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Abstract 

This study explored the role of computer science in advancing sustainable 

infrastructure in Indonesia, aligning with the United Nations Sustainable 

Development Goals (SDGs). As the country grapples with rapid urbanization, 

environmental challenges, and disaster resilience, emerging technologies such as 

Artificial Intelligence (AI), big data, the Internet of Things (IoT), and blockchain 

present innovative solutions. This research examined the studies using the 

Systematic Literature Review (SLR) from the past five years that focus on the 

application of computer science in sustainable infrastructure development in 

Indonesia. The study highlights contributions that align with the UN SDGs 

through a structured process of identifying, evaluating, and synthesizing relevant 

findings. Key findings reveal the potential of AI-powered smart grids, IoT-based 

environmental monitoring, and predictive analytics for disaster management. 

However, challenges such as infrastructure disparities, cybersecurity risks, and 

regulatory gaps remain significant barriers to adoption. The study emphasizes the 

need for more significant investment, stronger policies, and cross-sector 

collaboration to accelerate technology integration. By merging computer science 

with sustainability strategies, Indonesia can enhance infrastructure resilience, 

drive economic growth, and strengthen environmental protection. This research 

provides policy recommendations and insights for future studies, advocating a 

technology-driven approach to sustainable development. 

Keywords: Artificial intelligence (AI), Computer research, Digital infrastructure, 

Internet of things, Sustainable development goals. 
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1. Introduction 

Sustainable development is a global priority, with the United Nations (UN) 

establishing the Sustainable Development Goals (SDGs) to address economic, 

social, and environmental challenges [1]. Achieving these goals requires innovative 

solutions, and computer science has become a key driver in building sustainable 

infrastructure. Advances in Artificial Intelligence (AI), big data analytics, and the 

Internet of Things (IoT) enable more efficient resource management, 

environmental monitoring, and urban planning.  

In Indonesia, a rapidly developing nation with significant technological 

advancements, computer science research is crucial in supporting sustainability 

initiatives and strengthening resilience against climate change, resource scarcity, 

and urban expansion. Researchers and engineers leverage AI-driven models to 

predict natural disasters, optimize energy consumption, and develop smart 

transportation systems that reduce carbon footprints [2]. Meanwhile, blockchain 

technology enhances supply chain transparency, promoting ethical sourcing and 

minimizing waste [3]. Data-driven agricultural solutions help farmers boost 

productivity while reducing environmental impact [4].  

Smart city initiatives, powered by IoT-based sensors and automation, improve 

waste management and traffic control, creating more liveable urban environments. 

Additionally, Indonesia's digital transformation has accelerated the adoption of e-

governance, enhanced public service efficiency and accessibility while reduced 

reliance on paper-based processes [5]. By integrating computer science innovations 

into sustainability efforts, Indonesia can balance economic growth with 

environmental protection, paving the way for a more resilient future. As technology 

continues to evolve, interdisciplinary collaboration between computer scientists, 

policymakers, and environmental experts will be essential in tackling global 

sustainability challenges. 

An assessment of previous studies reveals that most focus on general 

technology applications. In contrast, this research explores Indonesia's unique 

challenges and opportunities. Numerous studies have documented the diverse 

advancements in technology, particularly in computer science, as shown in Table 

1. Indonesia faces numerous infrastructure-related challenges, including rapid 

urbanization, environmental sustainability, disaster resilience, and equitable 

resource distribution. By leveraging computer science, researchers can develop 

smart systems, optimize resources, and enhance decision-making processes to 

tackle these issues. Technologies such as artificial intelligence (AI), big data 

analytics, the Internet of Things (IoT), and blockchain are being used to improve 

infrastructure efficiency [6], monitor environmental conditions, and support data-

driven policymaking.  

AI-powered predictive models help assess climate risks, enabling authorities to 

implement early warning systems and disaster response strategies [7, 8]. Big data 

analytics allows policymakers to analyse population growth trends, optimize land 

use, and enhance public service delivery [9]. IoT-based sensors are integrated into 

urban infrastructure to monitor air quality, manage traffic congestion, and improve 

water distribution systems, ensuring more sustainable city management. 

Meanwhile, blockchain technology enhances transparency in government projects, 

reducing corruption and ensuring the efficient allocation of public funds [10]. 
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Additionally, digital platforms and computational models support urban planning 

by designing smarter cities, mitigating disaster risks, and developing energy-efficient 

transportation networks [11]. AI-powered intelligent traffic management systems 

help reduce emissions and congestion, while smart grids enhance energy distribution 

and promote the adoption of renewable energy [12]. Technology-driven solutions 

also aid rural infrastructure development by improving connectivity, expanding 

access to essential services, and ensuring equitable resource distribution [13]. As 

Indonesia continues its digital transformation, interdisciplinary collaboration 

between computer scientists, engineers, and policymakers is essential to building 

resilient, efficient, and sustainable infrastructure that ensures long-term economic and 

environmental stability. 

One key area where computer science contributes to sustainable infrastructure 

is smart grid development [14]. With Indonesia's growing energy demands, AI-

driven energy management systems and IoT-based grid monitoring improve 

distribution efficiency while integrating renewable energy sources [15]. Smart grids 

utilize real-time data analytics to optimize electricity distribution, reduce 

transmission losses, and prevent power outages, ensuring a more stable and 

sustainable energy supply [16]. AI-powered demand forecasting further balances 

energy consumption, facilitating the efficient use of solar, wind, and hydroelectric 

power [17]. Blockchain technology enhances grid security and transparency by 

enabling decentralized energy trading and ensuring accountability in energy 

transactions [18].  

Beyond energy infrastructure, machine learning algorithms and predictive 

analytics improve disaster response mechanisms, particularly in a country prone to 

earthquakes, tsunamis, and floods. AI-based early warning systems analyse seismic 

activity, weather patterns, and historical disaster data to predict potential hazards, 

enabling faster evacuations and better resource allocation [19, 20]. Drones and 

remote sensing technology assist in post-disaster assessments by providing accurate 

damage reports and optimizing relief distribution. IoT-enabled sensors deployed in 

vulnerable areas continuously monitor environmental conditions, offering real-time 

alerts to mitigate disaster risks. These innovations enhance resilience against 

natural disasters and contribute to long-term sustainability by reducing economic 

losses and protecting communities. As Indonesia advances technologically, 

integrating computer science into infrastructure planning is crucial for ensuring a 

resilient, efficient, and environmentally sustainable future. 

Table 1. Research on computer science. 

No. Title Ref. 

1 The Development and Evaluation of The Instructional Kid Blog for 

Teaching Selected Computer Science Concepts in Primary Schools in 

Ilorin Metropolis. 

[21] 

2 Effect of developed mobile application on Undergraduates academic 

performance in computer science. 

[22] 

3 Assessment of Students' Application of Binary Concepts Using 

Computer-Science-Unplugged-Method in A Selected Secondary School 

in Ilorin, Kwara State, Nigeria. 

[23] 

4 Utilization of Visual Basic Software and its Effect on Students’ Computer 

Programming Performances. 

[24] 

5 Review on Utilization of Visual Basic Software for Improving Students’ 

Computer Programming Performances 

[25] 
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Table 1 (continue). Research on computer science. 

No. Title Ref. 

6 XBRL Open Information Model for Risk-Based Tax Audit Using 

Machine Learning 

[26] 

7 Enhanced Wearable Strap for Feminine using IoT [27] 

8 Face Emotion Recognition Based on Machine Learning: A 

Review 

[28] 

9 Healthcare Diseases Classification Based on Machine Learning 

Algorithms: A Review 

[29] 

10 Detection of SQL Injection Attacks Based on Supervised Machine 

Learning Algorithms: A Review 

[30] 

11 Phishing Website Detection Using Several Machine Learning 

Algorithms: A Review Paper 

[31] 

12 Potential Security Issues in Implementing IaaS and PaaS Cloud 

Service Models.  

[32] 

13 Exploring the Nexus of User Interface (UI) and User Experience 

(UX) in the Context of Emerging Trends and Customer 

Experience, Human-Computer Interaction, Applications of 

Artificial Intelligence 

[33] 

14 A computer-based approach to teaching foreign languages [34] 

15 A systematic review of the IoT in smart-university: Model and 

contribution 

[35] 

16 Chatbots as digital language tutors: revolutionizing education 

through AI 

[36] 

17 Advancing language education in Indonesia: Integrating 

technology and innovations 

[37] 

This paper examines the role of computer science research in fostering 

sustainable infrastructure in Indonesia, aligning with the United Nations 

Sustainable Development Goals (SDGs). Using the Systematic Literature Review 

(SLR) method, this study comprehensively analyses research from the past five 

years to assess how computer science contributes to sustainable infrastructure 

development in the country. It focuses on identifying key technological 

advancements, methodologies, and frameworks that support sustainability in line 

with the SDGs. Through a structured approach, relevant studies are systematically 

identified, evaluated, and synthesized to highlight trends, challenges, and best 

practices in leveraging emerging technologies - such as artificial intelligence (AI), 

the Internet of Things (IoT), cloud computing, and big data analytics-for 

sustainable urban planning, smart infrastructure, and environmental conservation. 

This review provides a holistic understanding of the current landscape while 

offering insights into potential research directions and policy implications for 

advancing sustainable infrastructure in Indonesia. It highlights recent 

advancements, ongoing challenges, and future opportunities in integrating 

computational methodologies to promote sustainability. As Indonesia faces rapid 

urbanization, environmental concerns, and the growing need for resilient 

infrastructure, computer science offers innovative solutions through AI, big data 

analytics, IoT, and blockchain technology. AI-driven models enhance energy 

management, optimize transportation networks, and support disaster response 

mechanisms, contributing to more efficient urban planning.  

Big data analytics provides valuable insights into environmental trends, 

enabling policymakers to develop evidence-based strategies for climate adaptation 
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and resource allocation. IoT-based systems facilitate real-time air and water quality 

monitoring, waste management, and smart grid operations, improving overall 

sustainability. Blockchain technology ensures transparency in infrastructure 

projects, reducing corruption and enhancing accountability in resource distribution. 

Digital platforms and computational tools also empower researchers to develop 

predictive models for risk assessment, agricultural sustainability, and green 

building practices [19]. However, despite these advancements, challenges such as 

digital infrastructure gaps, data privacy concerns, and the need for skilled 

professionals remain [20]. Addressing these obstacles requires collaboration among 

government agencies, academic institutions, and the private sector.  

By understanding the impact of computer science on sustainable development, 

policymakers, researchers, and industry leaders can drive innovation, implement 

scalable solutions, and create a more sustainable future for Indonesia and beyond. 

As technology continues to evolve, interdisciplinary research and investment in 

digital transformation will be crucial in shaping resilient and eco-friendly 

infrastructure. This research presents a novel approach by specifically highlighting 

the contributions of computer science to sustainable infrastructure development in 

Indonesia, an area that remains underexplored in the existing literature. 

2. Method 

This study employs a qualitative approach to examine the impact of computer 

science research on sustainable infrastructure in Indonesia. The methodology is 

structured into three key components: data collection, data analysis, and evaluation, 

ensuring a comprehensive assessment of how computational advancements 

contribute to sustainability. This study gathers both primary and secondary data 

from various sources. The primary data is obtained through case studies of existing 

computer science-driven projects in Indonesia, such as smart city initiatives and 

renewable energy management systems. Secondary data is sourced from SCOPUS, 

focusing on the relevance of key topics, including computer science research, smart 

cities, Sustainable Development Goals (SDGs), digital infrastructure, Artificial 

Intelligence (AI), and the Internet of Things (IoT).  

The collected data undergoes an in-depth qualitative analysis to derive 

meaningful conclusions. Case studies are examined using thematic analysis to 

identify patterns and key themes related to the role of computer science in sustainable 

infrastructure. Additionally, the study evaluates the effectiveness of computer science 

applications by comparing Indonesia's progress with global best practices.  

Key Performance Indicators (KPIs) such as energy efficiency, carbon footprint 

reduction, and economic feasibility are assessed to measure the impact of 

technological interventions. The findings from this study provide insights that 

inform policy recommendations and suggest future research directions for 

enhancing sustainable infrastructure development in Indonesia. Detailed data 

searching and analysis procedures are explained elsewhere [38-40]. 

3. Results and Discussion 

3.1.  Research topic trend  

Figure 1 shows the distribution of various types of academic documents and their 

respective proportions. The largest category is conference papers (37.3%), 
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indicating that conferences serve as a primary platform for disseminating research 

findings. Closely following, journal articles (33.7%) represent a significant portion 

of academic output, highlighting their importance as a preferred medium for 

scholarly contributions. Book chapters (16.0%) constitute the third-largest 

category, reflecting active participation in academic book publications. Meanwhile, 

reviews (6.8%) demonstrate considerable literature synthesis and analysis. Books 

(3.8%) account for a smaller fraction, which aligns with the fact that full book 

publications occur less frequently than journal articles and conference papers. 

Other minor categories include conference reviews (1.8%), editorials (0.4%), and 

retracted documents (0.3%), with the latter indicating a minimal occurrence of 

retractions, suggesting relatively low instances of withdrawn or corrected research. 

The data underscores that conference papers and journal articles dominate 

academic publishing, reinforcing their crucial role in research dissemination. 

 

Fig. 1. Academic document type. 

Figure 2 shows the number of research documents contributed by different 

countries and territories, highlighting their respective research output. India leads 

with the highest number of documents, significantly outpacing other nations, 

indicating a substantial research contribution from Indian institutions. China 

follows in second place, showcasing a substantial academic and scientific output. 

The United States ranks third, maintaining its status as a key player in global 

research with a considerable number of published documents. Saudi Arabia, the 

United Kingdom, and Australia also demonstrate notable research productivity, 

with Saudi Arabia surpassing the UK in document count. Further down the list, 

South Korea, Italy, Canada, and Spain contribute a smaller yet significant number 

of publications, reinforcing their roles in academic research. The data suggests that 

India and China are the dominant contributors, while Western and Middle Eastern 

countries also make substantial contributions.  

Figure 3 shows a comparison of document counts across various academic 

institutions, highlighting their respective research outputs. SRM Institute of 

Science and Technology leads with the highest number of published documents, 

demonstrating strong academic and research productivity. Amity University 

follows closely and has contributed significantly to research publications. Other 

notable contributors include King Saud University, Chitkara University, and King 
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Abdulaziz University, which have comparable document counts, indicating an 

active research presence. Similarly, Lovely Professional University and Sharda 

University maintain substantial research output. At the lower end of the chart, 

institutions such as the Chinese Academy of Sciences, Yakın Doğu Üniversitesi, 

and Vellore Institute of Technology still contribute meaningfully to the overall 

research landscape. Overall, the data highlights the prominence of Indian 

universities in research publication numbers while also showcasing the strong 

presence of institutions from Saudi Arabia and China.  

 

Fig. 2. Bar chart contribution by country. 

 

Fig. 3. Document publication by academic institution. 

3.2. The role of computer science in sustainable infrastructure  

The integration of Artificial Intelligence (AI), big data analytics, and the Internet 

of Things (IoT) has shown significant potential in optimizing energy consumption, 

enhancing urban planning, and improving disaster response mechanisms [19]. 

These technologies enable real-time monitoring, predictive analytics, and 

automated decision-making, leading to greater efficiency and sustainability. For 
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instance, AI-driven traffic management systems help reduce congestion and lower 

carbon emissions in urban areas by analysing traffic patterns and dynamically 

adjusting signals to improve traffic flow [41]. Smart transportation networks, 

equipped with IoT-based sensors, provide real-time updates on road conditions, 

accidents, and public transport availability, allowing commuters to make informed 

decisions and reduce overall vehicular emissions [42]. 

In the energy sector, AI-powered smart grids optimize electricity distribution 

by analysing consumption patterns and integrating renewable energy sources such 

as solar and wind power. These grids predict peak demand periods, adjust power 

allocation accordingly, and minimize wastage, contributing to greater energy 

efficiency. Additionally, big data analytics enhances energy conservation by 

assessing large-scale consumption trends and guiding policymakers toward more 

sustainable urban development. 

IoT-enabled environmental sensors play a crucial role in monitoring air and 

water quality, detecting pollution levels, and identifying contamination sources in 

real-time. Governments and environmental agencies can leverage this data to 

implement effective pollution control measures and promote public health 

initiatives. Moreover, AI-driven climate models predict extreme weather events, 

enabling authorities to develop proactive disaster mitigation strategies. In 

Indonesia, where natural disasters such as floods and earthquakes are prevalent, 

these technologies strengthen early warning systems and improve emergency 

response coordination. 

By harnessing AI, big data, and IoT, Indonesia can develop smarter, more resilient 

cities prioritizing sustainability. These technologies' continued advancement and 

integration are essential for addressing infrastructure challenges, promoting 

environmental conservation, and ensuring long-term urban sustainability. 

3.3. Challenges in implementing computer science for sustainability 

One of the biggest challenges in digital transformation is the digital divide, where 

access to advanced technologies and reliable internet infrastructure remains uneven 

between urban and rural areas. While major cities like Jakarta and Surabaya have 

embraced smart city initiatives, many remote regions still lack the necessary 

infrastructure to implement similar advancements [43]. This gap limits rural 

communities' opportunities to benefit from digital progress in education, 

healthcare, and economic development. Bridging this divide requires increased 

investment in digital infrastructure, strategic government initiatives, and 

partnerships with private technology firms. Expanding broadband access, 

enhancing mobile network coverage, and deploying satellite-based internet 

solutions can help close the gap. Additionally, government policies should 

incentivize technology companies to invest in underserved areas, ensuring that 

infrastructure development extends beyond major metropolitan centres. 

Education and digital literacy programs also play a critical role in empowering 

rural communities to leverage technology effectively. Training in digital skills, 

cybersecurity, and data management can enable local populations to participate in 

the digital economy [44]. Moreover, integrating renewable energy solutions, such 

as solar-powered communication networks, can support infrastructure expansion in 

remote areas with limited conventional power sources. 
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Collaboration between the public and private sectors is essential to overcoming 

these challenges [45]. Governments must establish supportive regulatory 

frameworks, while technology firms can contribute through innovation and 

infrastructure deployment. International partnerships and funding from global 

organizations can further accelerate digital inclusion efforts. By addressing the 

digital divide, Indonesia can ensure that advancements in computer science and 

smart infrastructure development benefit all regions, fostering inclusive and 

sustainable growth nationwide. 

Integrating AI and IoT technologies involves collecting and processing vast 

amounts of personal and environmental data [46]. Ensuring these technologies are 

used responsibly and comply with data protection regulations is crucial for 

fostering public trust and sustainable development. As AI-driven systems and IoT 

devices become more embedded in daily life, concerns over data privacy, security, 

and ethical usage continue to grow. Strengthening cybersecurity measures, 

implementing data encryption, and enforcing regulatory frameworks are essential 

to mitigating risks such as data breaches and unauthorized access. Robust 

cybersecurity protocols, including multi-factor authentication, real-time threat 

detection, and AI-based anomaly monitoring, can help safeguard sensitive 

information from cyber threats. 

Governments and organizations must establish clear legal guidelines and ethical 

standards to regulate data collection, storage, and sharing. Transparent policies on 

user consent, data ownership, and algorithmic accountability are necessary to 

prevent misuse and discrimination in AI-driven decision-making. Public awareness 

campaigns and digital literacy initiatives can further educate individuals on data 

security best practices, empowering them to make informed choices about their 

digital footprint. 

Collaboration among technology firms, policymakers, and cybersecurity 

experts is vital in developing and enforcing comprehensive data protection 

measures. International cooperation on data governance can enhance security 

standards and ensure interoperability between global regulatory frameworks. 

Additionally, research into privacy-preserving technologies, such as federated 

learning and homomorphic encryption, can offer innovative solutions for secure 

data processing. By prioritizing data security and ethical AI practices, Indonesia 

can build a resilient digital infrastructure that supports sustainable development 

while protecting individual rights and privacy. 

3.4. The need for cross-sector collaboration  

The successful integration of computational methodologies relies on collaboration 

between academia, government agencies, and the private sector to maximize their 

impact on sustainable infrastructure development. Strong policy frameworks that 

promote research and development and financial incentives for technology-driven 

sustainability initiatives can drive further progress in this field. Governments must 

support AI, IoT, and big data analytics innovation by providing grants, tax 

incentives, and funding opportunities for projects focused on sustainable urban 

planning, energy management, and environmental monitoring. Partnerships 

between universities and industry leaders can accelerate the creation of cutting-

edge solutions tailored to Indonesia's infrastructure needs. Academic institutions 

play a crucial role in conducting research, developing prototypes, and training 
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skilled professionals, while private sector investments help scale these innovations 

for real-world applications. Public-private partnerships can also facilitate pilot 

projects to test emerging technologies in smart cities, transportation systems, and 

climate resilience strategies. 

Fostering a thriving innovation ecosystem through tech incubators, startup 

accelerators, and knowledge-sharing platforms can encourage entrepreneurship in 

sustainable technology. International collaboration with research institutions and 

organizations can further enhance Indonesia's ability to adopt global best practices 

and remain at the forefront of technological advancements. By strengthening these 

collaborative networks, Indonesia can effectively integrate computational 

methodologies into sustainable infrastructure development, ensuring long-term 

economic and environmental benefits. 

3.5. The need for case studies of successful implementations 

Indonesia has successfully implemented AI-driven energy management systems in 

urban centres to optimize energy distribution and integrate renewable energy 

sources. These smart grids use real-time data to balance supply and demand, 

reducing energy waste and improving overall efficiency. By leveraging machine 

learning algorithms, these systems analyse energy consumption patterns, predict 

peak usage periods, and adjust power distribution accordingly. This optimization 

enhances grid reliability, minimizes electricity costs for consumers, and reduces 

reliance on fossil fuels [17]. Additionally, AI-powered predictive maintenance 

systems monitor grid infrastructure [17], detecting faults and inefficiencies before 

they lead to power outages or energy losses. IoT-enabled sensors provide 

continuous data on voltage fluctuations, equipment performance, and 

environmental factors, ensuring proactive maintenance and improved grid stability. 

The integration of renewable energy sources, such as solar and wind power, is 

further supported by AI-based forecasting models that predict weather conditions 

and optimize energy storage and distribution. 

Government initiatives and collaborations with private technology firms have 

played a crucial role in expanding these smart grid solutions. As Indonesia 

continues to urbanize, further investments in AI-driven energy management are 

essential for promoting sustainability, reducing carbon emissions, and enhancing 

energy security for future generations. 

Predictive analytics have been deployed to improve disaster preparedness and 

response [47]. Early warning systems using AI can analyse seismic data, detect 

patterns, and predict potential earthquakes, allowing for quicker evacuations and 

disaster mitigation efforts. These AI-driven models process vast amounts of 

historical and real-time data from seismic sensors, satellites, and geological surveys 

to identify anomalies that may indicate an impending disaster. By continuously 

learning from past earthquake events, these systems improve their predictive 

accuracy, enabling authorities to issue timely alerts and minimize casualties [48]. 

Beyond earthquake prediction, AI-powered flood forecasting models utilize 

meteorological data, topographical mapping, and hydrological simulations to 

predict flood risks in vulnerable regions [49]. IoT-enabled water level sensors 

provide real-time data, allowing AI systems to assess rising water levels and alert 

communities before flooding occurs. Similarly, machine learning models help 

monitor volcanic activity by analysing gas emissions [50], temperature 
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fluctuations, and seismic tremors to predict eruptions. During disaster response, AI 

and big data analytics assist in resource allocation by analysing real-time reports, 

social media data, and satellite imagery to identify the most affected areas. Drones 

equipped with AI-driven image recognition are deployed to assess damage, locate 

survivors, and guide rescue teams more efficiently. Additionally, AI chatbots and 

communication platforms help disseminate crucial safety information to the public. 

By integrating advanced technologies, Indonesia strengthens its resilience against 

natural disasters, enhancing preparedness, response coordination, and recovery 

efforts while minimizing loss of life and infrastructure damage. 

IoT-based environmental monitoring systems play a crucial role in tracking air 

and water pollution levels, allowing authorities to take immediate action when 

hazardous conditions arise [51]. These systems significantly support Indonesia's 

sustainable environmental policies by providing real-time data on pollution 

sources, trends, and risks. These monitoring networks are equipped with IoT-

enabled sensors to continuously collect and analyse air quality indicators such as 

carbon dioxide (CO₂), nitrogen oxides (NOx), sulphur dioxide (SO₂), and 

particulate matter (PM2.5) [52]. By integrating AI-driven analytics, these systems 

can predict pollution spikes and identify industrial zones, traffic congestion, or 

agricultural activities as key contributors to declining air quality. This data enables 

policymakers to implement targeted regulations, such as emission controls and 

traffic restrictions, to mitigate environmental harm. 

Similarly, water quality monitoring systems utilize IoT sensors deployed in 

rivers, lakes, and coastal waters to detect pollutants such as heavy metals, 

chemicals, and microbial contaminants [53]. These systems provide continuous 

updates on water safety, enabling early interventions to prevent health risks, 

particularly in densely populated urban areas and industrial zones. Advanced AI 

algorithms analyse long-term trends, predict contamination risks, and support the 

development of effective water conservation policies. 

Additionally, IoT-based environmental monitoring contributes to climate 

change mitigation by tracking deforestation, land degradation, and carbon 

emissions. Satellite-based IoT technology and remote sensing tools allow 

researchers to monitor forest cover changes, detect illegal logging, and assess 

biodiversity loss, improving enforcement of conservation laws [54]. By leveraging 

these technologies, Indonesia can enhance environmental sustainability, reduce 

pollution-related health risks, and develop data-driven policies for long-term 

ecological protection. Expanding the adoption of IoT monitoring systems is 

essential to ensuring a cleaner, healthier environment for future generations while 

reinforcing Indonesia’s commitment to global sustainability goals. 

4. Conclusion 

Indonesia's adoption of computer science in sustainable infrastructure has made 

significant strides in optimizing energy consumption, enhancing disaster 

preparedness, and improving urban planning. AI-driven solutions, smart grids, and 

IoT-based monitoring systems have contributed to greater efficiency and 

environmental sustainability. However, challenges such as infrastructure 

disparities, data security concerns, and the need for stronger collaboration persist. 
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Overcoming these obstacles requires targeted investments in digital 

infrastructure, the development of robust cybersecurity frameworks, and deeper 

partnerships between the public and private sectors. Additionally, fostering digital 

literacy and promoting research-driven innovation is essential to ensuring that 

technological advancements remain inclusive and beneficial across all regions of 

Indonesia. As the country continues integrating computational technologies into its 

sustainability strategies, a multi-stakeholder approach is crucial - bringing together 

government bodies, academic institutions, and private enterprises.  

Strengthening cross-sector collaboration, implementing scalable solutions, 

and leveraging emerging technologies will pave the way for long-term 

sustainability and economic resilience. Ultimately, by harnessing the power of 

computer science, Indonesia can build a technologically advanced and 

sustainable future that aligns with the UN Sustainable Development Goals 

(SDGs), improving the quality of life for future generations and safeguarding the 

nation's environmental and economic stability. 
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