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Abstract: 

Robotic Process Automation (RPA) and Artificial Intelligence (AI) are being integrated to improve energy efficiency and lower carbon emissions due to the 
increasing need for sustainable business practices. This research explores an AI-enabled RPA framework for optimizing business processes focusing on 

sustainability. By leveraging machine learning, and automation, organizations can monitor energy consumption, detect inefficiencies, and optimize resource 

utilization in real time. A review of existing studies indicates that Artificial Intelligence-enabled automation can reduce energy consumption and emissions while 
improving operational efficiency. Case-based evidence demonstrates reductions in energy usage and carbon emissions through automated optimization strategies. 

However, challenges like high implementation costs, data integration issues, and system complexity persist. Sustainable automation through energy-efficient 

Robotic Process Automation (RPA) solutions plays a critical role in reducing carbon footprints by optimizing energy use in IT operations. The study concludes that 
AI-enabled RPA indicates a systematic approach toward achieving sustainable and energy-efficient business automation. 
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1. Introduction 
Sustainability has become a critical concern for modern organizations due to increasing environmental challenges and regulatory pressures. Industries are searching 

novel approaches to reduce carbon emissions that maintains operational efficiency. Robotic Process Automation (RPA), is now being extended toward sustainable 

automation that optimize energy usage and reduce resource wastage. RPA offers transformative potential by automating tasks that were previously resource-
intensive, promoting greater energy efficiency in IT operations. 

AI enhances RPA capabilities by enabling intelligent decision-making, predictive analytics, and real-time optimization. AI-enabled systems can analyze huge 

operational data, identify inefficiencies, and dynamically adjust processes to minimize energy consumption and environmental impact. 
Recent advancements highlight the role of AI in energy management systems, predictive maintenance, and smart grid optimization, where automation significantly 

improves efficiency and reduces emissions. Despite these advancements, integrating AI and RPA for sustainable business automation remains underexplored. 

This research aims to bridge the gap by proposing an AI-enabled RPA framework that improves energy efficiency and supports sustainable business operations. 
2. Literature Review 

Recent research focuses the growing importance of integrating AI with automation technologies to achieve energy efficiency and sustainability in business 

operations. The reviewed literature collectively emphasizes the importance of AI-enabled optimization, and automated control systems in reducing energy 
consumption and carbon emissions. 

Research on sustainable automation using RPA indicates that traditional automation improves operational efficiency but lacks the capability to dynamically optimize 

energy usage. When AI is combined with RPA, systems become intelligent, enabling real-time decision-making and adaptive process optimization. RPA 
significantly enhances energy efficiency by streamlining workflows and automating processes. 

AI-enabled predictive analytics has been widely applied in manufacturing and industrial systems for carbon emission reduction. Machine learning models analyze 

historical and real-time data to predict energy demand, detect inefficiencies, and recommend corrective actions [1]. These approaches enable proactive decision-
making, reducing unnecessary energy consumption and minimizing environmental impact. 

Further, research in smart grid and energy management systems highlights the effectiveness of integrating automation with AI for optimizing renewable energy 

usage. AI-based systems improve energy distribution, reduce power losses, and enhance system reliability through real-time monitoring and control. Such intelligent 
systems contribute to both operational efficiency and sustainability goals. 

Overall, the literature indicates that while AI and RPA independently contribute to efficiency and automation, their integration offers a systematic approach to 
achieve sustainable business process automation. However, there is a lack of unified frameworks that combine AI-enabled intelligence with RPA execution 

specifically for energy-efficient automation. This study addresses the gap by proposing an integrated AI-enabled RPA model focused on sustainability. 

3. Research Gap 
Despite the growing adoption of AI and RPA in business process optimization, existing research largely treats these technologies in isolation. Current studies focus 

either on AI-enabled predictive analytics for energy optimization or RPA-based automation for operational efficiency, with limited integration of both paradigms 

into a unified framework. Furthermore, most RPA implementations lack energy-aware decision-making capabilities, and existing evaluation approaches do not 
comprehensively consider sustainability metrics like energy consumption and carbon emissions alongside cost and efficiency. Additionally, there is a lack of real-

time adaptive automation systems that dynamically optimize processes based on environmental and operational conditions. Therefore, there is a critical need for 

an integrated AI-enabled RPA framework that enables intelligent, energy-efficient, and sustainable business process automation. 
4. Proposed Framework: AI-enabled RPA for Energy Efficiency 

As per the reviewed literature, the proposed framework combines AI and RPA to create an intelligent, adaptive, and sustainable business process automation 

system focused on operational sustainability, energy efficiency, and carbon footprint reduction. 
Traditional RPA performs repetitive rule-based tasks but lacks intelligence for dynamic energy optimization. AI-enabled RPA overcomes this limitation by 

combining machine learning, predictive analytics, IoT-based monitoring, and autonomous decision-making with automated workflow execution. This enables 

organizations to reduce unnecessary energy consumption, optimize system performance, and support green business operations. 
The framework is inspired by energy-efficient RPA implementations in building systems, industrial manufacturing, and smart grid management where automation 

significantly reduced power consumption and CO₂ emissions [3]. For example, RPA-enabled central monitoring systems achieved up to 44% energy reduction 

and 47% CO₂ emission reduction [1], while smart grid RPA improved renewable resource utilization by 62% and reduced power losses by 25% [3]. 
4.1 Proposed System: Architecture 

The architecture of the proposed AI-enabled RPA system is designed as a multi-layered intelligent automation model that connects enterprise operations, energy 

monitoring systems, and sustainability objectives into one integrated platform. The first layer, data acquisition layer collects data from various enterprise systems 
such as ERP, CRM, HRMS, cloud platforms, building management systems, HVAC systems, IoT sensors, smart meters, and industrial production machines. This 

layer captures critical parameters such as power consumption, server utilization, machine runtime, room temperature, equipment health, workflow execution time, 

and carbon emission indicators. Real-time data collection ensures that the system always has updated information for accurate analysis and decision-making. 
The second layer is the AI intelligence layer, which acts as the core decision-making unit of the framework. In this layer, machine learning models and predictive 

analytics algorithms analyze historical and real-time data to identify energy consumption patterns, detect inefficiencies, forecast future energy demand, and predict 

carbon emissions. Techniques such as regression models, random forests, LSTM networks, and neural networks are used for prediction, while anomaly detection 
models such as support vector machines, clustering algorithms, and autoencoders identify abnormal energy spikes and system inefficiencies. Reinforcement 

learning and optimization algorithms further help in selecting the most energy-efficient actions, such as optimal scheduling, predictive maintenance, and dynamic 

resource allocation. 
The third layer is the RPA execution layer, where software bots perform the actions recommended by the AI engine. These intelligent bots execute adaptive tasks 

based on AI-enabled decisions. For example, bots can automatically shut down idle systems, adjust HVAC settings after office hours, reschedule energy-intensive 

tasks to off-peak hours, balance server workloads, trigger maintenance requests, and generate compliance reports. This significantly reduces manual intervention 
and improves both operational and environmental efficiency. 

The fourth layer is the monitoring and feedback layer, which continuously evaluates the results of automated actions. It tracks key performance indicators such as 

energy savings, carbon emission reduction, operational cost savings, process execution efficiency, and equipment downtime reduction. This feedback is sent back 
to the AI models for continuous learning and model retraining, enabling the system to improve its future decisions over time. 
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The final layer is the sustainability reporting layer, where automated reports are generated for ESG compliance, carbon footprint analysis, energy optimization 

dashboards, and sustainability audits. This supports transparent environmental governance and helps organizations meet regulatory requirements while 

strengthening their sustainability strategies. 

4.2 Workflow of AI-enabled RPA 

The workflow of AI-enabled RPA follows a continuous intelligent automation cycle that transforms raw operational data into sustainable business actions. The 
process begins with real-time data collection from IoT sensors, enterprise applications, cloud systems, and operational infrastructure. These systems provide 

continuous information about energy usage, machine performance, HVAC operations, employee system activity, and environmental conditions. This real-time 

visibility forms the foundation of effective energy management. 
Once the data is collected, it enters the AI analysis stage, where predictive analytics and machine learning models process the information to identify inefficiencies, 

abnormal energy consumption patterns, and optimization opportunities. For example, the system may detect that a particular production machine is consuming more 

power than expected due to declining efficiency or identify that HVAC systems are operating unnecessarily during non-working hours. Predictive maintenance 
models can also forecast potential equipment failures before they occur. 

After analysis, the optimization engine performs intelligent decision-making by selecting the most suitable corrective action. This may include rescheduling high-

energy tasks to off-peak hours, reducing cooling intensity, reallocating server workloads, adjusting lighting schedules, or initiating preventive maintenance. 
Once the optimal decision is selected, the RPA bots execute the required action automatically. For example, the bot may shut down idle systems, reduce HVAC 

temperature settings, shift report generation to renewable energy peak hours, or generate maintenance requests for engineering teams. Since these actions are 

automated, organizations achieve faster response times and eliminate delays caused by manual intervention. 
Following execution, the system enters the performance monitoring phase, where actual outcomes are measured against predicted outcomes. Energy savings, cost 

reductions, carbon emission improvements, and process efficiency gains are continuously tracked. This ensures that the effectiveness of each action is validated. 

Finally, the feedback generated from monitoring is used to retrain AI models and improve future predictions. This continuous learning mechanism transforms the 
framework into a self-optimizing automation ecosystem where performance improves over time, making the system increasingly efficient and sustainable. 

4.3 Energy Optimization Mechanism 

The energy optimization mechanism is the most significant contribution of the proposed framework because it directly connects automation with sustainability 
goals. The mechanism focuses on reducing unnecessary energy consumption through intelligent prediction, proactive intervention, and adaptive resource 

management.One of the primary optimization strategies is smart scheduling, where AI identifies the best time to execute energy-intensive tasks. Instead of running 

heavy computational processes or production tasks during peak electricity demand periods, the system automatically shifts them to off-peak hours or periods when 
renewable energy availability is high. This reduces both electricity costs and carbon emissions. 

Predictive maintenance is another major component of the optimization mechanism. Equipment inefficiencies often result in excessive power consumption and 

higher emissions. By analyzing equipment performance data, AI models can predict failures before breakdowns occur and trigger maintenance requests through 
RPA bots. This prevents energy waste caused by malfunctioning systems and extends equipment lifespan. 

Dynamic resource allocation also plays a critical role in energy optimization. AI continuously adjusts the use of servers, cloud resources, and operational equipment 

based on actual demand rather than fixed allocation rules. This prevents over-provisioning, reduces idle system energy consumption, and improves infrastructure 
efficiency.Intelligent HVAC optimization is particularly important for office buildings and industrial facilities where cooling and ventilation consume significant 

energy. The framework uses AI to monitor occupancy levels, weather conditions, and room temperatures, while RPA bots automatically adjust air conditioning, 

ventilation, and outside air intake. This creates major reductions in energy consumption without affecting employee comfort. 
Renewable energy integration further strengthens sustainability by prioritizing the use of solar, wind, battery storage, and smart grid resources before relying on 

conventional electricity sources. AI helps determine the most efficient energy source at any given time and supports smart grid coordination for better energy 

distribution.Finally, automated sustainability compliance ensures that carbon reduction targets, ESG indicators, and energy-saving KPIs are continuously monitored 
and reported. This not only improves governance but also reduces the administrative burden of sustainability reporting. 

Overall, the energy optimization mechanism transforms business process automation from a productivity tool into a strategic sustainability solution. It enables 
organizations to achieve lower operational costs, reduced carbon emissions, improved resource efficiency, and stronger environmental responsibility, making AI-

enabled RPA a powerful approach for sustainable business transformation. 

5. Use Case / Application Scenario 
A practical application scenario of the proposed AI-enabled RPA for Energy-Efficient Business Process Automation can be demonstrated in a large commercial 

office building integrated with industrial support operations, where energy consumption from HVAC systems, lighting, servers, data centers, and repetitive 

administrative workflows contributes significantly to operational costs and carbon emissions. Such environments typically rely on conventional automation systems 
that perform routine tasks but lack intelligent decision-making capabilities for energy optimization. This creates inefficiencies such as unnecessary power usage 

during non-working hours, excessive cooling loads, idle server consumption, delayed maintenance actions, and poor coordination between operational processes 

and sustainability goals. 
In this use case, the proposed AI-enabled RPA framework is deployed to manage both business process automation and energy efficiency simultaneously. The system 

begins by collecting real-time data from IoT sensors, smart meters, HVAC systems, ERP platforms, cloud servers, and building management systems. 

Information such as room occupancy, temperature variations, machine runtime, server utilization, electricity consumption, employee workflow activity, and 
equipment performance is continuously monitored. Historical energy reports and carbon emission records are also integrated to support predictive analysis. 

The AI layer processes this data using machine learning models to identify energy inefficiencies and predict future consumption patterns. For example, the system 

may detect that HVAC units continue operating at full capacity after office hours despite low occupancy, or that certain servers remain active despite minimal 
workload demand. Predictive maintenance models may identify early signs of cooling system failure that could lead to excessive energy consumption if left 

unresolved. Similarly, the system can forecast high electricity demand periods and recommend shifting non-critical tasks such as data backup, report generation, 

and batch processing to off-peak hours or periods of maximum renewable energy availability. 
Once optimization opportunities are identified, RPA bots automatically execute the required actions without human intervention. Bots can reduce HVAC output 

after working hours, switch off idle lighting and equipment, dynamically reallocate server loads to reduce unnecessary computing power, trigger preventive 

maintenance requests for inefficient machinery, and generate sustainability compliance reports for management. Administrative workflows such as invoice 
processing, procurement approvals, and reporting tasks are also optimized by scheduling them during low-energy-demand periods to reduce the carbon footprint 

of digital operations. 

This use case closely aligns with findings from previous research where RPA-based energy management systems in large shopping malls achieved a 44% reduction 
in energy consumption and a 47% decrease in CO₂ emissions through automated HVAC optimization and outside-air intake management [1]. Similarly, AI-enabled 

predictive analytics in industrial manufacturing demonstrated significant improvements in predictive maintenance, anomaly detection, and carbon emission 

reduction by integrating IoT sensors and machine learning models [2]. Smart grid RPA applications further showed improved renewable energy utilization and 
reduced power losses through intelligent distributed dispatching [3]. 

The expected outcomes of implementing the proposed framework in this scenario include significant reductions in electricity consumption, lower operational costs, 

improved equipment lifespan, faster response to system inefficiencies, reduced greenhouse gas emissions, and stronger ESG compliance. Employees are relieved 
from repetitive manual monitoring tasks and can focus on strategic sustainability initiatives. Management gains access to real-time dashboards and automated 

reports for better decision-making and regulatory compliance.Thus, this application scenario demonstrates how AI-enabled RPA can move beyond traditional task 

automation and function as an intelligent sustainability engine that supports both business excellence and environmental responsibility. It provides a scalable model 
for enterprises seeking to achieve digital transformation while aligning with green business objectives and long-term carbon reduction strategies. 

6. Results and Discussion 

The analysis of the reviewed literature confirms that AI-enabled Robotic Process Automation (RPA) significantly contributes to energy-efficient business process 
automation while supporting sustainability goals. The integration of Artificial Intelligence with RPA enables organizations to automate repetitive tasks, optimize 
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resource utilization, improve operational efficiency, and reduce environmental impact. The findings from the selected studies highlight measurable improvements 

in energy efficiency, carbon emission reduction, and smart energy management across industrial and business environments. 

6.1 Energy Efficiency Improvements 

One of the most significant outcomes observed across the reviewed studies is the improvement in energy efficiency through AI-enabled automation. Sustainable 

automation using energy-efficient RPA solutions demonstrated substantial reductions in energy consumption by automating operational controls such as HVAC 
systems, heat source management, supply water temperature adjustment, and outside-air intake optimization. 

A case study conducted in a large shopping mall reported a 44% reduction in energy consumption for outside-air processing after implementing RPA-based 

automation systems [1]. This result shows that AI-enabled RPA can monitor usage patterns continuously and dynamically adjust system operations for optimal 
energy performance. Similarly, AI-enabled predictive analytics in industrial manufacturing improved energy utilization by detecting inefficiencies and 

recommending corrective actions in real time [2].These findings indicate that AI-enabled RPA not only reduces operational costs but also enhances long-term 

sustainability by minimizing unnecessary energy consumption. 
6.2 Carbon Emission Reduction 

The reviewed studies also reveal strong evidence of carbon emission reduction through AI-enabled automation systems. By optimizing energy usage and improving 

process efficiency, organizations can significantly lower greenhouse gas emissions. 
The shopping mall implementation reported approximately a 47% decrease in CO₂ emissions due to automated energy control systems [1]. This reduction was 

mainly achieved through optimized control of ventilation systems, heat sources, and environmental monitoring. In industrial manufacturing, AI-enabled predictive 

analytics supported proactive emission reduction by forecasting high-emission events, detecting anomalies, and enabling preventive maintenance strategies [2]. 
AI models such as supervised learning, reinforcement learning, and deep neural networks enabled accurate prediction of emission trends, allowing organizations 

to take preventive action before excessive emissions occurred. This shift from reactive management to proactive sustainability planning represents a major 

advancement in carbon reduction strategies. 
6.3 Operational Efficiency Enhancement 

AI-enabled RPA significantly improves operational efficiency by reducing manual intervention, minimizing errors, and accelerating business decision-making 

processes. Repetitive rule-based tasks that traditionally required human effort are automated, allowing employees to focus on strategic and value-added activities. 
The reviewed studies showed considerable reductions in manual workload and improved process accuracy through automation. Real-time analytics enabled faster 

decision-making and better process monitoring, while predictive maintenance reduced downtime and improved system reliability [2]. 

This operational efficiency directly supports sustainability because reduced rework, faster execution, and optimized workflows result in lower energy use and 
resource wastage. Thus, productivity improvement and environmental responsibility become complementary outcomes of AI-enabled RPA adoption. 

6.4 Smart Energy Management 

Another major result identified is the role of AI-enabled RPA in smart energy management and renewable energy optimization. Integration with smart grids and 
intelligent distribution networks allows automated coordination of distributed energy resources, improving renewable energy utilization and reducing power losses. 

The smart grid optimization study demonstrated that RPA-based distributed dispatching increased renewable energy utilization by 62% in photovoltaic-based 

distributed generation systems while reducing active power losses by 25% [3]. This improvement was achieved through coordinated management of source-
network-storage-load (SNSL) resources using a two-layer dispatching framework. 

Such results confirm that AI-enabled RPA can support not only enterprise-level sustainability but also broader energy ecosystem optimization. Smart energy 

management strengthens both environmental performance and grid reliability, making it a critical component of sustainable business automation. 
7. Challenges and Limitations 

Despite the positive outcomes, several implementation challenges were consistently identified across the reviewed literature. The most common barrier is the high 

initial investment required for AI-RPA infrastructure, including software, IoT sensors, training, and system integration. 
Data integration and data quality issues also remain major concerns. AI systems require accurate, real-time, and consistent data for effective decision-making, but 

many organizations still operate with fragmented legacy systems [5]. In addition, the complexity of designing AI-RPA workflows demands skilled professionals 
who understand both automation technologies and sustainability principles. 

Security and regulatory concerns present further limitations. AI-enabled automation systems handling sensitive operational data must ensure cybersecurity, 

compliance, and transparency, particularly in energy management and industrial applications [3]. 
These challenges suggest that successful implementation requires strong strategic planning, stakeholder involvement, and supportive policy frameworks. 

8. Conclusion 

This research addresses the gap in integrating Robotic Process Automation (RPA) and Artificial Intelligence (AI) for energy-efficient and sustainable business 
automation. The proposed AI-enabled RPA framework demonstrates how combining intelligent decision-making with automated execution can significantly 

improve energy efficiency, reduce carbon emissions, and enhance operational performance. 

The study provides comprehensive approach to sustainable automation by incorporating systematic evaluation metrics such as energy, cost, and efficiency. 
However, challenges such as implementation complexity and limited real-world validation remain. 
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