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ABSTRACT  

The increasing demand for sustainable development has accelerated research on 

engineering innovation and sustainable technology to address global challenges such 

as climate change, resource depletion, environmental pollution, and rising energy 

demand. This study aims to systematically review recent advances, emerging trends, 

engineering applications, implementation challenges, and future research 

opportunities in engineering innovation and sustainable technology. A Systematic 

Literature Review (SLR) was conducted by analyzing scientific publications 

published in 2023 and indexed in Google Scholar. The reviewed literature covers 

various topics, including renewable energy, green manufacturing, sustainable 

materials, smart infrastructure, digital technologies, artificial intelligence, and the 

Internet of Things. The findings indicate that integrating advanced digital 

technologies with sustainable engineering practices has significantly improved energy 

efficiency, resource optimization, environmental performance, and operational 

reliability across multiple engineering sectors. However, challenges remain regarding 

high implementation costs, technological complexity, interoperability, cybersecurity, 

and policy support. Future research is expected to emphasize intelligent, data-driven, 

and environmentally responsible engineering solutions that promote resilient, 

efficient, and sustainable industrial and infrastructure development. 

 

Keywords: Engineering Innovation, Internet of Things, Renewable Energy, Sustainable 

Technology, Systematic Literature Review. 

https://creativecommons.org/licenses/by-sa/4.0/


  
Engineering Innovation and Sustainable Technology…. 

 

43 

1. | INTRODUCTION   

The increasing demand for sustainable development has significantly transformed 

engineering practices across various industrial sectors. Rapid population growth, 

industrial expansion, urbanization, and climate change have intensified global concerns 

regarding energy consumption, environmental degradation, greenhouse gas emissions, 

and natural resource depletion. Consequently, engineering innovation has become one 

of the most important driving forces for developing sustainable technologies capable 

of balancing economic growth, environmental protection, and social well-being. 

Modern engineering is no longer focused solely on improving technical performance 

but also emphasizes efficiency, resilience, environmental responsibility, and long-term 

sustainability. 

Engineering innovation refers to the development and implementation of new 

technologies, processes, materials, and engineering (Kusiak, 2018). systems that 

improve productivity while minimizing environmental impacts. Recent technological 

advancements, including Artificial Intelligence (AI), Internet of Things (IoT), Big Data 

Analytics, Digital Twin, additive manufacturing, advanced materials, robotics, and 

smart automation, have accelerated the transformation toward more intelligent and 

sustainable engineering solutions. These technologies enable engineers to optimize 

resource utilization, improve system reliability, reduce operational costs, and support 

data-driven decision-making across various engineering applications. 

At the same time, sustainable technology has emerged as a fundamental component 

of modern engineering development. Sustainable technology emphasizes designing, 

developing, and implementing technologies that minimize environmental impacts 

while maintaining economic feasibility and social acceptance (Kyriakopoulos et al., 

2019). The concept covers renewable energy systems, green manufacturing, circular 

economy practices, waste management, energy-efficient buildings, sustainable 

transportation, eco-friendly construction materials, carbon reduction technologies, and 

smart infrastructure. The integration of sustainability principles into engineering design 

has become increasingly important in achieving the United Nations Sustainable 

Development Goals (SDGs), particularly those related to affordable clean energy, 

sustainable cities, responsible consumption, climate action, and resilient infrastructure. 

Renewable energy technologies have experienced remarkable development during 

recent years. Solar photovoltaic systems, wind energy, hydropower, biomass, hydrogen 

energy, geothermal systems, and hybrid renewable energy systems continue to receive 

considerable attention from researchers worldwide. Engineering innovations contribute 

significantly to improving energy conversion efficiency, reducing installation costs, 

enhancing energy storage technologies, and increasing grid reliability (Darwish & Al-

Dabbagh, 2020). Furthermore, intelligent energy management systems supported by 

artificial intelligence and machine learning algorithms have enabled more efficient 

integration of renewable energy sources into modern smart grids. 
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Another important aspect of sustainable engineering is the rapid advancement of 

green manufacturing technologies. Manufacturing industries are increasingly adopting 

environmentally friendly production systems through energy-efficient processes, waste 

minimization strategies, material recycling, cleaner production technologies, and 

digital manufacturing. Industry 4.0 technologies, including cyber-physical systems, 

cloud computing, IoT, and AI, have accelerated the implementation of smart factories 

capable of reducing resource consumption while maintaining high production quality 

(Tao et al., 2019). These developments not only improve industrial competitiveness but 

also contribute significantly to environmental sustainability. 

Recent advances in construction and civil engineering have also demonstrated the 

growing importance of sustainable technologies. Researchers have developed 

innovative construction materials with lower carbon emissions, improved durability, 

and enhanced recyclability. Green building technologies, Building Information 

Modeling (BIM), Digital Twin, and intelligent monitoring systems have improved 

infrastructure performance while reducing environmental impacts throughout the 

infrastructure life cycle. Similarly, sustainable transportation technologies, including 

electric vehicles, intelligent transportation systems, and smart mobility solutions, 

continue to evolve rapidly to reduce greenhouse gas emissions and improve urban 

sustainability. 

Artificial Intelligence has become one of the most influential technologies 

supporting engineering innovation (Cockburn et al., 2018). AI-based algorithms are 

increasingly utilized for predictive maintenance, structural optimization, fault 

diagnosis, process automation, energy forecasting, quality inspection, and decision 

support systems. Machine learning and deep learning techniques enable engineers to 

analyze large-scale engineering data more accurately and efficiently than conventional 

analytical approaches. Combined with IoT and cloud computing, AI facilitates the 

development of intelligent engineering systems capable of real-time monitoring, 

autonomous operation, and adaptive control. 

Despite these significant advancements, several challenges remain in implementing 

sustainable technologies across engineering sectors (Dimiduk et al., 2018). High initial 

investment costs, technological complexity, cybersecurity risks, interoperability issues, 

limited infrastructure, policy uncertainties, and shortages of skilled professionals 

continue to hinder widespread adoption. Furthermore, balancing economic 

performance with environmental sustainability remains a major challenge for 

governments, industries, and researchers. Therefore, continuous innovation, 

interdisciplinary collaboration, and supportive policy frameworks are essential for 

accelerating sustainable technological development. 

Considering the rapid evolution of engineering innovation and sustainable 

technology, a comprehensive understanding of current research trends is necessary. 

Numerous studies have investigated various technological developments; however, 

existing literature is often fragmented across different engineering disciplines. 
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Therefore, this study employs a Systematic Literature Review (SLR) to synthesize 

recent scientific publications published. The review aims to identify major 

technological advancements, emerging research trends, engineering applications, 

implementation challenges, and future research opportunities related to engineering 

innovation and sustainable technology. The findings are expected to provide valuable 

insights for researchers, engineers, policymakers, and industry practitioners in 

supporting sustainable engineering development worldwide. 

2. | RESEARCH METHOD 

This study employs the Systematic Literature Review (SLR) method to identify, 

evaluate, and synthesize recent research developments in engineering innovation and 

sustainable technology. The SLR approach was selected because it provides a 

structured, transparent, and reproducible process for collecting and analyzing scientific 

evidence from various published studies. The primary objective of this review is to 

examine recent technological innovations identify their engineering applications, 

analyze implementation challenges, and explore future research directions that support 

sustainable development (Kelly et al., 2021). 

The literature search was conducted using Google Scholar as the primary database. 

The search focused on peer-reviewed journal articles and international conference 

proceedings published throughout 2023 to ensure that the review reflects the latest 

scientific developments. Several keywords were used during the search process, 

including Engineering Innovation, Sustainable Technology, Renewable Energy, Green 

Technology, Artificial Intelligence, Internet of Things, Machine Learning, Smart 

Manufacturing, Circular Economy, Sustainable Materials, Digital Twin, and Energy 

Efficiency. These keywords were combined using Boolean operators (AND, OR) to 

obtain comprehensive and relevant search results. 

The selection of literature followed predefined inclusion and exclusion criteria. The 

inclusion criteria consisted of (1) scientific articles published in 2023; (2) peer-

reviewed journal articles or international conference proceedings; (3) studies 

discussing engineering innovation, sustainable technology, renewable energy, green 

manufacturing, smart infrastructure, digital engineering, or related sustainable 

engineering applications; and (4) articles written in English with full-text availability. 

Conversely, exclusion criteria included duplicate publications, non-peer-reviewed 

documents, editorials, book chapters, theses, review papers lacking clear methodology, 

and studies not directly related to engineering innovation or sustainable technology. 

Following the identification process, all selected articles were screened based on 

their titles, abstracts, and full-text content to determine their relevance to the objectives 

of this study. The eligible publications were then categorized according to major 

research themes, including renewable energy technologies, sustainable manufacturing, 

artificial intelligence applications, Internet of Things (IoT), smart infrastructure, 

sustainable construction, advanced materials, digital transformation, and 
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environmental sustainability. Each study was critically analyzed by examining its 

research objectives, methodologies, technological contributions, engineering 

applications, major findings, limitations, and future recommendations. 

The collected data were synthesized using a descriptive qualitative approach to 

identify common research patterns, technological trends, implementation challenges, 

and future opportunities. Comparative analysis among studies was performed to 

evaluate similarities and differences in technological approaches, engineering 

applications, and sustainability outcomes. The synthesis process enabled the 

identification of emerging technologies that contribute to improving energy efficiency, 

resource optimization, environmental performance, operational reliability, and 

sustainable engineering practices. 

Finally, the findings of this systematic literature review are presented through 

thematic discussions highlighting recent advances in engineering innovation and 

sustainable technology. The results provide a comprehensive overview of current 

research trends while offering valuable insights for researchers, engineers, 

policymakers, and industry practitioners in developing intelligent, efficient, and 

environmentally sustainable engineering solutions. 

3. | RESULTS AND DISCUSSION 

The systematic literature review demonstrates that research on engineering 

innovation and sustainable technology experienced substantial growth throughout 

2023. Increasing global awareness of environmental sustainability, carbon neutrality, 

and energy efficiency has accelerated the development of innovative engineering 

solutions across multiple sectors. Recent studies indicate that the integration of 

advanced digital technologies with sustainable engineering principles has significantly 

improved industrial productivity, operational efficiency, environmental performance, 

and resource management. Engineering innovation is no longer limited to improving 

technical performance but has become a strategic approach for supporting sustainable 

economic growth while minimizing environmental impacts. 

One of the most significant research trends is the rapid advancement of renewable 

energy technologies Solar photovoltaic systems, wind power generation, biomass 

utilization, geothermal energy, hydropower, and green hydrogen have received 

considerable attention due to their potential to reduce greenhouse gas emissions and 

dependence on fossil fuels (Xu et al., 2018). Researchers have focused on improving 

energy conversion efficiency, developing advanced energy storage systems, and 

enhancing grid stability through intelligent energy management. Hybrid renewable 

energy systems integrating multiple clean energy sources have also demonstrated 

improved reliability and operational flexibility, particularly for remote areas and smart 

cities. 

Another important development is the implementation of Artificial Intelligence (AI) 

and Machine Learning (ML) in engineering applications. AI-based algorithms have 

become essential tools for predictive maintenance, fault diagnosis, process 
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optimization, quality inspection, and intelligent decision-making (Galindo-Salcedo et 

al., 2022). Machine learning models enable engineers to analyze large-scale datasets, 

recognize operational patterns, detect anomalies, and predict equipment failures with 

higher accuracy than conventional analytical methods. These technologies improve 

operational efficiency while reducing maintenance costs, energy consumption, and 

unexpected system failures across manufactur ing, construction, transportation, and 

energy sectors. 

The widespread adoption of the Internet of Things (IoT) has further accelerated 

digital transformation within sustainable engineering. IoT devices enable continuous 

monitoring of engineering systems through interconnected sensors capable of 

collecting real-time operational data. Combined with cloud computing and edge 

computing technologies, IoT supports remote monitoring, automated control, and rapid 

decision-making. Smart sensors deployed in industrial facilities, buildings, 

transportation systems, and renewable energy plants provide valuable information for 

improving system reliability, optimizing resource utilization, and reducing 

environmental impacts. 

The literature also highlights significant progress in smart manufacturing and 

Industry 4.0 technologies. Modern manufacturing systems increasingly integrate 

robotics, cyber-physical systems, digital twins, automation, additive manufacturing, 

and big data analytics to improve production efficiency while minimizing waste 

generation and energy consumption. Smart factories utilize real-time production 

monitoring and intelligent process optimization to reduce operational costs, improve 

product quality, and support sustainable manufacturing practices. Furthermore, digital 

production technologies contribute to circular economy implementation by enhancing 

material recycling, product life-cycle management, and resource recovery. 

Sustainable construction and infrastructure development represent another rapidly 

growing research area. Engineers are increasingly adopting environmentally friendly 

construction materials, low-carbon concrete, recycled aggregates, green buildings, and 

energy-efficient structural designs. Building Information Modeling (BIM) and Digital 

Twin technologies have significantly improved project planning, construction 

management, maintenance scheduling, and infrastructure performance evaluation. 

Intelligent infrastructure supported by sensor networks and digital monitoring systems 

enables continuous assessment of structural performance while extending service life 

and reducing maintenance requirements. 

Recent studies also emphasize the growing importance of circular economy 

principles in engineering innovation (Suchek et al., 2021). Circular engineering 

promotes efficient resource utilization through recycling, remanufacturing, material 

recovery, and waste minimization strategies. Instead of following traditional linear 

production models, sustainable engineering encourages closed-loop systems that 

maximize product lifespan while reducing environmental burdens. Numerous industrial 

sectors have successfully implemented circular manufacturing practices, resulting in 
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lower raw material consumption, reduced carbon emissions, and improved economic 

competitiveness. 

Despite remarkable technological progress, several implementation challenges 

remain. High investment costs, technological complexity (Sjödin et al., 2018) 

interoperability among digital platforms, cybersecurity risks, data privacy concerns, 

and the shortage of skilled professionals continue to limit the widespread adoption of 

sustainable technologies. Small and medium-sized enterprises often experience 

financial and technical barriers when implementing advanced engineering solutions. 

Moreover, inconsistent governmental policies, regulatory uncertainty, and inadequate 

infrastructure further hinder the transition toward sustainable industrial systems. 

The reviewed literature consistently indicates that future engineering innovation will 

increasingly rely on the integration of Artificial Intelligence, Internet of Things, Big 

Data Analytics, Digital Twin, robotics, and renewable energy technologies (Shafique 

et al., 2020). These intelligent systems are expected to improve automation, predictive 

decision-making, energy optimization, environmental monitoring, and infrastructure 

resilience. In addition, interdisciplinary collaboration among engineers, environmental 

scientists, policymakers, and industry practitioners will become increasingly important 

for achieving long-term sustainability objectives and supporting the global transition 

toward low-carbon development. 

Overall, the findings demonstrate that engineering innovation and sustainable 

technology have become essential pillars of modern engineering development. The 

continuous advancement of digital technologies, renewable energy systems, 

sustainable materials, and intelligent manufacturing has significantly enhanced 

engineering performance while promoting environmental sustainability (Çankaya & 

Sezen, 2018). Although various technical, economic, and policy-related challenges 

remain, current research indicates strong potential for developing smarter, cleaner, and 

more resilient engineering systems capable of supporting sustainable industrial and 

infrastructure development in the future. 

4. | CONCLUSION 

Engineering innovation and sustainable technology have become fundamental 

drivers of modern engineering development in response to increasing environmental 

economic, and social challenges. Based on the findings of this Systematic Literature 

Review, recent research published demonstrates significant progress in the integration 

of advanced digital technologies, renewable energy systems, sustainable 

manufacturing, artificial intelligence, the Internet of Things, and smart infrastructure. 

These technological advancements have improved energy efficiency, resource 

optimization, environmental performance operational reliability, and decision-making 

across various engineering sectors. 

The review also indicates that sustainable engineering practices are increasingly 

supported by intelligent technologies such as machine learning, digital twins, cloud 

computing, and big data analytics. These technologies enable real-time monitoring, 
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predictive maintenance, process automation, and efficient resource management, 

thereby contributing to more resilient and environmentally responsible engineering 

systems. In addition, renewable energy technologies and circular economy principles  

have become essential components in achieving sustainable industrial development and 

reducing greenhouse gas emissions. 

Despite these achievements, several challenges continue to limit the widespread 

implementation of sustainable technologies. High investment costs, technological 

complexity, interoperability issues, cybersecurity risks, limited infrastructure, and 

regulatory uncertainties remain significant barriers. Furthermore, the successful 

adoption of engineering innovation requires interdisciplinary collaboration among 

researchers, industries, governments, and policymakers to develop effective standards, 

supportive policies, and practical implementation strategies. 

Engineering innovation and sustainable technology are expected to play an 

increasingly important role in achieving global sustainable development goals. Future 

research should focus on developing more intelligent,cost-effective, secure, and 

scalable engineering solutions by integrating artificial intelligence, renewable energy, 

smart manufacturing, digital engineering, and sustainable resource management. Such 

developments will contribute to creating resilient infrastructure, environmentally 

friendly industries, and sustainable engineering systems capable of addressing future 

global challenges. 
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