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Pollce General Nathathaorn Prousoontornf,

Bridgingd/] Lah\and Technology:

Legal Adapt/to Technological Changes

Police General Nathathorn Prousoontorn,
NBTC Commissioner for Legal Affairs, said
“As the world rapidly changes with the
development of technologies that make
it impossible to categorize different
types of technology as previously done,
this marks a significant challenge for the
NBTC as a regulatory body of broadcasting,
television, and telecommunication
services” So, one of the key missions is to
revise the laws to cope with technological
changes.

As a key mission of the National Broadcasting
and Telecommunications Commission (NBTC),

it aims to integrate laws with technology by

establishing a Subcommittee on Amending

and Revising Laws Used in the Regulation of
Broadcasting, Television and Telecommunications
Businesses. This subcommittee studies
problems, obstacles, and technological trends
to revise laws for modernity and flexibility as
well as to accommodate law to technological
changes. This will ensure fairness for all
sectors and ultimately protect consumers.
Over the past two decades, communication
technology has significantly evolved, with
91% of people now accessing high-speed
internet services. Smartphone technology
development has led to the convergence of
traditional information and communication
technologies, impacting various aspects of

our lifestyles, including entertainment
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media, news, shopping, and online transactions.
However, the laws supporting this convergence
are currently separated, requiring revision
and updating to become a single version.
These laws include the Broadcasting and
Television Business Act B.E. 2551 (2008), the
Telecommunications Business Act B.E. 2544
(2001), and the Radio Communications Act
B.E. 2498 (1955). The process of drafting

legislation involves several steps, timelines,

and clear provisions to minimize ambiguous
interpretation and the use of discretion by
officers.

The revised law will be tentatively named
“the Communications Act”. The subcommittee
has already drafted an initial version, but
with the rise of OTT (Over-the-Top) services
like Netflix and Disney+, as well as Video
Sharing Platforms such as YouTube and TikTok
and Fast TV, further study will be needed.

“To ensure law and technology can coexist effectively, we should establish

primary legislation complemented by secondary regulations—like notifications—

that can be more easily adjusted as technology evolves. We will review every

detail if any uncertainties remain.”

Developing academic work towards
drafting legislation

The NBTC program (Advanced Program in
Broadcasting, Television, and Telecommunications
Management, Governance and Development),
a collaboration between the NBTC and King
Prajadhipok’s Institute, is a mechanism to
provide a comprehensive perspective on
legal amendments in the broadcasting,
television, and telecommunications
industry. The program aims to develop
senior executives’ understanding of the
communications business, foster a shared
vision for driving the industry forward, create
an integrated network among public and

private sector executives, and conduct in-depth
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research on various topics, comparative to
international case studies. Researching will
deliver academic works with recomnmendations,
benefiting the NBTC especially in legislative
amendment.

We believe this NBTC program will unite
experts from various multidisciplinary sectors,
including public, private, and consumer
domains, to exchange their points of view
on specific issues and lesson learnt from
international case studies. The knowledge
gained from the program will be used to
improve the NBTC’s legislation to keep pace

with technological changes.



The current research topics

* The space industry

* Artificial Intelligence (Al)
infrastructure

Proactive measures to prevent
cybercrime

Technological advancements have led
to arise in cybercrimes, where offenders can
commit crimes in different countries and
transfer illicit gains. This creates a borderless
environment for crime prevention, suppression,
and prosecution, necessitating multi-agency
and international cooperation.

By preventing technology misuse, crime
is harder to commit. Since taking office, the
NBTC has collaborated with the Royal Thai
Police and other agencies to suppress illegal
telecommunications stations and regulate
signal towers along the border from north to
south, eliminating the “SIM-Tower-Cable”
factors that prevent mobile phone and
internet signals from extending beyond the
Kingdom’s border, which are crucial for

tackling transnational crime.

* Low Earth Orbit (LEO) satellites

* Telecommunications

* Autonomous Vehicle and Smart
City:

* Cybercrime

A Subcommittee on the Integration of
Enforcement of Technology Crime and State
Security Laws has been established, comprising
representatives from various agencies, including
police officers, the Department of Special
Investigation (DSI), the Anti-Money Laundering
Office (AMLO), the Bank of Thailand (BOT),
and the National Cyber Security Agency (NCSA),
to jointly determine guidelines for preventing
and solving cybercrime problems. The latest
results have implemented 8 measures to
prevent cybercrime, as per the Emergency
Decree on Measures for the Prevention and
Suppression of Technological Crimes (No. 2)
B.E. 2568 (2025). The telecommunications
regulatory agency must announce these
measures to ensure operators share

responsibility if they fail to comply.
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8 measures for prevention and suppression of technological crimes
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SIM Registration

1) Service providers must register mobile phone
users accurately as prescribed by the NBTC.

2) Verification of new user registration data must
be repeated within 7 days.

3) Individuals who registered mobile phones from

1 January 2024 must be verified within 90 days,

and within 1 year for those who registered
before 2024.

Unusual Service User

Inspection

Service providers must immediately inspect and
suspend services upon detecting many outgoing/
repeated calls in the same areaq, identifying
customer data at risk, and noticing irregularities in
network connection devices such as SIM boxes.

Service providers must restrict
foreigners’ phone numbers

to a maximum of 3 numbers per person per mobile
carrier, and they must use their passport for identity
verification.

The use of unregistered SIM Boxes
and Gateways to connect to the

network is prohibited.
The use of SIM Boxes or Gateways with 4 or
more SIMs must be registered with the NBTC.

NBTC

Telecom and Broadcasting Barometer

Suspend suspicious services

Service providers must suspend suspicious
mobile phone numbers within 24 hours after being
notified by the Office of the NBTC and within 3 days
for those of other telecommunications services.

A2P SMS Control

Sending message from an application to
individuals in an application-to-person (A2P)
format requires registration of the sender’s name
and verification of the link’s validity before each
transmission.

The limited-time Tourist SIM
requires identity verification registration and can
be used for more than 60 days. If you wish to
continue using the same number after the expiration,
re-registration is required.

Warning and rejection of
international calls

Service providers must add a warning mark,
such as +697 or +698, before the number
originated from abroad and provide a system
for users to reject incoming international calls.



The NBTC is planning to encourage
telecommunications operators to close
fraudulent loopholes and take responsibility
for public protection from criminal groups,
meanwhile collaborating with the National
Cyber Security Agency (NCSA) to raise public

awareness of cyber threats, particularly

in remote and border areas, through the
USO Net and USO Wrap center located in
2,184 educational institutions nationwide.
The NBTC has allocated a budget to expand
telecommunications infrastructure, reduce
information inequality, and organize training to

raise awareness of the danger of technology.

“We believe that this Royal Decree could address the issue directly,
mandating those involved to share responsibility and establish protective
measures for their service users. Technology and platform owners are in
the best position to prevent their users from being deceived. The Royal
Decree outlines in Section 4/1, paragraph one, that regulators are required
to enforce measures for agencies they oversee, and failure to comply may
result in shared liability for fraud damages.”

Fill the gaps to close legal risks

The NBTC has appointed a “Subcommittee
on Law and Cases” to manage legal matters,
including disputes and lawsuits. The
subcommittee, consisting of practical and
academic experts, along with NBTC staffs,
will provide legal opinions on various
telecommunications operations issues,
including administrative disputes and
notifications impacting public services, to
mitigate legal risks in formulating policies

accurately.

Future directions

Thailand’s broadcasting, television, and
telecommunications industries are expected
to experience full convergence in the next
3-5 years, offering seamless and diverse
services. Various technologies and services
will become more complex and provide
borderless services, such as 5G high-speed
internet and Al technology, which will
significantly impact traditional broadcasting

and consumer behavior.
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“Consumers expect access to information
and services anytime, anywhere, and service
providers will need to adapt to offer more
personalized solutions. This will lead to new
business opportunities, but undeniably that
it will simultaneously create challenges for
supervision.”

The NBTC’s future direction is needed to
adapt to technological advancements, focusing
on integrated supervision and its shifting role
from a regulator to a business promoter. This
requires a balance between promoting fair
business practices, enabling small businesses
to compete in industry while simultaneously
protecting consumers and safeguarding the
country’s interests.

Another urgent need for the NBTC is to
enhance people’s knowledge and skills in
digital transformation, as well as encourage

them to use new technologies at work and

public services like Al and blockchain to
increase efficiency and transparency and
reduce errors.

Despite having obvious goals and
directions, the NBTC still faces challenges
in achieving its mission which include

@ balancing between business promotion
and consumer protection amidst the operating
of multinational service providers that are
not directly regulated by Thai law.

@ combating increasingly sophisticated
cyber threats and transnational crimes.

® developing comprehensive digital
infrastructure to bridge the digital divide
and create equal opportunities to access
technologies.

Overcoming these challenges requires
integration of cooperation and expertise
from all sectors, including government,

private and public sectors.

&

|

L “The immediate and important

thing to do is to review outdated
regulations to align with the current

—context, keeping pace with new

technologies and service models
'such as OTT, Al, loT, low Earth

orbit satellite data transmission,

r\und even the upcoming 5.5G/6G

echnologies.”




An Examination of Digital Media Repertoires and
Digital Literacy in Online Safety among Thai Older Adults

nisAnugasUIuunsiddoddnana:Audininuadna
dumwlananappulaulundutigvonaling

By Natnaree Wongmith, Amnist Opapun

Abstract

Cybercrime targeting older adults has
escalated in today’s digital society. Digital
literacy is crucial for reducing the risks
of online frauds and harmful online
experiences. This study investigated the
relationship between digital media
repertoires and digital literacy in online
safety among Thai older adults aged 60
and above (n = 7,677). Drawing from
nationally representative survey data,
we employed logistic and ordered logit
regression analyses to investigate
whether different and more diverse
digital media repertoires were associated
with higher digital literacy in online safety
and to identify which digital platforms
are most effective in enhancing safety
literacy. The findings revealed significant
variation in digital literacy across different
media repertoires, with a greater diversity
of media use positively associated with
higher safety scores. Productivity application

emerged as the strongest predictor of
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higher digital literacy in online safety,
followed by social network services.

Implications for digital literacy initiatives

AansltusnsPSeudanteaulal JeAunull
Fliiudsenuddiyuosnsauaiuninuiivini
fIvarIUNISITIuERNIViaINa1e Yeaunsa

are discussed.

Keywords: Digital Literacy, Online Safety,
Older Adults, Digital Media Repertoire.
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Advancements in telecommunication technologies, while
offering significant benefits, have also introduced considerable risks such
as a surge in cybercrime and online fraud. In Thailand, cybercrimes caused
approximately 77.36 billion THB (2.2 billion EUR) in losses between March
2022 and November 2024 (Prachatai, 2024). Older adults, often characterized
by lower digital literacy levels (Office of the National Digital Economy
and Society Commission, 2023), are frequent and particularly vulnerable
targets of such frauds and scams (Thai PBS, 2024). As an aged society
with 20.92% of its population over 60, Thailand urgently needs to improve
older adults’ digital literacy to ensure their safe and informed engagement
with digital technology.

A growing body of research highlights the link between digital
literacy and online safety among older adults (Mullins, 2022; Sivagumaran,
2023). Research indicates that digital literacy is crucial for reducing online
fraud risks (Li et al., 2024) and could serve as a potential safeguard against
harmful online experiences (Vissenberg et al., 2022). While digital literacy
is @ multifaceted concept, covering areas from digital content creation
to communication and collaboration (Law et al., 2018), the present
research focuses specifically on its online safety dimension as key to
addressing online harm and scams.

Societal changes have led to more older adults living alone and
increasingly relying on digital media for information and social connections
(Bell et al,, 2013; Cotten et al., 2022). This changing landscape underscores

the importance of understanding individual digital media repertoire, which



refers to the combination of media platforms and content types one
regularly uses (Goncalves et al., 2017). Media repertoires differ based on
factors such as age, gender, education level, occupational status, as well
as individual needs and motivations (Sin & Vakkari, 2017; Van Rees & Van
Eijck, 2003). Drawing on medium theory, which posits that a medium’s
unique characteristics influence user perception and interaction with
content (Meyrowitz, 1995), this study investigates the relationship between
older adults’ media repertoire and their digital literacy in online safety
in Thailand.

Previous studies on media repertoires have largely concentrated
on identifying their influencing factors (Kim, 2016; Yuan, 2011). Furthermore,
much of the current literature relies on interview or qualitative approaches
(Hasebrink & Hepp, 2017; Schmidt et al., 2019). While insightful, these
studies often overlook broad patterns across larger populations. Additionally,
there remains limited research on the outcomes of digital media repertoires,
especially concerning older adults. To address these gaps, this study
employs data from the Thailand 2023 Media and Information Literacy
and Digital Literacy Summary Survey Report to examine how digital
media repertoires affect older adults’ digital literacy. While the nationwide
survey provides an overview of digital literacy across the Thai population,
this study specifically investigates the relationship between different
digital media repertoires and online safety outcomes among older adults.

Therefore, this study primarily examines how older adults’
digital media repertoires influence their online safety literacy and explores
specific media repertoires most effective in fostering digital literacy in online
safety. The findings are intended to provide insights for policymakers,
including the National Broadcasting and Telecommunications Commission
(NBTCQ), to identify effective media combinations for developing appropriate
digital literacy initiatives that equip older adults to navigate the online
world safely. Enhancing older adults’ digital literacy not only mitigates
cyber threats but also serves as a key mechanism for bridging the digital
divide. As older adults become more digitally literate, their engagement
with digital platforms is expected to increase (Noh, 2017), enabling them
to fully benefit from the opportunities offered by digital technologies.
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2.1 Uses and Gratifications Theory (UGT)

An abundance of media options brought by the information
revolution empowers citizens with the ability to choose where, how, and
when they access information (Patterson, 2010). Within this expansive
media landscape, users are not passive recipients but active agents who
select specific media and content to satisfy particular needs and desires
(Yuan, 2011). This notion of an autonomous, goal-directed media user is
central to the Uses and Gratifications Theory (UGT) (Katz et al., 1973).
UGT posits that individuals actively and purposefully select a combination
of media and media content to fulfill a range of psychological and social
needs (Katz, 1974).

UGT has been widely used to examine media use motivations
across various media research areas (Lin, 1999; Ruggiero, 2000). Early UGT
research explored audience motivations for traditional mass media, such
as television viewing motivations (Rubin, 1983). Subsequent research
applied UGT to computer-mediated communication, including the internet,
social media, and virtual reality technology (Lin et al., 2014; Whiting, A.,
& Williams, 2013). In today’s complex media environment, individuals
combine multiple media platforms and sources into their daily lives.
This practice of integrating different media to fulfill a wider range of needs

leads to the formation of personal media repertoires (Yuan, 2011).

2.2 Media Repertoire

The concept of media repertoire provides a framework for
understanding media consumption in today’s fragmented and diverse
media environment (Yuan, 2011). A media repertoire refers to “the entirety
of media that a person regularly uses” (Hasebrink & Domeyer, 2012).
Individuals construct these repertoires through routine engagement with
the platforms, genres, and devices they perceive as most effective for
fulfilling their specific needs and gratifications (Taneja et al., 2012).

Rooted in this user-centric perspective, the media repertoire
approach recognizes that individuals compose their repertoires based on
various dimensions, including media types (e.g., television, radio, and
newspapers), genres (e.g., news, drama, and comedy), topics (e.g., politics,

health, and technology), or media brands and products (Hasebrink &



Domeyer, 2012). For example, research identified distinct repertoires
based on combinations of traditional media types (Van Rees & Van Eijck,
2003), while more recent study has examined media repertoires focusing
on information sources within the digital landscape (Peters et al., 2022).

Ongoing digitization and media convergence have expanded
the media landscape by shifting communication online and integrating
digital media into daily life. As individuals rely more heavily on digital
sources for information and news (Nielsen et al., 2016), it has become
crucial for repertoire analysis to focus on digital media use. Therefore,
this study focuses specifically on the digital aspect of the media repertoire,
conceptualizing it as digital media repertoire. We define digital media
repertoire as the unique combination of digital services an individual
employs daily to satisfy their needs. Our research specifically examines

these practices among older adults.

2.3 Digital Literacy

The concept of digital literacy was introduced by Paul Gilster
in 1977. It was defined as the ability to understand and utilize information
in diverse formats from a wide variety of sources when delivered via
computers (Gilster & Glister, 1997). The definition of digital literacy has evolved
in parallel with advancements in information and communication technology
(ICT). For instance, research examining the evolving conceptualization of
ICT in the 215t century has characterized digital literacy as an individual’s
competence in finding, evaluating, and effectively using information
to create and then digitally share content (Reddy et al., 2020).
Furthermore, according to the digital literacy global framework, digital
literacy is defined as the ability to safely and appropriately use digital
technologies to access, organize, understand, integrate, communicate,
evaluate, and create information (Law et al., 2018). Despite these variations
across contexts, a prevailing scholarly consensus regards digital literacy
as a multidimensional concept that integrates individual’s skills, awareness,
and attitude towards the effective use of digital tools (Martin & Grudziecki,
2006).

This study adopts the definition of digital literacy from the

Media and Information Literacy and Digital Literacy Summary Survey
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Report Thailand 2023, which also serves as the data source for this
research. The report draws upon the digital literacy definition provided
by Thailand’s Ministry of Digital Economy and Society, which defines
digital literacy as the competency to use information for communication
in the digital society effectively and ethically (Office of the National
Digital Economy and Society Commission, 2023; Office of the National
Digital Economy and Society Commission, 2018). This definition
encompasses nine key dimensions: digital right, digital access, digital
communication, digital safety, media and information literacy, digital
etiquette, digital health, digital commerce, and digital law. The present
research focuses on digital safety, as it is crucial for reducing the risks of
scams and online frauds. Digital safety, in this context, is defined as the
ability to prevent, reduce risk, and resolve various forms of cyber threats,
such as personal data theft and fraudulent attacks (Office of the

National Digital Economy and Society Commission, 2018).

Figure 1. Digital Competence Framework for Thai Citizens

Digital Right Digital Safety Digital Health

Media & Information Digital Commerce:
Literacy

Digital Digital Law:

Communication

2

Source: Office of the National Digital Economy and Society Commission (2018)

2.4 Older Adult Digital Media Repertoire and Digital Literacy
Due to the varied applications of information and communication
technology, older adults’ engagement with digital media is increasing
(Cotten et al., 2022). A recent study also found that the variability in
digital media use increases with age among retired older adults (Taipale
et al,, 2021). Previous studies revealed diverse digital repertoire profiles

among older adults based on factors such as education levels, motivations



for using technology, cognitive skills, physical functioning, or prior
employment experiences (Hasebrink & Domeyer, 2012; Lee & Coughlin,
2015). For instance, a study on the diversity of older adults’ internet
activities identified four distinct user types: practical, minimal, maximal,
and social users, based on the purpose and frequency of internet use
(Van Boekel et al., 2017).

Medium theory posits that media are not simply channels for
transmitting information, but are distinct social-psychological environments
that encourage certain types of interaction and shape user attitudes and
modes of thinking (Meyrowitz, 1995). Following this, as older adults
integrate different digital media into their repertoires to meet various
needs, their engagement with these distinct digital environments likely
provides a range of opportunities for developing digital literacy relevant
to online safety. Educational models for enhancing digital literacy in
older adults often emphasize active participation, social connection, and
learner autonomy (Martinez-Alcala et al., 2018). Thus, older adults who
spend more time engaging with digital media that inherently support
collaboration and social connection could develop higher levels of digital
literacy compared to those who primarily use media characterized by
passive consumption (e.g., streaming services). Social networking sites,
for example, promote active engagement by facilitating commmunication
with relatives and friends, thereby fostering social inclusion (Purwanto

et al., 2023). Therefore, we hypothesize:

H1: Older adults with distinct digital media repertoires will
demonstrate different levels of digital literacy related to online safety.

Previous research has indicated that the breadth and nature of
an individual’s media use are associated with their digital competence
(Correa, 2016). Specifically, research has shown that the extent to which
individuals engage with different media sources influences their acquisition
of knowledge and skills (Hobbs & Frost, 2003). Similarly, Dodel and Mesch
(2018) argue that exposure to different platforms and interfaces enhances
users’ digital security skills. Building on this, we hypothesize:

H2: Older adults with more diverse digital media repertoires

will exhibit higher levels of digital literacy related to online safety.
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Furthermore, this study seeks to discover specific uses of digital
media that significantly influence online safety literacy among older
adults, in order to establish evidence-based policy recommendations.
Accordingly, the study poses the following research question:

RQ1: Which specific digital media repertoires among older
adults demonstrate the strongest positive association with a high level

of online safety-related digital literacy?

Figure 2: Conceptual Framework

Demographics

Gender Age

Digital Literacy in Online Safety

Education Type of
Level Disability
Digital device and
service self-protection
o . . Internet harm
Digital Media Repertoires self-protection
Messaging E-Commerce / ( Digital footprint 1
Applications Platorms H1 H2 Social media and online
’ service self-protection
Social Network Productivity
Services Applications
Streaming Information
Services Services
Gaming
Applications
Source: Adapted from Dodel and Mesch (2018)

3.1 Data Source

The research utilized secondary data from the ‘Media and
Information Literacy and Digital Literacy Summary Survey Report Thailand
2023’. This nationwide survey was jointly conducted by the Office of the
National Digital Economy and Society Commission and the National
Statistical Office. The survey included 47,550 nationally representative
respondents, consisting of 46,800 individuals aged 6 - 76 years and 750
individuals with disabilities (physical or mobility, visual, and hearing or
communication impairments). The sampling methodology employed a
stratified two-stage sampling technique. For individuals with disabilities,
stratified sampling was applied. Data were collected from February 16
to March 31, 2023. The researchers obtained formal written authorization

to access and utilize this dataset for the current study.



3.2 Measures

The original questionnaire was in Thai language and comprised
two main sections. The first section covered respondents’ demographic
as well as their digital device usage and internet usage. The second
section consisted of questions assessing media and information literacy
and digital literacy.

This study examines the association between digital media
repertoires, which were operationalized through internet usage, and
digital literacy in online safety. Accordingly, the following variables were
included for analysis:

o Demographic variables: These included: (1) gender,
(2) age (in years), (3) education level, and (4) types of disability.

o Media Repertoire: To identify respondents’ primary daily
online activities, they were asked to indicate the top
three online activities or platforms that they spent
the most time using (more than 30 minutes per day).
The question was: “Which top 3 online activities/platforms
do you spend the most time on (more than 30 minutes
per day)?”. Respondents selected from a list of 18 activities
or platforms.

o Digital literacy in online safety: Drawing from Digital
Competence Framework for Thai Citizens, the survey
measured digital literacy in online safety across four
dimensions: (1) digital device and service self-protection
(2) internet harm self-protection (3) digital footprint
(4) social media and online service self-protection
(Office of the National Digital Economy and Society
Commission, 2018). This construct was represented by
four questions. Responses to each question were scored
from 0.25 to 1.00.

3.3 Data Manipulation
This study focuses on older adults, and thus data were filtered to
include only respondents aged 60 years or older. 18 distinct platforms
were identified and grouped into eight primary categories based on their

main functions.
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These categories were: (1) messaging applications (Line,
Messenger, Tinder, and Omi); (2) social network services (Facebook,
Twitter, TikTok, and Instagram); (3) streaming services (YouTube, Twitch,
and streaming platforms); (4) gaming applications (Roblox and online
gaming platforms); (5) e-commerce platforms (e-commerce platforms
and platforms for purchasing products via live stream); (6) productivity
(online meetings/online learning platforms and email management
applications); and (7) information services (search engines and online
TV platforms). The eighth category, webboard services (webboards
forums), was excluded from further analysis to avoid potential bias in the
results as only one respondent reported using webboard services.

Subsequently, digital media repertoires were grouped into 40
combinations shown in the figure below. The three most frequently used
media were: (1) messaging applications (e.g., Line and Facebook Messenger),
(2) streaming services (e.g., YouTube and Twitch), and (3) social network
services (e.g., Facebook and Instagram).

Ficure 3 shows the distribution of digital literacy in online safety
scores across digital media repertoires and the number of respondents
in each group of digital media repertoires. Each vertical bar represents
the number of respondents in the indicated combination of digital media
repertoires, marked by black dots. The horizontal bars on the left show
the total number of users for each media type. The boxplots above the bars

summarize the distribution of online safety scores for each digital media repertoire.

Figure 3: Combinations, respondent counts, and digital literacy score
across digital media repertoires
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3.4 Statistical Analysis

To address H1, x2 test was used on the contingency table of
media repertoire and online safety score levels. The null hypothesis for
X2 test is that the probability that a sample i chosen at random belonging to
a media repertoire m and score level s is the same across all digital
media repertoire and score levels (Pr(m N s) = Pr(m)-Pr(s),vm,s).
Additionally, the likelihood ratio between an independent model and
an interaction model was also conducted to ensure the result of X2 test
and thus verify H1.

To address H2, a generalized linear hypothesis test was
employed. Media diversity was proxied by the number of media types
used (ranging from 1 — 3). Then the score level was modelled using the
number of media types used. Logistic regression was used as a model
and conducted twice for the probability of having a mid-level or higher
score, and the probability of having a high-level score, given the number
of media types used. Logistic regression was selected over ordered logit
regression due to the relaxation of the proportional odds assumption.
The coefficients for each variable were tested using multiple mean
comparisons (Tukey’s method) to ensure significant differences and
thereby verify H2.

To address the research question, the proportional odds
assumption was tested. If the assumption holds, an ordered logit
regression is used to examine the association between media repertoires
and online safety score levels, with demographic factors such as age,
gender, and education as control variables. Experience with online threats
was also factored into the model as a binary variable (‘have encountered
online threat(s)” and ‘have not encountered online threat’). The coefficients
were then interpreted to address the research question. As stated, the

model is:
logit(P(Yi<j)) = 6; - DB - p problems - M¢ (1)

Where ] is the level of online safety score, D is a matrix of
demographic variables including age, gender, types of disabilities, and
having a diploma or a degree (edu_dd). ,3 is a coefficient vector for
demographic variables. M is an N x 8 matrix of dummy variables

representing each media repertoire for all observations, and ¢ is an
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8 x 1 vector of coefficients of each media repertoire. The coefficients
@ of the model depict the associations between media repertoires and
the odds ratio of having a higher score level in online safety. We used
ordinal package in R to estimate the coefficients and related parameters
(Christensen, 2023).

For H1, X2 test rejected the null hypothesis with x2 = 286.56,
df =80, p < 2.2 x 106, However, the X2 value might be inflated due
to the expected value of some media repertoires being less than 1.
To supplement the result, a likelihood ratio test was conducted as
described in the methodology. The result of the likelihood ratio test was

as follows:

Table 1: Likelihood ratio test

Analysis of Deviance Table
Model 1:Independent model
Model 2: Interaction model

Resid. Df
1 80
2 0

Resid. Dev Df Deviance Pr(>Chi)
274.76
0 80 274.76 < 2.2e-16 ***

Signif. codes: 0 “** 0.001 “** 0.01 *" 0.05 "." 0.1 " "1
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The Analysis of Deviance (ANODE) indicated a significant
difference between the independent model and the interaction model.

Therefore, H1 was supported.

For H2, a logistic regression model was estimated. In this model,
the dependent variable was coded as 1 for a mid-level or higher score
and 0 otherwise, while the number of media types used served as a
categorical independent variable. The results from this regression and
multiple mean comparisons using generalized linear hypotheses showed
that a more diverse media repertoire was associated with a higher score
level. The coefficients for the number of media types used were positive

and significantly different in some cases.



Table 2: Means comparisons among numbers of media used on the likelihood of having

mid-level or higher score

Simultaneous Tests for General Linear Hypotheses
Multiple Comparisons of Means: Tukey Contrasts

Linear Hypotheses:

Estimate
1-0=0 0.1974
2-0=0 0.6046
3-0=0 0.7627
2-1=0 0.4072
3-1=0 0.5653
3-2=0 0.1581

Std. Error
0.1054
0.0817
0.0777
0.1110
0.1081
0.0852

Z-value
1.8740
7.4010
9.8200
3.6680
5.2290
1.8550

Pr(>|z])
0.2352
< 0.001
< 0.001
0.0013
< 0.001
0.2433

*kk

*kk

*%

*kk

Signif. codes: 0 *** 0.001 “** 0.01 * 0.05 "." 0.1 " "1

(Adjusted p values reported -- single-step method)

For high score level, a logistic regression model was estimated.

In this model, the dependent variable was coded as 1 for a high-level

score and 0 otherwise, while the number of media types used served as

a categorical independent variable. The results from the regression and

multiple mean comparisons using generalized linear hypotheses showed

that the more diverse media repertoire, measured by a higher number

of media types used, was associated with a higher score level. This was

evidenced by the positive coefficients for the number of media types

used, which were significantly different from each other.
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Table 3: Means comparisons of nhumbers of media used on the likelihood of having
a high-level score

Simultaneous Tests for General Linear Hypotheses
Multiple Comparisons of Means: Tukey Contrasts

Linear Hypotheses:

Estimate Std. Error Z-value Pr(>|z|)
1-0=0 0.1376 0.1048 1.3130 0.5461
2-0=0 0.3994 0.0747 5.3450 <0.001 ***
3-0=0 0.6994 0.0689 10.1590 <0.001 ***
2-1=0 0.2619 0.1017 2.5740 0.0469 *
3-1=0 0.5619 0.0975 5.7620 <0.001 ***
3-2=0 0.3000 0.0641 4.6820 <0.001 ***

Signif. codes: 0 “** 0.001 ** 0.01 “* 0.05 ." 0.1° "1

(Adjusted p values reported -- single-step method)

To address the research question, the proportional odds
assumption was tested using a step-logit model. The coefficient
differences across score levels were not substantial, which made the
proportional odds assumption reasonable for this model. Then, an
ordered logit model was estimated to examine the associations between

media repertoires and online safety score levels, as follows.
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Table 4: Regression model results

Coefficients:

Estimate ef orep  Std. Z-value Pr(>|z|)
Error

Age -0.0110 0.9891 0.0050 -2.1880 0.0287 *
Female -0.0300 0.9704 0.0453 -0.6630 0.5074
Hearing disability 0.0776 1.0806 0.2607 0.2970 0.7661
Sight disability -0.6781 0.5076 0.2881 -2.3540 0.0186 *
Physical disability 0.1912 1.2107 0.1562 1.2240 0.2209
1+ disabilities -1.1118 0.3290 0.5407 -2.0560 0.0398 *
Diploma/degree  0.5592 1.7493 0.0684 8.1810 0.0000 ***
problems 0.0918 1.0962 0.0532 1.7260 0.0843
Messaging 0.1055 1.1m2 0.0526 2.0040 0.0451 *
Streaming 0.1484 1.1599 0.0495 2.9980 0.0027 **
SNS 0.3142 1.3692 0.0517 6.0820 0.0000 ***
Information 0.1442 1.1551 0.0597 2.4140 0.0158 *
E-commerce 0.2021 1.2240 0.1534 1.3180 0.1876
Gaming -0.1926 0.8248 0.4495 -0.4280 0.6683
Productivity 1.0499 2.8575 0.5303 1.9800 0.0477 *

Threshold coefficients:

Estimate Std. Error Z-value
low|mid -2.0061 0.3447 -5.819
mid|high 0.724 0.3439 2.105

Signif. codes: 0 “***" 0.001 “**" 0.01 * 0.05 " 0.1° "1

The regression coefficients were mostly statistically significant
across both control and independent variables. The association between
the odd ratio of a higher score level (high vs. mid and mid vs. low) among
media repertoire, holding other variables constant, were as follows:
(1) using messaging applications increased the odds of a higher score by

11.12%, (2) using streaming applications increased the odds of a higher
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score by 15.99%, (3) using social media services increased the odds of a
higher score by 36.92%, (4) using information services increased the odds
of a higher score by 14.42%, and (5) using productivity applications
increased the odds of a higher score by 185.75%. The coefficient for
e-commerce usage showed a positive association, while the coefficient
for gaming usage resulted in a negative association; however, neither was
statistically significant. Finally, having encountered online threats showed
a positive association with the odds of having a higher score, increasing
the odds by 9.18%. However, the coefficient’s p-value was 0.0843,
indicating that the coefficient is statistically significant at the 90%
confidence level.

Control variables also demonstrated statistically significant
associations with the odds ratio of a higher score. The strongest positive
association was having earned a diploma or degree. Specifically, individuals
with a diploma or degree had 1.7493 times higher odds of achieving
a higher score compared to those without. In contrast, age showed a
negative association with the odds of having a higher score. For each
one-year increase in age, the odds of being less likely to have a higher
score were multiplied by 1.1102, holding other factors constant. Gender,

however, was not statistically significant.

The results indicated a positive correlation between most forms
of digital media consumption and digital literacy in online safety scores,
except gaming. Specifically, productivity users demonstrated the most
significant advantage over others. This is likely because using the internet
for learning and work positively impacts cognitive skills in older adults
(Xia et al., 2024), enhancing their online safety.

A key distinction arose between social networking and messaging
applications. Social networking platforms exhibited the strongest positive
association with digital safety literacy, while messaging applications had
the weakest positive link. This disparity may be explained by the Elaboration
Likelihood Model and source credibility. Social networks expose users

to a wide array of content from socially distant or algorithmically
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recommmended sources, which may be perceived as less credible (Lin &
Xu, 2017). This activates central route processing, where users critically
evaluate information (O’Keefe, 2013), thereby fostering a more analytical
assessment of potentially fraudulent content.

In contrast, messaging applications are often used for one-to-one
or small-group communication with socially close individuals. Information
from these trusted sources may enhance perceived credibility (Lin & Xu,
2017), leading to peripheral route processing (Kumkale et al., 2010).
This approach requires less cognitive effort, as it relies on heuristic cues
such as the sender’s identity (O’Keefe, 2013). Consequently, peripheral
pathway may undermine users’ ability to critically evaluate deceptive
and fraudulent messages (Daiku et al., 2020). This notion is supported
by previous studies that misinformation is perceived as more truthful
when it originates from a close source compared to a distant contact
(Jia et al., 2025).

Regarding control variables, several findings are noteworthy.
First, as age increases, the odds of having a high-level score decrease.
This is consistent with previous research that digital competency could
decline with age due to diminished physical and cognitive function or
changes in social connections (Roman-Garcia et al., 2016). Second, older
adults with a diploma or a degree tended to have higher online safety
scores. This may indicate the importance of a certain educational level
for understanding online risks. Third, prior experience with online threats
showed a positive association with the odds of having a higher score
level. It is plausible that those who have encountered such threats may

become more cautious and vigilant.

This study’s findings that greater media diversity and the use
of productivity and social networking applications are associated with
higher online safety literacy offer practical insights for government
interventions. In particular, the strong positive association between the
use of productivity applications and higher safety literacy suggests

embedding of digital safety training modules within widely used online
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education platforms (e.g., Thai MOOC). This targeted online approach
should be complemented by broader efforts, such as leveraging social
network platforms most used by the older population to disseminate
cybersecurity awareness campaigns which could significantly increase
the reach of this safety-related content. The positive impact of education
levels on digital literacy in online safety stresses the importance of
knowledge in this matter. Therefore, the government should parallelly
strengthen education and lifelong learning. Public institutions, such as libraries
and schools, can serve as key hubs for this effort by providing accessible
training, workshops, and awareness programs. Taking these online and
offline initiatives together, policymakers can create a robust ecosystem
of support that empowers older adults against cyber threats, reduces

financial risks, and fosters confident engagement with the digital world.
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The “Space Divide”: Identifying Political Drivers and
Rethinking NGSO Governance for Developing Countries*
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By Anchern Opaphun, Suppapol Jaroonvanichkul

Abstract

Countries with advanced technological
capabilities and power compete to claim
a disproportionate share of space resources,
which are, in principle, common-pool resources
intended for all. Their ambitions are
supported by the “first come, first served’
framework employed by the International
Telecommunication Union (ITU) to assign
NGSO orbits and spectrum. Under this
context, developing countries face
significant challenges in achieving
equitable access to space resources. This
paper explores the following questions:
How do the actions of developed countries
and the “first come, first served’ framework
for NGSO resources lead to inequities for
developing countries, and what alternative
approaches could promote equity? The
paper argues that the ‘first come, first
served’ framework and the rivalry among
powerful countries, the United States,

China, and Europe, who possess significant
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space capabilities and the ability to secure
orbital resources, are political factors
reinforcing inequalities in developing
countries’ access to space resources. The
paper offers recommendations for
improved global space governance to
ensure more equitable access to space for

all countries.

Keywords: Space Divide, Hegemony,
Space Governance, Space Power, Developing
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MsMAugLaBINTA 1B IUIPUDINA USEInd
ANRINRILN

Nowadays, major countries are advancing their space technologies
to secure both their national stability and space presence. This progress
has intensified rivalry to secure access to and occupy space orbital slots
and spectrum, especially among major powers, including the United
States (U.S.), China, and Europe.

Although the International Telecommunication Union (ITU) adopts
the “first come, first served” (FCFS) approach for non-geostationary orbit
(NGSO) assighment to promote fair access and support technological
growth, this framework mainly benefits developed countries with
advanced space capabilities. It also justifies their actions to occupy a
large share of resources by launching satellite constellations, which could
harm the space environment and its long-term sustainability, thereby
creating barriers to entry for developing countries. As a result, these
countries may be excluded from access, deepening the “space divide,”
a growing disparity between countries with strong space capabilities and
those with limited presence in space.

Despite many discussions in the academic literature about the
current context of space resource allocation, space governance,
approaches to promoting space sustainability, and the rapid expansion
of satellite systems by developed countries, the political drivers behind

these issues are rarely addressed. The objective of this study is to fill
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this gap by examining how the actions of developed countries contribute
to inequitable access to space resources for developing countries. The
research question is: How do the actions of developed countries and
the FCFS framework for NGSO resources lead to inequities for developing
countries, and what alternative approaches could promote equity?

This study shows that the FCFS framework and the actions of space
powers make it difficult for developing countries to access and use orbital
slots and spectrum fairly. It also proposes a hybrid approach that includes
the concept of “Orbital Carrying Capacity” and applies a reserve-based
approach alongside the FCFS framework. This combined method could
help ensure fair use and increase the chances for developing countries
to benefit from these resources.

This paper is organized as follows: section 2 reviews the literature
on orbits and spectrum allocation, hegemony, and current space issues.
Section 3 examines how developed countries create barriers for developing
countries to equitably accessing NGSO orbits and their consequences.
Section 4 concludes the paper and proposes recommendations, including
defining NGSO capacity limits and using a reserve-based approach as the

primary framework, along with the FCFS framework.

This section reviews the related literature on (2.1) Spectrum and

Orbit Allocation, (2.2) Hegemony, and (2.3) Current Space Issues.

2.1 Spectrum and Orbit Allocation

Both orbits and spectrum are finite resources. Undseth, Jolly, and
Olivari (2020) described them as resources that are accessible to many
users with few restrictions, but the use by one party can naturally reduce
the ability of others to use them. Their characteristics are also broadly
acknowledged, specifically by the ITU, as reflected in Article 44 of its
Constitution and No. 0.3 of the Preamble to the Radio Regulations.

Apart from geostationary orbit (GSO) that was assigned through
a priori planned, the assicnment of NGSO resources follows Articles

9 and 11 of the Radio Regulations, under which the ITU applies a
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“Coordination Approach” or the FCFS framework to consider applications
for satellites destined for NGSO orbits. Prior to launching a satellite system,
NGSO operators are obligated to complete spectrum coordination with
existing networks to prevent harmful interference.

However, some scholars consider the FCFS approach to be a
driving factor behind the rapid expansion of NGSO satellite systems in
recent years, arguing that it benefits countries with technological readiness
in space by allowing them to occupy space resources. Consequently, it
leads to inequitable access to space resources among developed and
developing countries. Giri and Hiebert (2024) argued that the formation
of astropolitical blocs diminishes developing countries’ ability to access
space, and the occupation of a large share of space resources by space
powers is increasing orbit congestion and the risk of harmful interference.
Thus, space governance should be revised and the FCFS approach should

be abolished to ensure opportunities for developing countries in space.

2.2 Hegemony

Hegemony is a concept in a political sciences that refers to absolute
power in a system held by an actor. It is often considered the ultimate
goal that every states seeks, though not every state can achieve it. Talibu
et al (2023) described that the actor can be a single actor or a group of
actors joining together as two or more. Economy, population, military
power, and social interaction are indicators of hegemony.

There are some works regarding power ranking. The first is the
World Power Index, which applies the Power-Geostructure approach to
describe power. It states that power has multiple aspects to consider,
including economic, military, socio-institutional, and cultural dimensions,
which are interconnected, and changes in these can cause power shifts.
In addition, both government and non-state actors, as well as geopolitics,
are also considered factors that can cause power change. It is worth
noting that power is measured in comparison to others. According to this
work, the U.S. and China have been the most powerful countries in the

world since 2017.



Another work regarding power in space is proposed by the European
Space Policy Institution (ESPI). It applies the “Spacepower Index,” which
is introduced in Power, State and Space. The Spacepower Index considers
space power through 94 indicators, which are separated into two
dimensions: (1) Capacity to set its space strategy and utilize material
assets to achieve objectives; and (2) Autonomy to set directions, policies,
interests, and activities in space by applying its own resources. This work
defines the U.S. and China as Space Powers, while Europe is categorized

as a Spacefaring Nation, as shown in Figure 1.

Figure 1: Positioning Space Actors in the Space Power Map!

Autonomy
Skilled Spacefaring Nations Space Powers
@ the US.
@ China
@ Europe

Z
é Primed Spacefaring Nations
S

Emerging Spacefaring Nations Self-reliant Spacefaring Nations

2.3 Current Space Issues

Due to the continuous expansion in the use of satellite orbits since
2017, especially commercial satellites, negative impacts on space
sustainability have emerged, such as orbital congestion. The works of
Chen Chuan and Yang Wulin (2017), Hugh G. Lewis (2020), Christopher
D. Johnson (2020), and Aaron C. Boley and Michael Byers (2021) argue

that the expansion of satellite systems increases the risks to orbital

INote. Adapted From “Europe as a Space Power,” by Aliberti, M., October 2023, European Space Policy Institute.
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environments. Furthermore, some studies indicate that space debris
could negatively impact national economies. Marit Undseth, Claire Jolly,
and Mattia Olivari (2020) state that the Kessler Syndrome, a phenomenon
where in-orbit debris reaches a critical point and starts to create more
debris continuously, causing serious problems for the space environment
and future space use, could occur in highly concentrated orbits,
specifically between 650 and 1,400 kilometers from Earth, which are
primarily occupied by weather, Earth observation, and communication
satellites. Additionally, Undseth et al. (2020) point out low accuracy in
space object detection, especially for objects smaller than 10 centimeters,
challenges with unreliable warnings and big data processing, dependency
on international collaboration and data sharing, and inefficiencies in
regulations at both national and international levels.

The negative consequence from resource overconsumption,
unregulated access, and abuse of state sovereignty privileges was
mentioned in some studies, such as Patton (2022), who adopts the
“2X2 Matrix of Rivalry and Excludability” to explain the characteristics of
space resources, and Exarchou (2022). To mitigate conflicts over space
resources, Chow and Weeden (2012) drew on Ostrom’s work to propose
Adaptive Governance that all rules, regulations, norms, and mechanisms
are flexible and can be adjusted to fit the context and ensure the

overall benefit for all.

How do developed countries create barriers for developing
countries in equitably accessing NGSO orbits?

To achieve hegemonic status, all states utilize their tools, resources,
and capabilities, as well as the current international framework for space
resources allocation. However, it simultaneously disadvantages
developing countries in accessing and occupying space resources, as
higher-capability countries have already claimed large shares and pose
risks to sustainable use. This section addresses the FCFS approach, which
legitimizes the occupation of large shares of space resources by hegemons
and remains in use due to their consent; the rivalry among the great

powers, which drives each to leverage its capabilities to gain greater



advantages in space and strengthen its stability; and the consequences

for developing countries, as outlined below.

3.1 FCFS as an institutional framework that protects
hegemons’ advantages and legitimizes their claims over space
resources.

In the context of space resources allocation, hegemons are among
the main supporters of the FCFS framework for NGSO. This is because the
framework naturally benefits the development and expansion of satellite
and space technologies, providing significant advantages to spacefaring
nations with advanced technological, political and economic capacities.
These factors create strong incentives for them to support the current
system, act as first movers in occupying orbital and spectrum resoucres,
and expand their mega constellations under legitimate claims.

The ITU acknowledged that the FCFS approach may pose challenges
for developing countries in accessing space resources in the future2 and
recognized the obstacles they face in launching satellites. These concerns
led to an increased emphasis on “sustainability” and “equitable access,”
along with consideration of Resolution 80. The aim is to reduce inequity
in resource use, which is caused by a lack of resources and expertise in
developing countries, especially in the coordination process. Moreover,
Resolution 35 aims to increase the efficiency of orbital and spectrum use,
reflect actual use of resources, and seek a balanced approach to resource
allocation. These two resolutions align with the ITU’s values in Article 44
of the ITU Constitution and No. 0.3 of the Preamble to the Radio Regulations.

However, the large share of occupation by hegemons still remains,
and the launch rate of developing countries is lower because key problems,
such as lack of resources and capabilities, have not been resolved.
This suggests that current ITU efforts are insufficient to prevent hegemons

from continuing to dominate space resource allocation.

3.2 Rivalry among the great powers

The current competition in space reflects a convergence of role

2See Breuninger, K. (2025, April 2). See Trump’s list: More than 180 countries and territories facing reciprocal tariffs.

CNBC. https://www.cnbc.com/2025/04/02/trump-reciprocal-tariffs-countries-chart-imports-united-states.html
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in security and defense between state and non-state actors. While the
great powers, seek to gain advantages in traditional security and military
domains, private actors and space agencies play a significant role in
developing space technologies for satellite-based services. Thus, these
non-state actors can be considered as instruments for states to strengthen

their capabilities and expand their influence in space.
(1) The U.S.

To protect its status in space, expand its influence, and gain advantages

over others, the U.S. plays a prominent role, as discussed below.

Enforcing law and order to create barriers

Law and order is used by the U.S. government as a strategic
instrument to limit others’ capabilities and enhance U.S. strategic
advantages. For example, the U.S. strengthens its security and reduces
the risk of technology transfer by enforcing Section 1340 of the
Department of Defense and Full-Year Continuing Appropriations Act, 2011,
also known as the Wolf Amendment. This measure is not only considered
as a barrier to China’s development of space technologies and a delay
to its emergence as a space power, but also as a means for the U.S. to
gain greater leverage in international negotiations. Although it was claimed
that this law was intended to respond to China’s human rights violations,

its broader impact extends to Chinese strategic competition in space.

Applying ‘Gunboat Diplomacy’

The reciprocal tariff is one of the tools the U.S. uses to rebalance
trade gains with other countries. On 2 April 2025, the U.S. announced a
list of countries along with the original reciprocal tariff rates. Several
developing countries on the list granted operating licenses to Starlink
shortly after the tariff announcement, even though they had previously
delayed or banned its operations (Table 1). These moves suggest that
the tariff can be seen as a form of ‘gunboat diplomacy,” in which the
U.S. enforces economic pressure to support the business interests of
its space operators and influence the regulatory decisions and foreign

policy directions of developing countries.



Table 1: List of countries with original reciprocal tariff rates and dates of
approval for Starlink licenses

Country Prior Starlink Original Date of Starlink
Restrictions Reciprocal license approval
tariff rates3

Delayed Starlink’s

application 50% 14 April 20255
for one year*

Information

H 6
Unavailable 10% 10 April 2025

Banned Starlink’s

equipment in 2024 1% 2 May 20258
due to national

security concerns’

Occupying strategic orbits

In today’s context, the ability to occupy satellite orbits and spectrum
is essential. Jon Janka, Chief Officer of Global Government Affairs &
Regulatory at Viasat, highlichted the critical importance of space resources
and the national interests that arise from being a “first mover.” As a first
mover, the U.S. aggressively seeks to take over NGSO orbits, specifically,
by investing in and deploying communication satellites that consume a
large share of NGSO orbital resources to ensure reliable connectivity,
primarily through private sector involvement, such as SpaceX’s Starlink
and Amazon’s Kuiper. Additionally, the U.S. also submitted around 45
filings to the ITU between 2017 and 2022, ranking second after China,

3See Breuninger, K. (2025, April 2). See Trump’s list: More than 180 countries and territories facing reciprocal
tariffs. CNBC. https://www.cnbc.com/2025/04/02/trump-reciprocal-tariffs-countries-chart-imports-united-states.html

“See Lesotho Communications Authority. (2025, April 14). Public Announcement - Licensing of the First Satellite
Internet Service in Lesotho. Lesotho Communications Authority. https://lca.org.ls/public-announcement-licensing-
of-the-first-satellite-internet-service-in-lesotho/

*Ibid.

8See Nyangi, S. (2025, April 15). Guinea-Bissau Approves Starlink License, Enabling Broader Internet Coverage.
https://spaceinafrica.com/2025/04/15/guinea-bissau-approves-starlink-license-enabling-broader-internet-coverage/

'See News Desk (2025, May 6). DRC Grants Starlink License, Reversing Ban Amid Push to Bridge Digital Divide.
Trendsnafrica. https://trendsnafrica.com/drc-grants-starlink-licence-reversing-ban-amid-push-to-bridge-digital-divide/

8lbid.
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according to Falle et al. (2023). Both the overfiling and launching of
mega-constellations help maintain the U.S.’s leading status in space.
According to the Union of Concerned Scientists, as of May 2023,
the U.S. is the front-runner in the number of active NGSO satellites, with
4,918 in operation® . More than 80 percent of these are owned by SpaceX.
This number significantly continues to grow due to the expansion of
satellite constellations such as Starlink or Kuiper, which serve purposes
related to national communication security in addition to commercial
applications. Based on the planned deployments by SpaceX and Amazon,
the U.S. is expected to operate over 15,000 satellites once these

constellations are completed?©.

Boosting space market competition through regulations

Apart from the Spectrum Sharing Rules for Non-Geostationary
Orbit, Fixed-Satellite Service Systems mentioned above, Supplementary
Coverage from Space (5CS), which allows cooperation between terrestrial
and satellite operators to provide communication services from space,
the accelerated authorization process for large satellite constellations
initiated by the private sector, and the streamlining of the Federal Aviation
Administration (FAA)’s launch licensing, can boost the speed of launching.
Meanwhile, it creates burden to foreign satellite players to enter the U.S.
market. Specifically, these actions boost competition in the U.S. satellite
market, attract new players, drive innovation, and enhance the capability
to expand systems on a large scale to meet increasing demand. Altogether,
they support the U.S. in dominating space resources and reinforce its

position as a powerful country.
(2) China

To achieve great power status in space and to counter U.S. influence,

China plays its roles, as discussed below.

°Note. Adapted From “UCS Satellite Database, [Data set]” by Union of Concerned Scientists, Retrieved February

2025, Union of Concerned Scientists. https://www.ucs.org/resources/satellite-database

Note. Adapted From “Satellite Constellation Projects Ready for Takeoff,” by Buchholz, K., Retrieved February
2025, Statista. https://www.statista.com/chart/33246/satellite-constellation-projects/
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Occupying strategic orbits

As mentioned, due to the U.S. ban on space cooperation with
China, it is inevitable for China to develop its own technologies. This has
not significantly delayed China’s technological progress but has instead
greatly accelerated the advancement of Chinese space technology,
strengthening China’s ability to counter U.S. influence through Starlink,
which affects its national security.

According to China’s Space Program: A 2021 Perspective (January
2022) and the Ministry of Industry and Information Technology’s 14"
Five-Year Plan, China is pursuing great power status in space and
seeking to secure its national interests through the expansion of
mega-constellations in NGSO. This leads to the occupation of NGSO
orbits through overfiling between 2017 and 2022, with China accounting
for the majority, around 65 filings, according to Falle et al. (2023). As of
now, China has 532 satellites!! operating in LEO. Based on the planned
deployments of Qianfan and Geely Future Mobility, China is expected
to operate around 21,000 satellites once these constellations are

completed!?.

Building and developing satellite and space technologies

The number of satellites mentioned above could potentially grow
even more due to several national satellite projects such as Guowang,
Qianfan, and Honghu-3, which serve purposes related to national
communication security and military. In addition, China is also developing
its rocket and launcher technologies, such as Long March 9, a super
heavy reusable rocket, which could be a game-changer for China due to
its sevenfold improvement in LEO satellite launch capacity at a lower
cost compared to the currently operating Long March 6A. The Long March 9
is also capable of competing with SpaceX’s Starship in terms of payload
capacity and launch cost.

These Chinese satellite constellations and related space programs

are supported by Chinese government affiliations in terms of funding and

UNote. Adapted From “UCS Satellite Database, [Data set]” by Union of Concerned Scientists, Retrieved
February 2025, Union of Concerned Scientists. https://www.ucs.org/resources/satellite-database

2Note. Adapted From “Satellite Constellation Projects Readly for Takeoff,” by Buchholz, K., Retrieved February 2025,
Statista. https://www.statista.com/chart/33246/satellite-constellation-projects/
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government-led initiatives, along with private sector capabilities. Notable
examples include the Tengyun spaceplane project and the VLEO
communications and sensing integrated constellation project operated
by the China Aerospace Science and Industry Corporation (CASIC), the
Long March rocket project and the Tiantong satellite project for
direct-to-device service operated by the China Aerospace Science and
Technology Corporation (CASC), the Qianfan Constellation project
operated by Shanghai Spacecom Satellite Technology (SSST), and the
Guowang Constellation operated by China SatNet. The companies

mentioned above are state-owned enterprises (SOEs).
(3) Europe

To strengthen regional security and autonomy, Europe performs

as a regional power, as discussed below.

Enhancing regional autonomy and protecting regional interests

According to a European Space Policy Institute (ESPI) report,
Europe has lower autonomy compared to the U.S. and China due to its
dependency on foreign technologies. An example of this is the
consideration of using SpaceX’s satellite internet instead of local
operators during the Russo-Ukraine war. Another example is Europe’s
lack of ability to make independent decisions on space policy because
of geopolitical pressure, thus inevitably forming partnerships with
others. This highlights the importance of strengthening regional security
by developing space-based technology capabilities.

Europe is pivoting toward a security and defense-oriented approach,
aiming to position itself as a security provider and increase its autonomy
by 2030. This shift is a significant driver in reducing Europe’s dependency
on foreign resources and building up European sovereignty. The 2022
Strategic Compass integrates space into defense.

In addition, to enhance communication, security, and military
capabilities, Europe has developed its satellite systems under Regulation
(EU) 2021/696, including:

(1) The Union’s Secure Connectivity Program (IRIS?), a

collaboration between the European Commission and the SpaceRISE



consortium, led by Eutelsat, Hispasat, and SES. It consists of 290 satellites
using a multi-orbit model to ensure regional connectivity across domains
and reduce reliance on SpaceX’s Starlink.

(2) The Earth Observation program (Copernicus), operated
by the European Commission and the European Space Agency (ESA). This
program aims to collect and distribute imagery through an expected 20
Sentinel-family satellites, with full deployment anticipated by 2030.

(3) The Global Navigation Satellite System (Galileo), designed
for civil use. It includes 24 satellites in MEO, the European Geostationary
Navigation Overlay Service (EGNOS), and the Space Situational Awareness

(SSA) component.

Occupying strategic orbits

The European satellite constellations mentioned earlier contribute
to occupying NGSO orbits. Although Europe has only 55 existing satellites,
a number relatively lower than that of space powers like the U.S. and
China, it employs overfiling as a strategy to secure orbital positions. One
notable example is Cinnamon-937, a satellite constellation filing submitted
by Rwanda but suspected to be linked to E-Space, a French satellite
company. According to Falle et al. (2023), this filing includes 337,320
NGSO satellites, which is the largest submission ever received by the ITU
between 2017 and 2022. It also caused the total number of cumulative
filed satellites to exceed 1,000,000 in 2023.1* Apart from Cinnamon-937,
E-Space has submitted another filing through France involving hundreds
of thousands of satellites for loT applications. These can be seen as a
means of gaining advantage in space in terms of resource occupation.
If even one percent of these filings were approved, Europe could achieve

orbital dominance alongside the U.S.

3.3 The consequences for developing countries

The rivalry among superpowers in space to be first movers and
legitimately exploit finite orbital and spectrum resources create inequities
for developing countries: (1) the risk that no resources will remain available
for developing countries, and (2) risks to national interests and sovereignty

of developing countries.

*See. “One million (paper) satellites,” [Accepted manuscript] by Falle, A., Wright, E., Boley, A., & Bye,

TheScienceBreaker.
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(1) The risk that no resources will remain available for developing
countries

As mentioned, the FCFS framework contributes to overfiling and
the expansion of mega satellite constellations by first movers, who
compete with each other in their efforts to claim orbital resources, which
are considered common pool resources. In addition, the increasing
number of satellite constellations approvals from the FCC and the
enforcement of regulations, such as SCS and spectrum sharing potentially
increase the number of satellite operators in the market and the number
of constellations launched into orbit. This poses a risk of overcapacity
and the Kessler Syndrome. In this context, there is no guarantee that
developing countries, mostly latecomers, will be able to access and
benefit from these resources safely and efficiently, which potentially
violates Article 44 of the ITU Constitution.

Currently, the number of active and inactive satellites is rapidly
increasing. According to the Union of Concerned Scientists, as of May
2023, there are 7,560 satellites in orbit; 89.52 percent are located in LEO
orbit, and 89 percent of the satellites in LEO orbit are owned and
operated by major powers, namely the U.S., the U.K. and China.
The exponential growth in the number of satellites began during
2016-2017, with a fivefold increase between 2019 and 2020 due to the
emergence of new players in the space economy and the expansion of
the commercial satellite market, along with government infrastructure
development plans. In addition to the Union of Concerned Scientists’
data, the European Space Agency (ESA) also reported that over 2,000
inactive satellites have not yet begun the deorbiting process.
Furthermore, more than 650 events of break-ups, explosions, collisions,
and anomalies have been recorded, and over 131 million pieces of space
debris have been detected, mostly ranging in size from 1 mm - 1 cm.!4
These records reflect that, even though the orbital self-cleansing
process and the FCC’s five-year deorbit regulation exist, they have not

kept pace with the rapid rate of satellite launches and system expansion.

4See. European Space Agency. (n.d.). Space debris by the numbers. Retrieved February 25, 2025, from https://
www.esa.int/Space_Safety/Space Debris/Space _debris by the numbers
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Additionally, a significant event that contributed to the space
debris problem was China’s 2007 ASAT weapon test, which destroyed
the inactive Fengyun-1C weather satellite. As a result, it created a
massive debris cloud, with 3,037 pieces of trackable debris detected.
Following this test, Weeden (2010) cited expert estimates that over 32,000
additional untrackable fragments were produced. Johnson et al. (2008)
referenced an analysis by the U.S. Space Surveillance Network (SSN),
which indicated that a significant portion of the debris resides in
long-lived orbits. In 2010, the U.S. SSN reported that debris from the
incident remained in orbit and posed ongoing hazards. For instance,
the International Space Station (ISS), which also operates in LEO, had to
adjust its orbit several times to avoid collision. According to Lambert
(2018), citing SSN data, 2,392 pieces of the debris remained in orbit.
The persistence of such debris increases risks for developing countries

seeking to access outer space safely.

(2) Risks to national interests and sovereignty of developing
countries

Technically, NGSO satellites are not stationary relative to the Earth;
thus, they continuously move across its surface and share radio frequency
spectrum with other terrestrial and satellite services. Specifically,
communication satellites are deployed in large constellations that
occupy a significant portion of orbital space. This space is protected
under the OST (1967), which states that space is not subject to national
sovereignty and shall benefit all countries. Nonetheless, satellites in
orbit are subject to the national regulations of the country where the
satellite operators provide services. These three points, the characteristics
of NGSO satellites, the principle that space shall not be subject to
national sovereignty and shall benefit all, and the fact that NGSO
satellites in orbit are subject to national regulations, present the problem
of dominance in space through internal regulations.

Currently, the U.S., holds the majority share of in-orbit NGSO
satellites and has made significant shifts in national regulations.
Specifically, the U.S. aims to boost satellite market expansion through

regulations like Revising Spectrum Sharing Rules for Non-Geostationary
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Orbit, Fixed-Satellite Service Systems and Supplemental Coverage
from Space, thereby compelling new players and promoting competition
in the market. These internal regulations could create inequities for
developing countries in both processes and outcomes. Regarding
processes, developing countries are excluded from the legislative or
regulatory processes of the powerful countries due to the principles of
sovereignty and jurisdiction, and they cannot directly oppose this
influence due to their limited power. At best, they can refuse to license
such operators within their own jurisdictions. In terms of outcomes, the
internal regulations of powerful countries primarily focus on their national
interests, which do not necessarily represent those of other nations or
of humankind.

However, even though developing countries have the right to
refuse licenses, there is evidence that developed countries hold greater
power to influence or shape the decisions of developing countries in
ways that serve the national interests of developed countries. This can
be seen in the cases of Lesotho, Guinea-Bissau, and the Democratic
Republic of Congo, all of which were likely influenced by the
announcement of reciprocal tariffs.

In addition, when satellites operate under the regulations of
powerful countries, who are early entrants in the market, conflicts may
arise when satellite operators enter foreign markets in developing
countries with regulatory conditions that differ from those of the
powerful countries. In such cases, satellite operators may resist complying
with the regulations of developing countries, claiming adherence to
the rules of their home jurisdictions. This can potentially lead to
regulatory non-compliance and undermine the national sovereignty of

developing countries.



Conclusion and
Recommendations

Both of satellite orbits and spectrum are finite common pool
resources. Despite the ITU’s principles of equitable access and
long-term sustainability, the current framework disproportionately
benefits the countries who are first movers in space, allowing them
to occupy a large share of the resources. Meanwhile, rivalry among
these countries, driven by self-interest, reduces latecomers’ chances of
accessing space resources. These two issues hinder developing countries
from fairly and safely accessing orbits and spectrum. Therefore, we
propose recommendations to address some of these issues, which

require further study, as follows.
(1) Defining NGSO orbital capacity limits

The rapid increase in launch rates and the escalating space debris
problem may pose risks of interference and collision to NGSO satellites.
To increase efficiency in the use of resources and promote sustainability
in space, defining NGSO orbital capacity limits may be necessary. Lifson
and Linares (2022; 2023) suggested assigning orbits using a deterministic
approach to calculate horizontal and vertical spacing and find
appropriate orbital capacity per slot, as well as employing the MIT
Orbital Capacity Assessment Tool (MOCAT) Source-Sink model to
estimate LEO orbit capacity, thereby improving the efficiency of orbit
use and the effectiveness of regulation.

On one hand, assigning NGSO orbital capacity limits may be viewed
as a barrier to space technology advancement. On the other hand,
the huge growth in technology should not be a reason to legitimize
overconsumption by space actors who utilize common pool resources
to mainly secure their national interests and pursue great power in space
by occupying a large share of resources. Therefore, failure to consider
NGSO orbital capacity limits could lead to dominance in space and

create an obstacle for developing countries to equitably access space.

(2) Reserving part of NGSO orbits for all nations as a primary
framework, and allocating the remaining under the “First come, first

served” framework
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A number of developing countries are calling for a revision of the
FCFS framework, citing two reasons: first, their limited capability to
compete against powerful countries, who possess the advanced ability
to design systems and secure orbital positions for satellites, due to lack
of resources in terms of financial, technical and expertise in satellite field;
and second, the disproportionate benefit the current system provides
to space powers and spacefaring nations, mostly developed countries,
who enjoy a large share, while developing countries struggle to fairly
access the resources. The ITU, responsible for orbital allocation, should
review the system by adopting a hybrid approach. This approach would
use a reserve method to set aside some orbital shells for latecomer by
calculating orbital capacity limits for each orbit and defining a maximum
ratio between reserved and unreserved areas. For unreserved areas, they
would continue be allocated by the FCFS approach. Implementing this
approach will ensure the equitable access for developing countries and
miticate the tragedy of the commons in space.

Despite seemingly going against the OST principle of the use of
outer space for the benefit of all countries, leveraging outer space in the
current context disproportionately benefits first movers, predominantly
developed countries, at the expense of developing countries. Moreover,
the benefits that first movers obtain from space result in their own national
security, political prowess, military strength, as well as private sectors’
economic interests, which do not represent humankind’s interests. Thus,
international bodies should consider a new approach to manage orbital

space to ensure more truly equitable access for all nations.
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Abstract

This study examines the environmental
impact of global ICT expansion, focusing on
CO, emissions across 173 countries from 2000
to 2021 using a one-step difference GMM.
The findings reveal a two-phase relationship:
Early-stage ICT deployment tends to increase
emissions; however, as adoption expands,
emissions are significantly reduced. The
environmentalimpact of upgrading to 4G/5G
networks is not uniform. For nations primarily
relianton 2G/3G infrastructure, the transition
yields immediate environmental benefits.
Conversely, in advanced ICT nations, the
rollout may initially increase emissions, an
effect that is later offset by substantial
long-term reductions. The study concludes
that ICT development does not automatically
guarantee environmental benefits. Strategic
policies are essential to align ICT growth with
decarbonization goals by managing the full
infrastructure life cycle from production to
disposal, promoting renewable power, and

phasing out legacy networks.
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n The ¢lobal climate crisis has reached a critical juncture. In 2024,

the average global surface temperature from January to September rose

Introduction

to 1.54 + 0.13°C above pre-industrial levels (World Meteorological
Organization [WMO], 2024), surpassing the 1.5°C threshold. A 1.5°C increase

represents the target limit reaffirmed at COP27 to avoid the most severe

impacts of climate change, while a 2°C rise is widely regarded as the

critical threshold beyond which the risk of catastrophic and irreversible

consequences significantly escalates (United Nations Framework
Convention on Climate Change [UNFCCC], 2023). This temperature rise

poses serious challenges to the goals outlined in the Paris Agreement.

It is primarily driven by anthropogenic greenhouse gas emissions. Carbon

dioxide (COy) is the dominant greenhouse gas, accounting for approximately

74% of total global emissions when including all sources like land use.

The vast majority of this comes from fossil fuels and industry, which

alone contribute about 64% of total greenhouse gases (Intergovernmental
Panel on Climate Change [IPCC], 2022). Since the beginning of the industrial

period in the 18th century, human activities have increased atmospheric

CO, concentrations by roughly 50% (NASA, 2025a). This ongoing warming

is intensifying the frequency and severity of climate-related disruptions,

from extreme weather events to ecosystem degradation. These developments

lacking underscore the mounting difficulty of achieving the global target
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of net-zero emissions by 2050. As temperatures continue to rise, societies
face increasingly interconnected environmental, economic, and social
risks that threaten sustainable development and human well-being

Amid accelerating climate concerns, the rapid expansion of digital
technologies presents both significant opportunities and environmental
challenges. The widespread integration of information and communication
technologies (ICTs), encompassing digital services, artificial intelligence,
cloud computing, and the Internet of Things, has reshaped economies
and lifestyles. However, this digital transformation comes with a rising
environmental cost, as the rapid growth in digital services drives substantial
increases in data consumption and computing workloads. To illustrate,
global internet traffic surged by over 600% between 2015 and 2022,
while data center workloads rose by 340%. Although significant advances
in energy efficiency helped moderate the impact of a 78% increase in
internet users during this period, absolute energy use continues to climb.
Data centers and data transmission networks each currently account
for approximately 1%-1.5% of global electricity use. Moreover, their
consumption is growing rapidly; between 2015 and 2022, electricity use
grew by 20%-70% for data centers (excluding cryptocurrency) and by
18%-64% for data networks (International Energy Agency [IEA], 2023).

Beyond operational energy use, ICT also contributes to environmental
degradation through electronic waste (e-waste). According to Forti et al.
(2020), global e-waste generation reached 53.6 Mt in 2019 and is projected
to nearly double by 2030. With less than one-fifth properly recycled, the
remaining waste contributes to hazardous pollution and significant
resource inefficiencies, particularly in regions that lack formal recycling
infrastructure.

Despite its growing energy demands and the environmental burden
associated with electronic waste, the ICT sector holds significant potential
as an enabler of decarbonization. When strategically implemented,
digital technologies can reduce emissions across multiple sectors through
practical applications such as smart grids that balance electricity supply
and demand, intelligent transport systems that optimize traffic flow and

reduce fuel use, real-time industrial monitoring to enhance process
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efficiency, remote work platforms that lower commuting-related
emissions, and automation tools that streamline operations. According
to the GeSI SMARTer2030 report, these enabling effects could contribute
to a 20% reduction in global COsemissions by 2030, representing an
abatement potential ten times greater than the ICT sector’s own footprint
(Global e-Sustainability Initiative [GeSI], 2015).

The dual role illustrates the value of assessing the environmental
implications of ICT. While often regarded as a source of emissions, ICT
also offers essential tools for climate change mitigation. The central
challenge lies in balancing rising energy consumption with the capacity
to drive system-wide emission reductions, particularly when supported
by robust climate governance and a coordinated transition to low-carbon
energy sources.

This study examines the relationship between CO, emissions and
ICT development, providing critical insights for researchers, policymakers,
and industry stakeholders who are striving to align the growth of the ICT
sector and broader digital transformation with long-term environmental

sustainability objectives.

2.1ICT and CO», emissions (CO2E)

Empirical studies on the ICT— CO,E nexus reveal mixed findings,
generally categorized into three main relationships: a positive relationship,
where ICT contributes to increased emissions primarily through heightened
electricity consumption, the deployment of energy-intensive infrastructure
(e.g., data centers, mobile base stations, and server farms), and the
rebound effect, where efficiency gains lower the cost of ICT services,
thereby encouraging greater usage and overall energy demand; a negative
relationship, where ICT helps reduce emissions via energy efficiency
improvements, technological innovation, and shifts toward less
carbon-intensive economic structures; and a neutral relationship, where
ICT has little to no statistically significant impact on CO,E. These divergent
outcomes often reflect two dominant theoretical frameworks: one aligns
with the Environmental Kuznets Curve (EKC) hypothesis, while the other

emphasizes linear or context-specific relationships.
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The first group of studies adopts the Environmental Kuznets Curve
(EKC) hypothesis, proposing an inverted U-shaped relationship between
ICT and COE. Anon Higdn et al. (2017) were among the first to integrate
ICT into the EKC framework. Examining 142 countries from 1995 to 2010,
they identified a nonlinear ICT-COE relationship: ICT initially raises
emissions via the scale effect, whereby increased economic activity
driven by ICT expansion leads to higher energy consumption and CO5E,
but later reduces them through efficiency gains and sectoral shifts toward
low-emission services. The turning point for this reduction lies beyond
current ICT levels in developing countries, implying continued emission
growth, whereas developed countries have already surpassed this
threshold and are experiencing declines. Similarly, Haini (2021), using
panel data from 1996 to 2019, confirmed this pattern in ASEAN countries.
Empirical evidence suggests that ICT initially contributes to higher
emissions but subsequently reduces emissions through efficiency gains,
with consistent declines observed across sectors. In contrast, human
capital generally raises emissions, particularly in manufacturing. This study
underscores the importance of ICT infrastructure for targeted emission
reduction strategies.

In comparison, Arshad et al. (2020) analyzed 14 South and Southeast
Asian countries from 1990 to 2014 and found that ICT and financial
development increase emissions in both advanced status and developing
status countries, with stronger effects observed in less-developed areas
due to energy inefficiencies. Their findings highlight ICT’s energy burden
and the critical need for efficiency-focused regulation.

Country-level heterogeneity is further illustrated by several studies.
For instance, Jin and Yu (2022) focused on China using cross-regional and
cross-industry data. Their study found that ICT increases emissions
due to rebound effects in energy-intensive sectors, such as non-metal
manufacturing. Peng et al. (2023) analyzed 31 Chinese provinces from
2000 to 2018 and reported that the relationship between internet use
and emissions in the logistics sector follows an inverted U-shaped curve.
However, this pattern varies regionally, exhibiting nonlinear dynamics

in the eastern and western provinces but a linear form in central areas.



In North Africa, Ben Lahouel et al. (2021) examined Tunisia from 1970 to
2018 and concluded that ICT improves carbon efficiency by moderating
the influence of total factor productivity on emissions. However, Amri et
al. (2019), also studying Tunisia from 1975 to 2014, rejected the EKC
hypothesis and found ICT’s effect on emissions is statistically insignificant,
despite productivity exerting a strong long-run impact on COyE. These
divergent findings underscore the complexity of the relationship and
highlight the critical role of country-specific factors in determining the
net environmental outcome of ICT development.

The second group of studies departs from the EKC hypothesis,
presenting a more nuanced perspective in which ICT’s environmental
impact is highly context-dependent. Edquist and Bergmark (2022) analyzed
data from 181 countries between 2002 and 2020, finding that mobile
broadband initially increases emissions due to infrastructure investments
but ultimately reduces per capita COoE by 7% for every 10-percentage-point
increase in penetration. Similarly, Appiah-Otoo et al. (2022), examining
110 countries from 2000 to 2018, found that ICT reduces COE only
in high-quality ICT environments, while it increases emissions in others.
Their causality analysis revealed bi-directional relationships in countries
with high- and moderate-quality ICT infrastructure and a one-way relationship
from CO5E to ICT in low-quality contexts.

Further region-specific evidence reinforces this variation across
contexts. Andlib and Khan (2021) analyzed data from four South Asian
countries covering the period 1995-2019 and found that both ICT
development and governance effectiveness contribute to reducing
emissions, whereas financial development tends to exacerbate them.
In South Africa, Atsu et al. (2021), using data from 1970 to 2019, reported
that ICT and fossil fuel consumption are positively associated with
emissions, while renewable energy and financial development play a
mitigating role. Similarly, Khanal (2021), using Australian data from 1990
to 2019, observed that ICT increases emissions in the short term but
contributes to emission reductions over the long term.

In the national context, Pan et al. (2023), using data from 283

Chinese cities between 2003 and 2019, demonstrated that internet
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development promotes low-carbon transformation through industrial
upgrading and green innovation. Similarly, in Saudi Arabia, Kahouli et al.
(2022), using data from 1980 to 2020, found that ICT has a short-term
negative relationship with the ecological footprint—suggesting early-stage
environmental benefits from digital growth.

Overall, these findings challenge the notion of a uniform ICT-
emissions trajectory. Instead, the outcomes are highly dependent on
national circumstances, including institutional capacity, energy infrastructure,

ICT quality, and the stage of economic development.

2.2 Mobile Cellular Network

The transition of mobile networks from 2G to 5G is reshaping
energy consumption patterns, with significant implications for carbon
dioxide emissions (CO,E). This shift requires a careful balance. On one
hand, mobile technologies serve as tools for reducing emissions across
various sectors. They enhance operational efficiency and enable smarter,
more sustainable solutions—often compensating for their own environmental
footprint (GSMA, 2024).

This challenge is most evident with 5G. Although the technology
offers substantial energy efficiency gains per unit of data—dramatically
outperforming 2G and 3G—its initial deployment has paradoxically led
to an increase in overall energy consumption. This imbalance is primarily
due to the densification of network infrastructure needed for higher
frequency bands and the inefficient, simultaneous operation of multiple
network generations. This rollout has also coincided with an exponential
surge in data traffic from high-bandwidth applications like video streaming
and the Internet of Things (IoT).

However, the long-term decarbonization potential of 5G is
substantial when paired with targeted interventions. Strategies such as
reallocating radio spectrum from legacy networks, optimizing operations
with artificial intelligence, and powering infrastructure with renewable
energy can unlock these gains. Such measures not only reduce direct
emissions but also address indirect Scope 3 emissions by extending

efficiency across the entire mobile ecosystem. According to industry



climate reports, this makes 5G a foundational element in the global
transition to low-carbon digital infrastructure (GSMA, 2023).

The inefficiency of legacy systems is particularly stark. A study by
France’s ARCEP (2023) concludes that a swift migration from 2G/3G to
4G/5G is environmentally beneficial, as the continuous energy savings
from modern networks far outweigh the one-time environmental cost
of replacing incompatible devices. Similarly, Ayers et al. (2023) advocate
reallocating radio spectrum from these outdated technologies to more
energy-efficient systems.

In summary, while upgrading mobile networks introduces short-term
environmental costs, the long-term benefits in energy efficiency and
emissions mitigation are significant. These gains can be maximized
through forward-looking policies, the integration of renewable energy,

and sustained technological innovation.

3.1 Data and variables
This study employs annual panel data from 2000-2021 for 173

Methodology countries. The data are sourced from the World Development Indicators
(World Bank, 2025) and GSMA Intelligence (GSMA, 2025). Tables 1 and 2
present the variable definitions, units of measurement, and descriptive
statistics used in the empirical analysis.

Table 1: Variable definition
Variable Code Definition Unit Source
Annual CO: emissions from agriculture, energy,

CO: emissions InCO, waste, and industry (excluding LULUCF), Mt CO2eq

standardized to COz-equivalent

Individuals who have accessed the Internet in the (%) of
Internet use Innet past three months using any device (computer, o I:Iation

mobile phone, digital TV, etc.). pop

GDP divided by midyear population, based on total tant 2015
Economic activity ~ Ingdppc value added, taxes minus subsidies, without cons

o . U.S. dollars WDI

depreciation or resource adjustments.

Energy use refers to the consumption of primary ke of oil

energy before conversion, calculated as domestic g otol

Energy Inenergy . . . equivalent per

production plus imports and stock changes, minus it
exports and international fuel supplies. capia
. i (%) of total
Renewable energy  Inrenewable The proportion of reqewable energy within total final energy
final energy consumption. h
consumption
2G connection 2G Mobile network connections that use traditional
3G connection 3G cellular technologle; (2G, 3G, 4G,.0r 5G) for non- (%) of total GSMA
) IoT or general mobile use, excluding connections comection
4G connection 4G specifically designated for licensed cellular IoT
5G connection 5G (such as NB-IoT and LTE-M).
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Table 2: Descriptive statistics

Variable Obs. Mean Std. Dev. Min Max

InCO, 3,806 2.4431 2.5132 -3.180 9.443

Innet 3,732 2757 1.7522 -2.563 4.605

Ingdppc 3,787 8.5863 1.4936 6.060 11.630
Inenergy 3,798 1.4997 0.5545 -5.655 -1.332
Inrenweable 3,649 -1.8365 1.5935 -6.908 -0.910
2G 3,806 0.7170 0.3286 0 1.0000
3G 3,806 0.1728 0.2096 0 0.9999
4G 3,806 0.0871 0.1910 0 0.9640
5G 3,806 0.0010 0.0108 0 0.3320

3.2 Empirical Model

3.2.1 Theoretical background

This study employs the broadened Environmental Kuznets Curve
(EKC) framework to examine the impact of ICT on CO, emissions across
the panel. Prior research indicates that ICT’s environmental effects,
whether positive, negative, or neutral, are shaped by contextual factors:
economic development, government policy, and technological maturity.
EKC-based studies frequently report an inverted U-shaped relationship,
where emissions initially rise due to scale effects but decline as ICT drives
efficiency gains. Many context-specific analyses support this trend, finding
that ICT’s impact often corresponds to a short-term increase in emissions
followed by a long-term reduction. Extending earlier studies, we do not
seek to test the EKC hypothesis directly. Rather, we rely on the EKC’s
underlying mechanisms of scale, composition, and technique effects to
evaluate ICT’s environmental impact. In early stages, ICT may amplify
the scale effect by increasing energy demand from infrastructure
expansion. At more advanced phases, however, ICT is expected to
mitigate emissions through productivity gains, structural upgrading, and

technological innovation.



Figure 1: Conceptual Framework Linking ICT Sector Development
and CO, Emissions

.| ICT Fuel Energy
(Electricity) Consumpion
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Emission

Product Life Cycle of ICT l
| Machinery and Devices Increase in
CO2E
|
Rising demand in ICT

ICT
CO2E
Development and related services —’

Increase in Decrease in
Scale Effect economic/business activity CO2E

ICT and CO2E
base on EKC
Framework

4
Changes in the structural T
of the economic

Improvements in production

processes or technology

Composition Effect

Technical Effect

Note: This framework is based on the work of Afhon Higon et al. (2017) and Ayers et al. (2023).
It addresses the linkage carbon dioxide (CO,E) emissions associated with the Information and
Communication Technology (ICT) sector.

3.2.2 The model

To empirically assess these relationships, we employ a fixed-effects
panel regression model to control for unobserved, time-invariant
heterogeneity across countries. Its appropriateness is validated by the
Hausman test, which determines whether fixed effects are preferred over
random effects by testing the null hypothesis that the random effects
estimator is both consistent and efficient (Hausman, 1978). Additionally.
A pooled OLS model is estimated to provide a basis for comparison.

The empirical model, adopting a log-log transformation of the
panel data, is specified below to examine the relationship between ICT

development and CO, emissions.

InCOy;; = a+bq Innet * 2G3G;, +b; Innet * 4G5G;,
+ b3 (InCO, * Innet * 2G 3G);.; + by (INCO, * Innet *4G5G); .4
+ bs Ingdppc; + bg Inenergy;, + b;Inrenewable;;, + &;,

To capture ICT development, we use two proxy variables. The first,
representing ICT access and usage, is the number of internet users. This
measure is chosen because previous research (Appiah-Otoo et al., 2022;
Haini, 2021; Khanal, 2021; Peng et al,, 2023) has shown that internet
penetration is a key indicator of progress in the sector. For the second
variable, we measure technological advancement within the ICT sector

by aggregating cellular network connections into two groups: 2G/3G and
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4G/5G. This distinction captures the impact of legacy mobile technologies
and more advanced network infrastructure, enabling an analysis of both
the environmental burden of older connections and the potential
efficiency gains from newer generations. A composite interaction term
is then constructed to assess the combined effect of ICT penetration
and technological progress on CO, emissions. To account for the
persistent nature of CO, emissions, we incorporate past emissions levels
as a predictor for current emissions. Furthermore, we interact this lagged
emissions variable with the ICT variables to test whether the environmental
impact of ICT infrastructure is immediate or develops over time.

The analysis includes GDP per capita (Ingdppc), energy use (Inenergy),
and the share of renewable energy (Inrenewable) as control variables,
all of which are widely acknowledged as key determinants of CO,
emissions. GDP per capita serves as a proxy for economic activity, where
growth often leads to increased energy consumption in emission-intensive
sectors, thereby elevating emission levels. This positive relationship
between economic development and environmental degradation is
extensively documented in the literature (Addn Higon et al., 2017; Andlib
& Khan, 2021; Appiah-Otoo et al., 2022; Arshad et al., 2020; Atsu et al,,
2021; Edquist & Bergmark, 2022; Haini, 2021; Khanal, 2021).

The energy sector is the dominant source of climate pollution,
accounting for approximately three-quarters of global greenhouse gas
(GHG) emissions. Within this sector, electricity and heat generation were
responsible for nearly 44% of global CO, emissions from fuel combustion
in 2022 (IEA, 2022). Several studies, including Arshad et al. (2020), Peng
et al. (2023), and Atsu et al. (2021), highlight the continued reliance on
fossil fuels as a major barrier to decarbonization.

In contrast, a higher share of renewables helps mitigate emissions.
Sources such as solar, wind, and bioenergy emit minimal greenhouse
gases and significantly reduce carbon intensity. Renewable energy plays
a crucial role in advancing both environmental protection and long-term
climate goals. These findings are supported by Atsu et al. (2021) and
Kahouli et al. (2022), who emphasize the environmental benefits of

transitioning to renewable energy sources.



To address endogeneity, this analysis employs the instrumental

variable Generalized Method of Moments (IV-GMM) estimator, which uses

the forward orthogonal deviations (FOD) transformation to remove fixed

effects by subtracting the average of future observations from each

period, thereby preserving sample size and mitigating issues associated

with serial correlation and unbalanced panels (Arellano & Bover, 1995).

Internal instruments are used to obtain consistent estimates in

dynamic panel settings (Arellano & Bond, 1991). Instrument validity is

assessed using the Hansen J-statistic, which is robust to heteroskedasticity

and tests the exogeneity of instruments (Hansen, 1982). The Sargan test

is also reported; however, it assumes homoskedasticity and tend to

overreject the null hypothesis under heteroskedastic conditions,

potentially leading to biased inferences (Sargan, 1958)

AP lnCOz,-,t =A™ bllnCOZi,t_l + A" bzlnnet *26361"15 + A" b3 Innet*4G56i’t
+ A" by(InCO;, * Innet * 2G3G);.; + A™ bs(InCO; * Innet * 4G5G); .,

+ A" bglngdppc;. + A™ byInenergy;, + A" bg Inrenewabble; +A¢;,

The model aims to estimate the coefficients by to bs and test

their statistical significance. This evaluation will determine whether ICT

sector development has a significant impact on CO, emissions.

Figure 2: Internet Usage as a Share of
Population in Selected Countries, 2000—2021
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Figure 3: Distribution of Cellular Network
Connection Shares (2G—5G) in Selected Countries,
2000 - 2021
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For our static panel estimations, we compared three models:
pooled Ordinary Least Squares (OLS), random effects (RE), and fixed
effects (FE). While pooled OLS provides a useful baseline, its primary
limitation is its failure to account for unobserved heterogeneity, a
shortcoming that can introduce biased estimates. This limitation led us
to evaluate the RE and FE models. The critical difference between
them lies in the RE model’s assumption that individual-specific effects
are not correlated with the regressors. When we put this assumption to
the test using the Hausman test, the evidence pointed strongly against it,
revealing a significant divergence between the RE and FE outputs
(see Table Al). Consequently, the FE model was selected as the most
appropriate choice, as its strength is providing consistent estimates in
the presence of such correlation. This is crucial for addressing bias
arising from time-invariant omitted factors. To ensure reliable inference,
cluster-robust standard errors are used to correct for potential bias in
the presence of heteroskedasticity and intra-cluster correlation.

A test for serial correlation in the residuals of the fixed-effect
model (Table A3) indicates that the error terms are not independent
across time. This finding confirms that the process is dynamic, meaning
past levels influence current ones, which renders a static model unsuitable.
To address the resulting endogeneity and control for unobserved
heterogeneity, we employed the instrumental variable Generalized
Method of Moments (IV-GMM) estimator. This is a standard approach for
dynamic panels (Arellano & Bond, 1991) and aligns with recent literature,
such as Appiah-Otoo et al. (2022) and Pan et al. (2023). Additionally, we
utilized robust standard errors to ensure valid statistical inference in the
presence of potential heteroskedasticity. The full results of this estimation
are presented in Table A2

The results of our one-step difference GMM estimation, presented
in Table 3, illustrate the impact of ICT development on CO, emissions.
The significance of the lagged dependent variable’s coefficient indicates
a persistence in emission levels, where past emissions significantly affect
current levels. An examination of the interaction effects indicates that

increased internet usage significantly raises short-term CO, emissions



when supported by either legacy (2G/3G) or modern (4G/5G) mobile
networks. This finding suggests that the early stages of ICT adoption come
with an environmental cost; however, the reasons for this effect vary by
technology generation. The emissions increase associated with 2G and
3G is likely attributable to the inherent energy inefficiency of their
infrastructure. Conversely, the impact of 4G and 5G is more likely a
consequence of the modern digital ecosystem, characterized by massive
data consumption, the widespread deployment of devices, and the
growing energy demands of digital services.

An important finding is that the long-term effects for both
technology groups are negative and statistically significant. The result
suggests that while digital expansion may initially increase emissions, its
delayed effects can contribute to their reduction. This conclusion aligns
with a broad stream of research demonstrating the potential for ICT
development to lower emissions. The mechanisms for these reductions
often include improved energy efficiency, improved production
processes, and the broader adoption of ICT across industries (Anon Higon
et al,, 2017; Appiah-Otoo et al., 2022; Atsu et al., 2021; Edquist and
Bergmark, 2022; Jin and Yu, 2022; Khanal, 2021).

The environmental impact of transitioning mobile networks
depends on a country’s current technology. We calculated the change
in CO» emissions that would result from a 1% shift in network users from
2G/3G to 42G/5G in 2020. In countries still reliant on 2G and 3G, switching
to 4G and 5G provides clear environmental gains by replacing obsolete
and energy-inefficient infrastructure. However, in more digitally advanced
nations where 4G and 5G are already widespread, further expansion may
initially lead to higher emissions, as illustrated in Figure 4. This increase
appears to stem from the substantial energy requirements of modern
digital ecosystems, including massive data consumption, cloud platforms,
data centers, and extensive networks of connected devices.

Interestingly, the trend toward emission reductions becomes more
pronounced as countries increase their adoption of 4G/5G technologies.
These benefits do not emerge immediately or uniformly across contexts.

Rather, the reduction in emissions tends to strengthen when digital
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infrastructure reaches higher levels of development and integration. The
relationship is nonlinear: initial effects are modest, whereas more
substantial benefits emerge at advanced stages of 4G/5G penetration.
(Figure 5)

Moreover, the persistence of emissions may undermine the
effectiveness of ICT-driven reductions. In such cases, the initial surge in
emissions from digital infrastructure deployment may outweigh the
delayed environmental benefits. This situation highlights a fundamental
trade-off: while ICT can support long-term decarbonization, its short-term

effects may impose greater environmental burdens than benefits.

Table 3: Estimation Results for ICT and CO: Emissions (one-step difference GMM)

Variable Coefficient  Robust Std. Err.
InCO, 4 0.5713*** 0.1159
Innet * 2G3G 0.0641*** 0.0174
Innet x 4G5G 0.0671*** 0.0161
(InCO; * Innet* 2G3G);_; -0.0076** 0.0027
(InCO, * Innetx 4G5G);_; -0.0126*** 0.0032
Ingdppc 0.3844*** 0.1148
Inenergy 0.2747*** 0.1147
Inrenewable -0.0432* 0.0177
Time dummy Y
Observations 3,220
F-statistics 96.17
AR (1) 0.000
AR (2) 0.405
Sargan test x? 37.35

prob. > x? 0.276
Hansen test y? 41.25

prob. > x? 0.153

Note: Coefficients that are statistically significant at the 1%, 5%, and 10% levels
are denoted by *** ** and *, respectively.

72 NBTC

Telecom and Broadcasting Barometer



Figure 4: Estimated change in CO,E in 2020 Figure 5: Estimated change in CO,E in 2021
resulting from a 1% shift in network share resulting from a 1% shift in network share

from 2G/3G to 4G/5G
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Source: Author’s calculations based on model estimations using data from 2020 and 2021.

In addition to our primary variables of interest, the control factors,
including GDP per capita, energy consumption, and the share of renewable
energy, are significant drivers of CO, emission patterns. The results confirm
that higher GDP per capita and increased energy consumption are both
positively correlated with emissions, underscoring the environmental
pressures tied to economic growth. On the other hand, a greater share
of renewable energy is clearly linked to lower emissions. This confirms
its crucial role in mitigating environmental impact and supporting efforts
to decarbonize the economy. This finding is consistent with the research
of Arshad et al. (2020), Haini (2021), Atsu et al. (2021), and Peng et al.
(2023).

Model diagnostics further support the robustness of these estimates.
The AR (1) test indicates expected first-order serial correlation in the
differenced errors, while the AR (2) confirms the absence of second-order
correlation in the differenced errors, which supports the model’s dynamic
specification. The Hansen test fails to reject the null hypothesis of
instrument validity (p-value = 0.153), indicating that the instruments
are not collectively correlated with the error term. Similarly, the Sargan
test (p-value = 0.276) fails to reject the null at the 5% significance level,
supporting the validity of the overidentifying restrictions and the

exogeneity of the instruments.
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This study examines the relationship between the information and
communication technology (ICT) sector and carbon dioxide (CO,)
emissions within an extended EKC framework. Drawing on panel data
from 173 countries over the period 2000-2021, the analysis applies a
one-step difference Generalized Method of Moments (IV-GMM) estimator
to address country-specific differences, emission persistence, and
potential endogeneity concerns.

The findings highlight a nonlinear and time-dependent relationship
between ICT development and CO, emissions. In the early stages, ICT
growth tends to raise emissions, largely due to infrastructure expansion
and increased energy demand. Over time, however, this trend begins to
reverse. A gradual decline in emissions is driven by delayed effects such
as technological improvements and efficiency gains. The environmental
impact of ICT varies with the stage of technological maturity. In countries
still reliant on 2G/3G, the transition to 4G/5G reduces emissions by
replacing outdated and inefficient systems. Conversely, in nations with
widespread 4G/5G adoption, emissions may initially increase due to the
energy demands of data-intensive ICT services, exemplifying a rebound
effect whereby efficiency gains are offset by heightened usage and
infrastructure expansion. Although long-term environmental benefits
from ICT development are observed across various contexts, their
magnitude differs considerably. These benefits tend to be more substantial
in countries with higher levels of digital advancement and deeper
integration of technologies such as 4G and 5G.

Critically, the findings highlight a trade-off: the short-term rise in
emissions from ICT expansion can outpace subsequent environmental
benefits. This, combined with the persistent nature of CO, emissions,
suggests that the positive environmental outcomes of digitalization are
not guaranteed. Realizing ICT’s full decarbonization potential requires
coordinated policy action, particularly expanding renewable energy
adoption and enhancing energy efficiency throughout the digital ecosystem.
Without strategic governance, digital advancement may exacerbate

environmental challenges rather than mitigate them.



These findings underscore an urgent need for national regulators
to embed sustainability goals directly into ICT policy frameworks.
Policymakers should mandate environmental performance benchmarks
for high-speed networks such as 4G and 5G, especially regarding
energy-intensive infrastructure like data centers, artificial intelligence
systems, and cloud platforms. Key policy measures should also prioritize
accelerating legacy network decommissioning, promote renewable
integration, and establish robust sector-specific emissions monitoring
systems. As digitalization deepens, regulatory approaches must evolve
to address the full life cycle of ICT systems, spanning from infrastructure
deployment to end-of-life management, to mitigate their environmental
footprint.

While we offer a broad empirical overview of the ICT-emissions
relationship, several limitations highlight promising directions for future
research. Firstly, the use of a large panel is beneficial in identifying
general patterns; however, it may obscure critical country-specific factors,
particularly policy environments, industrial structures, and societal digital
behaviors, that influence the impact of ICT on emissions. To better
capture these contextual nuances, future research could focus on more
homogeneous regional groups or conduct in-depth case studies.

Second, while the results show a nonlinear relationship, the actual
dynamics may be more intricate than standard models can capture.
Future studies would benefit from adopting more flexible and sophisticated
techniques or even machine learning approaches. These methods can
help reveal complex interactions that conventional models might overlook,
offering a deeper understanding of ICT’s varied environmental impacts.

Lastly, we use commonly accepted proxies for ICT development,
which, while effective, may not fully reflect the environmental footprint
of newer technologies such as artificial intelligence, cloud computing,
and large-scale data centers. As more granular data on the energy
consumption of these specific technologies becomes available,
incorporating it into future analyses will be crucial for developing a more
precise understanding of the digital sector’s environmental effects and

for informing targeted policy decisions.
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Appendix

Table Al: Results of the Hausman test

Variable Coefficient Dit(‘tzrlz:lce sqrt (diag Sg})e B_B))
() (B)
few re
Innet * 2G3G 0.1492  0.0161 0.0078 0.0012
Innet * 4G5G 0.1496  0.0203 0.0079 0.0014
(InCO, * Innet* 2G3G),_;  -0.0072  0.0021 -0.0077 0.0003
(InCO, * Innet 4G5G),_;  -0.0107  0.0030 -0.0074 0.0003
Ingdppe 0.7222  0.1049 0.6477 0.0190
Inenergy 0.5708  0.1163 0.5791 0.0093
Inrenewable -0.0929  0.0151 -0.0918 0.0030

Test: Ho difference in coefficients not systematic

x> 98514
prob.> 2 0.0000

Table A2: Estimation Results for ICT and CO: Emissions (Pooled OLS, Fixed Effects,

and Random Effects)
Variable Pooled OLS Random effect Fixed effect
-0.0651 0.1415%*+ 0.1492#++
Innet » 2G3G (0.1297) (0.0185) (0.0187)
-0.7750%%% 0.1418%*+ 0.1497% %
Innet » 4G5G (0.0909) (0.0210) (0.0217)
0.3194% %+ 0.0005 -0.0072*
(InCO5 # Innet* 2G3G)¢—1 (0.1207) (0.0038) (0.0037)
0.3488 %+ -0.0033 0.0L07%*
(InCOZ » Innetx 4G5G)e—1 ¢ 184) (0.0042) (0.0043)
Inedone 0.439] %% 0.6476%*+ 0.7222%%%
8app (0.0408) (0.1062) (0.1347)
Inener 0.9539%+ 0.5791 *++ 0.5708*+
&y (0.0727) (0.1564) (0.1642)
Inrencwable -0.13374%% -0.0918%+* -0.9200%%*
(0.0273) (0.0307) (0.0302)
Constant -3.6342%%% -4.5088%** -5.0566%%*
(0.3392) (1.0612) (1.3410)
Observation 3,390 3,390 3,390
F-statistics/Wald — chiZ 206.92 348.87 47.14
Within — R? 0.6158 0.6204
Between — R? 0.1916 0.1554
Overall — R? 0.2999 0.1972 0.1613

Note: Coefficients that are statistically significant at the 1%, 5%, and 10% levels
are denoted by *** ** and *, respectively.
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Table A3: Diagnostic Test for Correlation Between Fixed Effects Residuals and Lagged

Dependent Variable
| InCO, ¢4 residuals
InCO; g 1.0000
residuals 0.4070* 1.0000
(0.0000)

The analysis began by estimating three static panel data models: pooled OLS (serving
as a baseline), Random effects (RE), and Fixed effects (FE). The results of these initial
estimations are presented in Table A2. To choose between the fixed and random effects
specifications, a Hausman test was performed. The results of the test (Table Al) were
statistically significant (2 = 985.14, p < 0.001), indicating a preference for the fixed effects
model over the random effects model. However, further diagnostic testing based on the
results in Table A3 revealed a significant correlation between the error term and the lagged
dependent variable. The presence of this dynamic endogeneity suggests that static
models, including the fixed effects model, may not be appropriate in this situation.

Consequently, we prefer a dynamic panel data model over the static approaches.
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Platform Economy: Understanding from Market, Society,

State and Power Perspective
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Abstract

The article analyzes the growth of
platform economy from economic, social and
political perspectives by emphasizing the
role of digital platforms as intermediaries
in connecting diverse groups of users,
generating value and accumulating power
by facilitating and managing social
interactions between them. As intermediaries,
digital platforms have unique characteristics
known as ‘network effect’ and ‘platformatization’,
which empower platform providers to be
able to expand their scale of operations
connecting individuals and people globally
as well as to broaden their scope of services,
encompassing business, politic, and social
sphere.

The rise of platform economy, from Karl
Polanyi’s perspective, has manifested that
their activities have not only occurred within
the traditional sphere of market (land and
labor), but also expanded to social and
political arenas, reaffirming the idea that
markets have never and cannot be
separated from society. According to Karl

Polanyi, “market commodification” could
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turn labor, land, and social interactions
into commodities that can be bought and
sold. With the advent of digital technology,
the platform economy, in this sense, can now
turn personal data and social engagements
into profitable commodities that can be
bought and sold.

The changing interaction between
markets, societies and political institutions
through the platform economy marks a
great structural transformation. The
growing asymmetric power between state
and the private sector has allowed
platforms, as private entities, to accumulate
political and economic influence to outpace
the capacities of states to govern and
regulate. This therefore has raised concerns
over the threat of the platform economy
to the public and has called for interference,
in which traditional state-centric regulatory

intervention is no longer viable.

Keywords:

platform, Intermediary, Network effect,

Platform economy, Digital

Platformatization, Karl Polanyi, Structural
transformation, Regulations
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“The market pattern, on the other hand, being related to a peculiar
motive of its own, the motive of truck or barter, is capable of creating
a specific institution, namely, the market. Ultimately, that is why the
control of the economic system by the market is of overwhelming
consequence to the whole organization of society: it means no less than
the running of society as an adjunct to the market. Instead of economy
being embedded in social relations, social relations are embedded
in the economic system.” (Polanyi, 2001: 60)
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Content Maturity Rating in the Changing Media Landscape
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Abstract

This study aims to 1) Examine the program
content categories that require regulatory
oversight in traditional media and online
media in both Thailand and international
contexts. 2) Analyze and present examples
of Maturity Rating for traditional media
and online streaming platforms offering
video-on-demand services in Thailand
and other countries. The research
employs qualitative methods, specifically
document-based analysis, covering the
period from 2008 to 2025. The sources
include academic research, scholarly
articles, and other relevant documents
related to mass communication and online
media impact theories, as well as the
latest and updated regulatory frameworks
for content governance in Thailand and
internationally.

The study found that 1) Globally,
regulatory bodies prioritize monitoring
not only content that protects minors but
also content involving misinformation,
violence and hate speech, terrorism,

pornography, copyright infringement,
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fraudulent activities, and defamation. a‘laimiﬁﬂﬂ E[,usumgﬂ'maqgjﬂigmﬁaamgé’aqﬁ’u

Thailand currently lacks a clear regulatory uazhnannesuansuiaUTEInInle oo uRLUs
framework for these content types. 2)Maturity | TsiaaudAgdunistuafousnyuziiion
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9 Y

platforms in Thailand do not align with television
regulations, whereas other countries maintain
their consistency. Additionally, video-on-demand
streaming platforms emphasize content
warnings rather than age-based audience

restrictions.

Keywords: Regulation, Content, Maturity ANEIAN:  meiiugua demnsems msdmssiu
Rating, Online Media, OTT Streaming ANuwnzay deeoulay unanwasuansuila
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A Concept for Developing a Prototype Al System
to Support Technology Foresight Studies

Tng gnsun ISUSSA, anwa dgrudrisna

Abstract

Technology Foresight is a process for
exploring possible futures to cope with
rapid technological changes. However,
this process faces a significant challenge
in the scanning stage, which involves
identifying trends and signals of change
and requires substantial time and
expertise to analyze vast amounts of
data. This article introduces a concept
for developing a prototype Artificial
Intelligence (Al) system to support this
process. It proposes the application of
Large Language Models (LLMs) and
Generative Al to improve the efficiency
of the scanning stage, aiming to reduce
the time required and enhance the
quality of data analysis, specifically for
news summarization and theme finding.
Additionally, the article presents a
framework for evaluating the prototype
system’s performance, which will guide
future development and assessment of Al
systems to support technology foresight

studies.

UNANED

n1sueseurnanalulad (Technology
Foresight) 1Junszuiunisuiailddinsu
nMsdsmeuaniionssziniuly Wesuiletu
nMswasuammanaluladiiintuetarings
pg19lsAnny nszUIUNITAINaTLaTy iy
auvimeiidludunounsfumuuali
LLazﬁmmﬂmﬂﬁiLUSHULLﬂaﬂ (Scanning) Fagiaq
mﬁ’aﬂy’mamazmmLﬁ?iaaﬁzj”umﬂuﬂﬁﬁ,ﬂiwﬁ
ToyaUTnaumAa unerwiiiniaueuLAn
nswauIdukuussuulyy1Usesivg (A)
iioatiuayunszuiunisfanan Taeiaue
wuaAntunsUsTendldlunaniwivuiaing
(Large Language Models - LLMs) wazdeyan
UszAugidaaineassd (Generative Al) Lilteidia
Uszandaimvesniseniduculuduneou
Asumwaltusasdyaansidsuulas
Iau190an32821a1N 1TV ULAZINTEAU
ANNNYBINTIATIETaYE tnelaniznsasy
1011917815 (News summarization) was
n1sdangusiadie (Theme finding) uonani
unAudaiauswudfAnd1niun1sUsELIY
ANIIOULVBITTUUAULUUR NG Wil
wu U IRaILILer U IUITUU Al d1m5U
atuayunsuesewanwmalulagesly

KUNEIKE): UNAIIMRUUTIABNSNUMUUNAYIY (Peer Review) 1a:nSUS:IJUATUMWUDLUNAILIEIMISISUUSDEIIAD
JO8UNUAN 9100 Lecturer UNANUIUSIUNUIIN NMLONU Digital Transformation 11a: Al UKYINUNJUUROA ||a:[griaﬁ\)

Cantrak (Startup 01U AgriTech)
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s

3

Technology Foresight nsueteuIAnAlLlad

unun

n3ueeUAR (Foresight) AonseuiunisAnweuanegraduseuu
\iiod1539 (Explore) mnn1sal (Anticipate) suraaiionvasintuls was
99NV (Shape) sunAnfiftsUsyasd vinnansan wiIndondifinuriumiugs
(European Commission, 2020) Inetanzn1silasuudamanalulad nisues
auAnmAlUlag (Technology Foresight) ansnsaldsyuninauAnuasUseiiu
nanszuvaamAlulad (Jaroonvanichkul, 2023)

dtinau nany. leedindesiziuleuns ladnszuiunwinisues
pupnlddmsumalulagaiufanisnszatedss Aan1singied uagianis
Insanway detelidtine nane. ausasuduunumdunthesnuiify
@JLL@ﬁLW%ﬂ@JW%@&Jé?WﬁW (Anticipatory Regulator) upsuaUAsuLa
waziAuAnunFeusuuleusuazasiiuguatiiefullefunanssnudias
datu Taelull 2567 M WeAnwneluladndiowazeania (Policy
Analysis Bureau, 2024) §ssumaulunisinuiusenaudie 5 umeundne lau
1) Framing ABNSMWLATOUTIBATEUMIANE 2) Scanning ABNTSAUNILLALA]
(Trends) wasdyarunisidsuwtas (Signals of change) vaamalulad
3) Selection AemsdnideninAluladfimaasiaudfty 4) Assessment Ao
Uszillutivey (Implications) vaamalulaguagiuansznu 5) Recommendation
and Dissemination ABN139AMITIBNUNANITANY Wardnvindolauuuy
Wefinnsudaulovedmsundsuanuniousasfunisildsunaved
walulad

Wl Supeumsfumunltukardyaanisdasuulas (Scanning)
fniluguassnddguaziu3aualounovinueenszuiunIsuoIouIAg
welulad Wesndesunudeyannvansundsuagiinsyideyaiidudou
waziiUSinannn Wielildundstoyaidednfinsudunazanysaldmsuliidy
fmgiulumsfnuinisueseuanmalulad dadu mnddesidaduduiu
nineInsyana oudsmalinszuiunsanduiuanudndy

[

sawnll Jutuanudndulunsimuwsuiuussuulygussivg

43
13

(A) dhwSuaivayunsinminisuesewanmalulaglnaans lneilingUsvasd
Weriunanaw (Productivity) luduneuzssmsdumuuiliuuasdayaia
MsUEEuUAS (Scanning) TduNsansyEEnaNN ALY WaYsUEnSYAU
AunMTATseya s nTAldetuddny Sunanailfihiauouwafa
Gandnmaiielfiduuuamslumsiansuuuaznsageuidw joddely
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nnun
NINEJUDY
(Relevant

theories)

2.1 NsdUNUIANYDYNISANBINISUDYDUNANINATUIAE
(Conceptual framework for technology foresight)
ludiuveinsaukulIAnUeINIsAnwewAnAlulal awnsawusle
5 %umauwé’ﬂ (Jaroonvanichkul, 2023; Policy Analysis Bureau, 2024)
TnewasBontunouuazinegiznmsadumsanwmnisueseuan

wialulad Usingeunisnsi 1 demsluil

M1STVA 1 dundUNA:MDELISNISAITULIUNMEldnsoUNuIANNISANLEINISUDLBUIAAINAIUIAE

m (Mp&IvISNIsANGuULIU

1) Framing

2) Scanning

3) Selection

4) Assessment

5) Recommendation
and Dissemination
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nishnKuQupudnansauniIsfinulInAluladnaulv (Scope) 13U AnvlinAluladaaulo
s:gzpaPUINANANLY 10udu

NISAUK MUY (Trends) na:FrururunasiJaaundav (Signal of change) AIREIEIDL
AuinATUTadnAnLY DINIKEVIDYACIVY (Policy Analysis Bureau, 2024; UN Global
Pulse, 2022; UNDP, 2023) 18U d12a1s (News) S18vIUWANISANGA (Study Report)
K$onnssnriiuuanuNUKSDFUNLBNImINYTaIUIREITDY (Stakeholder) 1DUGU nadORU
WIsruIKWJdeduIndounasiUAaundav (Driver of change)

nisAaidaninaluladnain3iv:dadwadiAnuiusuinn dra3861vq 1Wu d0av
nuuasunWIUduiauineddov (Stakeholder) IWDUs:ITUAIIWEIANY (Importance)
na:AWOUlUIA (Feasibility) upvinaluladinniniv:dwans:nulusuinn

nisUszidudes: (Implication) yavinAluladnnln3w:dndwaAnlusuinn Tunsyw

-~ - -3 ] —_— . - - — -
upvANWIdulUTANa:wans:nuADIDIANYU LIUIEAY 1HU NISFUNIBNIIGVANAU
WasuiNgddoy (Stakeholder) Us:npURUFANUdDNANINGITDY

nisfRKdalaudiiu: 1a:90r1S18vVIUWANISANUBY SIUNVDIRIINISWYISTUNIBYUTaUTE
dkSuinsaundIWWSDUsoLSUNISIVAaunUavudvinAluladnle

Fim: Jaroonvanichkul (2023), Policy Analysis Bureau (2024)

2.2 InAluladidrynuus:Gus (Artificial Intelligence - Al)

Tutagtuweluladdyauszivg (A) ldnaradunaluladddy
agrmilsvadlan lnsnzegrsainsundwedunanisvuielng (Large
Language Models - LLMs) fiemunisilnsuaindogaummaauansnsadile
awssIuTRldesadngs (BM, 2023) iiluglyanusshvsdeataassd
(Generative Al) Fafluaninsalunisadaidenlmifivannnans fausderna
lUauiifinle (Baig et al., 2024) Generative Al fifinannlunisuszanananie
fidudounardanmeiidenifod g wu nsadredonnu msneusiana
waznnsagudeniny Fagnimnusegndldiiieiuysansamnisiay
pdunInane fludsefivadinaiesile Al aunsafinUszansamues



uIAONIS
wouulAuluu
s:uuJryrun
Us:=aus (Al)

Sl.

U

cn

(Scanning)

ASLUIUNITNUMIUITIUNTTY (Literature Review) launnnin 23% (Egan et al,,
2025) Uagtiuilanea LLMs fgnliauetranirsvinsilan 81 ChatGPT
(OpenAl, 2022), Gemini (Pichai and Hassabis, 2023), Claude Al (Belcic and
Stryker, 2024) uwag DeepSeek (Techtarget, 2025)

— — e — - o —
||U')ﬂﬂn"|SW["UU'1flU||UUS:UUJFU[U'TLJS:OU§ (Al) aIKsSu
ETLTUHL!UFI"ISFTHU'] nsdvoUNANINAIUIAE

WANVENABNTNAILNALLUU Al IVBYTANNMSNSZUIUNSYINOY 91N
AU URNU (Human-only) gsuiuunly Al lsnviewmae (Al-assisted)
TneilssenaliludunaumseumuiliBuaedygaunsiudsuuas (Scanning)
13830913 (News summarization) wagn133nnguiite (Theme finding)

o & =~ % Y & 1 = o

iail lunsdlvestoyanlasiusiuunlulssinnynas (News) il
[y A a d‘*’ < a o . . .
anwlaNIzA NATUTINEIMALITIUILLN (High Frequency & Timeliness)
anadei57 (Rapid Obsolescence) wavdudousmefninaiin (Complexity &
Technical Jargon) Wu Tunlamsusadiunfineatesiuiuiiu vinlinsAanses
s ag uazdnnguirmmusimeuiuRnuululiennuazadnanissaugs

Aatiu N9 Al andszendld asYieiaUssaninmasannn s
v URNULY JUN 1 uansurudadSeuiisutuneunisyiaulutuneu
Scanning s¥ninaguiuunfan U URMUEeg 105 (Human-only) ke

SUWUUTILY Al einiie (Al-assisted)

1:  nwudvnisduduviufluniwsiuakSuduapunisAUuK U UUIa:FnuruIrunisivagundav

(1) Human-only
process

User defines
News 1 from )
web searching
® ° ®
@ News 2 from
web searching - =
Collecting data Final theme 2
Manual
web searching (news) ﬁ°'." web .
searching Human-only Human-only
for news for theme -
summarization finding
Final theme N
News N from
web searching

(2) Al-assisted
process

o]

User defines

- an interesting topic

®

User verifies Al-generated output & ]

O)

‘Al-generated
summary for News 1

News 1 from
web scraping

News 2 from
web scraping

®

RSS
Fetcher

Web Scraping
Database

Al (LLM) for
and news
summarization

News N from
web scraping

Al-generated

Al-generated
summary for News 2

summary for News N

Al (LLM)
for theme
finding

| T

_______ L.

i
| (—Algenerated final
1 theme 1

'
'

‘Al-generated final
1
Algenerated final
e

:
z ~N

(1) User selects base LLM
Model (such as ChatGPT, Gemini, and
DeepSeek)

(2) User defines prompt for

base LLM Model for instruction of
news summarization

(1) User selects base LLM
Model (such as ChatGPT, Gemini, and

DeepSeek)

(2) User defines prompt for
base LLM Model for instruction of

theme finding

Av: lnegidau



L ~ Ao a .

YU i']‘r’_la%LE]EJG]GUEN’JGF]’WGHL‘LJ‘LN’]‘LH%‘W’J’NEULLUU Human-only
process fUFULUU Al-assisted process (UszenfiainunaIy Al-Assisted vs
human-only evidence review: results from a comparative study (Egan et

al, 2025)) wanslupnsned 2 sieludl

sgazIdun3sNIsaNduLILTDLIUNDUNISAUKMUIUNIA:FnUnIrUNIsIVaaundav
(Scanning) 0 WANaaLIUsUA 1 VIUS8UIREUS:K30sUNIUU Human-only process
NAUSUIUU Al-assisted process

(M1svn 2 :

1. Scanning for news
AionsAuKdMNBUlsaRTAIY
uraulIa:nsvAUKIIDISOVNREANU

.
-

2. Data collection
ADNISANIADNIIA:SIUSIVIUDKIUTD
ni3ulea wlusiudoya

3. Reviewing and summarizing
fiD NisdIAs:KIazasuitpKdIATY
udvU

4. Theme finding ADNISYONGUKITD
'zf\)lDumsﬁnna:uuuaTﬁuﬁaaTruru'\ru
nisilAgunlavidanuruziioduuae
(Repetition) IIA=AAEWAZVAU (Similarity)
(Ryan and Bernard, 2003)
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38nasaduviu

Al. YUAUAvIuAKundoKIdD
inAlulad (Topic) na:ANSAUKTET
niBulscicig Suinasidia iu Nsid
Google search KSD Google scholar
10udu

A2. JupuaiviurinsAnidoniaifu
sausauibipKWNAUAUU MNBUTG
waltugudoyanuiuavIuaIEY
QUIDY (Manual user’s database)

A3. UQUAUAINSWYISTUN (Review)
na=voriasuilipkwoviciaziesnun
(News summarization) (280UIDY

A4, GUATAUUNasUItoKwavIIca:i)
UIIASEKIAzIONAUKITD (Theme
finding) ARaOUIDY

- gnMpdvigu KINddnAauavu
1,000 @1 YUAUGAvIUDWADYINNA
KadIKIKADIWED 3-5 Kdd

A. sUIIUU Human-only process B. sUllUU Al-assisted process

B1. JUAUGAvUAIKuaKIdDInATUTad
(Topic) RAUTRLNUS:UUUSNSAUK
5eluldd (U Google Alerts) dvs:uuU
dvdoyalkuflusunuu RSS (Really
Simple Syndication) GviduiAdaviio
IWDTKLJSUUSNASTASUKITDU ™ K3
doyalki souiiviaduluddioon
dun v Teagwaniulié

B2. YuUAUAVURIRSDLTDS:ULSOTUE
(Automation) IWDEIEAQIFDNEY
itiok W GUadU vnBUTsduRLT
Tushudayansiividufua (Web scraping
database)

B3. uAUaAvWIEIASovida Al Tums
WISTUN (Review) ||a:a§U|l‘]aK1uau
Iciazd1IddNWN (News summarization)
T0gAYURUAVIUD:NSIVEDULAAWS
0 Al funwsdu

B4. QuAUGLWIGIAgovid Al Tumis
drasuitiokwovicia:dn udIASER
1A:90NAUKITD (Al-assisted theme
finding) TneAJUAUAVIUD:ASIVEDU
waawsvn Al Tumwsow

- gnMadvidu KINDdAuaUU
1,000 & YuAUGvIUDWIGIASDVTD
AlIWDIONFUKYD (Final theme) TRiKED
IWav 3-5 Kadd

Au: Tneideu



dmSutunou B3 war B4 9anmsnait 2 suludeadentilunaniv
awelng (LLMs) Jsoraidenlunaiisinnsldauerauninaieislulunis
UUIaNAN1Y WU ChatGPT, Gemini %38 DeepSeek lngusasluinaiyniau
uAnenat aduAmAMEAENS (Quality) A5 (Speed) Fumu (Price) uaz
summ%a%aﬁ'iaﬂ%’u (Context window) (Ozkaya, 2024) Fedoudenldanu
Tvneauuonaini nsvhauwes LLMs fese1de Prompt afiusdsiugu
(Instruction) HiefvuawuIvensUszanana tneulsliidy 2 Ussan fie
System prompt &z User Prompt (Hellstrom, 2024) Fauandlumsned 3

01svA 3 : sUnuuUs:Nn Prompt 1A:(120670NISAIKUN Prompt

sUlluU Prompt (Mo&wnNIsAiIKuN Prompt (61KSU Technology Foresight)

1) System prompt fid ANEVKSDFNIUZLN - System prompt for news summarization:
ﬁU§1uﬁQUﬁJﬁDWUﬁ1KunTRﬁU “You are a Technology Foresight expert tasked with processing and filtering
IADVTD Al IWDIIONSDUNISHIVIU news or articles (Signals of Change).”

(Framework) MKUOUNUNN (Roles) - System prompt for theme finding:

F‘lﬂUIl'J:E.IDU‘IrU, (Experts) annvu “As a technology foresight journalist, your primary role is to analyze
anunuzN1SODUAUDY (Response) a large volume of “signals of change” from provided news to identify
upvIRZDYDD Al TRIDUTUTUARANTY significant themes shaping the next decade.”

16eInU

2) User Prompt fid ANEVKSDAINIU - User prompt for news summarization:
I"il..:l:LleLTﬁ\nuﬁ1KunTR'ﬁUIn'§DDUD “Please summarize the following news article related to technology in
Al Tuncia:Asy IWDIKIGAIDUKSD  approximately 300 words.”

WadwsSAGYNS HudIONEVAUIU - User prompt for theme finding:
fundaznisaunun “Based on the provided news articles, identify and describe the 5 most

significant themes.”
Au: Tneideu

(Y7 '
v a a =

il Snuiletumouddyuesmsvinduneu B3 wax B4 lumsned 3 T
Solusih Aonsannlusunsusinanadiodeansiu Al iy API (Application
Programming Interface) TngTUsunsuazNuINFAs (Prompt) N7 3
dhitudieya wdhdsluuszananaiilesunadndnduan daunuislugui 2
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sun

2 : nwuwonisisSenfdluina Al Wiu APl IWpHINsUs:uIauWadoya

Set inputrequest (news,
system & user prompts)

) for news summarization
Retrieve

News 2 from

News N from
web scraping

web scraping

J -

J(

News X Sent inputrequestto Al

(LLM) Server via API

News 1 from
web scraping

News X from
web scraping

W(one news item per request)

System prompt for Al (LLM) Server for

news summarization Processing Input Data
User prompt for

news summarization

News summarization system

Al (LLM) Server provides Al-generated summary for News X
(one news item per request)

Al-generated
summary for News 3

Al-generated
summary for News N

Al-generated
summary for News 1
Al-generated
summary for News 2

Set inputrequest (All summaries,
System & user prompts) for
theme finding

Y
Al-generated
summary for News 1
Al-generated
summary for News 2
Al-generated
summary for News 3
Al-generated
summary for News N
System prompt for
theme finding
User prompt
for theme finding

\___Theme finding system /

Al (LLM) Server provides
Al-generated final themes

Al-generated final
theme 1
Al-generated final
theme 2

Sentinputrequestto
Al (LLM) Server via API
(All summaries
per request)

Al (LLM) Server for
Processing Input Data

Al-generated final
theme N
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Av: Tnegidau

wenwitleannnisunaIedie Al inUssendldlutunounsfumuuali

v

FIUFIUVDILUIAAF NS UNITUTLLEU
ausTauzAuLUUSTULUIUsEAns (Al

<3

LLazé’zyzymmaLﬂ?%wuﬂamé’aﬁ?u
dmSuativayunisAnyinisues
pwanmaluled GearfinnsuniuTouifiounadwsiindufussnineaguuuy
Human-only process wag3uUuuu Al-assisted process 1AgENTOLUINT
Uszifiudu 2 Yseuom Teun

1) nsUszfiudeUsuna (Quantitative evaluation) [unsinna

L) I

WS UMEUUSEANSANAIUNSNEINSNIBLUNITANTUIY TagRaTu191Nn

3

Y

FraTandn 2 Usenns Wud (1) szesnanfildidnuduay (Time spending)
(Egan et al., 2025) wag (2) ﬁunuﬁﬂ%’fdwmﬁfj’ﬁ%ﬁumu (Cost spending)

2) m3Usziiuananin (Qualitative evaluation) {unisuszidiu
AuAmBmAdWSIINMIszendlfiedesiie Al dmsunisaguiomvesim
(News summarization) kam3danguive (Theme finding) Ineltinausmseidiu

&N 3 fu (Tham, 2023; Zheng et al,, 2024; Fabbri et al, 2021) ffei



unasu
(Conclusion)

(1) Coherence fio funsideulss Bamsaguidevnmsiiasaais
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C-Band Satellite Television Amidst 5G Challenges :
An Analysis of the Media Landscape and Policy

Recommendations for Thailand

108 naula AudvA, nAssK 1TedNM

Abstract

This paper examines the business
status of C-band satellite television amid
the shifting media landscape of Thailand,
a transformation driven by the proliferation
of 5G technology and escalating internet
demand. Employing a multi-faceted
theoretical framework, the analysis
integrates concepts from Technological
Determinism, Uses and Gratifications
Theory, and the Two-Sided Market model
to analyze the evolving competitive
dynamics and media consumption behaviors.
The findings indicate that C-band satellite
television retains significant relevance
due to its comprehensive reach and its
role as a reliable communication channel,
particularly during national emergencies.
However, it faces significant challenges
from technological changes and the
demand for the 3500 MHz band for 5G
technology, which may cause signal
interference and create a structural market

disadvantage.
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auitesluszuy C-band vhunansnsuAsuidas
piimidevesUszmalnefisinudesnisldan
Sumesidaiutu Feiuindousiomalilad 56
n1sfnwlaussyndldnseunuifngangug
Loun nguimuanianalulad (Technological
Determinism), ngufn1slduseleviiazaing
Nawela (Uses and Gratifications), wagkuuanaea
A nEDsiL (Two-Sided Market) Lile3iAsnev
wadnnisudsdunasnginssunisuslaaded
Wasuuvadly mansdnundlidiudntnssed
aafiealuszuy C-band fenstinnuddelugue
defiindsldnseunguuaziudossdeansd
ihidefevidluanunsaiunfuaraniunisaianiau
LAi&unTyiuauinmefd1dyainnis
WasuwUaswamaluladuazanudeanisidon
AduAIRE 3500 MHz dwiumalulad 56
FeenadwmansenuliAndymdygasuniy
wazni1saseAudeilseulunisuaadu
Falassadananndndae nsAnwade SelT
N13ANWINIEYeIANENTIUNITNANATUALE
Aamsdeansvesanigenidni (FCC) Tumsufsy
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Drawing on a case study of the U.S.
Federal Communications Commission’s
(FCC) successful C-band spectrum reform,
the paper highlights the efficacy of
establishing an independent Relocation
Payment Clearinghouse (RPC) to ensure
a fair and transparent transition.
Consequently, the article synthesizes these
insights into a policy recommendation for
Thailand’s National Broadcasting and
Telecommunications Commission (NBTC).
It proposes the adoption of a similar
regulatory framework to facilitate the
sustainable coexistence of both industries,
mitigate adverse impacts, and ultimately

maximize the public interest.

Keywords: C-band satellite television, 5G
technology, frequency allocation, technology
determinism, two-sided market, uses and
gratifications, media regulatory policy

unun

AU C-band Fedszauanudifalunis
adrsaunaniunistadiesdninaisdase
(Relocation Payment Clearinghouse) Wie
Uimsianismaidsusitusgrandusssunas
Tusdla vieftan unanuldduanevideiausuus
Baulgugdmsudtina nany. lunmsussend
Tuumnedenan erfugualifanissaos
anansnogsmiuldediedsdu annansznu uag

aauselevigegasioansnsae

ANEATY: nsvimianiienlussuu C-band
wialulad 56 M3Tnassnauaud natnaossu
nouMsliussloviuazanuisnely uleueiiu
@LLa?ia

1.1 mwIduia:zAmvaIAnuovUrUK)
Tugafidumesidnmmidigauasunanesuansudls (OTT) Mdaudsuudas
wenssunsulnadenuvdn “meluladitmiun” (Technological Determinism)

waznqud) “dofeans” (The Medium is the Message) U84 McLuhan! Tuuausiieniu

Aamsinsyirinafiedluszuy C-band Tughuadiuanud 3700 MHz — 4200 MHz

30 “UANITIENATUM” 819NUIIIMARENAALEIARYAT UAINNTSANT

wuhvsviAinfienlusyuu Cband Sinsdhdtysiedinulve egaauiliis

Nufvinglna dyaranatesnumuseanineine uaziluesmsdeansind i

g RUR uennil nunanegaRdviaideyau e synuvuuay Ingenaes

unsszun nsviendatudevdnfiaulvedeiuasen lnenanmsdsamsuilande

gug “Aefieans” (The Medium is the Message). McLuhan, M. (1964). a3u1eindesneiessnsildlunisdsrinu

WemilnanadninguasdenusedFuaisinnnitfiasios
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X

AW ddnviuanankved (U 2025) dgovnivnissususianisinsAatudvUs:ssulne

agnslsfionu AAu 3500 MHz filanfidurdundndvsu 56 Aeliidn
nssunudgaalnsimioufiey C-band 7ildaduniudlndifeiu
(3700-4200 MHz) aeiaiaelild Fan1ssuniudl 2 Snwaigndn Wdudnissuniu
1neas (Adjacent Channel Interference): dgyayial 5G (3500-3700 MHz)
ﬁagiamﬁu C-band 813 “$3lnia” dulusununssudyaamnadiodlnenss
KAZNITIUNIULUUNALRATY (Intermodulation Interference): dgyey1ad 5G
PnvansunasiunauiuluiSudyaanniion (LNB) liAneduldi

v v o

Fauviuiudyyias C-band WoR LayTUNIUBELITULSY

NIWA 2 NIWSIUNISINASSAAUAIIWALIU 3500 MHz Tuus:inATng

Overview 3500 MHz Spectrum For Thailand

(2) IMT (1) IMT Fixed-Satellite Service : FSS
100 MHz 300 MHz 500 MHz

Frequency 3300

(MHZ)

3500 3600 3700 3800 3900 4000 4100 4200

fiu1: dUnviu nang. (0 2023)
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Uagtuludszmalve afuaudgy 3500 MHz (3700-4200 MHz) gnld
ulpgAansinsiierianiedluseuy c-band (099 2) wasussyy name.
ATIN 19/2563 waw 5/2566 JumtuNsnsendnniuauig1u 3300-3700 MHz
W3RasIEmsU 56 Wieliusunalnelinduaudiiemesonsiaumelulad
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2.1 nnuirikuanvinAlulad (Technological Determinism)
lla:doADans (The Medium is the Message)

NIWA 3 Technology Determinism

AUA: Sailer, C (U2025)

naudisusymanelulad WuuuAaiesuisigudnuazuazai
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2.2 nnuijnisfdus:lasuna:AUWowDld (Uses and
Gratifications Theory - U&G)

NIWN 4 A conceptual illustration of Uses and Gratifications Theory

Gratification
Opportunities
(GOpp) )
User choose User chooation

media based rarie_d the
based or / \ media use

opportunities

Gratification
Sought

AUT: Google (U 2025)
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2.3 hnuNOat0aovOu (Two-Sided Market)
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NWA 5 A conceptual illustration of a media two-sided market
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3.1 dnswavovinaluladidonisiudaunuavwninssuy
NsU3INA&D
3.1.1330uunmsmsusinAdalulng: SngndoansMvIGen
duiwanwosuadna
waAnssunsuilnadeluussmalngldiudsundasldmuiaunnis
manalulad Tuefnduduganisdeasnafien (One-way communication)
wu nsliusnstnssiminadien g1uaud C-band (3700-4200MHz) waeld
Sumlisugdluefin neddatendnde Suudessents anuasouaguitud
U3 arwesdauasiafissnmussdyya dadunuandanguslaald
AudAaNeNT ARad139 AnuAniuUsssuliauddy iR
deowwagauatesiiusuduusn (@rinouadfuenn@, 2025) wansia
HWaunsuslaadefiinananumedulunsfusw/Suilademsenisia
ANNALTATBININLAZLABIR NN THUIYRRAlulaE UTeAnininaeg

a 14

Suwesidausenuuuntulagiuiimilonidygaeafien sisludunissessu

v
aa v

nngunsallarAuAndngnd1 vilvguslaaviundenuslnadefdviaunnty

9 9

Y

Ingdayaves Statista (2025a) ¥Usz¥nsingludagiuirfedeiflendva

NBTC 119

Telecom and Broadcasting Barometer



120 NBTC

Telecom and Broadcasting Barometer

(Feuay 95) uardamasnavia (Segaz 78) ludnadunasnitnsimiLuunusiy
(Feuay 55) 08139TAAU (AN 6)

nmwn 6 dndlunisidfivdous:inncinvg sovus:zsnsing

Digital video content is the most popular media service among consumers

Media & Digital Media Usage

Types of Media Thai Consumers Used in the Past 12 Monts
95%

78%

Digital Video Digital Music v Podcasts Audiobooks Radio Video on Music on
Content Content Hard Copies Hard Copies

Consumer Insights
by statista%

ﬁ:m: Statista. (2025a). Types of media Thai consumers used in the past 12 months
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Fpuanihninanvsunalulanisdeansyn 56 foilutadessmsuasundas
a a - o e ~ & I
woFnsIuMIUslnadennivsiataniiienssuy C-Band 1Wudeanivesulal
Ingteyaanndriinanueaniauiani (2025) 331 Sevay 87 veaguusensingvinil
Furuensinsviaddeunasinuansalii avvoutisnnuautulunisuslnage
A s @& = a 2y o oy ey o '
HuBumeiiiln Fadalemdlvijusinalativssaumsaiieansuuuaeams wlug
nsfuruTensinsiiedkuan sl

3.1.3 InAlulag@insdoansyn 56 lazMsupuSuUINATUTAE
fudvaulng

walulad 56 wavarwaiuisovesausalviuldnongiuulin
“walulaBivun” uazuwIRn “defeans” 489 McLuhan fideingemia
veisnsilflunsdsihudominemsdnineuasdinuderdFuansuinn



Fansies luudunvesdeluy Medium Ao wialuladdumesiinildlunsieans
Tneivdngudssedndiiatuayuuunng Ae wunltiinisuuswesuilan
Tnanudn Sowaz 50 vesUszynsivednislidredmsugunsaidiannsednd
iudulunel 2021-2023 (Statista, 2020a) donAnediutoyadnn Statista
(2024¢) (Mt 7) Finuhdmaulssrslveiidnasume snfiuuaniesas
85.27 T 2022 \Juferay 89.50 T 2023 wazmniraziiundudosas 98
Tud 2029 Feyariovmaiifigaiiin anudosnslinumaluladdomaindou

A Aa A P o a & | a A v v
warAAUALANNYITRITIRL NI UaEaanaeslule
nawn 7 dadiuus:ssulnanidinvduinasitiafugivl 2020-2029

Internet penetration rate in Thailand 2020-2029

Internet Penetration Rate in Thailand 2020-2029

97.80% 99.00% 98.00% 98.00% 98.00% 98.00%
87.98% 89.54%

85.27%
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2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

statista %

Fl:Ln: Statista, 2024c. Internet penetration rate in Thailand 2020 - 2029

3.2 misuUs:gndfdnnuinisidus:laguna:nnuwowal
(U&G) AuNIsiUdaunuavs:k3winsArliniRaulus:uu
C-band na:inAlulaé 56

dlethnseuwinfn USG unieszilenialunsadaufisnelassning
mssurusenssmianfieslusyuu C Band wagn1suslnadesian
welulad 56 leuansianuuandiaveslenialunisasisnuiisnels
(GOpp) sywisinansmsdeansisaessuavlvdaeunnnd iy sl

InsAAUoIIReUlus:uu C-band inAlulad 56

nsiEhfvAnsounauUIiAsiatias - msidBvidoknuudaudvUdIa:T5dpINN
AMULGD DN VINATANA:UNUINTUANUNSIANIKAU dhunaia:anun

ADIUKaNNKaN&upLEdvsIEMs - UssaumisninssuguAikdon3 fui@ovuovArunIw
MSSUBUWS (lUcipvidaAuSNssIaItipu Wauavnu - msusundvidokIRIDuauia:asvlo
AUOIRSUIAIASDLSUFUNUINUUASLIISN) - URduwWusiia:nisidaiusiunuuisaalniy
iDudovnvAiBnBviaveIa:gANuLUNGDED - msasvassAllaziwanwsitorklovnedu

NvItiDKA (Content Trustworthiness)
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nslasunlasues GOpp dwwalagaswionnuainnis (GS) uazady
flanelafilézu (GO) MuwAnYes Dimmick uazAm (2004) Aueit Tona
vosmuimeladuegiuanautiveanaluladnisdeas dudu ileimalulad
56 twanvoudesitmmdild mesurunensinsimbnunalulad 56 36
Anaamlunisadreanuiisnelalageaninlnvimianufieslussuy C-band
aonadestudeyaandrinauaifuisnd (2025) Auvpandnlunisiuu
FEMIdauraife fngss Wanusavusensanla’ (Favar 62.9) wag ‘Aoin1s
Feonfurmanzsemsfiauly’ (Gevas 56.9) Fliiuin Menuausiinalulad
56 fpuliisndudenihsenthiifiiefurusensiiaemisdnseld

foyaneaifiein Statista TaeBuuisnsilasuutameinssuiiaenndes
funsasigidduegednny wiuldandeyaadialul 2020 wui Y
ns¥uridesafuanasatn 22.4 stududaludud 2016 wde 19.7 fudw
Faludlud 2020 Twmzdinisuilnadesoulatifutuan 34.3 wuddalus
1wl 2016 1T 54.7 stududaludud 2020 Fogaludl 2024 wuiszeznad
aulnelifudumesidninds 7.58 daluwiotu Weisufunisiuulngim]
s 3.23 o Tu dealifeyaduaugliuins SvoD (au Netflix) sy
970 2.8 duanlud 2017 10 5.4 Sueaulul 2024 lnewmuandniinazanain
aramanuaneveuiev Andufesar 51 uaznisiuralaelaiflavandu
Anidufesay 49 (amil 9)

mwh 8 Swugiiusms3albansuiv (svob) Tuus:naine Tul 2017-2027

Number of users of video streaming (SVoD) in Thailand from 2017 to 2027 (in
millions)

Number of users in millions

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Sources Additional Information:
Statista; Statista Digital Market Insights Thailand; Statista Digital Market Insights; 2017 to 2027
© Statista 2025

ﬁu‘l: Statista, 2025b. Number of users of streaming (SVoD) in Thailand from 2017
to 2027 (In millions)



3.3 MSIIASEKIGLIUSUUIRgUMaIuUNaovaaInNaovOu
(Two-Sided Market)

dledwuudasinainaessiuundnsisiiuseuiisuseninsnsiiag
anfisaluseuu C-band wagmalulad 5G LiuANULANAITIUALENNTE
Tunsasrsaneliudnaaiaesilslfosnsdamn

InsAAUo1DIReulus:uu C-band

innlulad 56

Wwandovsianis
(AELIVE @)

oI NnN1S3IAS1K

iDudoNidfivvie drunuirunsounauiia:
Iafigs SUBWS IJunkavdoyantinigoiio
Iaz10ugdvNIvAdAISHF AN INANIAU

iDudovnmvAuIdotiola:diafasmw
Tumsignfivjgusuouun BoidacioMs
aswsialdonmsiuunun

dosnalumsnuaguuiidueogsuans
IRVOAUINUEN US:NDURUSUIDULIBY
Aanavriidov avwans:nulaansvcoyar
UDLYWANGDYSIBNS

InAlUlagadAavpUUS:auNSIUSULY
Aikdon3 TnalRgiEnbvItokkannkane
TAnNANNNaIIUUDDUGLNUG w3DUSUIICH
TRiduaumia:asougauwusla

iDudovnviuusnANsLUs:nSNW
TumisigntivnauidkuguIULIN
MusUiuuRasvassA Jawa ROl
Iadanu nazgraasivivesmsiauin
1Boudn (Network Effects)

inAluTad 56 10uTAsvinaWusUAIBDIK
INNIWaNWo3SUEDIKI Buauisnivaeu
wnanssuYUSINAIIa:a3vIVRSIZOUINA
02UAUDVAINCDLNISYDVNAVID KUY

Taaavdu

3.4 unasumslins:K

Insiminafiosluszuy C-band Fadumeluladdommiudon fgaeu
fupatosve i auarmsihdituiivhilna LLGiﬁ%@ﬁﬁﬁ@L%@ﬂﬂﬁ%ﬂﬁ@
Fusilifunaiuazanud Tumanduiunsdoasmaluladluge 56 1Juns
Aomnsaeanafidnanuf nsnns lasandesiniug vhlildansnsasusden
WUUeRUANIUA HUJFUNUS wagUTuudeguuuuNMsSusNnIuAUADINTg
duyarald dsasemuimelaliuslnauasiuyamviaatesens Edn
dow) Tumstmuagndnnguidhvngldindy msdnuiluadaidlmdiui

1. mMslindunnudgnu 3500 MHz dwmsuwmalulad 56 zadsdoyao
sumureInsyirdaisalusyuu C-band s’ﬁamiﬁ@%@U@MﬂWﬁ@@Wﬁ%
a¥faangmsudsduilidusssy

2. wilulad 56 WussdiuslnanAsulugunaiosuosulay fineuauss
arudenslding dwalinmsuslnadeuuuseunususnedyinibei
thainguweitnmsimusnasmsiiesessulmmssunuiuetnaiiugusss
TnedilsdagAnssuduslaauassuuuunsmanslufaonisie axtiedadiuns

agTuuvesansfanisluguaduaudNRniv
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nsUAsUAAUAI WA C-band Tuaksgoiusna

Tuanizeuidny AduauRg “C-band” vanefis Brenduaiud 3700 fs
4200 wneid5nd (MH2) dlusfngnldarumdndmsuuins Fixed Satellite
Service (FSS) wiouinsmufinusednd dwsunissuduauniidiey
Aty wioldlunisnszanedygalnsimivazingludsssuuiadaid
Snveavils msdensiodeyauasidesdmiumhsnumnaiguia uazangsia
fifpsnsnsdonsofinsouanuuanideieldluiiuiivndlng vislunsdanidu/
feRTh slufinisuimsamzn 00 msthmansennia Msdeansmemea
sy

4.1 ||u3m\)mSLJ1j§Umst?\nunﬁu C-band fuaKk$sdILNSN

\Hesnaudeanisaduaiiud dmsunisiauilasetie 56 73
Usednsnmn ﬂmzﬂiiumiﬂmaﬁﬁuaLLaﬁa]mi?iami (Federal Communications
Commission: FCC) wasanigarinleduiuuleveidfyluns “ndes”
(clearing) war “3nass” (repurposing) AAUAINLAEY 3700-4000 MHz usi
welanmnsailuldnumealulad 56 TuAanistnsauuasld Tnedletud

3 flunay 2020 FCC Iiwaunsianans “Report and Order” Fafludsufsy
nsldeundu C-band adedndy Suusmenissiiueundng e

1) M3deuazsaufaniIsniieuis (Repacking): FCC muualinanis
anfieniildanlugiu 3700-4200 MHz 1hin Erennsldaulueglugu
AAUATIIA 4000-4200 GHz (200 MHz)

2) My¥nassndunnudlval (Reallocation and Repurposing): Siiusng
Tunsdnassaauadud 3700-3980 MHz (280 MHz) dvsunsifnumalulad
56 wuuBameu (Flexible Use) tnsauguiilagmitluussualuaygmdousiu
(Overlay Licenses) lufle Auction 107 wenanniderimusiliaau 3980-2000
MHz (20 MHz) \uuautlosiy (Guard Band) ifieann1ssuniusening 56 uag
u3nsmafienfidheluldnulugiu 4000-4200 MHz

3) MsBABA1La18 (Reimbursement of Relocation Costs): FCC Anue
TiifrugmsUssyandunufisn C-band vioglesuluoygndousiu (Overlay
Licensees) (lufffuiinveualdirslunsirenauauddmivgliuinig
A InsazdosheRuinesmunanaiiensvae (Reimbursement Fund)

4) N15UTNTINNIIN135UNIU (Interference Management): FCC Aiun
WElsusns 56 desufiinudermunmamadaiidunaiioannissuniy
Giau‘%ms@nl,ﬁauﬁmﬁ@aﬁlu Upper C-band 2108901591083 (Power
Flux Density - PFD) wiauduaSulvigliusnis 56 uazgliuinisaniiey

Usganununuisudludgminissuniunienaiintu



4.2 MSUSKIsYnNMIstuAGnafinaddovnumsaanau
C-Band WU Relocation Payment Clearinghouse (RPC)

FCC lafmualvitinsdnse “osinsnansdaseiien1stsvugawernau”
(Independent Relocation Payment Clearinghouse: RPC) vimthdunaln
A luNISUIMTINNITAUNTRULEZLENENT B INSZUIUNSTAEA [HN8
Tunsénemauarudigiu C-band Wulvegraussuunaslusila drsannse
Tunsrsnlagnsaseningliusnig 56 waegliusmsariiienieiulidne
ilimsaesiheannsagaiulunnsiandnvenuy (Myasilaseng 56 uay
n13snwuinsaaiien) leegreiusednsainanndu agldnismiiugua
AuYes FCC unumved RPC Lau

1) swswdeyanelfualdinglunisdreaduaingliuinisniiiey
(Relocating Satellite Operators)

2) MTIVADUAIINYNABILALANUALNAFUHAVRIA YT 107 L UTNS

= a b (3
ATIBUTENTDINIUNGLNATIVRY FCC

3) AWIUTIIURUIAETE LTINS 5G Usarsefedemudndiuves

a aay ve
AAUALANITUIINNTUTELA

4) I3 RUBALEINNDIUNRLYUTNS 56 19l Tudaglvuinng

= gy A o
AIEUeATUF1Ia

5) Invignuanuen1saLiunuwazanliingse FCC

=1 @ & v Y o o Ao «:1' ) P

ail FCC danatugpannguazdedefundanunednulssinmuesdnlding
wawels inaualdine waznszuiunislunistulareydlfrvevniwe waz
A3IRER LN RPC italiiulainmsuimsdnnmsduyaweilulegng
gfsTIu Lsala uaziiuseansnin ngmndveinmseninag liusnis 56 wag
Aliusnsaadisnn RPC ldanunsaunluls visedefimninesiungssdeu
FCC azinfuRaveulunsindula

4.3 anmu:Umuula:wanistiduviugoy RPC (U 2025)

nssuaumsanlnavesnstenaunuagn Cband Idasaauluuda
ImaﬁﬂﬁuﬁﬂﬂimﬂaLﬁwawiu@daulmy'lﬁmmLﬂmuwmié’hﬂﬂﬁumuﬁmum
nasesa (Phase Il Auagluieusuney 2023) vilvidu Lower C-band
wiondwiunsldnumalulad 56 egrafiud

Han1sALlueuYes RPC agviouisanudisoegralaamulunisuinig
Fansuazruneanuasmnliunsidsuriunaunuaadduei RPC
Inmsufuawesnunnangliing 56 fvuznisuszya Tagldtety
wlalunsirenduisedaliidugliuinisaaiion vildaansamdssady
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Lower C-band masvunnaniidunaues FCC wonanil RPC Sliszanana
uazeysiAmsvaeaTlideaieiaummamaliiugliuinisauiien defui
4 fiquieu 2025 FCC lspandds DA 25-477 FadumseysiRegnadunsnis
1% C-band Relocation Payment Clearinghouse (RPC) qamiﬁ%ﬁm’mﬁlu%ﬁ
30 figuis 2025 Mseyifatsiiteidumstusuanudiiaves RPC Tunsia
wimsdanseldnesawelunséreaduanud Cband egafiuszansam
PilviduAREN 3700-3980 MHz nSexldinudmiulaseie 56 mssifiuamees
RPC faitumuueghaidmmuvesmsiinalnfidunandunmsidmsdamsmswdewsnu
pAuAsAelveaziuteulFeendusila Tusyavisnm uarussathvanedinls

5.1 asdwamsfnu

nsenwatuiilaiweianiugiavlonalunisegsenvedianisingviey
aienlussuy C-band Munanagivieudeiiudsuntasluegiesinsy
luvszimalng lnglanized198aindndnaveunalulad 56 n153Asen
louszandldnsounwiAndmquiidifdy taun ngulimuanianalulad
(Technological Determinism) ngunslivseleviuazanuiiansla (Uses and
Gratifications Theory - U&G) Lazluudnaninaindasniu (Two-Sided Market)
A o o o Y a a 4 & 4
wevhanudlanainnmsudsduiasnginssunisuilaadeniuasuwdasiy

= dy Y @ 1 £ L4 = o w a [

Han1sANwBlIINIY Insvimdanamiesluseuy C-band Mawuudeyiu
ANUTNNIEBENTULTIRINNTIRATIAUANINAE T 3500 MHZ dwisumalulad
5G asumduman (Pioneer Band) vaslan suuinfnnguijimusvnavalulad
AanTRTIviandvewnalulad 56 MaAUEIg AN KaYATINENTE
Tums@ensoinuiunn Tiduladuddginanaulinfanginssunisuilange
susuulmiusnsnannsusinageln At iesluszuy Cband TugUuwuuisy
aensdud fuslneiulumaeddviaunntuegnauilidn uaglianuubumesiin
WNNIMTFuBHnsyimiuunaay

N193AT1IERaIENg wn1sidussleviuazainuiianala (U&G) 8uduin
wialulad 56 iiaue “Tonalumsasnsmuienela” (Gratification Opportunities
- GOpp) MwntlonnInsiatafisuluszuy C-band ag19n lngantadnnia
% A o g vy o v o & Yo o o & v
Aunauazanuil Mliuslaaaunsadidadomlaviun Jsuwiailemv
\ududn wariiufduiusiudduld Jsmevaussrudeanisvesiustnaealn
v B ' 2 = ] v a =
N99IN1IANUEANEURaENILABNIaINTATY daraliiinnsiudeunas
NANIINIUIlnAdeRENEdALY WU MILFULRYEIUINNT SVoD (Subscription
Video on Demand) 18nanil N153tAT1¥1AI8WUUTIADINAINABIAIY



¥ o2 =~ % a A i ] o e =
wandliiudnnalulag 56 ai199s@uInfiulannsanitnsyiminniiiey
lusguu C-band Tumshsganadusiaauasadlawan wnannasy 56 a1u1se
sudeyaguilaaienvuadmunglavaunlaegraiuguas inung
MEULNUNMIANU (RON) latnundt inliyarlavandessulatiiulaseliies
aunnaivyarlavanmalnsiiminanaseg1aseliie
Usziuddgyde nisldnauaudeu 3500 MHz dmsumalulad 5G
azalyndganausunmusislnsviauanaiienlusyuu C-band (3700-4200 MHz)
Fansaaveunun iy alavassan s dusssn westuiuss
Tguslaawdeuludunanmesy 56 MneuauesnufonIsaand danal
Anauansnsalunisudstuvednsviminniiiedluseuu C-band anasegns
70157 UarenansenusenuiuasdeyatiasvesUsemelunmzanidy
1 @ QJdI s Y =
agalsinuuddovunnanesuseulatmemalulad 56 wnovaussnIy
v val 8 v a 1 5% < .. .
Aoen1slan windalmnuussusianisineunstoyaivia (Disinformation)

! .. . = & 1 gy Yo a
LazU13879 (Misinformation) GUQLUUF"I'J']N‘V]']V]']Umma\ﬂ@ﬁUﬂqi‘V\Hﬂﬁmq

5.2 dplaudluzi@oulaungdkSuAIUNVIU NANy.

MNUNEBureInuEnITINSNANsTTUguaRInIsieansvesanFeuEn
FCC Tumsufisunauanuignu C-band dauszaumnudiialunisairsanna
NUMsTARIBeRnInansdasy (Relocation Payment Clearinghouse: RPC) lay
nsiasgianumanilulssna msinuitweisuouuzuumaialeus
dufudniinau navs. fail:

1. Uszgndliluimaesdnsnansdassilensiawsnuauenad: driinam nave,
p19fasandas “nemuvidoasdnsnanafiouimsiansmaasuriuaiy
Al filidnunedendetu RPC tesamssouim asnstimaiiniuimsanns
Fuyuatiuamguiisndudmivglisnsnsiminaieslusyuu Cband Tuns
U%quw%aLﬂﬁauqﬂﬂizﬂtﬁaamaﬂszwumﬂﬁz:gzywmumml,amwLLmumi
WasuUasgsie esmnlnddndlutsnaniluayglnsitaias Augeadad 2572

2. frwmaurasTinvesdunuiitaauuaryfisssu: unudmiunommus 4
msnniiaglisuuseleninensiannnslinduamiienu 3500 MHz tufe
f3ulueygausznoufsmsshomalulad 56 Taserafmuaitudevluuuuing
Tuougn viewduduvisesissadaduoun weliAnarunduss
wazagviouiaussloviilisuannisdnassaduauilg

3. a¥1ensrvaun TR uarTusdla: anznssunsvesesdnInanie
nowuY MsUseneumedunuIngidulidmdennnauetiaviniiouuay
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Hunana reaniledliuinianadio §lusnns 56 fuilam uasmionuriiy
gua toasreanulinge andedaud wagvilinsdnauladuluegralusda
waztdusssu donpdesiundnsssunivia
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driinau nany. msimumasukezLUfiRnanadaiidanudniy
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C-band e liuleinnisasmeudyanausunudulledisiivssavsnimgsgn
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Regulation of Al (Artificial Intelligence)
News Anchors in Television Programs

- - -
fng 9s3n Woidu

Abstract

This article explores the regulation of
Al (Artificial Intelligence) news anchors in
television programs by examining relevant
countries and organizations. It also explores
the impact of using Al news anchors in
television programs and proposes a
framework for regulating Al news anchors
in Thailand’s television industry. The study
employs a qualitative research method
by collecting and analyzing data from
academic articles, publications, laws, and
related news. It reviews regulatory practices
from the European Commission (EU), National
Press Council of Thailand, The Paris Charter
on Artificial Intelligence (Al) and media
and journalism, including the study of
the early-adopter countries that have
implemented Al news anchors, such as
China, India, and Indonesia.

The findings reveal that no organization
or country has established specific
regulations for Al news anchors. Instead,
the regulation is part of broader Al
technology governance or the regulation of

Al technology usage in media organizations
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as awhole. The introduction of this technology
has both positive and negative impacts
on the stakeholders involved, including: 1)
media organizations, 2) news anchors in
television programs, 3) television news
viewers, and 4) regulatory organizations.
Currently, television channels in Thailand
have begun adopting Al news anchor
technology, but there are no specific
regulations in place to govern this issue.
This article proposes a regulatory framework
for this technology in the context of Thailand,
in order to keep pace with changes and
maximize benefits for all stakeholders.
This includes ensuring the accuracy of
information, maintaining neutrality in news
presentation, and considering the impact
on viewers, with the aim of promoting
ethical and creative use of Al news anchors
in alignment with journalism ethics and

professional standards.

Keywords: Regulation, Al (Artificial Intelligence)
News Anchors, Television Programs
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Al wifausadnusuldlidnduaninnisiniauesald W Sana figni
Tldenutnadu Headline News @sinanudunseduriumsniseal vise Lisa luyagms
PeurTeiu amlafaladviuneniaven 91379 wagn1sTenUENINeINA
Lailddnlvgludasinsilmindsndusedddvinue dndes @i nsuansonsuel
WawlaunveInuase lunssenuYiey (Tufien 39nwesegns, 2566)
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WWIMNINSIAUARAKUU “Light-touch” Baiumsaivanuuazauasuuinnssy
Al Tunauzideatuinmuangszsifouiietosiuanudss (PwC India, 2024)
MINFBUReA LA lAUS EmALUlageN9Y ARIreayaInaINN1INIHaudasm,
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o 1 = . t% a a v v Yo ' <,
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5.2.2 Wans:nunivau
5.2.2.1 NUDYANSAD 819LAAN1SABAUINETUTIENS
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< ¥ 1 dl dl vV 1 ! 1 a
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¥ = U o U QSIJQJ 1
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6.1.1 Ns:udUNISANFUlluNsUNIAUDIDYAUIANS
dansisru: msfunihiivewyudvieussansnislunisindule msi Al
unfuiaIosfloatuayunisviaurindy ldastaunuiinyudian
(Adaptation, Not Revolution) uazffasmuaunIsvaunuyusynads wu
mMsidendseiurniiuaue maBsuFeunyelunismenuin msdn
anuaudAgylunTUIaUeYI uenniinsiiauetamnliinsnsa
AOUTINNDIUTINTBNT oravi e mignineunsoenlufnenufiananaady
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TagundgSurudnlusienisinsimidndanuduiusiuguseniaviiiuy

= . . . = o o sa & Yo ' a
1151MWTea (Parasocial Relationships) Aie A wduiusTinuaunrileIInee19atin
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(Fitria, 2024)
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Evaluating Thailand’s Telecommunications Sector
Readiness: Strategic Recommendations for

Sustainable Development

NISUSzITUSzAUAIIUWSDUUDLNIADNAIKNSSUINSANUIAW
upvUs:inAlng: dplaupIGUENsSAANSIWDNISWCUUDEWEVEU

By Ratthapol Wongsarodge, Pavida Yothapand

Abstract

Thailand’s telecommunications sector is
expanding rapidly but is still in the early
stages of aligning with environmental
sustainability goals. Despite increasing
energy demands and electronic waste
concerns, the Thailand’s Telecommunications
Master Plan No. 3 (2024-2028) does not
yet prescribe specific targets for emissions,
renewable energy, or green infrastructure.
This research explores Thailand’s readiness
for green telecom transformation, using a
dual framework, namely Policy Capacity
and G-Readiness to assess the institutional
capability of regulators (the Office of the
NBTC and TGO) and the environmental
preparedness of major telecom operators
(AIS, TRUE, and NT).

The study draws on qualitative
interviews and comparative case studies
from Singapore, South Korea, and the
United Kingdom, identifying important
capacity- building needs within Thailand’s

analytical, operational, and political
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structures. AIS and TRUE show promising
internal practices, but sector-wide
efforts remain fragmented. Clean energy
access is constrained by regulatory
misclassification of telecom infrastructure
and the absence of a supportive
ecosystem.

Recommendations emphasize the
Office of the NBTC’s role not as a
regulator alone, but as a facilitator of
cross-sector partnerships, particularly
with energy agencies such as EGAT, MEA,
and PEA, and financial actors. Establishing
a working group, issuing technical guidance,
and promoting green financing are
proposed as enabling steps. These
actions can help align Thailand’s digital
development with national climate goals,
supporting a net-zero transition and

sustainable telecom future.

Keywords: Green Telecommunications,
Sustainability, Renewable Energy, Energy
Efficiency, Environmental Management,

Policy Recommendations
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Telecommunications is a cornerstone of Thailand’s digital economy,
driving connectivity, innovation, and service delivery. However, this progress
comes at a rising environmental cost, with network operations consuming
significant energy and contributing to greenhouse gas emissions. Globally,
the sector accounts for 2-3% of electricity use, and its environmental
footprint is expected to grow with 5G and data center expansion. Recognizing
this, countries like Singapore, South Korea, and the UK have implemented
dedicated green telecom strategies.

Thailand ratified the Paris Agreement in 2016, committing to a 30%
emissions reduction from the Business-as-Usual level by 2030. Yet, the
Telecommunications Master Plan No. 3 (2024-2028) is still evolving and
does not currently translate this ambition into specific operational targets
for the telecom sector. While it acknowledges environmental sustainability,
further articulation and implementation of sectoral pathways are still
underway.

To evaluate Thailand’s readiness, this study applies a conceptual
framework integrating Policy Capacity Theory and the G-Readiness Model.
It assesses the capabilities of the Office of The NBTC and TGO, alongside
the preparedness of AIS, TRUE, and NT. This multi-level assessment is
supported by in-depth interviews and comparative policy review, offering

actionable insights to guide Thailand’s green telecom transition.

2.1 Policy capacity and its conceptual framework

Due to the emergence of increasingly complexity in contemporary
policy, Wu et al. (2015) proposed the definition of policy capacity as well
as the key skills or competences at three different level as seen in Figure 1.
The development of policy capacity could bring rational, feasible and
implementable policies that align with resource allocation and gain
support from relevant stakeholders. Besides, a policy makers could also
use it as a tool in their own policy capacity assessment. Therefore, this
study applied Wu’s study in the context of the Office of the NBTC and

TGO, revealing how institutional structures shape policy effectiveness.



Figure 1 Policy capacity: Skills and Resources
Source: Xun Wu * Michael Howlett * M. Ramesh, 2015
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2.2 G-Readiness Framework

In a globalized world, the discuss on Green Information Technology
(IT) was brought up, the G-readiness framework which got inspiration from
E-readiness alongside with concept of Green IT were proposed by Molla
in 2007, followed by further developed in 2011, establishing a systematic
approach for assessing organizational readiness to adopt Green IT. The
G-readiness framework identifies attitude, policy, practice, technology, and
governance with eight sub-components in 2011, leading to investigation
of G-readiness at different levels of abstraction and granularity as seen
in Figure 2 (Dewi, 2019). To answer the questions regarding “What capabilities
are needed?” and “How can the five components of capability be measured?”
in the context of telecommunications operators. This study applies the
G-readiness framework through in-depth qualitative interviews with the
operators.

Figure 2: Updated the G-readiness Framework

Source: Molla, 2011
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2.3 Country Case Studies

Notable examples of comprehensive approach can be seen in the
case of Singapore, South Korea, and United Kingdom. Singapore offers a
regulatory model led by the Infocomm Media Development Authority
(IMDA), supported by inter-agency efforts with the National Environment
Agency and the Energy Market Authority. Telecom operators like Singtel
and StarHub implement emissions tracking and energy-efficient systems
aligned with national plans and frameworks such as the Global Reporting
Initiative (GRI) and Task Force on Climate-related Financial Disclosures
(TCFD). In South Korea, the Korea Communications Commission implements
(KCO) a Green Broadcasting and Communications Plan with strong private-
sector participation. Policies are coordinated through multi-ministerial
platforms. Operators such as KT and SK Telecom use virtualization, renewable
energy, and Al-based power management. In the United Kingdom, Ofcom
plays a central role in telecom sustainability. Regulatory guidance
incorporates environmental criteria, while operators like Vodafone UK
use Al to optimize energy consumption and report progress through green

financial instruments such as bonds and power purchase agreements.

3.1 Conceptual Framework

This study integrates two theoretical models, namely Policy Capacity
Theory (Wu et al., 2015) and the G-Readiness Framework (Molla et al,,
2011) to assess Thailand’s readiness for green transformation in the

telecommunications sector showing in figure 3.

Figure 3: Conceptual Framework

This framework lies a structured relationship between policy
inputs and organizational readiness. Policy inputs, which shape the

development and implementation of initiatives by the Office of the NBTC



Analysis

and the Thailand Greenhouse Gas Management Organization (TGO), are
examined through the three dimensions. Analytical capacity refers to the
ability to design effective policy. Operational capacity emphasizes the
ability to implement and manage policies with the necessary resources
and institutions. Political capacity highlights the ability to build consensus,
gain legitimacy, and maintain stakeholder support. Complementing
this perspective, the organizational readiness of telecom operators is
assessed through the five dimensions of the G-Readiness model,
reflecting organizational values and leadership commitment toward
sustainability, formal policies and strategies aimed at improving green
practice, deployment of eco-friendly technologies and innovations,
and internal structures, metrics, as well as resource allocation for
managing green initiatives. In short, these dimensions provide a
comprehensive lens for analyzing the interplay between regulatory
policy capacity and industry readiness for sustainable transformation
The outcome of these interactions is conceptualized as Sustainability
Readiness of Thailand’s Telecommunications Industry, reflecting the gaps

between regulatory guidance and operational capabilities.

3.2 Research Methodology

A qualitative case study approach was adopted. Semi-structured
interviews were conducted with representatives from NBTC, TGO, AlS,
TRUE, and NT. Interviews were designed around the respective framework
dimensions as known as policy capacity for regulators and G-readiness
for operators.Data were analyzed using thematic coding aligsned with the
conceptual framework, enabling identification of systemic bottlenecks,

institutional disconnections, and opportunities for policy refinement.

This section evaluates Thailand’s green telecommunications
readiness using the integrated framework. It assesses the policy capacity
of regulatory bodies (NBTC and TGO) and the G-readiness of telecom
operators (AIS, TRUE, NT), while drawing comparisons with Singapore,
South Korea, and the UK.
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4.1 Assessment of Regulatory Bodies
4.1.1 Analytical Capacity

The Office of the NBTC has developed regulatory expertise
in telecommunications but lacks environmental analytical capabilities.
There are no internal systems for emissions modeling or benchmarking,
and staff understanding of green ICT concepts remains inconsistent.
While some licensing terms have included environmental provisions
(e.g., e-waste drop-off points), enforcement and monitoring mechanisms
are weak.

In contrast, TGO possesses strong technical competence
in emissions verification, utilizing tools such as ISO 14064 and the
Greenhouse Gas Protocol. However, telecom is not a priority sector in
its MRV systems. No operator has initiated collaboration with TGO, and
there is no joint development of telecom-specific metrics. The absence
of integration between the Office of the NBTC and TGO limits
data-driven policy development.Internationally, agencies like IMDA
and Ofcom provide sector-specific energy modeling and environmental
dashboards. KCC supports green telecom indicators via the ICT
Forum. These cases highlight the importance of telecom-focused
analytical tools and inter-agency collaboration that currently
underdeveloped in Thailand.

4.1.2 Operational Capacity

The Office of the NBTC lacks a dedicated sustainability unit,
and green responsibilities are fragmented. Officers acknowledge that
environmental initiatives are treated as peripheral and lack strategic
ownership. There are no toolkits or internal coordination mechanisms
for green implementation. TGO, by comparison, operates a Climate Action
Academy and provides structured training on emissions accounting and
climate reporting. However, these programs have not extended to
telecom, due to the absence of mandates and proactive engagement
from the Office of the NBTC. In global practice, IMDA produces
telecom-specific sustainability toolkits, while KCC co-chairs a multi-
stakeholder Green ICT Council. Ofcom includes sustainability criteria
in spectrum licensing and reviews. Thailand’s regulators must similarly
institutionalize operational frameworks to support environmental

implementation.



4.1.3 Political Capacity

The Office of the NBTC has demonstrated leadership in
technical domains like spectrum allocation, but has yet to assert
environmental issues as a strategic regulatory priority. Sustainability
remains confined to subclauses or pilot projects, and cross-departmental
coordination is lacking. TGO holds high political legitimacy in Thailand’s
climate governance and is expected to gain more authority under the
forthcoming Climate Change Act. However, its influence over telecom
remains latent due to a lack of formal mandates linking climate goals
to digital infrastructure. Comparative cases reveal how regulators like
IMDA and Ofcom use political capacity to coordinate across ministries,
lead stakeholder engagement, and align climate with telecom policy.
The Office of the NBTC and TGO could emulate this by establishing

formal joint taskforces and shared roadmaps.

4.2 Assessment of Telecom Operators
4.2.1 Green Attitude

AlS and TRUE demonstrate strong, comparable commitment
to environmental sustainability. Both have articulated Net Zero targets
for 2050 with interim 2030 milestones, supported by internal policies,
KPIs, and ESG training. Sustainability is integrated into performance
evaluations, reflecting a deep-rooted green organizational culture. NT’s
green attitude is still developing. It follows national directives but is yet
to cultivate a distinctive internal identity or proactive culture around
green issues. Structured platforms for internal dialogue on ESG are not
fully established.

4.2.2 Green Policy

AlS and TRUE are proactive, with comprehensive environmental
policies aligned with UN SDGs and national climate targets. Their sustainability
reports detail decarbonization goals, KPIs, and board-level oversight,
integrating green considerations into investment and operations.

NT, a state-owned enterprise, is in the process of formulating
independent environmental strategies, navigating structural considerations.
Advancing its green policy requires stronger internal alignment and
external support. The Office of the NBTC could encourage this

development through model guidelines.
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4.2.3 Green Practice

AlS implements substantial sustainability initiatives, including
rooftop solar, EV fleet conversion, smart cooling, and nationwide e-waste
points. These practices are embedded, monitored, and enhance both
environmental impact and operational efficiency.

TRUE has promising pilot practices like Al-based energy
management and limited solar deployment. However, these activities
largely remain confined to specific departments, requiring broader
integration for scalability.

NT’s green practice centers on its new clean energy data
center, developed with Bangchak Corporation Public Company Limited,
adhering to green building standards and using solar energy. Beyond this
flagship, company-wide green practices are still in early stages, with
existing infrastructure often energy-intensive. Internal capacity for broader
change is still developing.

4.2.4 Green Technology

AlS leads in adopting advanced green technologies, utilizing
loT sensors for real-time monitoring and optimizing systems. It has
migrated operations to cloud platforms and virtualized services, reducing
hardware needs, and uses internal platforms for granular emissions
tracking.

TRUE has developed a carbon tracking dashboard and
implemented Al for energy optimization. Its solar expansion covers over
11,000 sites, the most extensive in Thai telecom by site count, though
these systems account for a smaller proportion of total energy consumption.

NT’s green technology adoption is in an exploratory phase,
relying on external partnerships. Internal expertise and procurement
processes for green technology are still developing, lacking a clear long-
term investment roadmap.

4.2.5 Green Governance

AIS and TRUE demonstrate well-developed green governance
frameworks. They publish verified ESG reports, follow ISO 14064-1, and
assign environmental responsibility to executive leadership. ESG criteria
are embedded in planning with regular internal audits, promoting

transparency and accountability.



NT is actively developing a formal governance structure for sus-
tainability. While executive leadership supports future environmental
compliance, internal reporting systems and assigned ESG roles are cur-

rently being established.

4.3 Identification of Gaps, Strengths, and Coordination Issues
4.3.1 Gaps

Thailand’s green telecom transformation faces several key
gaps: the absence of a sector-specific national green telecom strategy,
leading to voluntary and uneven initiatives; a lack of operational tools
(emissions calculators, MRV [Monitoring, Reporting, and Verification]
systems) from regulators; a political will/institutional integration gap,
lacking a joint roadmap; and NT’s ongoing development of structured
internal environmental performance systems.

The forthcoming Climate Change Act, however, offers a
significant opportunity. It is expected to mandate emissions reduction
targets and reporting for all major sectors, empowering regulators to
enforce compliance and catalyze cross-sectoral coordination through
a national climate policy committee.

4.3.2 Strengths

Despite existing challenges, Thailand’s ecosystem holds
advantages. The Office of the NBTC has experience in sectoral reform,
capable of extending this leadership to sustainability if mandated. TGO
brings extensive experience in emissions certification adaptable for
telecom. AIS and TRUE provide scalable examples of green transformation
aligning with business efficiency, demonstrating effective voluntary leadership.
Together, these strengths form a strong foundation.

4.3.3 Coordination Issues

Coordination challenges exist across three interfaces. Firstly,
the Office of the NBTC and TGO lack institutionalized communication
and a unified vision, underutilizing TGO’s expertise. Secondly, the Office
of the NBTC’s broad embedding of green performance into regulatory
levers, like requiring Green ICT plans for spectrum auctions, lacks
consistent assessment and follow-up, resulting in varied operator

engagement (AIS and TRUE leading, NT still progressing). Thirdly,
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collaboration between TGO and operators is minimal; no telecom
operator currently participates in TGO’s carbon market programs.
International models using cross-agency taskforces and shared KPIs could
guide Thailand.

The evidence suggests that despite interest and best
practices, Thailand’s telecom sector remains constrained by limited
mandates, fragmented operations, and weak coordination.

A proactive role by the Office of the NBTC, supported by
TGO’s expertise and structured collaboration, could significantly enhance

sectoral readiness.

To enable a green transformation in Thailand’s telecommunications
sector, the Office of the NBTC should act as a facilitator rather than a
regulator, prioritizing cross-sector coordination, clean energy access, and

institutional alignment.

5.1 Unlock Clean Energy Access

A major barrier to decarbonization is the limited access to affordable
renewable electricity. Telecom base stations are often classified under
residential electricity tariffs, excluding them from industrial green energy
programs like EGAT’s Utility Green Tariff. Even operators affiliated with
energy conglomerates are unable to allocate clean electricity internally
due to regulatory restrictions.

The Office of the NBTC should initiate dialogue with EGAT, MEA, and
PEA to revise telecom site classifications and enable participation in
renewable energy programs. Additionally, it should advocate for telecom’s
inclusion in national clean energy planning, treating it as critical

infrastructure.

5.2 Establish a Green Telecom Working Group

Creating a cross-agency working group, including the Office of
the NBTC, TGO, energy authorities, and telecom operators that would
facilitate policy co-creation and harmonize metrics, reporting tools, and
implementation timelines. This platform would align stakeholder

priorities and address sector fragmentation.



Conclusion

5.3 Promote Green Infrastructure Deployment

The Office of the NBTC should issue voluntary technical guidelines
for solar deployment, energy-efficient cooling, and shared infrastructure.
Supporting operators with templates and best practices can accelerate

sector-wide renewable energy adoption, especially for smaller players.

5.4 Facilitate Green Financing

In partnership with TGO and the Bank of Thailand (BOT), the Office
of the NBTC can promote access to green loans, bonds, and carbon
credit schemes. Incentive mechanisms like expedited licensing or public
recognition can encourage adoption without requiring new regulatory
mandates. Together, these non-regulatory actions position the Office of
the NBTC as a system enabler, essential to achieving a net-zero telecom

sector.

This study assessed the readiness of Thailand’s telecommunications
sector for green transformation, applying both the Policy Capacity and
G-Readiness frameworks. Our findings reveal that, while the Office of the
NBTC and TGO demonstrate high-level commitment to sustainability,
they face operational and analytical gaps. Still, telecom operators,
especially AlS, are making progress, but disparities remain, particularly in
access to clean energy.

As we sought, an identified major obstacle is the lack of affordable
and scalable access to renewable electricity. The reason for this is that,
operators are restricted by regulatory and infrastructure barriers, preventing
broader adoption of clean energy. Therefore, rather than regulator, the
Office of the NBTC is better placed to act as a facilitator by coordinating
with energy authorities, aligning incentives, and enabling collaborative
solutions.

For instance, by cross-sector collaboration with EGAT, MEA, PEA, TGO
and BOT, the Office of the NBTC could help resolve classification
issues, support clean energy solution for infrastructure deployment,
and promote green financing pathways. This facilitative role would be
critical in enabling telecom operators to decarbonize their networks

and meet Thailand’s climate goals.

NBTC 163

Telecom and Broadcasting Barometer



Finally, we recognized that the future study could move toward
measuring telecom emissions, benchmarking energy use, and studying
consumer behavior as well as digital equity.

In addition, to conduct a comparative study with ASEAN countries
and to form pilot collaborations with academia could also help refining
policy design process. In case of the Office of the NBTC, in terms of
forming green partnerships, testing digital monitoring platforms, and
supporting capacity-building would be essential next steps in advancing

Thailand’s sustainable digital future
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#aust 50,000 - 69,999 UMTULUNU finsnisusnisgedisSesay 100 WisduanTieunti
fifinnadnddudadaudosay 99.10 il nauitdiseldunnn 70,000 vinduly Wungud
fimsihdsusmsinsdindouiilgrameludnsfesay 100 dudEuiinisdrsradoudd
2566 L UuAuIN

Tgmvasiunngammumuaslunisdrsnassl lWisudwminsuauna

syglindennnisasiuiidrraluasell gegadudu 1 Ao njauvmumiuAT agh 17,745.60 vw/Au/Afiou  dudu 2
AR Iueen 13,714.99 UTM/AUARBY BUAU 3 A A1ANANY 12,893.36 UW/AW/ARBU dUAU 4 Ap AAlA 12,077.03 UM
/Au/ifien BUAU 5 A n1AWe 9,923 L /AW/AfeY Ui 6 Ao WewAUNALA 9,373.43 UI/AW/REU warBuAUEATINY
< U a & =
fio nAnzTusaniduamile 9,220.21 vw/Au/iiay
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dwsuanuduiusseninmelanunginssunisidienguuuunislduins
U 2567 wuth “Beglddselduniu Seduualduiios U315 Postpaid” Fauualti
fananiinnuadendatunanisdsalull 2566 nanfe fisiseldidosndt 15,000 v
doiion fifinsfonay 29.72 whiuiliuimauuuredou Jufloguselivessermu
diunndufinud Ussseuiiddnlunsiuinsunedeuditue leenguifaeld
Tua9 15,000 - 29,999 U Tdndrumsldnuuinisiuunemeu Sogas 64.05 Lavngy
fitseldioust 70,000 vivduly Sdadaumslinuuimauuuneiougiian Tnefidadou
flaSovay 86.78

Tumsndufunuh fiiselitosfuwildufieriuinswuifniunnty
nanfe nauiidinelstdesnin 15,000 vmsdeiieu Tdndunslinuudnisuvuiduitu
uniign dageieiesar 68.37 uardadiunislivinisBuiiuultuanasugiuseld
sty Tnowuirlunguiifsrsldinnnd 70,000 vinduly Sdndmnsliuimaiub

WiB95e8ay 13.22 Winty

Mwh 5 : SowazuovgidviuinsAwrindounfuda:suiuunisidusns
(IAUKWIEKAN) Smunmusgld (un/au/ifidu)

—@— IOUIDU  —@— IKWO 3 IfiDU IKN1 6 100U ==@=— IKIS1aU saifipu

N

1.23 2.05

< 15,000 UN 15,000 - 29,999 30,000-49,999 50,000-69,999 >70,000 uIN
uan uin (Shlg]

BamnunainaanURtunsiansaneydfvaynsinuniedudnsnshe mulseniesuinsuislssmelng 7 aua.
11/2563 Fos Mamvuandninaet 38113 waeleulrlunisuseneugsiatnainsin uazinaeigeavesinansdnsulasinis

aa v I3

Wndu 10,000 vvrnuRdIviateaidnuesigua Afmuasgldlin 70,000 vinseliou
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Wt A sanyUTnansldaudsenauiu wud glnuiuunesisy
= LA A 1% PN ! Y a a a & ' ° P
38 Postpaid HUSunamsidaunuinaiglduinmsuuuinty naluidvesdnuauund

ASINSERNNIULAYNLNY LAZATUSNISVDUATALIINANNINULARLLADU NATIABD

o N3inseanvawlinunuuMaiouiTinugnIgldnuwuuFinGy
oeailifoddy Tneanglutie3uanisinsfiunnnia 60 uniituly
Wil ;ﬁ%ﬂ‘%ﬂﬁLLWﬁﬂLﬁauﬁﬁi’wmumﬁimaamaﬁaﬂssmm 110.24
uiisienusieifiou iganitsrnuuniilnsesniadevesldvhussme
LLazqmdﬁéﬂ%ﬁmiquLamﬁuﬁﬁmﬂmaamaﬁ'ain 65 Uit
Yenant vnfinnsanuenmaeafiug Samuin AldanunuuTefieu
fUsinaunsinsesniigeniglidruuuuiiniulunanauaginusyme

mMwh 6 : Soua:upvyldusmsinsAwrindounda:sunuunsidou
JMUNOUUSUINUNISINSDDNLNUIAUKINE (UNA/AU/IGDU)

—&— I(IUbU  —@— IKWO 3 I0DU IKU1 6 I0DU  =—@=— IKISI8U saIfiou
Soga:

3.52 ©

1-30 Ui 31-60 UIN 61-120 UTN 121-180 Ui >180 Ui

e druAuINTvaLavInEvanlungugliuInIsLUUTIEEeY WU
fifdeUszann 474.53 UideAuselieu JsganiiAtuinisiade
yhussmeveslauNevanluSnT 314.65 UTnAeaudelfiou wavgend
AusmstadeveliuInsuuuIANGY (sl nsuuumning)

FalA19neUsEU 203 UINFBAUADLABY
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MWA 7 : AUSMSINSAWAINADURIAUKINEKAN (lREuun/Au/Idiou)
SmunouWuAla:sunuumsiEusnis

™ AuIdvU + J - ]
uIn/Au/Icidu IOUIVU + IKTWE setou —@— 1038

600

mus:inf NSvLINWY MANa  NAN:UDDN  NIAN:3UDDN mAla ganaula nAIKUD
RevIKCD

definsamginssunistiuinmsinsennesannuanisdsiad 2567 b
Anseirruduius it desiuiuiuarsneld wuh wednssumsliusmsinsdwindeui
Fafuuimsifgldounnian fuulthnsulsiunuseldifiutu nanie “Teeldtos
Tition fiseldunliun iiluuivosmaumslnsuazaims uenaniseliddma
slamsidenUkuuNsliuinTs Inendugiiselasnnndy 15,000 uvnsdenusieimiow duuili
azdenliusnsuuusesediou (Postpaid) ludnduiluintuidesy Bsdanalvigflduins
WU Postpaid Hwnliiieeiivinunsldou wu mslvsesn uaznisiieauinisgen
nauElFuLUUANEY (Prepaid) f7g

vz isemuinsnsdmindouiinsudsiunuselfiessuuuy
nslduing widwisuiuiisgldtes wu 3 Smiaveuaumeld nansTusenidsanile
wazmawile wui Tunguiifneldroutrsgauagdduinmsuuy Postpaid funliuiiay
Freruinmadiuty uiludhniitosnifineldnduieatuiiodelufiuiisegldgani
othangamauAs Sangnssuiiianuadeadatunanisdsialul 2566 wadeazioudn
wiuimslnsdwiadeufinznaneifuuimsiuguiliouuwivats uitdadeduneld
waziluiidanansznudanginssunsliauvasguilnauazyszvisy

dineuanznssunsianisnszedss Aan1sinaviad uazfanisnsaunauuiend wasdinauaifuiad. (2566). 07587799990 39N 7519789
uagwginssunslTusNIslyALLIAL WA, 2566.

dinnuanznssunsianisnszedss Aan1sinaviayd wazfanisnsaunauuiend wasdinauadfuiad. (2567). 07987799990 39uN 7519789
uagwginssunsleusnIslysAULIAL WA, 2567.

AuinuadALATIA. (2567.). a;t/waﬁﬁvﬂ”zymm"vﬁﬂn73:34ﬂswgﬁmmsﬁmwami"m?au YA 2566. https://www.nso.go.th/nsoweb/storage/survey
detail/2024/20240508082744_74896.pdf
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asoayrud yrugsnwus

NANMIANTRNGANTIUMIENIazNgANTINNSIFUSNSIVSARWIAL W.A. 2567
melannusindeseninedinauanenssuA1sNaNIsNsEeIdss AansInsiAY way
ANITINIANUIANWIANTNA (F1Un91U nany.) wazd1inauadAwiesd (aae.)! wuin
Uszrsuiinslianuuinsdumesidnaioudi’ sunudovay 92.82 Jsanandniionain
Sovay 94.39 Tul 2566

idlesuunnisihdsuinssumesidandeuinuiiuiinisldnusazseld
soausaliion (Mndl 1) wuwwiliiy “srelddesldves sreldunldunn” wudeatuns
dhdsuinisinsdwiiedeud Tnefiuiiifsslfedegeiianogansammamuaslduins
§umaiﬁmmﬁauﬁumﬁqm ﬁu’ﬂul,l,dsuaqmsrﬁwﬁﬁqﬁasaz 96.82 wagduIuUIUIU
Sumodidn (GB) Miinslfenudszanal 34.90 GB sionusdelieu FegeninAadeyussme

Mmwi 1:  Spga:msinBvduinodidnindounia:usSuirunisiiviunad (GB)
uovlnia:wun

ganaulc [ 2695
. IEE | Usurunisigou
maAla 1238 (GB)
NIAQ:IUDDNRIUVIK D

nAIKCD

nAO:3uDdN duik Spga:NSIinY
duinasitiainasun
U 2567

nsonwg EZC D
il 2655

dhmrauuuduun ae fadn e uagtneny nszemudnduUsEvngTusina ﬁﬁmqﬁuwﬁ 18 - 76 U 441938
dumwainguiegnaiaussima S1uau 31,500 faegne (Audeyatiafeunaiau 2567) Tasliununinidensiogisuuy
Stratified Two-stage Sampling SsanunsanszesangusaeglFa mrmml,ﬂa%uqﬁ (Stratification) uwenilusedwinneu
udrwenduiegndluiiuiigosdndu mudnwarnisuneses fe Tuwamauia wasusniwmmayTa

Bumeiinndoud (uddenlumsdseadad) mnefis Bnsdeusedyyradumesidainlasemiensauunay
wdeul (3G, 4G, 56) wu Buwesidaiildnuuumnialiy

202 NBTC

Telecom and Broadcasting Barometer



dlefiansanyinadumesidaafouniildau (GB) amunguseld (nwil 2)

! Ya v v ! 1 U A a oA ¥ 4 ! 1 d‘
wuhgiiselidesndt 15,000 vimseausdedeu AeilvsutunsldnudesnitAaie
Uszia lagdinnsldnundeuszana 23.13 GB seausieifiou vaueiingudniisele
11NN 15,000 vmsieausamouiuly aslivsinansldnueivauies lnenguid
Teldannndy 70,000 vinduly fivsinamsldnuaienniian Ae 47.97 GB seausiaifou

et Tunossnuglidumesdrluinuroutnags (Gnasnnmh 30.1 GB
somusiaiton) wut nsrandeglugiifielduinnd 15,000 vmduly Tnefidadiulugag
Yoway 22 fadoar 35 lumanduiu fiifiseldtiesndn 15,000 um dnstimuBumeside
Tutunasnnnd 30.1 GB deauseldeu ifiswudderay 12,07 i

Mwh 2 : Sogauovidduinadiinindounlunda:giousurunisidoiu
(GB/AU/ICDU) uUNMsIEln (doAucipifipu)

3-10 GB M 10.1-30 GB 30.1-50 GB 50 GB++ —o— USuTrunds ((¢2))]

rUs:INA < 15,000 15,000-29,999 30,000-49,999 50,000-69,999 > 70,000
uan uan un un un

A o v v e v a a ¢ A a .

Winihdeyansidifwagldnuuinisdumesilamdeuil (Mobile Internet)
Trefunfiasuniuteyanisusinadeuaviilenieaulall (Online Content)?
wungAnssunuaula MeluwivsnaunsidaunasluwiAiuinig Al

WU
o dlanfSsuiigungFinssvesiltnuniuildingesulatl uag Music Streaming
Augalusuils wudn Tud 2567 ngudsuileadiviinanisidumesidn
waBURATIUsEMAUTEUN 32.86 GB sloAusielfia HLTWNALREY
voslinauillul 2566 FellAafeUszana 29.49 GB deoAusialioy

30nline Content MuNesRe Wamsemswewnsnidumnesidn nanduilomsensainvednsiem falnskewns
rensaavisesurLdaundaiiumsdumesiidn uasillovnsenisilillveatedlnsyimd walinsweunsnidumnesidin side
TisurmEudnwazrEreumnud waskuweUnalnduigiutidodermandniieSury msilvingeeulat wag Music Streaming
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° X dqw a ' P X A
o MNTHUAMEIUAIEL (10d 3) wud JlEnuluaiuinmenuas
) Ao a ¢ . . N e
waznAng Tueen Nsuilaingeaulativay Music Streaming asiiu3unau
P a ¢ A ~ o a ' P a
miltnmuBumesidnndouniginimnderusameroutnemn lnesiusnmu
MsIBaUTEINE 42.18 GB way 40.99 GB Maan@u wenani gaun nals
a a a % a ¢ & A v | Ao a ¢
fifnaderesUsinamsldnuBumesidaniounlungunsuilvingeauladl
waiw Music Streaming tioeian lneslfiafensltnulsyan 27.01 GB seeu
foLAaU
o Tuvauzngliflaingeaulatuag Music streaming awiiUTunamslday
SuwmesiinwpaaunadernusemeUsyana 23.44 GB AaausaRauLvingy
Fadulsuunlndipesiuaaaslutl 2566

Mwh 3 : USunumsisuinadifinindouninagudy “gsuwWo-Iisuwo”

Shgoopulatiia: Music streaming (GB/AU/IGDU) SMUNOIIWURA
GB/AU/IfidU
50
40

30

mus:inf nsSVINWY nmANaY  MAO:3UDdN  NMAN:3UDDN mAla sanault nAIKOD
RuvIKD

o definsanmuguselalunguiisuilingeevlatiuas Music Streaming
(Al 4) wudn nguisiaele 30,000 - 49,999 uw finmsltnudumeside
\nAeuTiluyTIngsiigede 5591 GB deausaifeu drunguiisuilsing
goulatuay Music Streaming fidn sl nudumesidnadouiiluliun
tloviian fio nguiiiiseldifosndn 15,000 v vaziinguglaiduilsing
geulariwas Music Streaming wui wualiiunmsnudumnesidnedoud
Aoudags uagiinmsldeuivtumuguselddifiunntu Tnenduiis
seldinnnit 70,000 vmauld fuiinunslnuedegeds 43.84 GB
sonusBIfiou Jaazvieustadaauin naAnssunsiuileselsisuilaivg
saulatiiay Music Streaming lildithitaduddniivilissrmusnduls
Taunfelilfnudumesdnndeuiiundunietosas
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USurrunisigauinasifiaindsuiindsuny “Qgsuwo-Tisuwy”
Sngppuladina: Music streaming (GB/AU/ITDU) SMUNOY
s1alti (UIn/Au/dibu)

GB/AU/IfiDU —— WL Tuwv
60 55.91
50
40

30

20

mus:ine < 15,000 15,000-29,999 30,000-49,999 50,000-69,999 > 70,000
un Shlg} un un uin

NUI

o \fomnnisineruinisdumefiinndouiiiioumunazne st
Auimstnsdmiadowd uiiilduinmsduniliuennsliudumedide
wieuTsonmnmstifusnsluaumnedn s ieliiunmeaiesui
TumsiSeuiiou unanuatuiaammeimuimsanausnisnsdn
\ndouiismniauneiiglinuuiasaudiesdoiiou

o Fuinsinsimilndouiiviumniavmnevesiisuilingeeulatuay
Music Strearning (n1wdi 5) wu Srinderhussmauszangs 399.35 U
seausoiiow FadeninAnadelul 2566 Afuilvingeeuladias
Music Streaming falaneUszanu 436 UsoAusioLfol

MWA 5 AUSNSINSAWAINADUAINALSIUNNIAUKNEUDY

“SUWL-IUSUWL” Sngppulaina: Music Streaming
(UIN/AU/IBidu) munmusald (uIN/Au/fiou)

uIn/Au/disu —0— WL Tuwv
1,400

1,200
1,000
800
600

400

200

0

MUs:INF < 15,000 15,000-29,999 30,000-49,999 50,000-69,999 > 70,000
uln uln uln uln uln



o Turueiinguglisuilaingeaulatiiag Music Streaming A¢d1gAUINTS
Insniafouniadeussna 341.64 UWseAURBIAUYNTY TuAnafel
InalResivAadeveslinquillul 2566

semuaiivinmginunmslinuanndeyamsdimansiusidon
semshuBumesiln Faliud masummensinsvie iumseeulad meusurEaeums
ooulats uazmslinuueundiadunuudesuinsilesuruneumud’ Tngwui
o {ldruiitetuaineundiaduiiosurdonmisooulatiiviun
mslfudumesidnedoufiginindiurmdommemaseulaiszim
uq s uunasiudnusasmuguneld (nmdl 6 wa
amit 7) Taowuin fvsinumslidumesidnndouiiademyssime
Ustanod 45.45 GB sionusiaiiou FsgeniiAnadevesidendunguil
1wl 2566 FiiMslauUszana 35 GB sonuseiioy

MWA 6 : USrunisidauinadiinindouninduupoSusiitiokn
syumsnvsuindsifiaincia:us:inn (GB/AU/IGoU)
JMunuwWun

GB/AU/IBU B gnouinucdulainnus:inn - —e— aURSIDUWAINGU  —e— Qfitopulau QWSABUINUC

80 75.77

rus:INF nsvINWY nANAY  NIAQ:IUDDN NMAN:IUDDN sanould  nAkds
RDEVIKTD

q & \a ¢ o a ° & & o 9 Py ¢ & A g ' o
Wamsemseudumesidin (muddedlunisdrsianseil) suude nssuvuitesulad veidusiensanvedns i
Jrensiweunsmedumesidinisuruldlagliidealdane wardeadealddrefiosusy

551ea5nsyied (mueflendlunisdrisiansed) wunede WemsiensaindedngyiFl FungLnsHIusIenNSEAYSD
Fuyudoundsihunidumesiin

= 07 P o a o & & ~ & Al | ' o & b Yo -

Smeunuinsaaula (Iurdenslunsdsiansed) nuneds Wemmemsildlivestednsvim faneunslisuvums
Hunn9dumesiin

7 sLy a o a8 1 oa A o ¢ ° a o & 4 - v e

msldnuneundeduiuudeaiuinisiesusuasunud Wunisdisiasuynueundindunsiiduvesaaniinsvian
HHARADLLYINA Wazunannesuna1a (OTT Video Platform)
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1 [ aa

o YuziinquisvvniiosulatuazSurunSraunudiiunisesulal
a A v ¢ A a A P Y] X A a '
fUsunaumsldauneiilandeunadelnaifssiulunniun fe Tudas
24 - 34 GB soaurawmeu Fudusiavilndidestuanadslul 2566

A A

o LIANANTUITIVAA NUI NANEIUDDNLATNIAMLD uéﬂ%’muﬁaﬁaﬁu

asfnsuounainduiie Sussilomnisesuladiifivusuiunsldau
5ULVIQ§LﬁGlLﬂgauﬁgjdﬂ’jﬂﬂ’]ﬂgus] ag9fitedAny ﬁqé’qgmﬁwmm?a
mslaurilseme Tnenenzuseniviinanslidunesidnadeud
wasUszana 75.77 GB seausawiou waznawiedusunanisld
SuwmesiinadouiindsUszan 50.65 GB senusafiou

o defisanmugruneld wui fifiseldning 15,000 v Wungui
ﬁﬁﬂ%&mﬁdwfﬁuaﬁmuaﬂwam%’mﬁa%’wuLﬁammqaaulaﬁuasﬁ
Unaumsldeudumesidnindoudivnninnguselddusg eehdlsfia wui
Tunguiifiselaluzag 30,000 - 49,999 U waznguiifiselsnnnd
70,000 UM ﬁLLuﬂﬁumﬂ%@umaiﬁmmﬁauﬁLa?ialuﬂ‘%mmﬁqdﬁmiw

60 GB sleAusialfiou FsgsninAnadenstinuryseme
MwA 7 : USirunsidauinasidnindouninaguovSusiitiok

shrgnIsnvauInasIbnina:us:inn (GB/AU/IGDU)
Jmunausald (uIn/Au/ifidu)

ce/Aunciou M gRounucDdulalinnUs:INn  —e— aunsiDUWAIAGU  —e— Qfijodulal QWsABUINUC
70 69.48

60
50
40

30

rmus:Inft < 15,000 15,000-29,999 30,000-49,999 50,000-69,999 > 70,000
uin uin un uin uin

o mnilFsuifisuysinunmstinuesdiisusududilisusiomsoms
nedumesidn (1wl 8) wuth finnuusndesalituddey nanfe
WnUseyvuiin1ssuruaAsumnuAsIEn1snUsEnnazinisldusum
Sumesidnndeutindegeis 46.24 GB senusialfion uivnnUszvy
lifimsdurunounud axinsiuiinabumesidnndeuiiadeous
19.41 GB sloAusialAoY
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A a a & a ¢ & ' '
o awSsuiisulunguiiomsenisndumesidausazyssian wui
Y ' a o v a ¢ @ a a a
nsfuraruLeunantuinisldnudumesilamdeununiian (45.45
GB flapusaLiau) suNmen1ssurailooulali (29.50 GB Aapusaiiau)
LALATSUTUNSABULNUA (28.87 GB foAUABLADL)

MW 8 : Usrunisidduinadifiaindoufindauoy “wsusu-giksusy”
1dok s1amsnvduInasidinicia:us:inn (GB/AU/GDU)

auvnsipuwaingu
TJaunsipUwalingu

qQidpaulau

gApUINUMDRUTAUNNUS:INN
TugApuInudDdUlatnnUs:INN

o dinTsuiisudayalisuruilonisieniamsdumesiinvesudas

nauselel (il 9) wuth mnlifimsiurseeumuiUssLvilaee vl
Usinamslinuduesidaeaeiussmalszina 19.41 GB feausioliou
YuzTnguiiiselalugag 50,000 - 69,999 v SnansliBumesids
g9l 35.95 GB sloAusialioy

Mwh 9 : USunrumsidsuinasifiaindounuay “giisuan” 10oKk1s1ans
nvduindsidinica:uszinn (GB/AU/IGdU) 3unausialn
(uIn/Au/Itidu)

cerauciou [ Tugrouinudoaulaunnusinn  —e— TuaunsipUWAINGU Tugrizoaulad TUsusuwsARUINUCE
60

50.77
50

40

30

rus:iner < 15,000 15,000-29,999 30,000-49,999 50,000-69,999 > 70,000
un uin uin uln un
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nui

o uinstnsdmiindeuilunduildauisurursumnudesulae
Sumedilniedoudl (il 10) TSmsaAsUszANM 520.28 UMseRy
folfiou daganiAaderussmavesiuinisnsdmiindeudisaumn
auvNedeisnaIUszanal 306 UmoRUseLFieu ﬁy’qé’aqm’jﬁﬁm’%mﬂaﬁa
vosnguilinuiilisuruaoumudesulay Ssdialieuszana 282 um
HomuseLFauyiny

o lunquifiiimssuruneumusdosulmidmui nauiiigiumelfgedud
uliuiesdaldeuinisinsdiiedeuiiadesumnavmueunty
Imamjmﬁﬁswlﬁmﬂﬂdﬁ 70,000 U Henliinegena 1,808 unsieAu
setou Fwonadesiuteyanislinudumedidavesnduseldngui
figefis 69.48 GB senuseiiou WesimssurumeumusinaUszIY

MWA 10 : IUS8UIRgUAUSNMISINSAWRIN3DURREUSIUNNIAUKIY
S:K3 “JSusu-ylusus” 10pKkIsTIwMsddulau
(uIn/Au/Itidu)

un/Au/ddu —— (Usuu

1,808.22
1,800

1,600
1,400

1,200
1,000

800
600

muUs:Ine < 15,000 15,000-29,999 30,000-49,999  50,000-69,999 > 70,000
uan uan uan uan un

Nu
o nauiialnaademsemsesulay Ingeeulail uag Music Streaming
Tl 2567 (il 11) Wunguidunansidaudumesidandeud
Wnilga ATz 56.86 GB enusiaifiou dJaumnsnsegietaiay
funguitlisuranaglisuitadomooulatdivdoinguasinsdiemiia
Uinamslidumesidnindouiiiios 16.74 GB Aenusioifiou
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a P a ¢ = | oA a X c o A a
o USunaunsldnudumesidnvenguitusinaliomesulatnideinguas
Ingvien] denadeniugaivainAnadeveslinguillunsdsal 2566
FarlUSunaldnusumesiinedouniaeiied 29.55 GB sarusaiouwintiu

MWA 11 I0SauIRguUSUIrUNSIdouduinosSIbaindoun
(GB/AU/TDU) Sk “LJSUBN-YIuSus” 1K DdUlaU
U 2566 l1a:U 2567

U 2567

T e 2ess

U 2567 16.74

WU

o niuilfruiiiesurmassuilsroumusosuladdedumediinadoud
10t 2567 (n il 12) Simssemuinsnsfiindeudisamniaumneinds
538 UseAusialieu geninguiilivilnareumusiosulatimnuszian
fineA3nisiadesn 280 Uvsenuseou Faduriadetiginind 2566
ngnlnereumusoolatariemuinesn 448 vmdeausaiieu

e NMsPEAUINTHRAURBaUluNquiUSInARR U UALAaY YT
wnlilulumadesiutiinaunsiddumesidnendeud (GB) Tnugd
vilnAreumusoaulatiynuszan axneAUsnsTngsian e
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