their carbon footprints, decrease paper usage,
and ultimately contribute to deforestation prevention. This reduction plays a crucial
role in mitigating the effects of global warming, offering actionable solutions for both
organizations and environmental stakeholders.

3. Green office alignment: The platform’s ability to monitor green spaces supports orga-
nizations in aligning with sustainable development goals. By incorporating real-time
monitoring of carbon footprints, the system encourages the implementation of green
office initiatives that contribute to more eco-friendly and productive work environments.

4. Future development: The platform’s capabilities should be expanded to include other
carbon-generating activities, such as energy consumption. Adding such functionalities
would enhance the platform’s ability to provide a holistic view of an organization’s en-
vironmental impact, allowing for more targeted and effective sustainability strategies.
However, challenges to be expected include dealing with differences in data formats
from multiple data sources and the need to customize the system to support different
data standards. Additionally, ensuring data accuracy and integrating systems from
multiple sources can take time, requiring good coordination between development
teams and data providers.

5. Integration with IoT: The application of Internet of things (IoT) technology should be
explored in future research. IoT sensors could automatically track and monitor office
electricity consumption and other energy use. This real-time data integration would allow
for a more comprehensive analysis of office sustainability, offering actionable solutions.

In addition to the technical advancements presented in this study, future research
could focus on incorporating features aimed at changing user behavior to promote more
sustainable practices. For instance, integrating automatic alerts for exceeding energy or
resource usage thresholds could provide real-time feedback, encouraging immediate action
to reduce consumption. Furthermore, including sustainability metrics that allow users
to visualize the direct impact of their actions could foster a more conscious approach to
resource usage. The addition of incentive-based systems, such as reward mechanisms or
comparisons with other users or departments, could enhance engagement and promote
friendly competition. By incorporating these behavioral elements, future developments
could transform platform functions from simply monitoring data to actively encouraging
users to adopt more environmentally responsible habits.
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