TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:06/lIssue:11/November-2024 Impact Factor- 8.187 WwWWw.irjmets.com
Al FOR NET ZERO: USING AI IN SAP FOR ENERGY EFFICIENCY IN
ENTERPRISES

Ravi Kumar Perumallapalli*!
“1Sr. Data Engineer, Al and ML Technical Lead, India.
DOLI: https://www.doi.org/10.56726 /IRJMETS63452

ABSTRACT

Achieving net-zero emissions is a critical objective for enterprises striving to meet global sustainability goals
and regulatory demands. This paper examines the role of Artificial Intelligence (AI) in enhancing energy
efficiency within enterprises, focusing on its integration with SAP systems. Key Al applications such as real-time
energy monitoring, predictive maintenance, demand forecasting, and smart grid automation are explored for
their ability to reduce energy waste, lower operational costs, and improve decision-making. By highlighting the
benefits of Al-driven energy management and addressing challenges such as data limitations and technological
integration, this survey demonstrates how Al can transform energy practices and facilitate the transition to
renewable energy sources. Through case studies, the paper illustrates Al's potential to support enterprises in
achieving their net-zero targets, thereby contributing to the global fight against climate change while enhancing
competitiveness in an evolving regulatory landscape.

Keywords: Net Zero, Artificial Intelligence (Al), Energy Efficiency, SAP Systems, Real-Time Monitoring.

I.  INTRODUCTION

The global drive towards achieving net-zero carbon emissions has become a critical priority in the fight against
climate change [1]. Enterprises, as significant consumers of energy, are now at the forefront of this effort. With
increasing regulatory pressure and a growing demand for sustainable business practices, companies are
exploring advanced technological solutions to reduce their carbon footprint and enhance energy efficiency. The
transition to net zero is not only an environmental responsibility but also a strategic imperative for long-term
business sustainability and competitiveness [2].

One key enabler of this transformation is Artificial Intelligence (Al). By leveraging Al, enterprises can optimize
energy consumption, reduce waste, and streamline processes to meet their sustainability goals. SAP, a leading
enterprise resource planning (ERP) platform, plays a pivotal role in helping businesses manage complex
operations, including energy and resource management [2]. Integrating Al into SAP systems provides a unique
opportunity for companies to gain deeper insights into their energy usage, forecast demand, and implement
more efficient processes. This convergence of Al and SAP offers a scalable and intelligent solution for
enterprises striving towards energy efficiency and net-zero targets [3].

Al is transforming the energy sector by optimizing resource management, improving efficiency, and supporting
the shift to renewable energy [4]. By analyzing data from smart meters and sensors, Al enables real-time
insights into consumption patterns, better demand forecasting, and dynamic energy management. It also
enhances predictive maintenance, reducing downtime and costs. With smarter grid management and improved
decision-making, Al plays a key role in reducing carbon emissions and advancing sustainability in the energy
landscape. Figure 1. Presents the Al in energy sector.

This survey explores the various Al-driven approaches within SAP that are being used to enhance energy
efficiency across enterprises. It highlights key Al techniques such as machine learning, predictive analytics, and
optimization algorithms that can be integrated into SAP systems to enable real-time energy monitoring,
predictive maintenance, and intelligent automation. By reviewing case studies and real-world applications, this
paper aims to provide a comprehensive overview of how Al is reshaping energy management in enterprises
and accelerating the transition to a sustainable, net-zero future.

Despite the growing awareness of climate change and the increasing demand for sustainable business practices,
many enterprises struggle to meet their net-zero targets due to inefficient energy management and limited
visibility into their operational energy consumption. Traditional methods often fail to provide real-time insights
or predictive capabilities, leading to suboptimal energy usage, high operational costs, and excess carbon
emissions [2].
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Figure 1: Al in the energy sector

Enterprises using SAP for resource management face challenges in integrating advanced Al-driven tools to
effectively monitor, predict, and reduce energy consumption. While SAP offers comprehensive management
features, it lacks the built-in Al capabilities necessary for deep energy optimization. Therefore, the need for Al-
based solutions integrated into SAP systems is crucial to help enterprises overcome these challenges and meet
sustainability goals. This survey paper makes the following contributions:

1. Comprehensive Review: We provide a detailed review of Al techniques that can be integrated into SAP
systems to improve energy efficiency, focusing on methods such as machine learning, predictive analytics, and
optimization algorithms.

2. Energy Efficiency Applications: Highlight key applications of Al in energy management within enterprises,
such as real-time energy monitoring, predictive maintenance, and intelligent automation.

3. Case Studies: Discuss real-world case studies and examples where enterprises have successfully used Al
within SAP to drive energy efficiency and progress toward net-zero goals.

4. Challenges and Future Directions: Identify current challenges in deploying Al in enterprise systems and
outline future research directions and opportunities for enhancing energy efficiency in SAP-driven
environments.

By providing this comprehensive overview, the paper aims to bridge the gap between Al innovation and
enterprise sustainability, offering insights into how Al can be strategically applied to drive energy efficiency
and help enterprises achieve their net-zero objectives.

II. RELATED WORK

Increasing globalization and climate change have pressured businesses to adopt sustainable models that
promote efficient resource use and minimize environmental impact. In response, many organizations are
focusing on cleaner production through net-zero economy (NZE) practices [5]. Achieving this requires specific
technological advancements, and firms are increasingly leveraging digital technologies like big data analytics,
artificial intelligence, and the Internet of Things to support these initiatives. However, it remains unclear
whether digitalization effectively facilitates sustainable practices within the context of a net-zero economy. To
identify and analyze the drivers of digitalization that support sustainable practices for achieving NZE is
presented into [5]. Through an extensive literature review and expert consultations, key drivers were
identified. An empirical investigation using Pythagorean fuzzy decision-making trial and evaluation laboratory
(PF-DEMATEL) was conducted to validate these drivers and explore their interrelationships [5]. The findings
reveal that “high degree of automation,” “enhancing flexibility in the manufacturing process,” and “real-time
sensing capability” are the primary influencing drivers. This study serves as a valuable resource for industrial
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practitioners and academia, offering guidance on how digitalization can enable the transition to a circular
economy and support the journey toward net-zero [5].

The challenges related to production processes in learning organizations by exploring innovative solutions
grounded in the Industry 4.0 paradigm is presented into [6]. The study is based on surveys and observations of
companies in the energy and food sectors, which have increasingly adopted innovative practices and are
transitioning toward intelligent (digital) enterprises [6]. These enterprises utilize virtual reality and effectively
manage non-player characters (NPCs) to enhance operations. The examples provided aim to inspire chief
executive officers (CEOs), chief operating officers (COOs), and chief information officers (CIOs) to invest in such
innovative solutions. Implementing Industry 4.0 technologies and designing new machinery according to
cutting-edge mechanical engineering principles will enable companies to develop new products, achieve
improved outcomes (such as increased production with reduced costs), enhance operational efficiency
(including lower energy and water consumption), and comply with environmental regulations (such as
reducing CO2 emissions and facilitating zero-emission energy production) [6].

In the digital age, smart manufacturing facilities face significant challenges related to industrial espionage and
cybersecurity threats, particularly in protecting sensitive processes, formulas, and research and development
credentials [7]. With 620 out of 1,579 reported cybersecurity breaches in the U.S. linked to manufacturing,
firms are increasingly vulnerable to data theft by hackers, often through unauthorized access to virtual
environments. These breaches can hinder global trade compliance and damage reputations, potentially costing
the sector up to $338 billion annually. To combat these threats, advanced technologies like artificial intelligence
(AD), machine learning (ML), and quantum computing, along with systems such as ERP-SAP and Zero Trust
security models, can enhance data protection [7]. Manufacturers, especially in high-stakes sectors like defense
and pharmaceuticals, must rigorously safeguard intellectual property by restricting access to authorized
personnel and implementing thorough auditing and logging practices to prevent data breaches and secure
critical trade secrets [7].

Cloud-fog-based industries are facing rising energy costs due to the proliferation of Al models and distributed
big data (BD) frameworks. The IT community's awareness of energy evaluation in hardware and software
implementations and their alignment with sustainable practices for efficient Al and BD deployment is
presented into [8]. Analysis of survey responses revealed that only 10% of participants used energy metrics in
their evaluations, and many were unfamiliar with multi-level energy consumption measurement techniques [8].
In response, we provided guidelines on various energy and power estimation approaches and analyzed
emerging efficient deep neural networks (DNNs) and distributed BD implementations. This included the design
of efficient reconfigurable accelerators based on Processing-In-Memory and Processing-Near-Memory
architectures. Finally, we proposed two roadmaps to explore sustainable practices across hardware, software,
and data levels, aiming to offer practical solutions for the IT community [8].

Artificial intelligence significantly enhances the development of smart factories by improving production
efficiency, flexibility, and productivity. Technologies such as machine learning, data analysis, automation, and
robotics optimize production processes, increasing product quality while reducing customization costs and
time [9]. With the integration of communication technologies, intelligent factories can connect various systems
and devices through the Internet of Things, allowing for real-time monitoring and rapid responses to changes in
the production environment [9]. Al also analyzes data to predict production issues, optimize operations, and
adjust to demand and other parameters, making factories more agile and adaptable. This capability fosters
innovation and competitiveness, driving substantial advancements in industrial development [9].

A Net-Zero as a dynamic capability for decarbonizing supply chains (SCs) and investigates the relationships
between three information processing-related capabilities—supply chain visibility (SCV), supply chain
integration (SCI), and big data analytics (BDA)—as antecedents to supply chain performance (SCP) as a
competitive advantage outcome is presented into [10]. Utilizing a structural equation modeling technique, the
authors tested hypotheses based on survey data from 311 industrial enterprises. Findings reveal that both SCI
and BDA positively and directly influence Net-Zero capability (NZC), while SCV does not show a significant
direct impact on NZC. Additionally, BDA fully mediates the relationship between SCV and NZC, and partially
mediates the relationship between SCI and NZC [10]. The results further confirm that NZC positively impacts
SCP. This research contributes to operations management and supply chain literature by emphasizing the
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importance of BDA in enhancing NZC and illustrating its beneficial effects on SCP, thereby encouraging more
voluntary actions within the industry [10].

This report highlights a pivotal moment in corporate strategy within the technology sector, focusing on how
leading U.S. companies like Apple, Google, and Microsoft are advancing towards Net Zero emissions [11]. It
posits that these firms are not just aiming for carbon neutrality but are also pioneering diverse strategies that
can serve as models for the industry. A progression from carbon neutrality—offsetting emissions with
equivalent reductions—to achieving and surpassing Net Zero emissions, defined as reducing emissions to 95%
below a 2018 baseline is presented into [11]. By leveraging innovative technologies, robust sustainability
policies, and engaging with regulatory frameworks, these companies are setting a precedent for others to
follow. Ultimately, the research aims to provide actionable insights that can help other tech firms contribute to
a more sustainable and environmentally responsible sector [11].

Achieving net zero in the UK necessitates significant enhancements in energy efficiency for housing alongside
the decarbonization of domestic heating [12]. The importance of a systems approach that considers variations
at the individual property level, as well as neighborhood and local governance contexts is presented into [12].
Analyzing property-level energy efficiency data from Energy Performance Certificates between 2008 and 2022,
covering nearly half of the residential stock in England and Wales, we employed multi-level models to examine
the factors influencing energy efficiency across different scales. Our findings reveal that most variation occurs
at the property level, with some differences observed at the neighborhood level, where energy efficiency is
slightly higher in areas with more disadvantaged populations [12]. However, there is little indication that
affluent groups are moving into or investing in energy-efficient housing. While government initiatives have
focused on supporting disadvantaged groups, more extensive efforts are needed to encourage widespread
action if the UK is to meet its net zero targets. Additionally, there is minimal variation at the local authority
level, suggesting a uniform challenge for all households moving forward [12].

III. NET ZERO GOALS IN ENTERPRISES

Achieving net-zero emissions is an ambitious yet essential goal for enterprises striving to combat climate
change and promote sustainability [13]. The concept of net zero refers to balancing the amount of greenhouse
gases emitted with the amount removed from the atmosphere, effectively reducing net emissions to zero. For
enterprises, this goal involves not only reducing direct emissions from operations but also addressing indirect
emissions from supply chains and product life cycles.

Importance of Net Zero Goals

1. Regulatory Compliance: Governments worldwide are implementing stricter regulations aimed at reducing
carbon emissions. Enterprises that proactively pursue net-zero targets are better positioned to comply with
these regulations and avoid potential penalties [13].

2. Reputation and Brand Value: Consumers are increasingly aware of environmental issues and often prefer to
support companies that demonstrate a commitment to sustainability. Achieving net-zero emissions can
enhance an enterprise's reputation and strengthen its brand loyalty.

3. Cost Savings: Implementing energy efficiency measures and reducing waste can lead to significant cost
savings. By optimizing energy consumption, enterprises can lower operational costs and increase profitability
while contributing to environmental sustainability [12].

4. Investment Attraction: Investors are increasingly looking for sustainable investment opportunities.
Companies with clear net-zero goals are more likely to attract investments from environmentally conscious
stakeholders.

Challenges in Achieving Net Zero

While the pursuit of net-zero goals is crucial, enterprises face several challenges:

1. Complexity of Operations: Large enterprises often have complex operations with diverse energy
consumption patterns. Identifying and addressing all sources of emissions can be challenging [14].

2. Data Limitations: Many enterprises lack the necessary data on their energy consumption and emissions.
Without accurate and comprehensive data, it becomes difficult to implement effective reduction strategies [13].
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3. Technological Barriers: Integrating advanced technologies like Al into existing systems, such as SAP, can pose
technical challenges. There is often a lack of awareness or understanding of how these technologies can
facilitate energy efficiency [15].

4. Cultural Resistance: Changing the organizational culture to prioritize sustainability and energy efficiency can
be met with resistance from employees and management alike.

Strategic Approaches to Net Zero
To overcome these challenges, enterprises can adopt several strategic approaches:

1. Setting Clear Targets: Establishing specific, measurable, achievable, relevant, and time-bound (SMART)
targets for emissions reduction can provide a clear roadmap for achieving net-zero goals [16].

2. Leveraging Technology: Utilizing Al and data analytics can help enterprises gain insights into energy usage
patterns, identify inefficiencies, and forecast energy demands. This allows for informed decision-making and
targeted interventions.

3. Collaboration and Partnerships: Engaging with stakeholders, including suppliers, customers, and industry
peers, can enhance knowledge sharing and lead to innovative solutions for reducing emissions across the value
chain [17].

4. Continuous Monitoring and Improvement: Implementing systems for continuous monitoring of energy
consumption and emissions will help enterprises track progress, make data-driven adjustments, and ensure
accountability.

In summary, net-zero goals are essential for enterprises seeking to align their operations with global
sustainability efforts. By understanding the importance of these goals, addressing the associated challenges,
and adopting strategic approaches, enterprises can make significant strides towards achieving energy efficiency
and contributing to a sustainable future.

IV.  APPLICATIONS OF AI IN ENERGY EFFICIENCY

Al technologies are increasingly being utilized to enhance energy efficiency across various sectors. By
leveraging data analytics, machine learning, and automation, enterprises can optimize their energy
consumption, reduce waste, and achieve their sustainability goals more effectively. Below are key applications
of Al in energy efficiency:

1. Real-Time Energy Monitoring and Management

Al-driven systems can continuously monitor energy usage across various operations and facilities. By analyzing
real-time data from sensors and smart meters, these systems provide insights into consumption patterns,
enabling enterprises to identify inefficiencies and anomalies. Key benefits include:

- Immediate Feedback: Users receive alerts for unusual energy consumption, allowing for quick corrective
actions [15].

- Optimized Resource Allocation: Real-time data helps in dynamically adjusting energy use based on demand,
leading to reduced peak consumption and cost savings.

- Data Visualization: Dashboards and analytics tools help stakeholders understand energy usage trends, making
it easier to identify areas for improvement.

2. Predictive Maintenance for Equipment and Infrastructure

Al can significantly enhance predictive maintenance strategies by analyzing historical and real-time data from
equipment sensors. This approach helps in anticipating failures before they occur, reducing downtime and
improving operational efficiency. Benefits include:

- Extended Equipment Lifespan: Timely maintenance reduces wear and tear on machinery, prolonging their
operational life [16].

- Cost Savings: By preventing unplanned outages and maintenance costs, enterprises can achieve significant
savings.

- Improved Safety: Predictive maintenance reduces the risk of equipment failure, enhancing workplace safety.
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3. Demand Forecasting and Load Optimization

Al algorithms can analyze historical energy consumption data and external factors (like weather conditions and
occupancy patterns) to accurately forecast future energy demand. This capability enables enterprises to:

- Optimize Energy Procurement: By predicting demand, companies can make informed decisions on energy
purchasing, potentially taking advantage of lower rates during off-peak times [17].

- Load Balancing: Al systems can dynamically adjust energy usage based on predicted demand, helping to avoid
overloads and ensure stable operations.

- Enhanced Grid Management: Accurate forecasting supports better integration with the grid, facilitating
smoother energy distribution and reduced reliance on fossil fuels.

4. Smart Grid Integration and Automation

Al plays a crucial role in the development and operation of smart grids, which are essential for achieving energy
efficiency. Key aspects include:

- Real-Time Grid Management: Al algorithms can optimize the flow of electricity across the grid, balancing
supply and demand efficiently.

- Integration of Renewable Energy: Al facilitates the incorporation of renewable energy sources by predicting
availability and optimizing their use alongside traditional energy sources [18].

- Automated Energy Distribution: Smart meters and Al systems enable automated adjustments in energy
distribution, improving reliability and reducing losses.

In conclusion, the application of Al in energy efficiency is transforming how enterprises manage their energy
resources. By leveraging real-time monitoring, predictive maintenance, demand forecasting, and smart grid
technologies, organizations can significantly enhance their energy efficiency, reduce costs, and contribute to
sustainability goals, ultimately aiding their journey towards net-zero emissions.

V.  BENEFITS OF AI IN ACHIEVING NET ZERO GOALS

The integration of Al technologies into energy management practices offers numerous advantages that can
significantly aid enterprises in their pursuit of net-zero goals. By enhancing decision-making, reducing waste,
and improving forecasting, Al provides a pathway for organizations to optimize their energy usage and
minimize their environmental impact. Below are some key benefits:

1. Enhanced Decision-Making and Operational Efficiency

Al systems can analyze vast amounts of data from various sources, enabling enterprises to make informed
decisions based on real-time insights. This leads to:

- Data-Driven Insights: Al helps identify patterns and trends in energy consumption, allowing organizations to
implement targeted strategies for optimization.

- Automated Processes: Automation of routine tasks related to energy management reduces human error and
frees up resources for more strategic initiatives [16].

- Informed Strategic Planning: With better data analysis, enterprises can plan long-term sustainability
initiatives more effectively, aligning them with their net-zero objectives.

2. Reduction of Waste and Costs

Al technologies can pinpoint inefficiencies and areas of waste within an organization’s operations, resulting in
substantial cost savings. Benefits include:

- Optimized Resource Use: By analyzing usage patterns, Al can suggest adjustments that minimize energy
waste, leading to lower utility bills.

- Predictive Maintenance: By preventing equipment failures through predictive maintenance, organizations
reduce downtime and maintenance costs associated with unexpected repairs [17].

- Streamlined Operations: Al can enhance supply chain efficiency, reducing excess inventory and energy
consumption associated with production and logistics.

3. Improved Forecasting and Resource Allocation

Accurate forecasting powered by Al is essential for effective resource management. This leads to:
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- Better Demand Predictions: Al algorithms can analyze historical data and external variables to forecast energy
demand more accurately, helping organizations prepare for fluctuations and avoid over- or under-utilization of
resources [18].

- Dynamic Energy Management: Improved forecasting enables enterprises to optimize energy procurement and
usage, ensuring that resources are allocated efficiently based on anticipated demand.

- Enhanced Integration of Renewable Sources: By forecasting renewable energy generation (e.g., solar or wind),
Al can facilitate better integration of these sources into the energy mix, further supporting sustainability goals
[19].

In summary, the benefits of Al in achieving net-zero goals are substantial. By enhancing decision-making
capabilities, reducing waste and costs, and improving forecasting accuracy, Al empowers enterprises to operate
more efficiently and sustainably. This strategic application of technology is crucial for organizations aiming to
meet their environmental objectives and contribute to a more sustainable future.

Table 1: Summary of benefits of Al in achieving Net Zero Goals

Benefit Description

- Data-Driven Insights: Identifies patterns and trends in energy
consumption for targeted strategies.
Enhanced Decision-Making and - Automated Processes: Reduces human error and increases
Operational Efficiency efficiency in energy management.
- Informed Strategic Planning: Facilitates effective long-term
sustainability initiatives.

- Optimized Resource Use: Minimizes energy waste, leading to
lower utility bills.
- Predictive Maintenance: Prevents equipment failures, reducing
unexpected repair costs.
- Streamlined Operations: Enhances supply chain efficiency and

Reduction of Waste and Costs

reduces energy consumption in production.

- Better Demand Predictions: Analyzes historical data to forecast
energy demand accurately.
Improved Forecasting and - Dynamic Energy Management: Optimizes procurement and
Resource Allocation usage based on anticipated demand.
- Enhanced Integration of Renewable Sources: Supports better
incorporation of renewable energy generation.

VI. CONCLUSION

The journey toward achieving net-zero emissions is a pressing challenge that enterprises must undertake in
response to the urgent need for sustainability and climate action. As significant contributors to energy
consumption and greenhouse gas emissions, organizations are increasingly recognizing the importance of

integrating advanced technologies to optimize their operations and reduce their environmental impact.

This survey has highlighted the pivotal role of Artificial Intelligence (Al) in enhancing energy efficiency within
enterprises, particularly through its application in systems like SAP. By implementing Al-driven solutions,
organizations can benefit from real-time energy monitoring, predictive maintenance, and optimized demand
forecasting. These capabilities not only facilitate better decision-making and operational efficiency but also lead
to significant reductions in waste and costs.

Moreover, the strategic use of Al empowers enterprises to improve their forecasting accuracy and resource
allocation, enabling a smoother transition to renewable energy sources. As companies adopt these innovative
technologies, they can align their operations more closely with their net-zero goals, fostering a culture of
sustainability that resonates with consumers and stakeholders alike.
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