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The fourth industrial revolution, driven by advancements in cyber-physical system, artificial 
intelligence, big data, and the internet of things, necessitates new methodologies to assess the impacts 
of these technologies on society and industry (Jazdi, 2014; Boas et al., 2005; Warner and Wäger, 2019). 
Industry 4.0 incorporates highly adaptable robotic systems and energy-efficient solutions to enhance 
sustainability in manufacturing and construction, consequently contributing to environmental protection 
(Wang et al., 2017). 
 
Wang et al. (2017) discuss energy-efficient robotic configurations in cloud environments that 
significantly reduce energy consumption, demonstrating sustainable manufacturing approaches. 
Haghighi et al. (2021) introduce a framework for multi-robotic additive manufacturing that optimizes 
energy use in large-scale construction, showing how systematic energy efficiency can be achieved. 
Additionally, Carabin et al. (2017) provide a comprehensive review of energy-saving methods for 
robotic and mechatronic systems, highlighting innovations that can significantly improve industrial 
energy performance. These studies illustrate the potential of advanced robotic systems to contribute to 
environmental sustainability within the framework of modern industrial advancements; however, the 
question still remains about what these systems have in-common what categories they can be 
differentiated into. 
 
Our study proposes an integrative framework to evaluate the effects and role of energy-efficient 
solutions and highly adaptable robotic systems on environmental sustainability. A dataset consisting of 
metadata and full texts from thousands of open-source research articles was created on the topic 
Greentech, particularly in regards to robotic systems and whether or not those articles were related to 
increasing energy efficiency.  
 
In conjunction with our technological analysis, we employ several bibliometric methods to identify 
thematic linkages within the field, as bibliometric methods can enhance the identification of subtopics 
and the overall understanding of data (Nikolenko et al., 2017; Donthu et al., 2021). Text mining of 
keywords allows us to detect similarities between studies and map out the network of scholarly 
communication, providing insights into the collaborative nature of technological innovation studies. 
Subsequent topic mining using a pre-trained open-source AI models in a Python-based data processing 
pipeline was done, which was later compared to the results of traditional algorithms such as keyword 
frequency and cluster analysis.  
 
The expected results are that keyword analysis will reveal dominant research themes, aiding in the 
construction of a semantic field map that identifies and tracks the evolution of core topics within the 
realm of sustainable development and robotic integration. Our comprehensive approach, supported by 
advanced bibliometric techniques, aims to offer a holistic view of the implications of emerging 
technologies, guiding future research and implementation strategies in a manner that prioritizes 
sustainability and societal well-being.  
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