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ABSTRACT  

                                             

The increasing demand for digital storage, cloud computing, and high-performance 

computational resources has made data centers a critical infrastructure in Thailand’s digital 

economy. However, the country’s tropical climate presents significant operational challenges, 

especially in maintaining optimal cooling efficiency. This study explores the business opportunities 

associated with the adoption of advanced cooling technologies in Thailand’s data centers, focusing 

on AI-powered cooling systems, liquid cooling, and hybrid solutions. It investigates how 

technological adoption enhances profitability, operational cost savings, market competitiveness, 

and sustainability alignment, while also examining the roles of project management efficiency and 

market segmentation in maximizing these benefits.  

The research is guided by three core hypotheses. The first hypothesis assesses the direct 

impact of cooling technology adoption on business opportunities. The second hypothesis examines 

project management efficiency as a mediator, exploring how well-executed projects improve the 

business outcomes of cooling technologies. The third hypothesis investigates market segmentation 

as a moderator, analyzing how different market segments hyperscale, colocation, and enterprise 

data centers experience varied benefits from cooling technology adoption. 

A mixed-method research design was employed, combining quantitative surveys and 

qualitative interviews with key stakeholders, including data center operators, technology providers, 

and project managers. Statistical techniques, such as correlation analysis, regression models, and 

one-way ANOVA, were used to analyze the data. The findings indicate that cooling technologies 

positively influence business outcomes, with AI-powered systems providing the most significant 

cost savings and energy efficiencies. Additionally, effective project management and tailored 

strategies based on market segments amplify the impact of technology adoption. 
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II 

 

This study offers valuable practical implications for data center operators, emphasizing the 

need for investment in energy-efficient cooling solutions and strong project management to ensure 

successful implementation. It also provides policy recommendations, urging government bodies to 

promote sustainability incentives and regulatory frameworks that encourage green technology 

adoption. Future research directions include longitudinal studies to assess the long-term impact of 

cooling technologies and comparative analyses across different geographical regions. This study 

contributes to the growing body of knowledge on technology management and sustainability, 

offering actionable insights for the sustainable development of Thailand’s data center industry. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background and Significance  

 

 As the global digital economy continues to grow exponentially, the demand for data 

storage, processing power, and cloud computing services is expanding at an unprecedented rate. 

As the backbone of this digital infrastructure, data centers offer the processing and storage 

powering social media platforms, e-commerce, financial services, artificial intelligence, and the 

Internet of Things (Lam, 2021). The global data center count has increased in lockstep with 

enterprises' growing adoption of digital technologies. However, the growth of data centers causes 

with it a new set of difficulties, primary among them the oversight and reduction of the significant 

energy consumption required by these establishments, particularly for cooling systems. Globally, 

data centers make up the highest in energy infrastructures, with cooling systems often contributing 

to up to 40% of total energy consumption in these facilities. Cooling systems are critical to 

maintaining most effective operating conditions for the IT equipment operated in data centers, 

preventing excessive temperature that could lead to reliability problems system failures, or even 

loss of information. Developing strategies to reduce data centers' energy consumption is becoming 

more and more crucial as the sector grows to meet demand from across the world, especially in 

cooling efficiency. This challenge is further complicated by rising energy costs and increasing 

regulatory pressure on businesses to reduce carbon footprints and implement more sustainable 

practices. Therefore, enhancing cooling efficiency is not only a critical business opportunity but 

also an efficient technology requirement for enterprises involved in or developing in the data center 

industry (Pambudi et al., 2022). 

In Southeast Asia the demand for data centers has grown significantly due to the rapid rate 

of digital transformation across various businesses (Ichinose, 2022). The region's expanding 

consumer base, growing usage of the internet, and rising adoption of e-commerce and digital 

banking services have all contributed to this acceleration. Furthermore, as businesses became more 

digitally oriented due to the COVID-19 epidemic, the demand for a strong data infrastructure 

increased.  

However, because of its humid and extremely hot tropical climate, Southeast Asia present

s challenges for the operation of data centers. High outside temperatures dramatically raise the 

cooling requirements of data centers, which raises energy usage and operational expenses. This 
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makes energy efficiency, especially for cooling, an essential priority for data centers in this region. 

In this context, it is expected that Thailand's data center business would develop significantly during 

the next several years. 

Thailand is a leading developing hub for data centers. Thailand can become a developing 

digital center in the area because to its strategic location and government activities under the 

Thailand 4.0 policy framework. The Thai government is pushing hard for the construction of data 

centers and additional digital infrastructure as part of a larger drive toward innovation, technology, 

and sustainability. However, In Thailand, the situation is even more complex due to the tropical 

climate, which requires more intensive cooling solutions. The nation's high average temperatures 

greatly raise the energy requirements for cooling, increasing data center operators' operational 

expenses and environmental impact. Reducing cooling system inefficiencies offers a big chance 

for innovation and commercial expansion as Thailand develops into Southeast Asia's digital leader  

This study is significant because it examines how energy efficiency, technical innovation, 

and business development interact with the global, Southeast Asian, and Thai data center industries. 

Not only are data centers essential to the operation of the contemporary economy, but they also 

consume a significant amount of energy, so operators, investors, and policymakers are all too eager 

to find more energy-efficient cooling solutions. Enhancing cooling efficiency is particularly 

important in tropical areas like Thailand and Southeast Asia, where rising temperatures increase 

the energy required for cooling systems, increasing operating costs and negative environmental 

effects (Chowdhury, 2021). This study looks for business opportunities that result from using 

innovative cooling technology to solve the inefficiencies in data center cooling systems. Several 

innovative cooling options have surfaced recently, with the potential to drastically lower data center 

power consumption. Liquid Cooling, a system that offers increased cooling efficiency than 

conventional air-based systems by directly absorbing heat from servers using water or other cooling 

liquids (Liu & Yu, 2021). In addition to becoming significant from a reducing energy consumption 

standpoint, this technology offers definite commercial advantages to businesses operating inside 

the data center ecosystem. Data center entrepreneurs in Thailand and Southeast Asia can reduce 

their energy expenses, improve operational effectiveness, and set themselves apart in a crowded 

market by using these technologies. Furthermore, the increasing need for energy-efficient solutions 

presents an opportunity for businesses in technology that specialize in cooling advancements. Data 

center entrepreneurs in Thailand and Southeast Asia can reduce their energy expenses, improve 

operational effectiveness, and set themselves apart in a crowded market by using these 

technologies. Furthermore, the increasing need for energy-efficient solutions presents an 
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opportunity for technological businesses that specialize in cooling innovations. An atmosphere that 

is conducive to corporate expansion and investment in this industry is created by the drive toward 

greener and more sustainable operations. However, the study emphasizes how important project 

management techniques are to the effective use of these technical advancements. Data center 

cooling system improvements are challenging projects that need careful risk and cost management, 

collaboration amongst several stakeholders, along with the implementation of emerging 

innovations. Therefore, to ensure that these solutions are deployed on schedule, within budget, and 

with the least amount of disturbance to current data center operations, effective project management 

is crucial. The purpose of the research is to investigate how new cooling innovations may be 

adopted more easily through the implementation of strategic planning and management strategies, 

from the beginning conceptualization and development to installation, monitoring, and 

optimization. The research also examines market segmentation, aiming at identifying which parts 

of the data center industry have the greatest potential to benefit from these energy-efficient cooling 

technologies. The data center market is various, containing various types of infrastructures such as 

1. Enterprise data centers are those that are owned and run by certain businesses for their 

own purposes, sometimes with an emphasis on high performance and customization  

(Gmach, 2007). 

2. Colocation data centers are establishments that allow multiple businesses to share 

infrastructure and space, which reduces money and allows smaller and midsized 

enterprises to grow (Islam, 2015). 

3. Hyperscale Data Centers, massive infrastructure designed for operating providers of cloud 

services and major technology businesses, highlighted by their economies of scale and 

advanced infrastructure. (Rezaei-Mayahi, 2019) 

Each of these segments presents challenges and opportunities when it applies to implementing 

cooling efficiency strategies. For Example, while hyperscale data centers can achieve considerable 

cost reductions with large-scale cooling strategies, colocation centers may benefit from reduced 

energy consumption that can be implemented through to various tenants. To understand where 

business possibilities emerge and how to effectively pursue them in the context of Thailand and the 

larger Southeast Asian market, it is important to comprehend the dynamics of these segments. 

 In summary, this study offers useful insights on how energy consumption may be decreased 

through increased cooling efficiency, which significantly contributes to the current topic about 

sustainability in the data center business. While Thailand is the main emphasis, the conclusions 

apply to other growing and tropical locations with comparable energy-related problems in data 
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center operations. This study offers a thorough framework for stakeholders to implement energy-

efficient strategies by focusing on globally prevalent patterns and breakthroughs. In ultimately, this 

supports businesses opportunities by reducing operation costs, enhancing their competitive 

standing, and advancing global sustainability goals. The findings of this study should have a 

significant impact on data center operators, project managers, technology suppliers, investors, and 

data center experts and consultants in their pursuit of more sustainable and effective digital 

infrastructure. 

 

1.2 Research Questions  

 

The research "Exploring Business opportunities in Adoption Cooling Technologies for Data 

Centers in Thailand" investigates important variables, technological advancements, and business 

opportunities associated with raising data center cooling efficiency. The study will be guided by 

the following research questions: 

1.2.1 How does the adoption of advanced cooling technologies impact the development and  

    expansion of business opportunities? 

1.2.2 Which cooling technologies are the most important for reducing data center consumption  

of energy? This question focuses on identifying and analyzing innovative cooling  

solutions of liquid cooling technologies that have the potential to reduce energy  

consumption in data centers. 

1.2.3 How does the implementation of innovative cooling technologies effects the operational  

costs and energy efficiency of data centers? This question intends to evaluate the direct  

relationship between the implementation of innovative cooling systems and the reduction  

of energy consumption and operational costs in data centers, particularly in hot and humid  

climates like Thailand. 

        These research questions will help explore the technical, financial, and strategic dimensions 

of enhancing cooling efficiency in data centers, identifying both challenges and opportunities for 

businesses and stakeholders in the data center market. 

• What are independent and dependent variables in the context of business 

opportunities? Independent Variable: The adoption of innovative cooling technologies 

such as liquid cooling technologies. Dependent Variable: Business opportunities (e.g., 

cost savings, market expansion, competitive advantage, revenue growth) generated by 

implementing cooling efficiency solutions in data centers. 

• What is the relationship between independent and dependent variables, and how do 

mediator/moderator variables influence this relationship? 
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Relationship: The study aims to explore how the adoption of innovative cooling technologies 

(independent variable) impacts business opportunities (dependent variable) in terms of energy cost 

reduction, improved operational efficiency, and sustainability benefits. 

Mediator Variables: Project management strategies and business scalability. Effective project 

management could enhance the business benefits by ensuring smooth implementation and 

optimization of cooling technologies. 

Moderator Variables: Market segmentation (e.g., hyperscale, colocation and enterprise data 

centers), regional climate conditions, and regulatory factors. This could influence how successfully 

businesses can capture opportunities in specific segments or regions. 

 

1.3 Research Objectives 

 

 The primary focus of this research is to examine the business opportunities that arise from 

improving cooling efficiency in colocation data centers. The specific research objectives are as 

follows. 

To identify the potential business opportunities associated with the adoption of innovative cooling 

technologies in data centers, such as cost savings, market expansion, and sustainability benefits. 

1.3.1 To analyze the relationship between the adoption of cooling technologies and the 

creation of new business opportunities in specific market segments, including 

colocation centers, enterprise and hyperscale data centers. 

1.3.2 To explore the impact of cooling efficiency improvements on operational costs and 

competitive advantage within the data center industry, with an emphasis on 

financial performance. 

1.3.3 To analyze the relationship between the adoption of cooling technologies and the 

creation of new business opportunities in specific market segments, including 

colocation centers, enterprise and hyperscale data centers. 

1.3.4 To examine the role of project management strategies in successfully 

implementing cooling technologies and their influence on business outcomes, such 

as market positioning. 

1.3.5 To study the influence of market segmentation on the effectiveness of cooling 

technologies in creating business opportunities for data center operators. 
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1.3.6 To test how different cooling technologies impact business potential in terms of 

energy savings and environmental sustainability, providing insights into the long-

term viability of energy-efficient data centers. 

1.3.7 To reveal the key factors that moderate or mediate the relationship between cooling 

technology adoption and the realization of business opportunities, such as project 

execution efficiency and regulatory factors. 

1.3.8 To provide a predictive model or framework that can help data center operators, 

investors, and stakeholders maximize business opportunities through enhanced 

cooling efficiency. 

 

1.4 Research Hypothesis 

 

 The following are the research hypotheses for this study, focusing only on the business 

opportunities related to enhancing cooling efficiency in colocation data centers: 

1.4.1 Hypothesis 1: The adoption of advanced cooling technologies positively influences   

the growth of business opportunities. 

1.4.2 Hypothesis 2: There is a positive relationship between the adoption of innovative 

cooling technologies and the creation of business opportunities, such as cost savings, 

increased profitability, and market expansion in data centers. 

1.4.3 Hypothesis 3: The effectiveness of project management moderates the relationship 

between cooling technology adoption and business outcome. 

These hypotheses aim to test the relationship between the adoption of cooling technologies 

and the creation of business opportunities, while also considering the influence of project 

management efficiency and market/environmental factors. 

 

1.5 Scope of Research 
 

The population includes key stakeholders in Thailand’s data center industry, focusing on 

individuals and companies involved in the planning, adoption, and management of cooling 

technologies. 

1.5.1 Target Participants 

• Data center operators: Managing cooling systems and day-to-day operations. 

• Project managers: Responsible for integrating new cooling technologies. 

• Technology providers: Offering innovative solutions to the industry. 
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• Industry experts and consultants: Providing insights into market trends and 

energy efficiency strategies. 

Sampling Strategy 

• Purposive sampling will be used to select participants with expertise in cooling 

technology adoption. A sample size of 400 participants will ensure diversity in 

opinions while maintaining depth in qualitative analysis. 

1.5.2 Scope of Areas 

This study will focus on data centers in Southeast Asia, with a particular emphasis on 

Thailand, due to its tropical climate and emerging role as a regional data center hub. The 

research may also include insights from other relevant regions to compare the effectiveness 

of cooling technologies in different market environments and climates. 

1.5.3 Scope of Variables 

• Dependent Variables: 

The dependent variables include business outcomes resulting from improvements in 

cooling efficiency, such as: 

• Cost savings: reduced energy consumption and operational costs through 

more efficient cooling systems. 

• Increased profitability: increased financial returns due to enhanced energy 

efficiency. 

• Market expansion: growth in data center capacity and demand because of 

more efficient operations. 

• Competitive advantage: gaining a competitive edge in the data center market 

by adopting energy-efficient technologies. 

• Sustainability performance: Improved environmental performance through 

reduced carbon emissions and energy use. 

• Independent Variables: 

The independent variables include factors that influence the implementation of 

cooling efficiency technologies, such as: 

• Adoption of innovative cooling technologies such as liquid cooling. 
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• Market segmentation: business opportunities within different types of data 

centers, including colocation, enterprise, and hyperscale. 

This scope of research ensures a clear focus on the business potential of 

enhancing cooling efficiency in data centers, providing insights for stakeholders 

interested in leveraging technological advancements for competitive and financial 

gains. 

 

1.6 Research Benefit 
 

1.6.1 Help data center operators reduce operational costs, The research will provide 

actionable insights on how implementing innovative cooling technologies can 

significantly reduce energy consumption, leading to lower operational expenses for 

data centers. This can increase profitability and overall business sustainability. 

1.6.2 Support strategic decision-making, the findings will assist business leaders and 

data center managers in making informed decisions regarding investments in energy-

efficient cooling solutions, improving long-term financial performance and operational 

efficiency. 

1.6.3 Encourage investment in green technologies; by highlighting the financial and 

operational benefits of cooling efficiency, the research will encourage businesses and 

investors to allocate resources toward sustainable cooling solutions, helping data 

centers comply with environmental regulations and reduce carbon footprints. 

1.6.4 Promote competitive advantage, data center operators who adopt enhanced cooling 

systems can gain a competitive edge in the market by offering more energy-efficient 

and cost-effective services, attracting environmentally conscious customers and 

investors. 

1.6.5 Serve as a roadmap for market expansion, the research will identify key market 

segments, such as colocation and hyperscale data centers, where cooling efficiency can 

unlock new business opportunities. This will help businesses expand into new markets 

or enhance their offerings to existing clients. 

1.6.6 Encourage innovation in cooling technologies, the research will promote the 

adoption of cutting-edge cooling solutions and foster collaboration between 

technology providers and data center operators, driving further innovations in energy 

efficiency and sustainability. 
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In summary, this research provides practical benefits by helping data center 

operators reduce costs, make strategic decisions, invest in sustainable technologies, and 

gain a competitive advantage in the growing market for energy-efficient solutions. 

 

1.7 Definition of Terms 
 

1.7.1 Data Centers 

Facilities which contain IT systems and related components, such as storage systems, 

servers, and networking equipment. These centers require efficient cooling systems to 

maintain optimal operating temperatures and ensure the smooth performance of IT 

infrastructure (Cho & Kim, 2016). 

1.7.2 Cooling Efficiency 

The measure of how effectively a cooling system maintains the temperature within a 

data center while minimizing energy consumption. Enhanced cooling efficiency leads to 

lower energy usage, reduced operational costs, and increased environmental sustainability 

(Kong et al., 2024). 

1.7.3 Innovative Cooling Technologies 

Advanced solutions designed to improve the energy efficiency of cooling systems in 

data centers such as liquid cooling technologies. These technologies aim to reduce energy 

consumption and enhance the operational performance of data centers (Nadjahi, 2018). 

1.7.4 Business Opportunities 

The potential for financial growth, cost reduction, and market expansion that arises 

from adopting energy-efficient cooling technologies. Business opportunities include 

reduced operational expenses, increased profitability, improved sustainability, and 

enhanced market positioning (Gibson et al., 2015). 

1.7.5 Energy Efficiency 

The ability to use less energy to perform the same cooling functions in data centers. 

Improving energy efficiency involves optimizing cooling systems to reduce energy 

consumption while maintaining performance, leading to cost savings and lower 

environmental impact (Katal, 2023). 

1.7.6 Operational Costs 
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The ongoing expenses incurred in running a data center, including energy consumption 

for cooling systems. Enhancing cooling efficiency can lead to significant reductions in 

these costs, improving the overall profitability of the data center (Yu & Jiang, 2017). 

1.7.7 Return on Investment (ROI) 

A performance measure is used to evaluate the efficiency or profitability of an 

investment in cooling technologies. ROI is calculated by comparing the financial benefits 

(such as cost savings) to the investment cost of implementing new cooling solutions 

(Chalker & Hillegas, 2020). 

1.7.8 Market Segmentation 

The process of dividing the data center market into distinct groups is based on factors 

such as data center type (e.g., colocation, enterprise, hyperscale), size, and regional 

demand. Identifying the most lucrative segments allows businesses to target their cooling 

efficiency solutions more effectively (Tomak & Altinkemer, 2003). 

1.7.9 Colocation Data Centers 

Facilities that provide shared infrastructure for multiple businesses, allowing them to 

house their servers and IT equipment in the same location (Guo & Pan, 2017). Colocation 

centers often seek cooling efficiency improvements to reduce costs and offer competitive 

services to clients. 

1.7.10 Sustainability 

The practice of operating data centers in a way that minimizes environmental impact 

by reducing energy consumption and carbon emissions. Enhancing cooling efficiency is a 

key component of achieving sustainability in data center operations (Manganelli & Soldati, 

2021). 

1.7.11 Project Management 

The process of planning, executing, and overseeing the implementation of cooling 

technologies in data centers (Wiboonrat, 2018). Effective project management ensures that 

new cooling solutions are integrated smoothly, on time, and within budget, maximizing 

business opportunities. 
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CHAPTER 2  

LITERATURE REVIEW 

 

Thailand has developed into a significant player in the global data center business, 

according to large part to the growing demand for digital storage, cloud computing, and big data 

processing. Data centers have become more important than ever as businesses in Thailand and the 

broader ASEAN region depend increasingly on digital infrastructure. However, operating data 

centers in a tropical country like Thailand has special difficulties, especially when it comes to 

controlling the high energy consumption needed for the cooling process in humid and hot 

conditions. Cooling efficiency is essential for maintaining peak operating performance, cutting 

down on downtime, and reducing overall energy consumption (Nadjahi, 2018). Adoption of 

innovative cooling technology presents Thailand's data centers with significant commercial 

potential. Liquid cooling, immersion cooling, AI-powered temperature control systems, and other 

innovative technologies may drastically cut down on the energy used for cooling, which usually 

makes up a significant quantity of data center operating costs. By using these technologies, data 

centers can increase profitability, meet sustainability goals, and obtain a competitive advantage in 

the market, in addition to reducing operating costs. Furthermore, Thai data centers must make 

investments in energy-efficient technologies due to the market's and regulatory authorities' growing 

emphasis on sustainability in the environment. Carbon footprint-reducing cooling solutions are in 

compliance with Thailand's national energy policy and the growing demands of global customers 

that value sustainable IT infrastructure (Turek, 2021). As a result, the business prospects extend 

beyond cost reductions and encompass improved marketability, customer acquisition, and 

regulatory compliance. 

The purpose of this review of the literature is to investigate the theoretical framework of 

the commercial prospects related to the implementation of cooling technologies in Thailand's data 

center market. The review is organized around important theoretical concepts that help in defining 

the operational, financial, and strategic implications of adopting cooling technologies. These 

theories include the Resource-Based View (RBV), which emphasizes the role of unique resources 

in driving competitive advantage (Son, 2014), and the Technology Acceptance Model (TAM), 

which explains how perceived usefulness and ease of use influence the adoption of new 

technologies (Nassif, 2019). Diffusion of Innovation (DOI) provides a lens to understand the 
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patterns of technology adoption across the industry (Amini, 2023), while Sustainability Theory 

highlights the importance of balancing economic, environmental, and social outcomes. 

Additionally, the review incorporates Dynamic Capabilities, which focus on how organizations 

adapt to changing environments, and Transaction Cost Economics (TCE), which examines the 

financial benefits of adopting in-house cooling solutions. Contingency Theory emphasizes the 

importance of context in decision-making, particularly in selecting cooling technologies that suit 

the specific needs of different data centers. Finally, Institutional Theory addresses the regulatory 

and market pressures that influence cooling technology adoption in Thailand. By analyzing these 

theoretical concepts, this research demonstrates how data centers in Thailand can fulfill market and 

regulatory requirements while enhancing energy efficiency and creating business value through the 

adoption of cooling technology.  
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Table 2.1 Comparative table of theoretical concepts for business opportunities in the adoption of 

cooling technologies for Thailand data centers 

In conclusion, the implementation of cooling technologies is a strategic choice that presents 

substantial financial prospects for data centers in Thailand, in addition to being an operational 

requirement. These innovations provide a method for data centers to prosper in the rapidly 

developing digital economy by saving energy consumption, increasing profitability, improving 

market competitiveness, and supporting environmental objectives. The objective of this literature 

review is to examine the conceptual framework of these prospects and offer a thorough 

comprehension of the elements influencing the adoption of cooling technologies in Thailand's data 

center business. 
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2.1 Theoretical Concept 1: Resource-Based View (RBV) 

  

The Resource-Based View (RBV) is an established framework in strategic management 

that highlights how businesses get and use significant internal resources to gain and maintain a 

competitive advantage (Barney, 1991). RBV states that the resources and capabilities of a company 

may be classified as strategic assets provided, they satisfy four essential requirements: they must 

be rare, valuable, inimitability, and non-substitutable (VRIN). Organizations can differentiate apart 

from the competition and sustain superior performance over time with resources that satisfy these 

requirements. In the context of data centers, innovative cooling technologies can be considered 

strategic assets that provide exceptional chances for competitive advantage and efficient operation.  

 RBV and Cooling Technologies in Data Centers, Data center operations depend heavily on 

cooling strategies since they reduce the temperature produced by servers and other IT equipment, 

ensuring dependable and continued operation. Traditional air conditioning technologies use an 

enormous amount of energy, which increases operating expenses and has an adverse effect on the 

environment (Sayeed & Onetti, 2018). Therefore, through improving operational efficiency, cost 

savings, and competitive advantages, the implementation of adoption cooling technology like 

liquid cooling, immersion cooling, and AI-powered cooling technologies is consistent with RBV 

concepts. 

2.1.1 Value 

Cooling technologies increase data center energy efficiency, which increases 

benefits. Reducing energy consumption not only saves operating costs but also advances 

environmental objectives while satisfying the needs of customers who pay attention about 

the environment (Shahi, 2021). The value created by these technologies is translated into 

reduced utility costs, improved uptime, and improved customer satisfaction in Thailand's 

energy-intensive economy. 

2.1.2 Rarity 

Particularly in developing countries like Thailand, cooling technologies like 

immersion cooling and AI-driven temperature management systems are still relatively rare 

in the data center business (Milić, 2024). Businesses who implement these solutions early 
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on differentiate themselves from competitors that depend on conventional cooling 

technologies and obtain a first-mover advantage. 

2.1.3 Inimitability 

Replicating many cooling techniques is challenging, especially those tailored to 

certain operating requirements. Technologies that use AI-driven management or 

proprietary software are challenging for competition to imitate without making large R&D 

investments (Teece, Pisano, & Shuen, 1997). By preventing imitation, early adopters are 

certain to maintain their competitive advantage.  

2.1.4 Non-substitutability 

In the context of data center operations, there aren't many viable alternatives to 

innovative cooling methods. While it is feasible to outsource cooling services, in-house 

cooling systems provide more control and dependability. For businesses looking to attain 

long-term operational sustainability and efficiency, such solutions are therefore crucial. 

Competitive advantage through cooling technologies, the RBV framework places 

a strong emphasis on businesses investing in resources that enhance their capacity for 

successful competition. In addition to reducing energy expenses, cooling solutions support 

data centers in Thailand achieve strategic objectives including market development, 

customer acquisition, and regulation compliance. As the data center market in Thailand 

grows and operators may establish themselves as the early adopters in energy-efficient 

operations by using cooling technology. A specific study demonstrate that data centers in 

Bangkok that used liquid cooling systems reduced their energy consumption by 20% in 

just one year, which immediately increased their profit margins. (Kong et al., 2024) This 

supports the RBV's claim that higher financial performance is driven by valued resources. 

According to this, data centers that use AI-powered cooling gain a competitive advantage 

by controlling their energy consumption in real time, which lowers costs and improves 

operational dependability. 

Challenges in managing cooling technologies as strategic resources, RBV 

emphasizes the significance of obtaining valuable resources, but businesses also need to 

have the skills necessary to manage them successfully (Sayeed & Onetti, 2018). In the case 

of cooling technologies, this involves: 
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• Training staff to operate and maintain complex cooling systems. 

• Integrating technologies into existing infrastructure without disrupting operations. 

• Monitoring performance metrics to continuously optimize energy use and achieve 

maximum efficiency. 

The potential benefit of cooling technologies could not be completely realized without 

these supporting capabilities, which would lessen the competitive advantage they offer. This 

emphasizes how crucial it is to integrate technology adoption with strategic management 

techniques to make sure that the cooling technologies complement the organization's broader 

business objectives. 

In conclusion, a significant perspective for comprehending the commercial prospects 

connected to the use of cooling technology in data centers is the Resource-Based View (RBV). 

These technologies represent strategic resources that meet the VRIN criteria delivering value, 

rarity, inimitability, and non-substitutability. Adopting these advances could support data centers 

save a lot of money, increase profitability, and improve their market position especially in 

Thailand's competitive and energy-intensive environment. To ensure that the adoption of these 

technologies results in a sustained competitive advantage, businesses must also have the skills 

required to manage them efficiently. As a result, the RBV framework stresses the significance of 

strategic resource management in achieving the potential commercial advantages of cooling 

technology. 

 

2.2 Theoretical Concept 2: Technology Acceptance Model (TAM) 

  

The Technology Acceptance Model (TAM), developed by (Davis, 1989), is a widely used 

framework for understanding the factors that influence the adoption and use of new technologies. 

TAM proposes that two key variables perceived usefulness (PU) and perceived ease of use (PEOU) 

shape users’ attitudes toward a technology and their intention to adopt it (Erl, Puttini, & Mahmood, 

2013). Originally developed to explain user adoption of information technology systems, TAM has 

been widely applied in various industries to study the acceptance of new technologies, including 

advanced cooling technologies in data centers. 
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2.2.1 Key Constructs of TAM 

TAM focuses on behavioral intention to use technology as a predictor of actual 

technology adoption. This model emphasizes the importance of user perceptions, which 

play a crucial role in shaping adoption behavior. The following are the main constructions 

of TAM: 

Perceived Usefulness (PU): This refers to the extent to which a person believes 

that using a particular technology will enhance their job performance (Wheeler & 

Elkington, 2001). For data center operators, PU can be interpreted as the perceived ability 

of cooling technologies to improve energy efficiency, reduce operational costs, and 

enhance uptime and reliability. 

Perceived Ease of Use (PEOU): PEOU refers to the degree to which a person 

believes that using the technology will be free from effort (Zaman, 2020). In the context of 

cooling technologies, this construction assesses whether the technologies can be easily 

integrated into existing data center operations without significant disruptions or additional 

training. 

Attitude Toward Use: Attitude reflects the user’s positive or negative feelings 

about adopting technology (Indarsin & Ali, 2017). Positive attitudes typically result from 

high PU and PEOU and lead to stronger behavioral intentions to use the technology. 

Behavioral Intention to Use (BI): BI is the intention to use technology, which 

serves as a direct predictor of actual adoption. In data centers, operators with a high 

intention to adopt cooling technologies are more likely to implement them, resulting in 

energy and operational efficiencies (Matar & Almalahmeh, 2022). 

2.2.2 Application of TAM in Cooling Technologies for Data Centers 

In the context of Thailand's data center industry, TAM provides insights into the 

factors that influence the adoption of AI-powered cooling systems, immersion cooling, 

liquid cooling, and other advanced technologies. As operators face increasing pressure to 

enhance cooling efficiency and reduce energy consumption, PU and PEOU play crucial 

roles in shaping their decision-making. 
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Perceived Usefulness of Cooling Technologies, Data center operators are more 

likely to adopt cooling technologies if they perceive these solutions as beneficial in terms 

of energy savings, operational efficiency, and cost reduction. For example, AI-powered 

cooling systems continuously monitor server loads and adjust cooling parameters in real 

time, optimizing energy usage and minimizing waste. Studies show that cooling systems 

with clear financial benefits are more readily accepted by management teams and 

operational staff (Varghese, 2022). Additionally, operators are driven by the belief that 

these technologies contribute to sustainability goals by reducing the carbon footprint of 

data centers, aligning with government energy policies and client expectations for 

environmentally responsible IT services. 

Perceived Ease of Use and Adoption Barriers, although cooling technologies 

offer significant advantages, their adoption may be hindered if operators perceive them as 

complex or difficult to integrate into existing infrastructure. Technologies that require 

extensive staff training or disrupt ongoing operations are less likely to be adopted. TAM 

suggests that data center managers prefer solutions that are easy to install and operate, 

ensuring smooth integration into current systems. For example, AI-powered cooling 

systems with user-friendly dashboards and automated controls are more likely to be 

adopted because they reduce the need for manual intervention and continuous monitoring. 

Operators also prefer technologies that do not require significant modifications to existing 

cooling systems, as this minimizes disruptions during the implementation phase (Molla & 

Cooper, 2014). 

2.2.3 The Role of Stakeholder Involvement in TAM 

 The successful adoption of cooling technologies in data centers requires buy-in 

from multiple stakeholders, including operators, project managers, and technology 

providers. According to TAM, stakeholder perceptions significantly influence the 

decision-making process. 

Top Management Support: Perceived usefulness and ease of use are often shaped 

by top management, who determine the strategic direction of technology investments 

(Markus, 1981). If management understands the financial and operational benefits of 

cooling technologies, they are more likely to allocate resources toward their adoption. 
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Operational Teams and User Training: Operational staff need to perceive 

cooling technologies as easy to use. When staff members are trained to operate new 

systems effectively, the perceived ease of use increases, resulting in higher adoption rates. 

Technology Providers: Providers of cooling technologies must demonstrate both 

the usefulness and ease of integration of their solutions. Clear communication and hands-

on support from providers can alleviate concerns about potential barriers to adoption and 

ensure smooth implementation. 

2.2.4 TAM and Business Opportunities in Cooling Technologies 

TAM suggests that the adoption of cooling technologies can unlock significant 

business opportunities for data centers (Suresh & Murugan, 2018). As operators recognize 

the usefulness and ease of implementing these solutions, adoption becomes more likely, 

leading to positive outcomes such as: 

Cost Savings: AI-powered cooling systems and energy-efficient solutions reduce 

operational costs by optimizing energy use, contributing to higher profit margins. 

Market Competitiveness: Data centers that adopt advanced cooling technologies 

can offer lower service fees due to reduced operational costs, attracting more clients and 

enhancing competitiveness. 

Sustainability and Brand Reputation: Meeting energy efficiency goals and 

complying with environmental regulations improves the brand reputation of data centers, 

making them more attractive to clients focused on sustainability. 

Improved Uptime and Reliability: Cooling technologies that dynamically 

manage server temperatures reduce the risk of overheating and downtime, ensuring 

continuous operations and enhancing client satisfaction. 

2.2.5 Limitations of TAM in Cooling Technology Adoption 

 While TAM provides a useful framework for understanding technology adoption, 

it has certain limitations. 
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Context-Specific Variables: TAM primarily focuses on individual perceptions, 

and it may not fully account for organizational or environmental factors that influence 

adoption. In the data center industry, external pressures such as regulatory requirements 

and market competition also shape technology decisions. 

Technological Complexity: The model assumes that users evaluate usefulness 

and ease of use independently, but in practice, these factors are often interdependent. For 

instance, the perceived usefulness of a technology may decrease if it is seen as too difficult 

to implement, even if the long-term benefits are significant. 

Resistance to Change: TAM does not explicitly address organizational resistance 

to change, which can be a significant barrier in the adoption of new technologies. Data 

center operators may be reluctant to switch from familiar cooling systems to newer, 

unfamiliar ones, despite the potential benefits. 

2.2.6 Conclusion 

 The Technology Acceptance Model (TAM) provides a valuable framework for 

understanding the factors that influence the adoption of cooling technologies in Thailand’s 

data center industry. Perceived usefulness (PU) and perceived ease of use (PEOU) are 

central to the decision-making process, shaping the attitudes and behavioral intentions of 

operators toward new technologies. Data centers that view cooling technologies as easy to 

implement and beneficial in terms of energy savings and operational efficiency are more 

likely to adopt them, leading to enhanced profitability, market competitiveness, and 

sustainability. 

While TAM offers important insights, it is essential to consider its limitations, particularly 

the influence of external factors such as regulatory pressures and market dynamics. By combining 

TAM with complementary frameworks, such as Institutional Theory and Contingency Theory, a 

more comprehensive understanding of the adoption process can be achieved. Ultimately, the 

successful adoption of cooling technologies will depend not only on user perceptions but also on 

effective stakeholder collaboration, supportive leadership, and seamless technology integration. 
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2.3 Theoretical Concept 3: Diffusion of Innovation (DOI) 
 

The Diffusion of Innovation (DOI) theory, developed by (Rogers, 2014), explains how new 

ideas, products, and technologies spread through a population or an industry over time. DOI 

emphasizes that the diffusion process is influenced by various factors, including the characteristics 

of the innovation itself, the communication channels used, the social system in which diffusion 

occurs, and the time it takes for the innovation to be adopted. DOI has been widely applied across 

industries to understand technology adoption patterns and can be particularly relevant to the 

adoption of cooling technologies in data centers. 

In the context of Thailand's data center industry, DOI helps explain how innovative cooling 

technologies, such as liquid cooling, immersion cooling, and AI-powered systems, are introduced 

and adopted. As energy consumption becomes a pressing issue, these innovations present 

significant business opportunities by improving operational efficiency, reducing costs, and meeting 

sustainability goals. Understanding the stages and categories of adopters in DOI helps predict how 

these technologies will spread across the industry and identify factors that can accelerate or hinder 

adoption. 

2.3.1 Key Elements of DOI Theory 

According to (Rogers, 2014), the diffusion of innovation occurs through five key elements:  

Innovation: The technology, product, or idea that offers a new way of achieving 

goals. In the case of cooling technologies, innovations include liquid cooling systems, 

immersion cooling, and AI-powered cooling solutions, which provide energy-efficient 

alternatives to traditional air-based cooling. 

Communication Channels: Innovations spread through formal and informal 

communication within the industry. Data center operators learn about new cooling 

technologies through trade shows, industry reports, and peer networks. 

Time: DOI considers the amount of time it takes for an innovation to spread across 

an industry. Some data centers may adopt new cooling technologies early, while others 

may wait until the technology is well-established and risks are reduced. 
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Social System: Innovations spread within a social system or community, which 

consists of the individuals and organizations involved in the industry. In Thailand’s data 

center sector, operators, managers, consultants, and technology providers form a network 

that influences the adoption of new cooling systems. 

Adopter Categories: DOI divides adopters into five categories based on how 

quickly they adopt new technologies: Innovators, Early Adopters, Early Majority, Late 

Majority, and Laggards. Each group plays a role in the spread of new innovations across 

the industry. 

2.3.2 Adopter Categories in DOI Applied to Cooling Technologies 

Innovators: Innovators are the first to adopt new technologies and are often 

willing to take risks. In Thailand, some high-end data centers in metropolitan areas, such 

as Bangkok, act as innovators by implementing cutting-edge cooling technologies like 

immersion cooling. These organizations are driven by the desire to lead the market and 

demonstrate technological leadership. 

Early Adopters: Early adopters recognize the benefits of new technologies early 

but prefer to see some initial success before committing. They play a crucial role in 

influencing the broader industry by sharing their positive experiences. In Thailand, early 

adopters are typically colocation data centers that implement liquid cooling to reduce 

operational costs and attract environmentally conscious clients. 

Early Majority: The early majority adopt technology once it has proven to be safe 

and effective. They prefer to see evidence of technology’s success from innovators and 

early adopters. As more data centers in Thailand report successful implementation of AI-

powered cooling systems, the early majority begins to invest in these technologies to stay 

competitive. 

Late Majority: The late majority are more skeptical and cautious about adopting 

new technologies. They adopt innovations only after most of the industry has accepted 

them. This group includes smaller data centers or those with limited budgets, which adopt 

cooling technologies only when costs decline or when client demands make it unavoidable. 

Laggards: Laggards are the last to adopt new technologies, often due to budget 

constraints or resistance to change. They tend to stick to traditional cooling methods until 
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new systems become unavoidable, such as when regulations require the use of energy-

efficient technologies. 

2.3.3 Factors Influencing Diffusion of Cooling Technologies in Thailand 

 Several factors can either accelerate or hinder the diffusion of cooling technologies 

within Thailand’s data center industry: 

Perceived Benefits: Data centers are more likely to adopt cooling technologies if 

they can clearly see benefits such as cost savings, energy efficiency, and improved uptime. 

AI-powered cooling systems, for example, reduce unnecessary energy consumption, 

leading to lower operational costs. 

Cost and Affordability: High initial investment costs for advanced cooling 

systems may slow adoption among smaller data centers. As economies of scale develop, 

the cost of these technologies is expected to decline, encouraging broader adoption. 

Regulatory Pressure: Government regulations related to energy efficiency and 

carbon emissions can act as strong drivers for adoption. In Thailand, data centers that meet 

energy efficiency standards gain an advantage by avoiding penalties and attracting 

environmentally conscious clients. 

Industry Standards and Peer Influence: Early adopters in Thailand often 

influence their peers through industry events and networking. As more data centers report 

positive outcomes from adopting innovative cooling technologies, others are encouraged 

to follow suit. 

Technological Complexity: Some cooling technologies, such as immersion 

cooling, require significant changes to existing infrastructure, which can slow adoption. 

Technologies that are easier to integrate, such as AI-powered cooling, tend to spread more 

quickly. 

2.3.4 Business Opportunities through Diffusion of Cooling Technologies 

 DOI provides a valuable framework for identifying business opportunities that 

arise as new cooling technologies spread across the industry. As adoption increases, data 

centers in Thailand can achieve several key benefits: 

Cost Savings: AI-powered cooling systems optimize energy use in real-time, 

leading to significant reductions in energy consumption and operational costs. 
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Market Competitiveness: Early adopters and the early majority gain a 

competitive edge by offering energy-efficient services at lower prices, attracting clients 

who prioritize cost savings and environmental responsibility. 

Sustainability Goals: Data centers that adopt energy-efficient cooling 

technologies align with sustainability objectives, improving their brand reputation and 

compliance with regulatory requirements. 

Client Acquisition and Retention: As the market increasingly demands green IT 

infrastructure, data centers with innovative cooling systems are better positioned to attract 

and retain environmentally conscious clients. 

2.3.5 Challenges in the Diffusion of Cooling Technologies 

 Despite the benefits, the diffusion of cooling technologies faces several 

challenges in Thailand’s data center industry: 

High Initial Costs: Advanced cooling systems, such as liquid cooling, require 

significant upfront investment, which can discourage adoption among smaller operators. 

Infrastructure Compatibility: Some technologies, such as immersion cooling, 

may require infrastructure modifications, which can be disruptive and costly. 

Resistance to Change: Some data center operators are reluctant to switch from 

familiar cooling systems to newer, less familiar technologies, even if the long-term 

benefits are clear. 

2.3.6 Conclusion 

 The Diffusion of Innovation (DOI) theory offers valuable insights into how new 

cooling technologies spread across Thailand’s data center industry. By understanding the 

adoption patterns from innovators to laggards’ data centers can better position themselves 

to capitalize on the benefits of these technologies. Early adopters gain a first-mover 

advantage by reducing energy costs and aligning with sustainability goals, while the 

broader industry benefits as these technologies become more accessible and affordable 

over time. However, challenges such as high initial costs, infrastructure compatibility, and 

resistance to change must be addressed to ensure smooth and widespread adoption. DOI 

provides a framework not only for understanding the current state of adoption but also for 

predicting future trends, offering data centers in Thailand a roadmap for achieving cost 
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efficiency, competitiveness, and environmental sustainability through innovative cooling 

technologies. 

 

2.4 Theoretical Concept 4: Sustainability Theory 
  

Sustainability Theory has gained significant traction in the business world as companies 

increasingly recognize the need to balance financial performance with environmental and social 

responsibilities (Wheeler & Elkington, 2001).  Introduced by the Triple Bottom Line (TBL) 

concept, sustainability theory suggests that businesses must not only focus on profit but also on the 

impact of their activities on the planet (environment) and people (society). This approach 

challenges traditional business models by emphasizing long-term, holistic value creation rather 

than short-term gains. In the context of data centers, which are notoriously energy-intensive, 

sustainability theory underscores the need for adopting energy-efficient cooling technologies that 

reduce environmental impact while maintaining operational performance. 

This section explores the application of sustainability theory to cooling technology 

adoption in Thailand’s data centers, where energy consumption and environmental sustainability 

are critical concerns. Data centers in tropical climates, such as Thailand’s, must find innovative 

ways to manage their cooling systems to reduce electricity consumption, lower operational costs, 

and align with environmental sustainability goals. 

2.4.1 The Triple Bottom Line (TBL) Framework 

 The Triple Bottom Line (TBL) framework, which lies at the heart of sustainability 

theory, provides a balanced approach to business management by integrating three 

dimensions: economic, environmental, and social. It argues that sustainable development 

can only be achieved when organizations consider their financial profitability alongside 

their ecological and societal impacts (Elkington, 1997). 

2.4.1.1 Economic Sustainability 

Economic sustainability focuses on ensuring long-term business 

profitability while minimizing costs. For data centers, adopting energy-efficient 

cooling technologies such as liquid cooling, immersion cooling, or AI-powered 

cooling systems directly aligns with economic sustainability. These technologies 

enable data centers to reduce energy consumption, leading to substantial cost 

savings. For example, AI-driven cooling systems optimize energy usage by 
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adjusting cooling levels based on server loads, ensuring that no excess energy is 

used, thereby reducing operational expenses (D. A. Patel & Shah, 2020). 

2.4.1.2 Environmental Sustainability 

Environmental sustainability refers to minimizing the ecological footprint 

of business activities. Data centers, being major energy consumers, have 

significant environmental impacts, particularly regarding carbon emissions. By 

adopting innovative cooling solutions, such as free cooling systems or renewable 

energy-powered cooling, data centers can reduce their energy consumption and 

carbon emissions. This contributes to climate change mitigation and aligns with 

global and national regulatory requirements aimed at reducing environmental 

impacts. For instance, Thailand’s energy policies promote the reduction of carbon 

emissions through energy efficiency initiatives, making environmentally 

sustainable cooling systems an attractive investment for data centers (Reddy, 

2017). 

2.4.1.3 Social Sustainability 

Social sustainability emphasizes the importance of ethical practices, 

community engagement, and stakeholder satisfaction. Data centers that adopt 

green cooling technologies not only meet regulatory standards but also improve 

their corporate reputation. This attracts environmentally conscious clients who 

prioritize sustainable business practices in their supply chains. Moreover, by 

aligning sustainable development goals (SDGs), data centers contribute to broader 

societal well-being, including reducing the harmful effects of excessive energy 

consumption on public health and ecosystems. 

2.4.2 Application of Sustainability Theory in Cooling Technologies for Data Centers 

Sustainability theory is highly relevant in the context of cooling technology 

adoption in data centers, particularly in tropical regions like Thailand, where high 

temperatures lead to increased energy demands for cooling. By embracing energy-efficient 

cooling systems, data centers can meet sustainability goals while ensuring operational 

efficiency. 

2.4.2.1 Energy Efficiency and Cost Reduction 
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One of the most significant contributions of cooling technologies to 

sustainability is their ability to optimize energy usage. Traditional air-cooling 

systems are inefficient and consume large amounts of electricity. By contrast, 

technologies such as liquid cooling and immersion cooling operate more 

efficiently by directly cooling servers and reducing the need for extensive airflow 

systems. This not only cuts down on energy consumption but also lowers 

operational costs, contributing to both economic and environmental sustainability. 

A study by Azarifar (2024) highlighted that data centers using liquid cooling 

technologies achieved a 25% reduction in energy consumption, leading to 

significant cost savings while also lowering their carbon footprint. 

2.4.2.2 Alignment with Regulatory Requirements 

Environmental regulations, particularly those related to energy efficiency 

and carbon emissions, are becoming increasingly stringent in Thailand. 

Sustainability theory emphasizes the importance of aligning business operations 

with regulatory frameworks to avoid penalties and gain a competitive advantage. 

Cooling technologies that reduce energy consumption can help data centers 

comply with these regulations, such as Thailand’s Energy Conservation Promotion 

Act, which encourages businesses to adopt energy-saving technologies. This 

compliance not only ensures the legal operation of data centers but also enhances 

their marketability as sustainable service providers. 

2.4.2.3 Contribution to Corporate Social Responsibility (CSR) 

Adopting sustainable cooling technologies also aligns with the broader concept of 

Corporate Social Responsibility (CSR), where businesses take responsibility for 

their impact on society and the environment. Data centers that prioritize 

sustainability in their operations are seen as ethical leaders in their industry, 

contributing to the well-being of society by reducing their environmental footprint. 

This strengthens their brand reputation, leading to enhanced client loyalty and 

improved relationships with investors, regulators, and the public. Data centers in 

Thailand that adopted AI-powered cooling technologies not only reduced their 

energy consumption by 30% but also gained green certifications, which improved 

their standing among environmentally conscious clients (Nash, 2024). 
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2.4.3 Challenges in Implementing Sustainability in Cooling Technologies 

While sustainability theory highlights significant benefits, implementing sustainable 

cooling technologies in data centers presents several challenges that need to be addressed 

for successful adoption. 

• High Initial Costs: Many advanced cooling technologies, such as liquid cooling 

or immersion cooling, require significant upfront investments. Smaller data centers 

or those with limited financial resources may find it difficult to justify the initial 

capital expenditure, even though the long-term savings can outweigh these costs. 

• Technological Integration: Integrating new cooling technologies into the existing 

infrastructure can be technically complex and time-consuming. Many data centers 

operate on legacy systems that are not compatible with modern cooling solutions, 

leading to potential disruptions during the implementation phase. 

• Resistance to Change: Organizational resistance to adopting new technologies 

can also hinder the implementation of sustainable cooling solutions. Many data 

center operators are reluctant to abandon familiar technologies in favor of newer, 

more complex systems, even when the long-term benefits are clear. 

• Measuring Environmental Impact: Accurately measuring the environmental 

benefits of cooling technologies is another challenge. While energy-efficient 

systems undoubtedly reduce energy consumption, quantifying their exact impact 

on carbon emissions and sustainability can be difficult. This may lead to skepticism 

among stakeholders, particularly clients and regulators, regarding the actual 

environmental gains of these technologies. 

2.4.4 Conclusion  

 Sustainability theory provides a robust framework for understanding the business 

opportunities associated with adopting cooling technologies in data centers. By focusing 

on the triple bottom line economic, environmental, and social data centers in Thailand can 

achieve long-term sustainability while maintaining competitive advantage. Cooling 

technologies such as AI-powered cooling, liquid cooling, and immersion cooling offer 

significant benefits in terms of energy efficiency, cost reduction, and regulatory 

compliance. However, challenges such as high initial costs, technological integration 

issues, and resistance to change must be addressed to fully realize the potential of these 

technologies. Adopting sustainable cooling solutions positions data centers as leaders in 

environmental responsibility, attracting clients who prioritize sustainability and improving 
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relationships with regulators. Ultimately, sustainability theory emphasizes that long-term 

business success is not solely dependent on profitability but on the organization’s ability 

to create value for society and the environment, making it a critical framework for the 

adoption of cooling technologies in Thailand’s data centers. 

 

2.5 Theoretical Concept 5: Dynamic Capabilities 

 

The Dynamic Capabilities (DC) framework, introduced by (Teece et al., 1997), emphasizes 

an organization’s ability to integrate, build, and reconfigure internal and external competencies to 

respond to rapidly changing environments. This theory extends beyond the Resource-Based View 

(RBV) by recognizing that having valuable resources alone is not sufficient. Organizations must 

also be able to adapt, innovate, and align resources with evolving market and technological trends 

to sustain a competitive advantage. 

In the context of cooling technology adoption in Thailand’s data centers, dynamic 

capabilities are critical as these facilities face continuous changes in client demands, energy 

policies, and environmental expectations. The adoption of AI-powered cooling systems, liquid 

cooling, and immersion cooling technologies require not only the acquisition of new systems but 

also the development of competencies to manage these technologies effectively. This section 

explores how dynamic capabilities enable data centers to navigate the challenges of technological 

change and gain a competitive edge through strategic adaptability. 

2.5.1 Key Components of Dynamic Capabilities  

Dynamic capabilities consist of three primary processes: sensing opportunities, 

seizing opportunities, and transforming resources and operations (Teece, 2011). These 

components explain how data centers can identify technological opportunities, implement 

new cooling solutions, and reconfigure their operations to enhance efficiency. 

2.5.1.1 Sensing Opportunities 

Sensing refers to the organization’s ability to identify emerging trends, 

technologies, and market shifts. In the case of data centers, this involves 

monitoring advancements in cooling technologies, such as the emergence of AI-

powered cooling or immersion cooling solutions, which can offer significant 

energy savings. Application in Thailand, Data centers in Thailand need to be 
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proactive in identifying cooling technologies that align with local environmental 

conditions and client expectations. For example, operators can sense opportunities 

to adopt free cooling technologies during cooler months to reduce energy 

consumption. 

2.5.1.2 Seizing Opportunities 

Seizing opportunities involves making timely and strategic decisions to 

capitalize on identified trends. This requires investment in new infrastructure, 

employee training, and partnerships with technology providers. Data centers must 

overcome organizational inertia to adopt new cooling technologies and ensure 

smooth integration into existing operations. Application in Thailand, seizing 

opportunities in the Thai context means investing in energy-efficient cooling 

systems early, before regulatory mandates increase costs or competitors adopt 

similar technologies. By being first movers, data centers can gain a competitive 

advantage. 

2.5.1.3 Transforming Resources and Operations 

Transformation refers to the organization’s ability to reconfigure resources 

and processes to remain competitive in a dynamic environment. For cooling 

technologies, this means continuously optimizing operations through real-time 

monitoring and adjustments using AI or automated systems. Data centers must also 

foster a culture of continuous improvement, ensuring that cooling technologies 

evolve alongside changing market needs. Application in Thailand, as energy costs 

fluctuate and new environmental regulations emerge, data centers must adapt their 

cooling strategies. For example, they may shift from air-based cooling to liquid 

cooling systems or invest in renewable energy-powered cooling solutions to meet 

sustainability goals. 

2.5.2 Dynamic Capabilities and Cooling Technology Adoption 

 Dynamic capabilities are essential for adopting and managing cooling technologies 

in Thailand’s data centers, where the ability to adapt quickly to environmental and 

regulatory changes is critical. The cooling technology landscape is evolving rapidly, with 

innovations such as liquid cooling, immersion cooling, and AI-driven cooling systems 

becoming more prevalent. Without dynamic capabilities, organizations risk falling behind 

competitors or failing to meet energy efficiency targets. 
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2.5.2.1 Adapting to Market Trends 

Thailand’s data centers must adapt their operations to meet growing 

client demands for energy-efficient IT services. For instance, corporate clients 

are increasingly seeking green data centers that align with their own 

sustainability initiatives. Adopting dynamic capabilities allows data centers to 

anticipate these market trends and respond proactively by implementing 

innovative cooling systems that reduce energy consumption. 

2.5.2.2 Responding to Regulatory Changes 

Energy regulations in Thailand are becoming more stringent, requiring 

data centers to meet energy efficiency benchmarks. Data centers that develop 

dynamic capabilities can reconfigure their cooling operations in response to new 

regulations, ensuring compliance without disrupting operations. For example, a 

data center may adopt AI-powered cooling solutions to optimize energy usage 

dynamically and meet regulatory requirements without increasing operational 

complexity. 

2.5.3 Business Opportunities Through Dynamic Capabilities 

Dynamic capabilities offer data centers several business opportunities by 

enabling them to align their operations with market demands and technological 

developments. 

1. Cost Savings 

Continuous optimization of cooling operations through AI-driven systems results 

in lower energy consumption and reduced operational costs. 

2. Increased Profitability 

Data centers that leverage dynamic capabilities can offer competitive pricing to 

clients by passing on cost savings, improving profitability. 

3. Market Competitiveness 

Firms that adopt new cooling technologies early position themselves as industry 

leaders, gaining a competitive edge over slower adopters. 
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4. Sustainability Goals 

Dynamic capabilities enable data centers to align with sustainability initiatives by 

adopting cooling solutions that reduce their carbon footprint and meet client 

expectations for environmentally responsible operations. 

5. Operational Resilience 

Data centers with dynamic capabilities are better prepared to handle unexpected 

challenges, such as equipment failures or fluctuations in energy availability, by 

quickly adapting their cooling strategies. 

2.5.4 Challenges in Developing Dynamic Capabilities 

While dynamic capabilities offer significant benefits, developing these capabilities 

presents several challenges: 

1. Resource Constraints: 

Investing in new cooling technologies and training employees requires 

significant financial and time resources, which may not be readily available to all 

data centers. 

2. Organizational Resistance: 

Some organizations may resist adopting new technologies due to familiarity with 

existing systems or concerns about disruptions during the transition process. 

3. Complexity of Implementation: 

Integrating advanced cooling systems, such as AI-powered solutions, requires 

expertise and may involve significant infrastructure upgrades. 

4. Continuous Learning Requirement: 

Dynamic capabilities demand a culture of continuous learning and improvement, 

which may be difficult to sustain in organizations with rigid structures. 

2.5.5 Conclusion 

The Dynamic Capabilities framework provides valuable insights into the adoption 

and management of cooling technologies in Thailand’s data centers. In a rapidly changing 

environment, data centers must go beyond simply acquiring new technologies they must 

adapt, innovate, and reconfigure their operations to align with evolving market demands, 

regulatory changes, and technological advancements. Dynamic capabilities enable data 
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centers to achieve cost savings, operational efficiency, market competitiveness, and 

sustainability goals by continuously optimizing their cooling operations. 

However, the development of dynamic capabilities requires strategic investments, 

organizational flexibility, and a commitment to continuous learning. By integrating 

dynamic capabilities with other theoretical frameworks, such as TAM and DOI, data 

centers can achieve sustainable competitive advantages and thrive in an increasingly 

complex business environment. 

 

2.6 Theoretical Concept 6: Transaction Cost Economics (TCE) 

 

The Transaction Cost Economics (TCE) framework, focuses on the costs associated with 

economic exchanges and how firms organize their operations to minimize these costs. (Lacity, 

2009) TCE posits that organizations must choose between market transactions (outsourcing) and 

internalization (in-house operations) based on the costs of coordination, contracting, and 

monitoring. In the context of cooling technology adoption in data centers, TCE provides valuable 

insights into the decision-making process regarding whether to outsource cooling services or invest 

in in-house systems. For data centers in Thailand, where energy-intensive operations and 

sustainability concerns are significant, TCE can help operators assess the financial trade-offs 

between different cooling solutions. This section explores how transaction costs impact the 

adoption of cooling technologies and highlights the conditions under which in-house cooling 

technologies offer advantages over outsourcing. 

2.6.1 Key Concepts of Transaction Cost Economics 

TCE focuses on minimizing the transaction costs associated with managing business 

operations. These costs include: 

1. Search and Information Costs 

The costs associated with finding suitable service providers or technologies for 

cooling solutions. In the case of data centers, these costs may include researching 

vendors or comparing cooling technologies. 

2. Negotiation and Contracting Costs 

The expenses involved in negotiating and drafting contracts with external service 

providers. This is especially relevant when outsourcing cooling services, which 

require formal agreements to ensure service quality and reliability. 
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3. Monitoring and Enforcement Costs 

The costs associated with monitoring outsourced services to ensure compliance with 

agreed-upon standards and managing disputes or service disruptions. In contrast, 

internal cooling solutions require in-house expertise to monitor and maintain 

operations. 

2.6.2 Application of TCE in Cooling Technology Adoption 

TCE provides a framework for data centers to evaluate the trade-offs between 

outsourcing cooling services and adopting in-house systems. The decision depends on 

transaction costs, operational control, and strategic priorities. 

1. In-House Cooling Technologies: Reducing Transaction Costs 

Investing in In-house cooling technologies, such as liquid cooling or AI-

powered cooling systems, allows data centers to minimize transaction costs 

associated with outsourcing. By maintaining internal control over cooling 

operations, data centers can reduce their dependence on third-party providers and 

avoid risks such as contract disputes or service interruptions. A hyperscale data 

center in Bangkok adopts AI-driven cooling systems to maintain complete control 

over its cooling processes, reducing the need for external service providers and 

minimizing coordination costs. 

2. Outsourcing Cooling Services: Reducing Capital Investments 

Some data centers, particularly colocation providers that serve multiple 

clients, may choose to outsource cooling operations to external vendors. This 

approach reduces capital investment in cooling infrastructure but introduces 

contracting and monitoring costs. Outsourcing is advantageous when cooling 

technology requires specialized expertise that is not readily available in-house. A 

colocation data center outsources its cooling operations to a specialized vendor to 

avoid upfront costs. However, it incurs additional costs related to monitoring 

service quality and managing vendor relationships. 

3. Hybrid Approach: Balancing Control and Flexibility 

Some data centers adopt a hybrid approach, combining in-house systems 

with outsourced services. For example, they may implement AI-powered cooling 

systems for core operations but engage external vendors for periodic maintenance 
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or emergency support. This approach allows data centers to balance operational 

control and cost efficiency. 

2.6.3 Factors Influencing the TCE Decision in Thailand’s Data Centers 

Several factors influence the decision between outsourcing and in-house cooling 

technologies in Thailand’s data centers: 

1. Scale of Operations: 

Large data centers with significant workloads are more likely to adopt in-house 

cooling technologies to achieve economies of scale and minimize long-term 

costs. Smaller facilities may prefer outsourcing due to limited budgets. 

2. Technological Complexity: 

Advanced cooling systems, such as immersion cooling, may require specialized 

knowledge, making outsourcing more attractive. However, AI-driven systems 

with user-friendly dashboards can be effectively managed in-house, reducing the 

need for external support. 

3. Regulatory Compliance: 

Data centers must comply with energy efficiency regulations and environmental 

policies. In-house systems allow operators to maintain control over compliance, 

while outsourcing may introduce risks if vendors fail to meet regulatory 

standards. 

4. Risk Management: 

TCE emphasizes minimizing risks related to service disruptions. In-house 

cooling technologies offer greater reliability by reducing dependence on external 

vendors, whereas outsourcing introduces risks related to contract disputes or 

service failures. 

2.6.4 Business Opportunities Through In-House Cooling Technologies 

Adopting in-house cooling technologies offers several business opportunities for 

data centers in Thailand: 

1. Cost Savings Over Time: 

Although in-house systems require upfront investments, they result in long-term 

cost savings by reducing reliance on external vendors and optimizing energy use. 
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2. Improved Operational Control: 

Internal cooling systems allow data centers to maintain direct control over 

operations, ensuring reliability and reducing risks associated with outsourcing. 

3. Enhanced Competitiveness: 

Data centers that adopt energy-efficient cooling technologies gain a competitive 

edge by offering lower service fees and attracting sustainability-focused clients. 

4. Compliance with Energy Regulations: 

In-house cooling technologies enable data centers to proactively meet regulatory 

requirements and avoid penalties, enhancing their reputation and marketability. 

2.6.5 Challenges of In-House Cooling Technology Adoption 

While in-house cooling technologies offer significant benefits, they also present 

challenges: 

1. High Upfront Costs: 

Advanced cooling systems, such as liquid cooling or immersion cooling, require 

significant capital investment, which may be a barrier for smaller data centers. 

2. Technical Expertise Requirements: 

Managing and maintaining in-house systems demands specialized knowledge. 

Data centers must invest in employee training to ensure smooth operations. 

3. Infrastructure Modifications: 

Implementing new cooling technologies often requires upgrading existing 

infrastructure, which can be costly and disruptive. 

4. Continuous Monitoring and Optimization: 

In-house systems require real-time monitoring and adjustments to ensure energy 

efficiency, demanding dedicated resources and expertise. 

2.6.6 Conclusion 

 The Transaction Cost Economics (TCE) framework provides valuable insights into 

the decision-making process surrounding the adoption of cooling technologies in data 

centers. By evaluating the costs of outsourcing versus internalizing cooling operations, data 

centers can make informed choices that align with their strategic objectives. In-house 

cooling technologies offer long-term cost savings, operational control, and competitive 
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advantages, but they also require significant investments and technical expertise. In 

Thailand’s data center industry, TCE highlights the importance of balancing transaction 

costs, operational risks, and strategic priorities. While some operators may choose to 

outsource cooling services to reduce upfront costs, others invest in in-house systems to 

enhance control and ensure compliance with regulatory standards. The adoption of 

advanced cooling technologies, guided by TCE, enables data centers to optimize 

operations, reduce risks, and achieve sustainable growth in a competitive market. 

 

2.7 Theoretical Concept 7: Contingency Theory 
 

Contingency Theory posits that there is no single best way to manage an organization or 

implement strategies, as the most effective course of action depends on specific internal and 

external circumstances (Obied-Allah, Rady, & Abd-Allah, 2023). The theory suggests that optimal 

decisions must align with the context in which an organization operates, including factors such as 

environmental conditions, market demands, organizational structure, and resource availability. In 

the context of Thailand’s data centers, contingency theory helps explain how different data centers 

select and implement cooling technologies based on their unique operational needs, location, size, 

and client demands. This section explores how contingency theory provides insights into the 

tailoring of cooling solutions to meet the specific needs of data centers in Thailand and the factors 

influencing the adoption of technologies such as liquid cooling, immersion cooling, and AI-

powered cooling systems. The theory highlights the importance of contextual decision-making to 

ensure efficiency, sustainability, and competitiveness. 

2.7.1 Key Concepts of Contingency Theory 

Contingency theory emphasizes that strategic decisions are situation-dependent, 

and that success depends on finding a fit between the organization’s actions and its 

environmental conditions. The key principles include: 

1. Fit Between Structure and Environment: 

The theory posits that an organization’s structure, processes, and strategies must 

align with external conditions. In data centers, this may involve choosing cooling 

technologies that match environmental and market requirements. 

2. Adaptation to External Variables: 

Organizations must adapt to external variables, such as market competition, 
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technological advancements, and regulatory demands, to remain competitive. For 

data centers in Thailand, the selection of cooling systems depends on local 

climatic conditions and government energy policies. 

3. No One-Size-Fits-All Approach: 

Contingency theory rejects the notion that a single strategy can apply universally. 

Instead, organizations must adopt customized solutions that align with their 

specific needs, such as selecting cooling technologies based on facility size, 

location, or workload intensity. 

2.7.2 Application of Contingency Theory in Cooling Technology Adoption 

The adoption of cooling technologies in Thailand’s data centers exemplifies how 

context-specific factors shape operational decisions. Different types of data centers such 

as enterprise, colocation, and hyperscale facilities face varying demands, requiring 

customized cooling strategies. 

1. Climate and Environmental Conditions 

Thailand’s hot and humid climate presents unique challenges for data 

centers, requiring cooling solutions that can efficiently manage high temperatures. 

Liquid cooling and immersion cooling technologies offer more effective cooling than 

traditional air-based systems in such conditions, especially for high-density server 

environments. Data centers located in Bangkok, where temperatures remain high 

year-round, may need more advanced cooling solutions than those in cooler regions. 

A data center located in an industrial area in eastern Thailand adopts liquid cooling 

systems to minimize energy costs and handle the high ambient temperatures, 

ensuring reliable operations throughout the year. 

2. Facility Size and Workload Intensity 

Contingency theory explains how cooling technologies must align with the 

scale of operations. Enterprise data centers, which handle internal IT workloads for 

large organizations, may opt for AI-powered cooling to dynamically adjust energy 

consumption based on demand. On the other hand, hyperscale facilities serving cloud 

providers need immersion cooling systems to manage the intense heat generated by 

thousands of servers. A hyperscale data center serving international cloud clients 
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adopts immersion cooling to handle high-density workloads, ensuring operational 

stability without excessive energy consumption. 

3. Market Segmentation and Client Needs 

Different market segments such as enterprise, colocation, and hyperscale have 

varying cooling needs. Colocation data centers, which host multiple tenants, may adopt 

modular cooling solutions that can scale with client requirements. In contrast, 

enterprise data centers may prioritize customized cooling systems to align with internal 

sustainability goals. A colocation data center adopts modular AI-powered cooling units 

that can be expanded as new clients are added, ensuring flexibility without 

compromising energy efficiency. 

2.7.3 Benefits of Contingency Theory in Cooling Technology Adoption 

The application of contingency theory offers several benefits for data centers seeking to 

adopt effective cooling technologies. 

1. Optimized Resource Utilization 

By aligning cooling technologies with operational needs, data centers can 

minimize energy consumption and reduce waste, improving efficiency and 

profitability. 

2. Increased Flexibility 

Contingency theory encourages data centers to adapt cooling systems to market 

demands, ensuring flexibility in responding to changes in workload, client needs, 

or environmental conditions. 

3. Better Alignment with Sustainability Goals 

Tailoring cooling solutions to local conditions helps data centers meet 

sustainability targets by reducing their carbon footprint and optimizing energy 

use. 

4. Enhanced Competitiveness 

Data centers that adopt context-appropriate cooling technologies gain a 

competitive edge by offering energy-efficient, reliable services that align with 

client expectations and market demands. 
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2.7.4 Challenges in Applying Contingency Theory 

While contingency theory offers valuable insights, there are several challenges to its 

application in cooling technology adoption: 

1. Complex Decision-Making Process: 

Identifying the optimal cooling technology requires a thorough understanding of 

multiple variables, including workload intensity, climate conditions, and regulatory 

requirements. 

2. High Initial Investment: 

Some context-appropriate cooling solutions, such as liquid cooling or immersion 

cooling, require significant upfront investment, which may pose challenges for 

smaller data centers. 

3. Infrastructure Constraints: 

Retrofitting existing data centers to accommodate advanced cooling technologies can 

be technically complex and expensive, requiring careful planning and resource 

allocation. 

4. Changing Market Conditions: 

As market demands and regulatory frameworks evolve, data centers must 

continuously reassess their cooling strategies to remain competitive, which can be 

resource intensive. 

2.7.5 Conclusion 

Contingency theory provides a valuable framework for understanding the adoption 

of cooling technologies in Thailand’s data centers by emphasizing the importance of 

context-specific decision-making. The theory highlights that the optimal choice of cooling 

technology depends on climatic conditions, facility size, market segment, and client needs. 

In a competitive and sustainability-driven market, data centers must adopt tailored cooling 

solutions to optimize resource utilization, meet regulatory requirements, and align with 

market trends. While contingency theory offers several advantages, such as improved 

flexibility and operational efficiency, data centers must also navigate challenges related to 

high initial costs and infrastructure constraints. Ultimately, the successful adoption of 

cooling technologies requires continuous adaptation and a commitment to aligning 

operations with changing market conditions and environmental goals. By applying 
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contingency theory, data centers in Thailand can enhance competitiveness, ensure 

sustainability, and thrive in an evolving digital economy. 

 

2.8 Theoretical Concept 8: Institutional Theory 
 

Institutional Theory explores how organizations conform to the rules, norms, and 

expectations of the institutional environments in which they operate. (Jayatilaka, 2002) This 

framework explains that firms do not make decisions based on efficiency or profit maximization; 

instead, they often align their behaviors with societal norms, regulations, industry standards, and 

client expectations to maintain legitimacy and competitive advantage. Institutional forces, such as 

those imposed by governments, clients, or trade associations, significantly impact business 

strategy. In the context of Thailand’s data centers, institutional theory is relevant for understanding 

how external forces, such as energy efficiency regulations, client demands for sustainability, and 

industry standards, influence the adoption of innovative cooling technologies. Compliance with 

these norms not only enhances the reputation of data centers but also creates opportunities to attract 

clients and differentiate from competitors. This section explores how institutional pressures drive 

the adoption of AI-powered cooling, liquid cooling, and immersion cooling in Thailand’s data 

center industry. 

2.8.1 Key Concepts of Institutional Theory 

Institutional theory emphasizes how organizations are embedded within 

institutional environments that shape their actions. The following are key elements of the 

theory. 

1. Isomorphism 

Organizations in the same industry tend to adopt similar practices over time 

to align with industry norms. This phenomenon can occur through three types 

of isomorphism: 

• Coercive Isomorphism: Pressures from regulations and legal 

mandates that compel firms to adopt specific practices. 

• Normative Isomorphism: Influences from professional networks 

and industry standards, promoting best practices within an industry. 

• Mimetic Isomorphism: Organizations imitate peers to reduce 

uncertainty and gain legitimacy, especially in competitive markets. 
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2. Legitimacy 

Organizations must conform to societal expectations to gain legitimacy. Firms 

that align with regulatory frameworks and industry norms are more likely to 

gain the trust of clients, investors, and stakeholders. 

• Decoupling 

Sometimes organizations adopt practices symbolically to appear 

compliant without fully integrating them into their operations. This occurs 

when firms seek to meet external expectations while minimizing 

operational changes. 

2.8.2 Application of Institutional Theory in Cooling Technology Adoption 

Institutional theory helps explain how external pressures influence the 

adoption of cooling technologies in Thailand’s data centers. These pressures 

include government regulations, client expectations, and industry standards, all of 

which push data centers toward energy-efficient solutions. 

1.  Coercive Isomorphism: Regulatory Compliance and Government 

Policies 

Governments in Thailand are increasingly introducing energy efficiency 

regulations and environmental policies to reduce carbon emissions. Data 

centers must comply with these regulations by adopting cooling technologies 

that reduce energy consumption and environmental impact. A data center in 

Bangkok implements AI-powered cooling systems to comply with new 

government regulations that mandate a reduction in carbon emissions. Failure 

to adopt these technologies could result in penalties or loss of operating 

licenses. 

2. Normative Isomorphism: Industry Standards and Professional 

Networks 

Industry bodies and professional networks promote the adoption of 

best practices in cooling technologies through standards, certifications, and 

knowledge-sharing platforms. Data centers that align with these standards gain 

legitimacy and credibility in the market. A data center adopts liquid cooling 

systems to meet the requirements for LEED (Leadership in Energy and 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



43 

 

 

Environmental Design) certification, which enhances its reputation and 

attracts environmentally conscious clients. 

 

3. Mimetic Isomorphism: Competitive Pressures and Imitation 

In a competitive market, data centers often imitate their peers to 

reduce uncertainty and stay relevant. As more competitors adopt innovative 

cooling technologies, other data centers are pressured to follow suit to avoid 

falling behind. After a leading hyperscale data center in Thailand 

successfully implements immersion cooling, other operators begin adopting 

similar technologies to maintain competitiveness and attract clients. 

2.8.3 Business Opportunities through Institutional Pressures 

Institutional theory suggests that aligning with external expectations creates 

business opportunities for data centers. Compliance with regulations, adherence to 

industry standards, and meeting client expectations enhance market access and 

competitiveness. 

1. Attracting Sustainability-Focused Clients 

Clients are increasingly prioritizing environmentally responsible service providers. 

Data centers that adopt energy-efficient cooling technologies align with client 

sustainability goals, creating opportunities to attract and retain customers. 

2. Access to Incentives and Funding 

Governments may offer tax incentives, subsidies, or grants to businesses that invest 

in green technologies. Data centers that align with these programs benefit from 

financial support for adopting innovative cooling systems. 

3. Competitive Advantage Through Certification: 

Data centers that achieve green certifications (e.g., LEED) gain a competitive 

advantage by differentiating themselves from competitors. These certifications also 

serve as a marketing tool to attract clients and investors focused on sustainability. 

4. Enhanced Reputation and Stakeholder Trust: 

Aligning with institutional expectations enhances corporate reputation and builds 
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trust among stakeholders, clients, and investors. A positive reputation increases 

market visibility and helps data centers maintain long-term competitiveness. 

2.8.4 Challenges in Aligning with Institutional Pressures 

While aligning with institutional expectations creates opportunities, it also presents 

challenges for data centers: 

1. High Compliance Costs: 

Meeting regulatory requirements and achieving certifications often requires 

significant investments in advanced cooling technologies, which may strain 

financial resources. 

2. Balancing Compliance and Profitability: 

Data centers must balance the costs of compliance with profitability. While 

adopting green cooling technologies enhances reputation, it may increase 

operational costs in the short term. 

3. Complex Certification Processes: 

Achieving certifications such as LEED can be time-consuming and resource-

intensive, requiring detailed documentation and regular audits. 

4. Risk of Decoupling: 

Some data centers may adopt cooling technologies symbolically to appear 

compliant with regulations without fully integrating these practices into their 

operations. This can lead to reputational risks if stakeholders discover the lack of 

genuine compliance. 

2.8.5 Conclusion 

Institutional theory provides a valuable framework for understanding how external 

pressures influence the adoption of cooling technologies in Thailand’s data centers. The 

theory emphasizes that data centers must align with government regulations, industry 

standards, and client expectations to gain legitimacy and remain competitive. Institutional 

pressures, whether coercive, normative, or mimetic push data centers toward energy-

efficient solutions, creating opportunities for market differentiation, enhanced reputation, 

and financial incentives. While aligning with institutional expectations offers significant 

benefits, data centers must navigate challenges such as compliance costs, operational 

complexity, and the risk of symbolic adoption. Successful adoption of cooling technologies 
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requires a strategic approach that balances compliance with operational efficiency and 

profitability. By integrating institutional theory into their strategic decision-making, data 

centers in Thailand can enhance competitiveness, meet sustainability goals, and thrive in a 

rapidly evolving market. 

 

2.9 Conceptual Framework Diagram: Business Outcomes in Adoption Cooling 

Technologies for Data Centers in Thailand 
 

The conceptual framework provides a visual and theoretical structure for understanding 

how the adoption of cooling technologies in data centers in Thailand influences business 

outcomes, driven by various factors and moderated by key external variables. This framework is 

rooted in the eight theoretical concepts discussed in the literature review Resource-Based View 

(RBV), Technology Acceptance Model (TAM), Diffusion of Innovation (DOI), Sustainability 

Theory, Dynamic Capabilities, Transaction Cost Economics (TCE), Contingency Theory, and 

Institutional Theory. Below is a detailed explanation of the Conceptual Framework Diagram and 

how the relationships between variables, theories, and external conditions drive business 

opportunities. 

 

2.9.1 Components of the Conceptual Framework 

 

The framework consists of independent, dependent, moderator, and mediator 

variables: 

1. Independent Variable: 

• Adoption of Cooling Technologies (e.g., AI-powered cooling, liquid 

cooling, immersion cooling) 

2. Dependent Variables (Business Opportunities): 

• Competitive Advantage 

• Increased Profitability  

• Market Growth   

• Sustainability Goals 
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3. Moderator Variables: 

1. Market Segmentation (Enterprise, Colocation, Hyperscale) 

4. Mediator Variable: 

1. Operation Management Efficiency (Facilitates the effective adoption 

of technologies) 

2. Enhancing Cooling Efficiency 

3. Technology integration 

2.9.2 Conceptual Framework Diagram 

 

 

2.9.3 Explanation of the Conceptual Framework Diagram 

This conceptual framework captures the dynamic relationships between the 

variables involved in adopting cooling technologies in Thailand’s data centers. Below is a 

detailed breakdown of the relationships and how these components interact to generate 

business opportunities. 

1. Independent Variable: Adoption of Cooling Technologies 

The adoption of cooling technologies serves as the primary driver of change, 

influencing operational and business outcomes. Data centers in Thailand are adopting 

AI-powered cooling systems, liquid cooling, and immersion cooling to reduce energy 

costs, enhance performance, and meet sustainability goals. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



47 

 

 

• Relevant Theory: Technology Acceptance Model (TAM) explains how the 

perceived usefulness and ease of use influence the decision to adopt these 

technologies (Davis, 1989). 

2. Moderator Variables: Market Segmentation  

 The relationship between cooling technology adoption and business outcomes is 

moderated by market segmentation (e.g., enterprise, colocation, hyperscale data 

centers).  

• Market Segmentation: Different types of data centers have different cooling 

needs. Hyperscale data centers require high-performance cooling technologies 

like immersion cooling, while colocation centers prioritize modular cooling 

solutions to accommodate multiple tenants. 

• Relevant Theory: Contingency Theory emphasizes the need for solutions 

tailored to specific operational contexts (Obied-Allah et al., 2023). 

3. Mediator Variable: Operation Management Efficiency 

Operation management efficiency serves as a mediator by ensuring that the 

adoption of cooling technologies is successfully implemented and integrated into 

operations. Effective project management minimizes disruptions, ensures smooth 

technology integration, and enhances the realization of business outcomes. 

• Relevant Theory: Dynamic Capabilities explain how organizations can adapt 

their resources and processes to integrate new technologies effectively (Teece et 

al., 1997). 

4. Dependent Variables: Business opportunities 

The successful adoption of cooling technologies generates multiple business 

opportunities: 

• Cost Savings: AI-powered systems dynamically adjust cooling levels, reducing 

energy consumption and operational costs (H. Patel & Shah, 2021). 

• Profitability: Lower operating costs improve margins, making data centers more 

profitable and enabling competitive pricing. 
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• Market Expansion: Data centers offering energy-efficient services gain a 

competitive edge, attracting environmentally conscious clients. 

• Sustainability Goals: Adoption of cooling technologies aligns with global 

sustainability standards and helps data centers meet regulatory requirements. 

• Relevant Theory: Sustainability Theory emphasizes balancing profitability with 

environmental and social responsibilities (Gandhi et al., 2023). 

2.9.4 Business Opportunities Highlighted by the Framework 

This conceptual framework illustrates how the adoption of cooling technologies creates 

significant business opportunities for data centers in Thailand. 

• Reducing operational costs and improving profitability. 

• Attracting new clients with energy-efficient and sustainable services. 

• Aligning with environmental regulations to avoid penalties and gain 

incentives. 

• Enhancing reputation and brand image through green certifications. 

2.9.5 Conclusion 

The conceptual framework for Business Opportunities in the Adoption of Cooling 

Technologies for Thailand Data Centers provides a comprehensive view of how cooling 

technology adoption influences business outcomes. The framework incorporates insights 

from multiple theoretical concepts, including TAM, RBV, DOI, Sustainability Theory, 

Dynamic Capabilities, TCE, Contingency Theory, and Institutional Theory, to capture the 

complex dynamics involved in the decision-making process. By adopting advanced 

cooling technologies and aligning with market needs and regulatory requirements, data 

centers in Thailand can achieve cost savings, improved profitability, market expansion, and 

sustainability goals. Effective project management and responsiveness to external 

conditions further enhance the potential benefits, making the adoption of cooling 

technologies a strategic imperative for long-term success in the data center industry. 
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CHAPTER 3  

RESEARCH METHODOLOGY 

 

This chapter outlines the research methodology adopted for the study on Business 

Opportunities in the Adoption of Cooling Technologies for Thailand Data Centers. The 

methodology aims to explore the business outcomes, energy efficiency, and operational costs 

associated with innovative cooling technologies using qualitative data collection and regression 

analysis. The chapter is organized into six sections, including research design, population and 

sample, research method, research instruments, data collection, and statistical data analysis. 

The study investigates the business benefits, market opportunities, and operational 

improvements stemming from the adoption of advanced cooling technologies. It is motivated by 

the growing importance of energy-efficient solutions in data centers operating in Thailand’s hot 

and humid climate. The research seeks to understand which cooling technologies (e.g., AI-powered 

cooling, immersion cooling, liquid cooling) offer the greatest energy savings and business value. 

The analysis also explores how different market segments such as enterprise, colocation, and 

hyperscale data centers leverage these technologies to reduce operational costs and meet 

sustainability goals. 

 

3.1 Research Design 
 

The research design integrates qualitative analysis and regression-based statistical analysis 

to achieve the study’s objectives. It follows a case study approach combined with semi-structured 

interviews to collect rich, contextual data on cooling technology adoption. 

1. Qualitative Approach: 

• This approach allows for a deep exploration of stakeholder insights from industry 

professionals. The data collected will focus on how cooling technologies affect 

energy consumption, operational performance, and business outcomes. 

2. Regression Analysis: 

• While qualitative methods provide insight into experiences and opinions, 

regression analysis will quantitatively validate the relationships between cooling 
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technology adoption and business outcomes, such as cost savings, profitability, 

and market competitiveness. 

This mixed-methods design ensures that the findings are both context-specific and 

generalizable, helping to generate practical recommendations for data center operators. 

 

3.2 Population and Sample 
 

The population in this study refers to all relevant stakeholders in Thailand’s data center 

industry who are directly or indirectly involved in the planning, adoption, management, and 

operation of cooling technologies. These individuals and organizations play critical roles in 

implementing and evaluating the effectiveness of cooling systems and influencing business 

opportunities.  

3.2.1 Data Center Operators 

Data center operators are professionals responsible for the day-to-day management of 

data center facilities. Their primary focus is on maintaining optimal operating conditions 

for IT equipment, ensuring uptime, reliability, and energy efficiency. Operators are the first 

line of defense against operational inefficiencies, such as overheating, which can lead to 

costly downtimes or equipment damage. 

Cooling systems typically account for up to 40% of a data center's energy consumption. 

Operators play a crucial role in monitoring the performance of these systems and 

identifying areas where innovative technologies can improve efficiency. Their hands-on 

experience with cooling technologies offers valuable insights into real-world performance, 

energy savings, and operational challenges. 

In a hyperscale data center in Bangkok, the operator monitors and optimizes AI-

powered cooling systems to maintain ideal server temperatures while reducing energy 

consumption. Their feedback on system performance helps validate the effectiveness of 

such technologies. 

3.2.2 Project Managers 

Project managers oversee the implementation of cooling technologies in data centers. 

Their responsibilities include planning, budgeting, risk management, and coordinating 

between stakeholders such as operators, technology providers, and clients. They ensure 
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that the integration of new technologies is seamless and aligns with project goals and 

timelines. 

The success of cooling technology adoption often hinges on effective project 

management. Challenges such as delayed installations, cost overruns, or technical 

incompatibilities can significantly impact business outcomes. Project managers provide 

critical insights into the practical aspects of deploying innovative cooling systems, 

including risk mitigation strategies and stakeholder coordination. 

A project manager overseeing the deployment of a hybrid cooling system in a 

colocation data center ensures that installation is completed on time and within budget. 

They coordinate with technology providers to resolve technical challenges and minimize 

disruptions to ongoing operations. 

3.2.3 Technology Providers 

Technology providers are companies or organizations that develop, manufacture, and 

supply innovative cooling solutions to the data center industry. These solutions include 

liquid cooling systems, AI-driven cooling platforms, and hybrid cooling methods. 

Providers are also responsible for offering technical support, training, and customization 

to meet the unique needs of different data center segments. 

Technology providers are at the forefront of innovation in cooling efficiency. Their 

expertise in designing and implementing advanced solutions is essential for achieving 

energy savings, cost reductions, and sustainability goals. Providers also influence market 

adoption by offering scalable, cost-effective, and easy-to-integrate solutions. 

A provider of liquid cooling systems collaborates with a hyperscale data center to 

design a solution that reduces energy consumption by 25%. Their technical expertise and 

post-installation support ensure the system operates efficiently. 

3.2.4 Clients (Businesses Using Data Center Services) 

Clients are businesses or organizations that use data center services for their IT 

infrastructure needs, such as cloud computing, storage, and hosting. These clients include 

industries such as finance, e-commerce, healthcare, and technology. They rely on data 

centers to provide reliable and sustainable IT services. 

Clients drive demand for data center services and influence the adoption of cooling 

technologies. Their preference for sustainable and cost-effective solutions compels data 

centers to invest in energy-efficient cooling systems. Additionally, clients often require data 
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centers to meet specific performance benchmarks, such as reduced carbon footprints or 

energy certifications. 

A multinational e-commerce company chooses a data center that uses AI-powered 

cooling systems to align with its corporate sustainability goals. The client's requirements 

encourage the data center to adopt and maintain energy-efficient cooling technologies. 

3.2.5 Industry Experts and Consultants 

Industry experts and consultants are independent professionals or organizations 

specializing in data center design, cooling technologies, and energy efficiency strategies. 

They advise operators, project managers, and policymakers on best practices, market 

trends, and regulatory compliance. 

Experts and consultants provide strategic insights into the adoption of cooling 

technologies, helping data centers navigate challenges such as regulatory pressures, market 

competition, and technological integration. Their expertise ensures that data centers adopt 

solutions that are both effective and sustainable. 

A consultant advises a colocation data center on integrating hybrid cooling systems 

that balance cost-effectiveness with energy efficiency. They also help the center comply 

with Thailand's environmental regulations. 

3.2.6 Target Participants 

• Data center operators: Managing cooling systems and day-to-day operations. 

• Project managers: Responsible for integrating new cooling technologies. 

• Technology providers: Offering innovative solutions to the industry. 

• Client (business using data center services): planning, adoption, and 

management of cooling technologies. 

• Industry experts and consultants: Providing insights into market trends and 

energy efficiency strategies. 

By including these stakeholders, the study captures a comprehensive 

understanding of the challenges and opportunities in adopting cooling technologies. 

Their diverse perspectives ensure that the findings are robust and applicable to various 

aspects of the data center industry, from operational management to strategic decision-

making. 
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This detailed examination of the population highlights the interconnected roles of 

each stakeholder group in driving the adoption and success of innovative cooling 

solutions in Thailand’s data center market. 

3.2.7 Sampling Size 

1. Sample Size Determination using Cochran Formula 

In this section, Cochran’s formula is used to determine the appropriate sample size 

required for the study. (Kotrlik & Higgins, 2001) Since the population size is large and 

unknown, and the proportion (𝑝) of the population is known to be 0.1, this method 

ensures a scientifically valid sample size that can generalize the findings to the entire 

population. The appropriate sample size ensures that the survey results are statistically 

reliable, minimizing errors, and improving the quality of insights into the adoption of 

cooling technologies and business opportunities in Thailand’s data centers. 

• Cochran’s Formula for Sample Size Calculation 

When the population is large or unknown, the population proportion is unknown. 

Cochran’s formula provides a reliable estimate of the required sample size. The formula 

expresses as: 

 

Where: 

• n = Required sample size 

• Z = Z-value corresponding to the desired confidence level (1.96 for 95% 

confidence) 

• e = Margin of error (typically 0.05 or 5%) 

• Assumptions for Sample Size Calculation 

3.1 Confidence Level: 95% 

• This means there is a 95% probability that the true population 

parameter will fall within the specified confidence interval. 

3.2 Margin of Error: 5% (0.05) 

• The acceptable deviation from the true population proportion. 
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3.3 Population Size: Unknown but large. 

• Cochran’s formula accounts for large or unknown populations, 

ensuring the results are still reliable. 

• Calculation of Sample Size Using Cochran’s Formula 

• Z = 1.96 (for 95% confidence) 

• e = 0.05 

The sample size (n) can be calculated as: 

 

 

 Thus, the required sample size is approximately 385 participants. 

 

3.3 Research Method: Quantitative Analysis 

 

This section outlines the research method used to explore the business opportunities in the 

adoption of cooling technologies in Thailand’s data centers. A qualitative research approach was 

chosen to gain a deep understanding of the complexities and dynamics involved in technology 

adoption, business strategy, and market segmentation. Through a combination of survey 

questionnaires with key stakeholders, this research aims to provide comprehensive insights into the 

practical challenges and opportunities associated with cooling technologies. 

3.3.1 Quantitative Research Approach 

The study adopts a qualitative research methodology, which is appropriate for 

exploring the subjective experiences, motivations, and perceptions of stakeholders involved in 

data center operations. A qualitative approach enables the researcher to: 

1. Capture in-depth insights into how organizations perceive the adoption of cooling 

technologies. 

2. Understand the business outcomes, opportunities, and challenges faced by data center 

operators. 
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3. Interpret complex phenomena related to market segmentation, project management 

efficiency, and sustainability goals. 

Qualitative research is particularly suited for this study because it emphasizes context-specific 

understanding, aligning with the diverse and evolving nature of Thailand’s data center industry 

(Creswell, 2011). 

3.3.2 Data Collection Methods 

The data for this research was collected through this method. 

1. Survey Questionnaires 

• A Google Form questionnaire was distributed to key stakeholders, including data 

center operators, technology providers, project managers, and industry experts. 

• The survey was designed using a 5-point Likert scale, with responses ranging from 

Strongly Disagree (1) to Strongly Agree (5), to measure participants’ perceptions 

of cooling technology adoption and its impact on business outcomes. 

3.3.3 Data Analysis Strategy 

The research data was analyzed using a combination of thematic analysis and regression 

analysis. 

1. Regression Analysis (Quantitative Data) 

• The Likert scale survey data was analyzed using multiple regression models 

to assess the relationship between cooling technology adoption and business 

outcomes. 

• This analysis also explored the mediating role of project management 

efficiency and the moderating effect of market segmentation. 

The combination of qualitative and quantitative techniques ensures a comprehensive 

understanding of the research problem, contributing to both theory building and practical 

recommendations. 

3.3.4 Ethical Considerations 

Ethical guidelines were followed throughout the research process to ensure participant 

confidentiality and informed consent. Participants were provided with detailed information 
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about the purpose of the study and were assured that their responses would remain anonymous. 

The researcher also ensured that participants could withdraw from the study at any point 

without any negative consequences. 

 

3.4 Research Instrument 
 

The research instrument used in this study is a Google Form questionnaire, designed to 

collect qualitative and quantitative data from key stakeholders in the data center industry. The 

questionnaire is structured to gather insights into the adoption of cooling technologies, their impact 

on business opportunities, energy efficiency, and operational costs. It is an essential tool to ensure 

that reliable, comprehensive, and relevant data is collected for statistical analysis and qualitative 

insights. 

The data collected through surveys and interviews will be analyzed using SPSS. These statistical 

tools will provide: 

• Regression coefficients (β-values) to assess the strength of relationships. 

• P-values to determine the statistical significance of the coefficients. 

• R² values to measure the variance explained by the models. 

• Sobel test results to confirm the significance of mediation effects. 

3.4.1 Design of the Questionnaire 

The Google Form questionnaire is developed based on the research questions and 

hypotheses presented in earlier chapters. The survey contains a combination of closed-ended 

and open-ended questions to ensure a balance between quantitative responses for regression 

analysis and qualitative feedback for thematic analysis. This structure allows the study to 

capture both numerical data (for statistical analysis) and subjective insights (for qualitative 

analysis). 

3.4.2 Sections of the Questionnaire 

The questionnaire is divided into four key sections to align with the study’s objectives: 

1. Demographic and Background Information 

• Questions about the participant’s role in the data center industry (e.g., data 

center operator, project manager, technology provider). 
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• Market segment identification (e.g., enterprise, colocation, hyperscale data 

centers). 

• Participant’s experience with cooling technology adoption. 

 

2. Cooling Technology Adoption 

• Closed-ended questions using a Likert scale (1 = Strongly Disagree, 5 = Strongly 

Agree) to assess the degree of technology adoption. 

3. Impact on Business Opportunities and Energy Efficiency 

• Questions measuring the impact of cooling technologies on business opportunities, 

profitability, and market competitiveness: 

4. Project Management and Operational Costs  

• Questions addressing the project management and the effect of cooling technology 

adoption on operational costs  

3.4.3 Benefits of Using Google Forms as a Research Instrument 

1. Ease of Use and Accessibility 

Google Forms allows for easy access through links shared with participants, ensuring 

that responses are collected efficiently. 

2. Automated Data Collection: 

Google Forms provides real-time data collection and automated aggregation, 

simplifying data analysis. 

3. Versatility in Question Types: 

The platform supports various question types, including multiple-choice, Likert 

scales, and open-ended questions, providing both quantitative and qualitative 

data. 

4. Confidentiality and Data Security: 

Participant responses are stored securely, and the form can be configured to maintain 

anonymity to protect privacy. 
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3.4.4 Ensuring Validity and Reliability 

1. Pilot Testing 

The questionnaire will undergo pilot testing with a small group of participants to 

ensure clarity and appropriateness of the questions. 

2. Expert Review 

Industry experts and academics will review the questionnaire to confirm content 

validity ensuring the questions align with the study’s research objectives. 

3. Reliability Testing 

The Cronbach’s alpha coefficient will be calculated to assess the internal consistency 

of the Likert scale questions, ensuring the instrument is reliable. 

 

Table 3.12Case Processing Summary 

Case Processing Summary 

 N % 

Cases Valid 385 99.7 

Excludeda 1 .3 

Total 386 100.0 

a. Listwise deletion based on all variables in the procedure. 

 

Table 3.23Reliability Statistics 

Reliability Statistics 

Reliability Statistics 

Cronbach's Alpha 

Cronbach's Alpha Based on 

Standardized Items N of Items 

.866 .863 24 
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Table 3.34Summary Item Statistics 

Summary Item Statistics 

 Mean Minimum Maximum Range 

Maximum / 

Minimum Variance 

N of 

Items 

Item Means 3.646 3.491 3.912 .421 1.121 .009 24 

Item Variances .819 .593 1.322 .729 2.230 .025 24 

Inter-Item 

Correlations 

.209 -.035 .565 .600 -15.979 .012 24 

 

 

Table 3.45Item-Total Statistics 

 

 

Item-Total Statistics 

Questions 

Cronbach's Alpha 

if Item Deleted 

Adoption of Cooling Technologies 

X1, Adoption of cooling technologies implemented to improve data center efficiency .856 

X2, Cooling technology adoption has improved our ability to manage heat loads .856 

X3, Improvement of temperature stability since implementing innovative cooling  

technologies. 

.852 

X4, Energy-efficient cooling technologies align with our company’s sustainability 

initiatives. 

.865 

X5, organization prioritizes the adoption of cooling technologies to reduce energy  

consumption. 

.862 

Business Opportunities 

Y1, The profitability of our data center operations. .859 

Y2, Significant operational cost savings. .860 

Y3, A competitive edge in attracting new clients. .861 

Y4, Market demand for sustainable services. .863 

Y5, The overall improvement return on investment (ROI) for our business. .862 

Y6, A key factor in differentiating us from competitors. .861 
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Item-Total Statistics 

Questions 

Cronbach's Alpha 

if Item Deleted 

Y7, Market demands and create growth opportunities. .860 

Y8, Scale operations and meet increased demand. .858 

Y9, Ability to meet regulatory standards for carbon emissions .862 

Project management  

A1, Maintenance reduction compared to traditional cooling systems. .865 

A2, Efficiency in planning the implementation of cooling technologies. .865 

A3, Lower operational costs .860 

A4, Adequate support during the cooling system integration process. .859 

A5, Aligns well with other operational systems in the data center. .863 

Market segment  

B1, Energy efficiency is a crucial factor within market segment. .860 

B2, Market segment influences our data center's investment .860 

B3, Market segment prioritizes low operational costs .856 

B4, Competition within market segment .865 

B5, Market segment influences our ability to attract clients .862 

 

The Cronbach's Alpha result in the document is likely part of the reliability testing for the 

research instrument, which is often a questionnaire used to collect data. This statistic measures the 

internal consistency of the survey, indicating how well the items in a scale are correlated and 

whether they reliably assess the intended constructs. 

Purpose of Cronbach's Alpha 

1. Assessing Reliability: Cronbach's Alpha tests whether the items within a construct, such 

as the “adoption of cooling technologies" or "business opportunities," measure the same 

underlying concept consistently. 

2. Internal Consistency: A high Cronbach's Alpha (0.865) indicates that the questions or 

statements in the survey are reliable and provide consistent responses across participants. 

Application in This Study 

The Cronbach's Alpha value would have been calculated for constructs like: 
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1. Adoption of Cooling Technologies: Questions related to types of technologies adopted 

and their impact on efficiency. 

2. Business Opportunities: Statements assessing operational cost savings, market expansion, 

and competitive advantage. 

3. Project Management Efficiency: Items evaluating the influence of management 

strategies on implementing cooling solutions. 

4. Market Segmentation: Questions targeting the role of market-specific factors in 

influencing outcomes. 

Interpreting the Results 

• Threshold for Reliability: A Cronbach's Alpha value of: 

• 0.886: Good reliability. 

The results indicated high reliability, it demonstrates that the survey instrument used was robust 

and effective in capturing the nuances of cooling technologies and their business impacts.  

Implications of Cronbach's Alpha 

1. Academic Rigor: A reliable instrument strengthens the validity of the study’s findings, 

ensuring the data collected is dependable for hypothesis testing. 

2. Practical Application: For stakeholders in the data center industry, consistent results 

across respondents enhance the credibility of recommendations made regarding cooling 

technology adoption and management. 

The Google Form questionnaire is an effective research instrument for collecting both 

quantitative and qualitative data related to the adoption of cooling technologies in Thailand’s data 

centers. Its ease of use, automated data aggregation, and versatility ensure efficient data collection. 

The structured sections align with the research objectives and hypotheses, ensuring that thematic 

insights and statistical relationships can be identified during analysis. 

 

3.5 Data Collection 
 

This section outlines the data collection process for the study on Business Opportunities in 

the Adoption of Cooling Technologies for Thailand Data Centers. The primary data for this 
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research will be collected through a Google Form questionnaire. The questionnaire is designed to 

gather insights from key stakeholders in the data center industry on their experiences with cooling 

technology adoption, operational efficiency, and business opportunities. The data collection 

strategy is aligned with the research objectives and hypotheses, ensuring that the information 

obtained supports both qualitative thematic analysis and statistical regression analysis. 

3.5.1 Use of Google Form Questionnaire in Data Collection 

A Google Form questionnaire has been selected as the primary instrument for data 

collection due to its ease of distribution, real-time data aggregation, and flexibility in 

structuring questions. Participants will receive the questionnaire through email invitations 

and industry network referrals, ensuring broad participation across different data center 

market segments (enterprise, colocation, and hyperscale). 

 

Advantages of Using Google Forms 

1. Accessibility and Convenience: 

• Participants can access the form online from any device, ensuring ease of 

response without geographical limitations. 

2. Automated Data Aggregation: 

• Google Forms automatically records and organizes responses, reducing 

the potential for human error in data entry and enabling efficient analysis. 

3. Customizable Question Types: 

• The platform allows for a combination of multiple-choice, 

Likert scale, and open-ended questions, ensuring both 

quantitative and qualitative data collection. 

3.5.2 Procedure for Data Collection 

The data collection process involves three key stages. 

1. Recruitment of Participants: 

• Participants will be recruited through professional networks, referrals 

from technology providers, and industry conferences. The target 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



63 

 

 

group includes data center operators, project managers, technology 

providers, and industry consultants. 

 

2. Distribution of the Questionnaire: 

1. An email invitation with a link to the Google Form will be sent to potential 

participants. The email will include: 

2. A brief introduction to the study's objectives. 

3. Consent information, explaining how data will be used and participants’ 

rights. 

4. An assurance of confidentiality and anonymity in reporting the findings. 

3. Follow-Up and Reminders: 

1. To increase response rates, reminders will be sent after one week 

to participants who have not completed the survey. 

3.5.3 Ethical Considerations 

The research follows ethical guidelines to ensure that participants’ rights and privacy are 

protected: 

1. Informed Consent: 

• Participants will be provided with detailed information about the study, 

including its purpose, voluntary participation, and the right to withdraw at any 

time. 

2. Confidentiality: 

• All responses will be anonymized to protect participants' identities, and data 

will only be used for academic purposes. 

3. Data Security: 

• Google Forms provides data encryption to ensure that information collected is 

protected from unauthorized access. 
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The Google Form questionnaire provides an efficient and effective way to collect data 

for this study. It ensures that responses are accurately recorded and securely stored while 

allowing participants to share both quantitative feedback and qualitative insights. The data 

collected will serve as the foundation for statistical analysis, helping to validate the hypotheses 

and generate actionable insights for data center operators in Thailand. 

 

3.6 Statistical Data Analysis 
  

Based on the provided research questions, the following hypotheses align with the 

study’s focus on exploring business Opportunities from adopting cooling technologies in data 

centers in Thailand. 

 

Table 3.56Hypotheses align with the research questions 

 

These hypotheses align with the research questions and provide a solid framework for 

analyzing the business and operational outcomes of cooling technology adoption in Thailand’s 

data centers. The hypotheses focus on identifying the most effective cooling technologies, 

quantifying their impact on energy consumption and costs, and evaluating the business 

opportunities created through energy-efficient operations. This study will offer practical 

recommendations for data centers looking to optimize operational performance and 

profitability. This section outlines the regression models used to test the hypotheses concerning 

the adoption of cooling technologies in Thailand’s data centers and their influence on business 

opportunities and outcomes. Hypothesis testing through multiple regression, mediation 

analysis, and moderated regression provides robust insights into how various factors contribute 

to business growth, operational performance, and profitability in the data center sector. 
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Overview of Regression Models 

Regression models are statistical tools used to examine the relationships between independent, 

dependent, mediating, and moderating variables. The models used in this study include: 

1. Multiple Regression Analysis: 

• Measures the direct relationship between the adoption of cooling technologies and 

business opportunities. 

2. Mediation Analysis: 

• Tests the mediating role of project management efficiency in the relationship 

between cooling technology adoption and business outcomes. 

 

3. Moderated Regression Analysis: 

• Examine how market segmentation influences the effect of cooling technology 

adoption on profitability by introducing interaction terms. 

Each model is explained in detail below, with the corresponding hypothesis and 

interpretation process. 

3.6.1 Hypothesis H1: Adoption of Cooling Technologies Positively Impacts Business 

Opportunities 

This hypothesis explores whether adopting AI-powered, liquid, or immersion cooling 

technologies leads to better business opportunities through cost savings, increased 

competitiveness, and operational efficiency.  

Linear Regression Model Specification: 

 Business Opportunity=β0+β1(Cooling Technology Adoption) +ε  

• Dependent Variable: Business Opportunity 

• Independent Variable: Cooling Technology Adoption 

• β₀: Constant (intercept) 

• β₁: Coefficient measuring the effect of cooling technology adoption on business 

opportunities 
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• ε: Error term 

Interpretation: 

• If β₁ is positive and statistically significant (p-value < 0.05), it suggests that the 

adoption of cooling technologies positively influences business opportunities. 

• R² will indicate how much variance in business opportunities is explained by cooling 

technology adoption. 

3.6.2 Hypothesis H2: Project management efficiency mediates the relationship between 

cooling technology adoption and business outcomes.  

This hypothesis suggests that project management efficiency enhances the effect of cooling 

technologies on business outcomes. Mediation analysis evaluates whether the independent 

variable (cooling technology adoption) affects the dependent variable (business outcomes) 

indirectly through the mediating variable (project management efficiency). 

Mediation Regression Models: 

Step 1: Test the direct relationship between cooling technology adoption and business 

outcomes: 

Business Outcomes = β0 + β1(Cooling Technology Adoption) + ε  

Step 2: Test the effect of cooling technology adoption on project management efficiency: 

Project Management Efficiency = β0 + β1(Cooling Technology Adoption) + ε  

Step 3: Test whether project management efficiency influences business outcomes: 

Business Outcomes=β0+β1(Cooling Technology Adoption) 

+β2(Project Management Efficiency) +ε  

Interpretation: 

• If β₁ in Step 1 becomes smaller or insignificant in Step 3, project management 

efficiency acts as a mediator. 

• A Sobel test will be used to assess the statistical significance of the mediation effect. 

A p-value < 0.05 indicates that mediation is significant. 
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3.6.3 Hypothesis H3: Market segmentation moderates the impact of the adoption of 

cooling technologies on business opportunities 

The purpose of this analysis is to explore whether the relationship between cooling 

technology adoption (independent variable) and business opportunities (dependent 

variable) is influenced by the type of market segment in which the data center operates. 

The hypothesis suggests that the effectiveness of cooling technology adoption in generating 

business opportunities may vary based on whether the data center operates in enterprise, 

colocation, or hyperscale segments.  

1. Model Specification for Moderated Regression Analysis 

To test the moderating effect of market segmentation, the moderated regression 

model introduces an interaction term between the independent variable (cooling 

technology adoption) and the moderator (market segmentation). This allows the analysis 

to examine whether market segmentation influences the relationship between cooling 

technology adoption and business opportunities. 

Moderated Regression Model: 

Business Opportunity=β0+β1(Cooling Technology Adoption) 

+β2(Market Segmentation) +β3(Cooling Technology Adoption × 

Market Segmentation) +ε  

• β₀: Intercept (constant) 

• β₁: Coefficient of the adoption of cooling technologies 

• β₂: Coefficient of market segmentation 

• β₃: Coefficient of the interaction term (Cooling Technology Adoption × 

Market Segmentation) 

• ε: Error term 

The interaction term tests whether the effect of cooling technology adoption on 

business opportunity varies across different market segments. 

2. Data Collection for Moderated Regression Analysis 

A structured survey will be used to collect data on the following key variables: 
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• Adoption of Cooling Technologies (IV): 

Measured by the extent to which the data center has adopted advanced 

cooling technologies such as AI-powered cooling, liquid cooling, or 

immersion cooling. 

• Business Opportunity (DV): 

Measured by improvements in profitability, cost savings, client 

satisfaction, sustainability initiatives, and market competitiveness 

resulting from the adoption of cooling technologies. 

• Market Segmentation (Moderator): 

A categorical variable representing the type of market segment in which 

the data center operates enterprise, colocation and hyperscale data 

centers 

3. Steps for Conducting Moderated Regression Analysis 

Step 1: Data Preparation 

1. Centering Variables: 

• The independent variable (cooling technology adoption) and the 

moderator (market segmentation) will be mean centered to minimize 

multicollinearity between the interaction term and the main effects. 

2. Creating the Interaction Term: 

• The interaction term will be created by multiplying the centered cooling 

technology adoption variable with market segmentation:  

Interaction Term= (Cooling Technology Adoption) × (Market Segmentation) 

Step 2: Running the Regression Models 

Two regression models will be used to test the hypothesis: 

1. Model 1: Main effects only (without the interaction term): 

Business Opportunity=β0+β1(Cooling Technology Adoption) +β2(Market Segmentation) 

+ ε 
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2. Model 2: Main effects + Interaction term: 

Business Opportunity=β0+β1(Cooling Technology Adoption) 

+β2(Market Segmentation) +β3(Interaction Term) +ε  

Step 3: Interpreting the Results 

• Significance of Interaction Term (β₃): 

If β₃ (the coefficient of the interaction term) is statistically significant (p < 0.05), 

this suggests that market segmentation moderates the effect of cooling 

technology adoption on business opportunity. 

• Positive β₃: The relationship between cooling technology adoption and business 

opportunity is stronger in specific market segments (e.g., hyperscale or 

colocation data centers). 

• Negative β₃: The relationship weakens in some segments (e.g., enterprise data 

centers). 

Step 4: Conducting Simple Slope Analysis 

If the interaction term is significant, a simple slope analysis will be conducted to 

understand how the relationship between cooling technology adoption and business 

opportunity changes across different levels of market segmentation. This will provide 

insights into which market segments benefit most from the adoption of cooling 

technologies. 
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CHAPTER 4  

ANALYSIS RESULT 

 

This chapter presents the analysis of data collected from the Google Form questionnaire 

on the Business Opportunities in the Adoption of Cooling Technologies for Thailand Data Centers. 

The analysis is divided into four sections: socio-demographic information of respondents, basic 

statistics of data, hypothesis test results using regression analysis, and a case study analysis to 

provide deeper insights. 

 

4.1 Socio-Demographic Information 
 

The socio-demographic profile of respondents helps to understand the background and 

expertise of the participants who contributed to the study. These stakeholders represent diverse 

roles in the data center industry, ranging from operators and project managers to technology 

providers and consultants. This section provides a breakdown of the participants based on their 

roles, adoption levels, and market segments served. 

4.1.1 Respondent Distribution by Role 

The participants were asked to identify their primary roles in the data center 

ecosystem. The following breakdown was observed. 

 

Table 4.17Respondent Distribution by Role 

 

 

 

 

 

 

This distribution reflects a balanced view across stakeholders, who play essential roles in 

implementing and managing cooling technologies. 
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4.1.2 Market Segments Served 

The participants were asked to identify the market segments their data centers primarily 

serve. 

 

Table 4.28Market Segments Served 

 

 

 

 

 

A large proportion of respondents operate in colocation and hyperscale markets, 

highlighting the growing demand for energy-efficient cooling solutions in these segments. 

4.1.3 Key Cooling Technologies Adopted 

Participants indicated the cooling technologies currently in use in their data centers. 

 

Table 4.39Key Cooling Technologies Adopted 

 

 

 

 

 

 

The most common technologies adopted include liquid cooling (40%) and AI-

powered cooling systems (30%), reflecting a trend towards advanced cooling techniques 

to enhance energy efficiency. 

4.1.4 Summary of Key Observations from Socio-Demographic Information 

1. Diverse Stakeholder Participation 

The survey captured insights from data center operators, project managers, and 
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technology providers, ensuring a comprehensive view of the cooling technology 

landscape. 

2. Strong Adoption Trends 

More than 70% of respondents have adopted cooling technologies to some extent, 

with 15% reporting full adoption of advanced systems. 

3. Colocation and Hyperscale Dominance 

The data centers serving colocation and hyperscale markets are at the forefront of 

adopting innovative cooling technologies to meet operational demands. 

4. Preference for Liquid and AI-Based Cooling 

Liquid cooling and AI-powered systems are the most adopted technologies, 

highlighting the industry’s focus on energy efficiency and operational performance. 

The socio-demographic profile of respondents highlights the diversity in roles and 

market segments across the data center industry. The participants’ responses reflect high 

levels of interest and adoption in innovative cooling technologies, particularly in colocation 

and hyperscale markets. These insights lay the foundation for further analysis of the impact 

of cooling technologies on business outcomes and operational efficiency, which will be 

explored in the subsequent sections of this chapter. 

 

4.2 Basic Statistics of Data and Information 
 

This section presents the basic statistical analysis of the survey data obtained from 

stakeholders in the data center industry. The responses offer key insights into the adoption levels 

of innovative cooling technologies, operational impacts, and business opportunities. Below, the 

mean, median, mode, standard deviation, minimum, and maximum values are calculated for 

relevant questions to demonstrate patterns and trends.  

4.2.1 Impact on Operational Costs and ROI      
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Table 4.410Impact on Operational Costs and ROI  

  

 

 

Participants reported that the adoption of cooling technologies generally improves 

profitability and provides moderate to high ROI. Operational cost savings are observed 

across a wide range, with most respondents reporting 10–20% savings. 

4.2.2 Technology Types and Effectiveness 

 

Table 4.511Technology Types and Effectiveness 

Note:  
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Table 4.5 summarizes the evaluation of various cooling technologies based on 

mean scores, standard deviation (S.D.), and qualitative ratings using a Likert scale. This 

analysis provides insights into the adoption, effectiveness, and overall satisfaction of these 

technologies in the context of Thailand's data center industry. 

 

 

1. Interpretation of Mean Scores and S.D.: 

• Liquid Cooling (Mean = 4.52, S.D. = 0.45): Liquid cooling emerged as the 

most effective technology, achieving a "Strongly Agree" qualitative rating. Its 

high mean value indicates widespread recognition of its ability to enhance 

cooling efficiency and reliability. The low S.D. (0.45) reflects consensus 

among respondents, suggesting minimal variation in opinions. Liquid 

cooling’s ability to directly manage high heat loads with reduced energy 

consumption makes it a strategic choice for hyperscale and colocation centers. 

• AI-Powered Cooling (Mean = 4.41, S.D. = 0.50): AI-powered cooling also 

received a "Strongly Agree" rating, showcasing its effectiveness in optimizing 

cooling operations through real-time adjustments. Its slightly higher S.D. 

(0.50) indicates moderate variability, possibly due to differences in the 

readiness of organizations to adopt AI-driven systems. This technology's 

integration with smart monitoring tools allows for significant operational cost 

savings and enhanced system reliability. 

• Immersion Cooling (Mean = 3.78, S.D. = 0.62): Immersion cooling achieved 

an "Agree" rating, with a mean score of 3.78. This suggests that while it is 

recognized for its advanced cooling capabilities, its adoption is hindered by 
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factors such as high initial costs and infrastructure compatibility challenges. 

The relatively high S.D. (0.62) reflects varying perceptions, likely due to 

differing levels of investment readiness among respondents. 

• Traditional Air Cooling (Mean = 3.10, S.D. = 0.80): Traditional air cooling 

scored the lowest with a mean of 3.10, reflecting a "Neither/Nor Agree" rating. 

This indicates that while still operational in many centers, it is perceived as 

less effective compared to advanced systems. Its higher S.D. (0.80) reflects 

significant variability, likely due to differences in facility types and cooling 

demands. 

• Hybrid Cooling Systems (Mean = 4.00, S.D. = 0.55): Hybrid systems 

received an "Agree" rating, showcasing their effectiveness in offering 

operational flexibility. With a moderate S.D. (0.55), this technology 

demonstrates consistent performance in diverse operational contexts, such as 

colocation centers with varying client needs. 

2. Key Implications: 

• The findings from Table 4.5 highlight the growing preference for energy-

efficient and sustainable cooling technologies. Liquid cooling and AI-powered 

systems stand out as leading solutions, aligning with market trends toward cost 

optimization and environmental sustainability. 

• The lower scores for traditional air cooling reflect a shift in industry 

preferences toward advanced solutions capable of meeting modern data center 

demands. 

4.2.3 Market Segments and Priorities 
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Table 4.612Market Segments and Priorities 

 

 

Table 4.6 provides an analysis of cooling technology adoption priorities across 

three primary market segments: hyperscale, colocation, and enterprise data centers. The 

table highlights the meaning of scores, S.D., qualitative ratings, and specific priorities for 

each segment. 

1. Interpretation of Market Segment Scores: 

• Hyperscale Data Centers (Mean = 4.65, S.D. = 0.40): Hyperscale data 

centers exhibited the highest mean score, reflecting a "Strongly Agree" rating. 

This segment prioritizes AI-powered cooling and liquid cooling due to its 

focus on scalability, energy efficiency, and cost-effectiveness. The low S.D. 

(0.40) indicates strong agreement among respondents, suggesting uniform 

priorities driven by competitive pressures and regulatory requirements. 

• Colocation Data Centers (Mean = 4.21, S.D. = 0.50): Colocation centers 

received a "Strongly Agree" rating, with slightly lower mean scores compared 

to hyperscale centers. This segment favors hybrid systems and liquid cooling 

for their adaptability to diverse client needs. The moderate S.D. (0.50) suggests 

some variability, reflecting differences in tenant-specific requirements and 

budgetary constraints. 

• Enterprise Data Centers (Mean = 3.85, S.D. = 0.60): Enterprise centers 

scored the lowest among the three segments, with an "Agree" rating. This 

segment primarily relies on immersion cooling and traditional air cooling, 

reflecting cost concerns and limited operational demands. The relatively 
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higher S.D. (0.60) indicates greater variability, likely due to differences in 

financial and operational priorities among enterprise clients. 

2. Key Insights and Implications: 

• Hyperscale Segment: The high scores for hyperscale data centers reflect their 

strategic focus on energy-efficient technologies, aligning with their need to 

manage large-scale operations and maintain competitive pricing. Investments 

in AI-powered systems are particularly significant for this segment, as they 

enable real-time energy optimization and improved sustainability 

performance. 

• Colocation Segment: Colocation centers value flexibility in cooling solutions 

to accommodate diverse tenant needs. The preference for hybrid systems 

highlights the importance of adaptability and operational efficiency in shared 

facilities. 

• Enterprise Segment: Enterprise data centers face financial constraints that 

limit the adoption of advanced cooling technologies. The reliance on 

traditional methods reflects slower adoption rates, though immersion cooling 

is gaining traction in select facilities. 

3. Strategic Recommendations: 

• Investment Focus: Operators in hyperscale and colocation segments should 

prioritize investments in AI-powered and liquid cooling technologies to 

achieve competitive advantages. 

• Support for Enterprise Centers: Policymakers and technology providers 

should consider incentivizing advanced cooling adoption in enterprise centers 

through cost-sharing mechanisms or subsidies. 
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4.2.4 Summary Statistics of Key Questions 

 

Table 4.713Summary Statistics of Key Questions 

 

The adoption of cooling technologies has positively impacted market 

competitiveness and client attraction by enhancing operational performance and reliability. 

The basic statistical analysis provides key insights into the adoption levels, 

operational impacts, and business opportunities associated with cooling technologies in 

Thailand’s data centers. The data reflects strong adoption trends, with liquid cooling and 

AI-powered systems emerging as leading technologies. Participants from hyperscale and 

colocation markets highlight the growing importance of energy efficiency and 

sustainability. This section sets the foundation for further regression analysis in the next 

section, where the relationship between cooling technology adoption and business 

outcomes will be explored in greater depth. 

 

4.3 Hypothesis Test Results 

 

4.3.1 Hypothesis Test Results for Hypothesis H1 

Adoption of Cooling Technologies Positively Impacts Business Opportunities 

This section presents the results of Hypothesis_H1, which posits that the adoption of 

cooling technologies has a positive impact on business opportunities. The hypothesis was tested 

using regression analysis, based on the data collected from stakeholders in the data center 

industry through the Google Form questionnaire. 
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1. Overview of Variables 

• Dependent Variable (DV): Business Opportunities 

• Metrics include profitability increase, operational cost savings, client 

attraction, and competitive advantage. 

• Independent Variable (IV): Adoption of Cooling Technologies 

• Measured through the extent of adoption (e.g., liquid cooling, AI-powered 

cooling systems) and implementation level (moderate to full adoption). 

      2. Regression Model 

The following multiple linear regression model was used to examine the 

relationship between cooling technology adoption and business opportunities. 

Business Opportunities=β0+β1(Cooling Technology Adoption) +ε  

• Business Opportunities: Dependent variable 

• Cooling Technology Adoption: Independent variable 

• β1: Regression coefficient that measures the impact of adoption on business 

opportunities 

• ε: Error term 
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3. Regression Results 

 

Table 4.814Regression Results 

 

 

 

 

Business Opportunities=2.3+0.65(Cooling Technology Adoption) +ε  

 

4. Interpretation of Results 

1. Positive Impact: The regression coefficient for cooling technology adoption is 

0.65, indicating a positive relationship between adoption and business 

opportunities. 

2. Statistical Significance: The p-value for adopting cooling technology is 0.000 (p 

< 0.05), confirming that the relationship is statistically significant. 

3. Model Fit: The R² value of 0.45 suggests that 45% of the variation in business 

opportunities can be explained by the adoption of cooling technologies. 

5. Hypothesis Test Conclusion 

The regression results support Hypothesis 1: the adoption of cooling technologies has 

a significant positive impact on business opportunities, including profitability, cost 

savings, and market competitiveness. 

6.  Implications for Business Practice 

The findings highlight several key implications for data center operators and 

technology providers: 

• Profitability Improvement: Adopting advanced cooling technologies, such as 

liquid cooling and AI-powered cooling systems, enhances operational efficiency 

and improves profitability. 
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• Operational Cost Savings: Respondents who implemented these technologies 

reported savings in operational costs, primarily due to reduced energy 

consumption. 

• Client Attraction and Market Competitiveness: Data centers that adopt 

innovative cooling solutions are better positioned to attract environmentally 

conscious clients and compete effectively in the market. 

4.3.2 Hypothesis Test Results for Hypothesis H2 

Project management efficiency mediates the relationship between cooling technology 

adoption and business outcomes. 

The objective of this section is to test whether project management efficiency 

serves as a mediating variable between the adoption of cooling technologies (independent 

variable) and business outcomes (dependent variable). A mediation model explores 

whether the introduction of a mediator (project management efficiency) influences the 

strength and significance of the relationship between independent and dependent variables. 

1. Variables Used in the Mediation Analysis 

• Independent Variable (IV): Adoption of cooling technologies 

• Mediating Variable (MV): Project management efficiency 

• Dependent Variable (DV): Business outcomes 

• Business outcomes are measured by operational performance, profitability, client 

attraction, and competitive advantage. 

2. Mediation Regression Models 

The mediation analysis consists of three steps using multiple linear regression models 

to estimate the direct, indirect, and total effects. 

• Step 1: Regression of the dependent variable on the independent variable (Total effect). 

Business Outcomes=β0+β1(Cooling Technology Adoption) +ε  

• Step 2: Regression of the mediator on the independent variable. 

Project Management Efficiency=α0+α1(Cooling Technology Adoption) +ε  
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• Step 3: Regression of the dependent variable on both the independent variable and the 

mediator (Direct and Indirect effects). 

Business Outcomes=γ0+γ1(Cooling Technology Adoption) 

+γ2(Project Management Efficiency) +ε  

3.  Results of the Mediation Analysis 

• Step 1: Total Effect of Cooling Technology Adoption on Business Outcomes 

 

      Table 4.815Total Effect of Cooling Technology Adoption on Business Outcomes 

 

 

 

Interpretation: The regression results show a positive and significant total effect of 

cooling technology adoption on business outcomes (β₁ = 0.65, p < 0.05). This confirms 

that the adoption of cooling technologies positively influences business performance. 

Business Outcomes=β0+0.65(Cooling Technology Adoption) +ε  

• Step 2: Effect of Cooling Technology Adoption on Project Management Efficiency 

 

Table 4.916 Effect of Cooling Technology Adoption on Project Management Efficiency 

 

 

Interpretation: The results indicate that cooling technology adoption significantly 

improves project management efficiency (α₁ = 0.58, p < 0.05). 

Project Management Efficiency=α0+0.58(Cooling Technology Adoption) +ε  

• Step 3: Direct and Indirect Effects (Mediated Model)  
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Table 4.917Direct and Indirect Effects 

 

 

 

 

Business Outcomes=γ0+0.35(Cooling Technology Adoption) 

+0.52(Project Management Efficiency) +ε  

Interpretation: 

• Direct Effect: The direct effect of cooling technology adoption on business outcomes 

is 0.35 (p < 0.05), indicating that even after accounting for project management 

efficiency, cooling technology adoption still has a positive and significant impact on 

business outcomes. 

• Indirect Effect: The indirect effect through project management efficiency is 

significant, with β₂ = 0.52 (p < 0.05), demonstrating that project management 

efficiency enhances the effect of cooling technology adoption on business 

performance. 

4.  Mediation Effect Interpretation 

The results indicate that project management efficiency mediates the relationship 

between cooling technology adoption and business outcomes. This mediation effect 

suggests that organizations with effective project management are more likely to 

successfully implement cooling technologies, which leads to improved profitability, 

operational efficiency, and market competitiveness. 

• Partial Mediation: The reduction in the direct effect from 0.65 to 0.35 indicates 

partial mediation by project management efficiency. This suggests that both 

cooling technology adoption and project management efficiency independently 

contribute to business outcomes. 

5. Hypothesis Test Conclusion 

The results support Hypothesis H2: Project management efficiency mediates the 

relationship between cooling technology adoption and business outcomes. The findings 
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demonstrate that effective project management practices enhance the successful integration 

of cooling technologies, resulting in higher operational efficiency and business 

performance. 

4.4.3 Hypothesis Test Results for Hypothesis H3 

Market Segmentation Moderates the Impact of the Adoption of Cooling Technologies 

on Business Opportunities 

This section presents the results of Hypothesis H3, which posits that market 

segmentation moderates the relationship between cooling technology adoption and 

business opportunities. In this context, market segmentation refers to the classification of 

data centers into enterprise, colocation, and hyperscale segments, each with different 

operational requirements and business strategies. The one-way ANOVA helps test whether 

the mean business outcomes differ significantly across the three market segments based on 

their adoption of cooling technologies. The moderated regression analysis will test if the 

relationship between adopting cooling technologies and business outcomes varies across 

these segments. 

1. One-Way ANOVA Analysis 

The test identifies whether market segmentation influences the 

relationship between cooling technology adoption and business performance, 

indicating the moderating effect of different market segments. 

The three market segments examined in this study are: 

• Hyperscale data centers: Large-scale operations with high cooling demands. 

• Colocation data centers: Facilities offering shared infrastructure to multiple 

clients. 

• Enterprise data centers: Privately owned data centers serving individual 

businesses or organizations. 

 ANOVA Model and Variables 

• Independent Variable (IV): Market Segmentation (Hyperscale, Colocation, 

Enterprise) 
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• Moderated Independent Variable (IV): Adoption of cooling technologies (low, 

moderate, high adoption) 

• Dependent Variable (DV): Business Opportunities (profitability, cost savings, 

market competitiveness, and client attraction) 

 

Table 4.1018ANOVA Results 

• F-statistic = 9.56: Indicates a statistically significant difference between the mean 

business outcomes across different market segments. 

• p-value = 0.0003: Since the p-value is less than 0.05, the null hypothesis is rejected, 

confirming that market segmentation moderates the impact of cooling technology 

adoption on business opportunities. 

2. Interpretation of Results 

The one-way ANOVA results confirm that the relationship between cooling 

technology adoption and business opportunities varies significantly across market 

segments. Below is a detailed interpretation of how each segment responds to the 

adoption of cooling technologies: 

• Hyperscale Data Centers 

• Hyperscale data centers show the highest business gains from 

adopting advanced cooling technologies. Due to their large-

scale operations, these centers benefit from AI-powered 

cooling systems that reduce energy consumption and 

operational costs, resulting in higher profitability. 
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• The statistical analysis indicates that hyperscale data centers 

achieve greater competitiveness by meeting client demands 

for sustainability and regulatory compliance. 

▪ Colocation Data Centers 

1. Colocation centers experience moderate business benefits from 

cooling technology adoption. While shared infrastructure allows 

for cost savings, the impact on profitability is not as significant as 

in hyperscale operations. 

2. Colocation centers that adopt hybrid cooling systems enjoy 

improved market positioning, attracting environmentally 

conscious clients who value energy-efficient facilities. 

• Enterprise Data Centers 

• Enterprise data centers show the lowest business gains from 

adopting cooling technologies, likely due to their smaller 

operational scale and limited cooling demands. While they 

benefit from operational efficiencies, the impact on 

profitability and competitiveness is less pronounced 

compared to the other segments. 

• Enterprise data centers may focus more on customized 

cooling solutions to align with their specific business models 

and operational requirements. 

3. Variables Used in the Moderation Analysis 

• Independent Variable (IV): Adoption of Cooling Technologies 

• Measured through the extent of adoption (e.g., liquid cooling, AI-powered 

cooling). 

• Moderator (MV): Market Segmentation 

• Enterprise data centers, colocation data centers, and hyperscale data centers. 

• Dependent Variable (DV): Business Opportunities 
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• Measured through profitability increase, operational cost savings, client 

attraction, and competitive advantage. 

 

4. Moderated Regression Model 

The moderated regression model introduces an interaction term between the 

independent variable and the moderator to assess the influence of market segmentation on 

the relationship between cooling technology adoption and business outcomes. 

Business Opportunities = β0+β1(Cooling Technology Adoption) 

+β2(Market Segmentation) +β3(Adoption × Market Segmentation) +ε  

Where: 

• β₁: Effect of cooling technology adoption on business opportunities. 

• β₂: Effect of market segmentation on business opportunities. 

• β₃: Effect of the interaction term (adoption × market segmentation) on business 

opportunities. 

• ε: Error term. 

5. Results of Moderated Regression Analysis 

 

Table 4.1119Results of Moderated Regression Analysis 

 

 

 

 

 

 

• R² = 0.52: The model explains 52% of the variance in business opportunities. 

 

Y = β0+β1(X1) +β2(B1) +β3(X1× B1) +ε  
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Where: 

Y = Business Opportunities 

X1 = Cooling Technology Adoption  

B1 = Market Segmentation  

ε: Error term. 

 

Based on data: 

• β0=0.10 (intercept) 

• β1=0.55 (effect of cooling technology adoption, p < 0.05) 

• β2=0.40 (effect of market segmentation, p < 0.05) 

• β3=0.15 (interaction effect, p < 0.05) 

Substitute values into the equation: 

Y = 0.10 + 0.55(X1) + 0.40(B1) + 0.15(X1×B1)  

6. Interpretation of Results 

• Effect of Cooling Technology Adoption: 

The coefficient for cooling technology adoption is 0.55 (p < 0.05), indicating a 

positive and significant relationship between adoption and business opportunities. 

• Effect of Market Segmentation: 

The coefficient for market segmentation is 0.40 (p < 0.05), meaning that business 

opportunities also vary across different market segments, with hyperscale data 

centers benefiting more from cooling technologies compared to enterprise or 

colocation data centers. 

• Effect of the Interaction Term: 

The interaction term (Adoption × Market Segmentation) is positive and significant 

(β₃ = 0.15, p < 0.05). This suggests that the effect of cooling technology adoption on 

business outcomes is stronger in certain market segments, particularly in hyperscale 

data centers. 
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7. Hypothesis Test Conclusion 

The results support Hypothesis H3: Market segmentation moderates the 

relationship between cooling technology adoption and business opportunities. Specifically, 

the positive impact of cooling technology adoption on business outcomes is stronger in 

hyperscale data centers compared to enterprise or colocation data centers. 
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CHAPTER 5  

CONCLUSION AND DISCUSSION 

 

This chapter presents a comprehensive summary and interpretation of the key findings of 

the study on the business opportunities associated with the adoption of cooling technologies in 

Thailand’s data centers. The study aimed to explore how advanced cooling systems, such as liquid 

cooling and AI-powered technologies, influence business outcomes like profitability, operational 

cost savings, market competitiveness, and sustainability alignment. 

Additionally, it examined the role of project management efficiency as a mediator and 

market segmentation as a moderator to understand the conditions under which cooling technology 

adoption can generate maximum business value. The findings provide theoretical contributions, 

practical insights, and recommendations for businesses, policymakers, and researchers interested 

in the evolving data center industry. 

 

5.1 Discussion 
 

This section presents a detailed discussion of the study's findings, focusing on the adoption 

of cooling technologies and its impact on business opportunities for data centers in Thailand. The 

discussion integrates theoretical perspectives, compares results with previous studies, and offers 

practical insights for industry stakeholders. The findings are interpreted considering the hypotheses 

tested, reflecting both the statistical significance and practical implications of adopting advanced 

cooling technologies. 

5.1.1 Adoption of Cooling Technologies and Business Opportunities  

The study confirmed that adopting cooling technologies including liquid cooling 

systems, AI-powered cooling, and hybrid systems has a positive and significant impact on 

business outcomes. This aligns with the Technology Acceptance Model (TAM), which 

suggests that new technologies are more likely to be adopted when they demonstrate clear 

operational benefits and enhance business performance (Davis, 1989). 

1. Profitability and Operational Efficiency 

The adoption of advanced cooling systems has improved the profitability of data 

centers by reducing energy costs and minimizing downtime. Consistent with the Resource-
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Based View (RBV) (Barney, 1991), cooling technologies have emerged as valuable 

resources that help organizations gain sustainable competitive advantages. 

2. Client Attraction and Sustainability 

The findings show that energy-efficient cooling solutions attract environmentally 

conscious clients, thereby improving client retention and satisfaction. This reflects the 

growing importance of sustainability in business operations, as noted by previous research 

(Gandhi et al., 2023). Data centers that adopt green technologies can meet market demand 

for sustainable services, positioning themselves favorably in competitive markets. 

3. Cost Savings and Long-Term Viability 

The data indicates that businesses achieve significant operational cost savings by 

investing in advanced cooling systems. This highlights the importance of cost management 

in maintaining profitability in technology-intensive industries. 

5.1.2 The Role of Project Management Efficiency as a Mediator  

The results revealed that project management efficiency mediates the relationship 

between cooling technology adoption and business outcomes, highlighting the importance 

of effective project execution. The study's findings support the Dynamic Capabilities 

Theory, which emphasizes that organizations need efficient internal processes to 

successfully integrate new technologies and adapt to market changes (Teece et al., 1997). 

1. Successful Integration of Cooling Technologies 

Data centers that demonstrate strong project management practices experience 

fewer disruptions and timely implementation of cooling technologies. This ensures that the 

technologies generate maximum operational benefits. 

2. Reduction of Implementation Risks 

Strong project management practices minimize the risks associated with adoption 

of technology, such as delays and budget overruns. This finding aligns with the work of 

(Baron & Kenny, 1986), who noted that effective management processes can mitigate 

operational risks. 
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5.1.3 Market Segmentation as a Moderator of Business Outcomes  

The moderated regression analysis demonstrated that market segmentation plays a 

crucial role in determining the extent to which cooling technologies impact business 

outcomes. The study found that the adoption of cooling technologies is more beneficial in 

hyperscale data centers than in enterprise or colocation data centers. 

1. Hyperscale Data Centers: High Impact of Cooling Technologies 

Hyperscale data centers, which manage large volumes of data and require high 

cooling capacity, benefit the most from advanced cooling technologies. These centers 

experience significant cost savings and competitive advantages from investing in AI-

powered systems. 

 

2. Colocation and Enterprise Data Centers: Need for Customized Solutions 

While colocation and enterprise data centers also benefit from cooling 

technologies, the study suggests that they require tailored solutions to align with their 

business models and operational demands. This finding aligns with Contingency Theory, 

which posits that organizations must adopt strategies that fit their specific operational 

contexts (Donaldson, 2001). 

3. Sustainability as a Market Driver 

Across all segments, sustainability emerged as a key business driver, encouraging 

data centers to invest in energy-efficient solutions. Operators that prioritize sustainable 

cooling technologies are better positioned to attract clients and comply with environmental 

regulations. 

5.1.4 Comparison with Existing Literature 

The findings of this study align with existing literature on technology adoption, 

project management, and business outcomes: 

1. Technology Adoption Models 

The positive impact of cooling technology adoption on business outcomes supports 

the Diffusion of Innovation (DOI) theory (Rogers, Singhal, & Quinlan, 2014), which 

highlights the importance of early adoption in achieving competitive advantages. 
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2. Project Management and Operational Efficiency 

The study’s emphasis on project management efficiency aligns with findings from 

(Haverila, Haverila, & Twyford, 2021), who noted that well-executed projects significantly 

improve operational outcomes and ROI. 

3. Market Segmentation and Competitive Advantage 

The impact of market segmentation on business outcomes is consistent with the 

findings of (Nahar et al., 2021), who emphasized the importance of tailoring strategies 

based on market dynamics to maximize business performance. 

 

 

5.2 Conclusion 
 

The findings of this study confirm that the adoption of cooling technologies plays a critical 

role in shaping the operational and business performance of data centers. The results from the 

regression analysis and moderated mediation model reveal that cooling technology adoption 

positively impacts business outcomes, but the extent of this impact depends on the quality of project 

management practices and market segment dynamics. Below is a detailed summary of the key 

findings associated with each hypothesis. 

5.2.1 Identifying the Potential Business Opportunities Associated with Cooling 

Technologies 

The adoption of innovative cooling technologies, such as AI-powered cooling 

systems, liquid cooling, and hybrid solutions, presents a myriad of business opportunities 

for Thailand's data center industry. The findings indicate three primary opportunities: 

• Cost Savings: Advanced cooling technologies can significantly lower energy 

consumption, which traditionally constitutes up to 40% of operational expenses in data 

centers. For instance, liquid cooling systems have demonstrated a 25% reduction in 

energy usage compared to traditional air-based cooling methods. 

• Market Expansion: Adoption of energy efficient cooling systems attracts 

environmentally conscious clients, including hyperscale operators, international 

investors, and enterprise organizations seeking sustainable IT infrastructure. 
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• Sustainability Benefits: Implementing these technologies allows data centers to align 

with global sustainability goals and comply with Thailand’s environmental regulations, 

such as the Energy Conservation Promotion Act. These practices enhance the 

organization’s environmental credibility and overall market positioning. 

These findings align with the Resource-Based View (RBV), which posits that 

strategic resources such as innovative cooling technologies enable firms to achieve a 

competitive advantage. By leveraging these technologies, data centers in Thailand can 

create value in an increasingly competitive and environmentally conscious market. 

5.2.2 Analyzing the Relationship Between Cooling Technology Adoption and New 

Business Opportunities 

The adoption of cooling technologies positively impacts the creation of new 

business opportunities in specific market segments: 

• Colocation Centers: Shared infrastructure models benefit from cost reductions in 

energy usage, enabling operators to offer competitive pricing to clients. 

• Enterprise Data Centers: Tailored cooling solutions align with enterprise-specific 

requirements, improving operational reliability and customer satisfaction. 

• Hyperscale Data Centers: These centers achieve significant savings due to 

economies of scale and large-scale deployment of energy-efficient cooling 

systems. 

These findings are supported by the Technology Acceptance Model (TAM), which 

emphasizes that perceived usefulness and ease of adoption significantly influence decision-

making. Data centers perceive cooling technologies as both beneficial and necessary to 

enhance operational performance, driving their adoption and fostering new business 

opportunities. 

5.2.3 Exploring the Impact of Cooling Efficiency Improvements on Operational Costs 

and Competitive Advantage 

Improved cooling efficiency directly impacts operational costs and competitive advantage: 

• Operational Costs: AI-powered cooling systems optimize energy consumption by 

predicting real-time cooling requirements, resulting in energy savings of up to 30%. 

• Competitive Advantage: Reduced energy expenses enable data centers to offer lower 

pricing models, attracting a broader client base. Additionally, energy-efficient 
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operations appeal to sustainability-conscious customers and investors, further 

enhancing competitive positioning. 

This aligns with the Dynamic Capabilities Theory, which emphasizes the importance of 

reconfiguring operational processes to respond to technological and environmental changes. 

By adopting advanced cooling technologies, data centers demonstrate agility and resilience in 

a dynamic market landscape. 

5.2.4 Examining the Role of Project Management in Successful Implementation 

The role of project management emerged as a critical factor in the successful adoption 

of cooling technologies. Effective project management strategies included: 

• Risk Management: Identifying and mitigating potential implementation risks, such 

as system disruptions or delays, ensured smooth integration. 

• Stakeholder Coordination: Collaboration among operators, technology providers, 

and project managers facilitated alignment on goals and timelines. 

• Budget and Timeline Adherence: Effective planning ensured that projects were 

completed on time and within budget, maximizing ROI and minimizing 

disruptions. 

The findings align with Contingency Theory, which highlights the importance of 

adapting management practices to the specific challenges of technology implementation. For 

data centers, tailored project management strategies were critical to achieving successful 

outcomes. 

5.2.5 Influence of Market Segmentation on the Effectiveness of Cooling Technologies 

 Market segmentation plays a critical role in the effectiveness of cooling technologies: 

• Hyperscale Data Centers: Benefit most due to their capacity to implement large-scale, 

efficient cooling solutions. 

• Colocation Centers: Gain competitive advantages through energy-sharing models that 

reduce costs for tenants. 

• Enterprise Data Centers: Focus on integrating customized cooling systems to meet 

specific operational requirements. 

This finding aligns with the Diffusion of Innovation (DOI) theory, which explains how 

early adopters in specific market segments pave the way for broader technology adoption. 
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5.2.6 Testing the Impact of Different Cooling Technologies on Business Potential 

 The study highlighted the differential impact of cooling technologies on business potential: 

• Liquid Cooling: By directly absorbing heat from servers, liquid cooling significantly 

reduces energy consumption and operational costs. 

• AI-Powered Cooling: Real-time optimization of energy usage minimizes waste, 

contributing to both cost savings and sustainability. 

• Hybrid Systems: Flexible systems that integrate traditional and advanced cooling 

methods provide scalable solutions for diverse data center needs. 

The findings align with Sustainability Theory, particularly the Triple Bottom Line (TBL) 

framework, which emphasizes economic, environmental, and social benefits. These 

technologies simultaneously reduce costs, minimize environmental impact, and enhance 

market reputation. 

5.2.7 Identifying Key Factors Moderating and Mediating Technology Adoption 

The study identified several factors that influence the relationship between technology 

adoption and business outcomes: 

• Moderating Factors: Regulatory requirements and environmental conditions 

significantly shape the effectiveness of cooling technologies. For example, tropical 

climates in Thailand necessitate higher cooling demands, increasing the importance of 

energy-efficient solutions. 

• Mediating Factors: Project management efficiency emerged as a critical mediator, 

ensuring that cooling technologies were implemented effectively and with minimal 

disruptions. 

The findings are supported by the Transaction Cost Economics (TCE) framework, 

which explains how internalizing cooling technologies reduces dependency on external 

vendors, lowers operational risks, and enhances control. 

5.2.8 Providing a Predictive Framework for Maximizing Business Opportunities 

 A predictive framework was developed to guide data center operators and stakeholders in 

optimizing business opportunities through enhanced cooling efficiency. The framework 

includes: 
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• Strategic Planning: Align technology adoption with long-term business goals and 

market needs. 

• Stakeholder Engagement: Foster collaboration among operators, technology 

providers, and investors to ensure smooth implementation. 

• Market Segmentation: Tailor cooling solutions to specific market segments to 

maximize effectiveness and ROI. 

• Regulatory Compliance: Leverage government incentives for adopting green 

technologies to improve financial performance and sustainability. 

5.2.9 Adoption of Cooling Technologies Positively Impacts Business Opportunities 

The statistical analysis for Hypothesis 1 demonstrated a positive and significant 

relationship between the adoption of cooling technologies and business opportunities, with 

a regression coefficient     (β = 0.65). This confirms that data centers implementing 

innovative cooling systems experience tangible business benefits, including: 

• Profitability improvement through optimized energy consumption. 

• Operational cost savings resulting from reduced cooling loads and better 

efficiency. 

• Competitive market positioning by offering sustainable services that appeal to 

environmentally conscious clients. 

The R² value of 0.45 suggests that 45% of the variation in business opportunities 

can be explained by the extent of cooling technology adoption. These results validate the 

hypothesis that advanced cooling systems enable data centers to enhance their operational 

performance and align with global sustainability goals. 

5.2.10 Project Management Efficiency Mediates the Relationship Between Cooling 

Technology Adoption and Business Outcomes 

The results of Hypothesis 2 confirmed that project management efficiency serves 

as a significant mediating factor. Organizations with effective project management 

practices are better positioned to leverage the benefits of cooling technologies. The indirect 

effect (β = 0.52) through project management efficiency emphasizes that well-coordinated 

projects lead to the successful integration of new cooling systems, resulting in: 
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• Timely implementation of technologies without disrupting operations. 

• Enhanced energy efficiency and long-term cost savings. 

The partial mediation effect suggests that while cooling technology adoption directly 

impacts business outcomes, the presence of effective project management amplifies these 

benefits. The R² value of 0.56 indicates that 56% of the variance in business outcomes can 

be explained when both cooling technology adoption and project management efficiency 

are considered. 

5.2.11 Market Segmentation Moderates the Impact of Cooling Technology Adoption 

on Business Opportunities 

The moderated regression analysis for Hypothesis 3 showed that the relationship 

between cooling technology adoption and business outcomes is influenced by market 

segmentation. The interaction term (β = 0.15) was found to be statistically significant, 

confirming that the impact of cooling technologies is stronger in certain market segments, 

particularly in hyperscale data centers. 

Key findings from the moderation analysis include: 

• Hyperscale data centers derive more significant benefits from large-scale cooling 

systems, including AI-powered technologies, due to their higher cooling demands 

and operational complexity. 

• Colocation and enterprise data centers also benefit from cooling technology but 

may require tailored solutions to align with their operational and client needs. 

• Energy efficiency and market competitiveness are more critical for hyperscale and 

colocation markets, where sustainability is a core client expectation. 

The findings underscore the importance of customizing cooling strategies based on market 

dynamics. Data center operators must align their investments with the specific needs of 

their market segments to fully leverage the potential of advanced cooling systems. 

5.2.12 Overall Conclusion of the Study 

The study demonstrates that cooling technology adoption is a key driver of business 

performance in Thailand’s data center industry. However, the extent of these benefits 

depends on two critical factors: the efficiency of project management and the 

characteristics of the market segment. 
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The adoption of AI-based cooling systems, liquid cooling technologies, and hybrid systems 

enables organizations to achieve multiple benefits, including: 

1. Operational efficiency through optimized cooling systems. 

2. Cost savings via reduced energy consumption and improved infrastructure 

performance. 

3. Sustainability alignment by meeting environmental standards and reducing the 

carbon footprint. 

4. Market competitiveness through the ability to attract new clients with energy-

efficient offerings. 

The findings confirm that technology adoption alone is insufficient; it must be 

accompanied by effective project management practices and segment-specific strategies to 

maximize business outcomes. 

5.2.13 Contributions to Theory and Practice 

The study makes several theoretical contributions to the field of business and 

technology management. 

1. Theoretical Contribution: The study integrates insights from the Technology 

Acceptance Model (TAM), Diffusion of Innovation (DOI), and Contingency 

Theory, highlighting how businesses can achieve optimal outcomes by adapting 

cooling technology strategies based on market-specific needs. 

2. Practical Contribution: The research provides actionable insights for data center 

operators, technology providers, and project managers. It emphasizes the need for 

strong project management practices and market segmentation strategies to unlock 

the full potential of cooling technologies. 

The results suggest that policy interventions promoting the adoption of energy-

efficient technologies can further enhance the competitiveness of Thailand's data center 

industry. 
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5.3 Implications and Recommendations 
 

This section outlines the practical, managerial, and policy implications of the study 

findings and provides recommendations for data center operators, project managers, technology 

providers, and policymakers. The research on the adoption of cooling technologies and their impact 

on business opportunities offers valuable insights into how organizations can enhance their 

operational efficiency, market competitiveness, and sustainability efforts. 

5.3.1 Practical Implications for Data Center Operators 

1. Investment in Advanced Cooling Systems 

• The findings demonstrate that AI-powered and liquid cooling technologies 

significantly reduce energy consumption, enhance operational efficiency, and 

improve profitability. Data center operators must prioritize investments in 

innovative cooling solutions to achieve long-term operational and financial 

benefits. 

• Operators should conduct cost-benefit analyses to identify the most 

appropriate cooling technologies for their facilities, particularly in hot and 

humid climates like Thailand. 

2. Operational Efficiency and Cost Reduction 

• Efficient cooling systems are key to lowering operational costs. Operators that 

invest in energy-efficient technologies can reduce their cooling load, leading 

to sustainable cost savings over time. 

• Adopting AI-based systems enables predictive monitoring and real-time 

cooling optimization, further enhancing operational efficiency and minimizing 

downtime. 

3. Improving Competitiveness through Sustainability 

• With sustainability becoming a key driver of business decisions, data center 

operators that implement green cooling technologies can differentiate 

themselves in the market. This aligns with increasing client demand for 

environmentally sustainable operations. 
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• Operators should aim to meet international environmental standards, such as 

the Green Data Center Standard (ISO/IEC 30134), to enhance their reputation 

and attract sustainability-focused clients. 

5.3.2 Implications for Project Managers and Technology Providers 

1. Project Management Excellence 

• The research highlights that effective project management enhances the 

success of technology adoption. Project managers should ensure thorough 

planning, coordination, and execution to achieve seamless integration of new 

cooling systems. 

• Investing in project management training and collaborative tools will help 

teams stay aligned, reduce implementation risks, and ensure timely completion 

of projects. 

2. Collaboration with Technology Providers 

• Collaboration between data center operators and technology providers is 

essential to ensure the successful customization and deployment of cooling 

technologies. 

• Providers should offer comprehensive support services, including training, 

maintenance, and system optimization, to ensure that the technologies are used 

to their full potential. 

3. Overcoming Implementation Challenges 

• Adoption of advanced cooling systems can involve technical challenges and 

operational disruptions. Technology providers and project managers must 

work together to mitigate risks and ensure that projects stay within budget and 

on schedule. 

• Pilot testing and phased rollouts can help identify potential issues early and 

allow for adjustments before full-scale implementation. 

5.3.3 Strategic Recommendations for Market Segmentation 

1. Tailored Cooling Solutions for Different Market Segments 
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• The research shows that cooling technology adoption has differential impacts 

across market segments. Hyperscale data centers benefit the most from 

advanced cooling systems, but colocation and enterprise data centers also 

require tailored solutions to optimize performance. 

• Operators should customize their cooling strategies based on the specific needs 

of each market segment. For example, hyperscale centers may focus on AI-

based predictive cooling, while colocation centers could prioritize hybrid 

cooling systems for flexibility. 

2. Aligning Investments with Client Expectations 

• Data centers must align their cooling investments with client demands for 

sustainability and energy efficiency. Operators serving enterprise clients may 

need to demonstrate compliance with environmental certifications to meet 

client expectations. 

• By focusing on energy-efficient solutions, operators can enhance their value 

proposition, attract environmentally conscious clients, and retain long-term 

business relationships. 

 

5.4 Limitations of the Study 
 

Despite the valuable insights generated from this research, certain limitations must be 

acknowledged. These limitations relate to the scope, methodology, sample size, and data collection 

process, which may affect the generalizability and applicability of the findings. Identifying these 

constraints helps provide a transparent view of the study’s potential shortcomings and offers a basis 

for improving future research in this field. 

5.4.1 Sample Size and Generalizability 

One limitation of the study is the sample size, which, while adequate according to 

Cochran's formula, may not fully capture the diversity of stakeholders in Thailand’s data 

center industry. A larger and more representative sample might provide greater statistical 

power and allow for more precise conclusions. Furthermore, the findings may not be 

generalizable beyond the specific context of Thailand, as data centers in other regions may 

face different climatic conditions and operational challenges. 
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• Future Consideration: Increasing the sample size and including participants from 

different geographic regions would enhance the robustness of the findings. 

5.4.2 Focus on Specific Technologies and Market Segments 

The study focused primarily on liquid cooling and AI-powered systems, which 

may not reflect the full range of available cooling technologies. Furthermore, the study 

concentrated on three market segments: hyperscale, colocation, and enterprise data centers. 

While these segments represent key areas, other niche segments, such as edge data centers, 

were not included. 

• Future Consideration: Future research could explore a broader range of cooling 

technologies and additional market segments to provide a more holistic view of 

the business opportunities associated with cooling technology adoption. 

 

5.5 Future research and Direction for the extension of this research 
 

This section outlines future research directions and potential areas for extending the current 

study to enhance the understanding of business opportunities associated with cooling technologies 

in data centers. Given the dynamic nature of technological advancements, changing environmental 

policies, and evolving market demands, additional research is necessary to address the limitations 

of this study and explore new avenues that can further contribute to both theoretical knowledge and 

practical business strategies. 

5.5.1 Exploring the Long-Term Impact of Cooling Technologies 

Future studies should adopt a longitudinal research design to examine the long-

term effects of cooling technology adoption on business outcomes. A longitudinal 

approach would provide insights into: 

• How cooling technologies affect business performance and operational efficiency 

over time. 

• The sustainability of cost savings and energy efficiency in the long run. 

• The evolution of client demand for environmentally conscious services and its 

impact on data center growth. 

This extended research would help data centers plan strategic investments with a clearer 

understanding of the time horizon for ROI and other benefits. 
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5.5.2 Broader Range of Cooling Technologies 

The current study focuses on liquid cooling and AI-powered systems, but emerging 

technologies such as immersion cooling, direct-to-chip cooling, and free air cooling are 

becoming increasingly relevant. Future research should: 

• Investigate the business potential of these emerging technologies and assess their 

feasibility in different climates and operational contexts. 

• Compare the performance and cost-efficiency of various cooling solutions to 

identify the optimal strategies for different market segments. 

Including a broader range of technologies will enhance the applicability of research 

findings across diverse data center environments. 

5.5.3 Impact of External Environmental and Regulatory Factors 

Future research should explore the impact of external environmental and 

regulatory factors on the adoption of cooling technologies. Given the increasing 

importance of sustainability standards and green policies, it is essential to assess how: 

• Government incentives and subsidies can promote the adoption of advanced 

cooling systems. 

• Regulatory changes and environmental compliance requirements influence data 

center investments in energy-efficient technologies. 

• Climate change and energy market fluctuations affect the financial viability of 

different cooling solutions. 

Understanding these external factors would help policymakers and industry stakeholders 

align incentives with business goals. 

5.5.4 Expanding Market Segment Analysis 

This study focused on hyperscale, enterprise, and colocation data centers. Future 

research could extend the analysis to include emerging market segments, such as: 

• Edge data centers, which operate in decentralized locations and have different 

cooling requirements. 

• Telecommunication networks and cloud service providers, which are increasingly 

dependent on sustainable cooling solutions to meet operational needs. 
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• Small and medium-sized data centers (SMDCs) that may face unique challenges 

due to budget constraints and limited access to cutting-edge technologies. 

By exploring new market segments, future studies can offer more granular insights into the 

specific needs and challenges faced by different types of data centers. 

5.5.5 Cross-Regional and Comparative Studies 

Given the regional focus on Thailand, future research could extend the study to 

other geographic regions with similar climatic conditions or different market dynamics. 

Cross-regional studies would enable researchers to: 

• Identify best practices and lessons from other countries in terms of cooling 

technology adoption. 

• Explore cultural, economic, and regulatory differences that impact the business 

opportunities for cooling technologies across regions. 

• Assess how regional differences influence client preferences and sustainability 

goals in the data center industry. 

A comparative analysis across multiple regions would contribute to a more comprehensive 

understanding of the global market for energy-efficient cooling technologies. 

5.5.6 Integration of Artificial Intelligence and Automation 

The role of AI and automation in managing cooling systems is a rapidly growing area of 

interest. Future research could explore: 

• How AI-based predictive models can enhance cooling system performance and 

optimize energy consumption in real-time. 

• The impact of automation on operational efficiency, cost reduction, and human 

resource management. 

• Potential challenges associated with the implementation of automated systems and 

their acceptance by operational teams. 

Studying the integration of AI with cooling technologies would provide deeper insights 

into the future of energy management in data centers. 

The potential for future research and extensions of this study is vast, given the 

continuous evolution of cooling technologies and the increasing importance of sustainable 
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operations in the data center industry. By focusing on long-term impact, emerging 

technologies, external factors, and new market segments, future research can enhance the 

understanding of how cooling technologies contribute to business growth and 

environmental sustainability. 

Further investigations, including cross-regional studies and AI-based innovations, 

will provide valuable insights for industry stakeholders, helping them navigate emerging 

challenges and seize new business opportunities. These extensions will strengthen the body 

of knowledge, guide policy development, and enable organizations to adapt to future 

market demands effectively. 
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APPENDIX 

 

Instructions:  

Respondent Distribution Information 

1. What is your primary role in relation to data center operations?   

• 1 = Data Center Operator 

• 2 = Project Manager 

• 3 = Technology Provider (Cooling) 

• 4 = Industry Consultant/Expert  

• 5 = Business Client 

2. Which market segment does your data center primarily serve? 

• 1 = Enterprise Data Centers 

• 2 = Colocation Data Centers 

• 3 = Hyperscale Data Centers 

3. What types of cooling technologies are currently in use in your data center? 

• 1 = Liquid Cooling 

• 2 = AI-Powered Cooling Systems 

• 3 = Free Cooling 

• 4 = Hybrid Cooling Systems 

 

 

Please indicate the extent to which you agree or disagree with the following statements using the 

5-point Likert scale. 

1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree 
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Section 1: Independent Variable (Adoption of Cooling Technologies) 

4. Your company has used adoption cooling technologies to improve data center efficiency, 

such as liquid cooling or AI-powered systems.  

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

5. Cooling technology adoption has improved our ability to manage heat loads and maintain 

optimal temperature levels. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

6. Your data center has improved temperature stability since implementing innovative cooling 

technologies. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

7. The use of energy-efficient cooling technologies aligns with our company’s sustainability 

initiatives. 

• 1 = Strongly Disagree 
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• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

8. Your organization prioritizes the adoption of cooling technologies to reduce energy 

consumption. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

Section 2: Dependent Variable (Realization of Business Opportunities) 

9. The adoption of cooling technologies has improved the profitability of our data center 

operations. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

10. Implementing innovative cooling systems has resulted in significant operational cost 

savings. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 
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• 4 = Agree 

• 5 = Strongly Agree 

11. Cooling technologies have provided us with a competitive edge in attracting new clients. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

12. Adopting energy-efficient cooling solutions has helped us meet market demand for 

sustainable services. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

13. Investments in cooling technologies have improved the overall return on investment (ROI) 

for our business. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

Section 3: Moderator Variable (Market Segmentation) 

14. Which market segment does your data center primarily serve? 
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• Enterprise 

• Colocation 

• Hyperscale 

• Other (please specify) 

15. Cooling technology has enabled us to offer more competitive pricing to clients. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

16. Your energy-efficient cooling systems attract environmentally conscious clients. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

17. The implementation of cooling technologies has reduced downtime and improved service 

reliability. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 
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18. Investments in cooling technologies have contributed to long-term business growth and 

market expansion. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

19. Cooling systems have enhanced the scalability of our operations to meet growing customer 

needs. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

Section 4: Challenges and Strategic Importance 

20. The cost savings achieved through cooling technologies justify the investment required for 

adoption. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

21. Implementing cooling technologies requires close collaboration with external technology 

providers. 

• 1 = Strongly Disagree 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



118 

 

 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

22. Your plan continues investing in advanced cooling technologies to remain competitive in 

the market. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 

23. Regulatory pressures and environmental policies are encouraging our organization to adopt 

more energy-efficient cooling systems. 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 5 = Strongly Agree 
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