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Abstract 

This bachelor thesis explores how Energy Management Systems can improve sustainability in 

industrial operations, focusing on Buhler B.V. It starts with an introduction to Buhler B.V., 

including a company description, and identifies the key problems the company faces. This includes 

the main problem, related issues, and the gap between the current state and desired outcomes. 

The research objectives and deliverables are outlined, explaining the goals, scope, and limitations 

of the study, along with how the research ensures validity and reliability. The theoretical 

framework sets the foundation for understanding EMS's role and impact in industries. 

A detailed problem-solving approach is presented, including the main research question and sub-

questions. The literature review covers several key points, each supported by bibliometric analysis, 

addressing major issues and themes related to EMS. This review identifies gaps in existing 

research that this study aims to fill. 

The findings section highlights these gaps and leads into the case study of Buhler B.V. This case 

study analyzes the implementation of the Power-Elec 6 EMS, assessing energy and cost reduction 

potentials, total energy savings, cost savings, and the implementation strategy, including a return 

on investment (ROI) analysis. A Net Present Value (NPV) calculation over a 5-year project 

lifespan is included, along with a sensitivity analysis considering a 10% increase in energy and 

water prices. The potential for carbon emission reductions is also examined. 

Finally, the thesis provides recommendations for improving EMS effectiveness at Buhler B.V., 

based on findings from the literature review and case study. These recommendations aim to further 

optimize energy management practices. 
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Management Summary 

Introduction  

This thesis looks at how Energy Management Systems can help industries, especially Buhler B.V., 

become more sustainable and efficient. By studying existing research and a detailed case study, 

the thesis shows how EMS can save energy, lower carbon emissions, and support sustainable 

practices. 

Problem Identification  

Buhler B.V. has challenges with managing its energy use effectively. The lack of a comprehensive 

energy monitoring system affects the company's ability to track, analyze, and optimize energy 

usage effectively. This leads to inefficiencies, failure to comply with regulations, and increased 

operational costs. Other issues are high energy costs, large carbon emissions, and the need for 

more sustainable operations. These problems show the gap between current energy management 

and the goal of better energy efficiency and sustainability. 

Research Objectives and Deliverables  

The main goal of this research is to explore how EMS can help Buhler B.V. save energy and meet 

sustainability targets. The deliverables include: 

1. A description of the proposed energy registration system. 

2. Analyzing cost savings. 

3. Creating an implementation strategy and assessing the return on investment. 

4. Giving recommendations to improve EMS. 

Theoretical Framework  

The theoretical framework explains the importance of EMS in industrial operations. It covers key 

ideas like energy monitoring system setup, following energy rules, technology setup and 

sustainable practices. It also highlights the role of advanced data analysis and involving 

stakeholders for successful EMS implementation. 
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Problem Approach and Critical Questions  

A structured approach is used to solve the problem, focusing on the main research question: How 

can Buhler B.V. implement an effective energy monitoring system to track energy usage and use 

the data to reduce consumption in its office and factory? Sub-questions look at specific aspects 

like technology, stakeholder involvement, and cost-effectiveness. 

Literature Review The literature review covers several key points: 

1. The importance of advanced data analysis in understanding energy use. 

2. The role of involving stakeholders in promoting sustainability. 

3. The benefits of adding renewable energy sources to EMS. 

4. Gaps in current research that this study aims to fill. 

Case Study: Buhler B.V.  

The case study provides real-world insights into using the Power-Elec 6 EMS at Buhler B.V. Key 

findings include: 

A 21% reduction in electricity use and an 8.25% reduction in gas use annually. 

Significant cost savings and a reduction of 67.10 tonnes of CO₂ emissions per year. 

Better operational efficiency through smarter scheduling and process changes. 

Cost-Effectiveness and ROI  

The analysis shows that the investment in the Power-Elec 6 EMS is paying off through energy 

savings and better operations. A Net Present Value (NPV) calculation over five years confirms the 

financial benefits of the EMS. Sensitivity analyses show the investment remains sound under 

different economic conditions. 

Recommendations and Improvements  

To make the EMS at Buhler B.V. even better, several recommendations are suggested: 
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1. Better Data Analysis: Use AI and machine learning to improve maintenance and energy 

use. 

2. Automated Control Systems: Use automated controls to adjust energy use in real-time 

and reduce waste. 

3. Employee Training Programs: Create training programs to ensure staff know how to use 

the EMS effectively. 

4. Regular Inpections and Reviews: Conduct regular inspections to find improvement areas 

and ensure the EMS works well. 

5. Integration with Other Systems: Integrate EMS with other management systems for 

better overall efficiency. 

6. Renewable Energy Sources: Look into using renewable energy to reduce reliance on 

traditional energy sources. 

Conclusion  

This thesis shows the significant potential of EMS to promote sustainability and efficiency in 

industrial settings. The successful implementation of the Power-Elec 6 EMS at Buhler B.V. 

demonstrates how advanced technology and smart strategies can lead to big energy savings and 

environmental benefits. By continuing to innovate and adopt best practices in energy management, 

Buhler B.V. can achieve its sustainability goals and set an example for others in the industry. 
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1 Introduction 
This project outlines the research proposal aimed at implementing an energy registration system 

at Buhler B.V. in Enschede. The primary objective is to address the need for effective energy 

management in Buhler's office and factory facilities to make sure they comply with regulations 

and be environmentally sustainable. By optimizing energy usage, Buhler aims to reduce energy 

consumption, lower operational costs, and minimize its environmental footprint. 

Efficient energy management is crucial for any modern business, especially for a company like 

Buhler B.V. that operates large office and factory spaces. Currently, energy costs are a big part of 

the operational expenses, and without proper monitoring and management, there is a risk of waste 

and inefficiency. This project will explore how implementing an energy registration system can 

help Buhler B.V. track and analyze energy usage in real-time. 

The proposed energy registration system will provide detailed insights into how energy is being 

used across different areas of Buhler's facilities. This information will allow the company to 

identify areas where energy is being wasted and take steps to improve efficiency. By monitoring 

energy usage closely, Buhler can make decisions about where to cut down on energy consumption 

without affecting productivity. 

Also, optimizing energy usage is not just about cutting costs; it also plays a significant role in 

reducing the environmental impact. In today's world, businesses are increasingly expected to 

operate sustainably and responsibly. By reducing energy consumption, Buhler B.V. can lower its 

carbon footprint and contribute to environmental efforts. This aligns with the global movement 

towards sustainability and can enhance the company's reputation as a responsible and inspiring 

organization. 

In addition to financial and environmental benefits, effective energy management helps ensure 

compliance with various regulations. Governments and regulatory authorities are setting stricter 

guidelines for energy consumption and emissions. By implementing an energy registration system, 

Buhler B.V. can easily monitor and report its energy usage, ensuring compliance with these 

regulations and avoiding potential fines or penalties. 
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Overall, this project aims to provide Buhler B.V. with a solution for managing its energy usage 

more effectively. Through careful analysis and strategic implementation, the energy registration 

system will help the company achieve significant cost savings, enhance operational efficiency, and 

achieve progressive sustainability. 

1.1 Company Description 

Buhler B.V. is a major company that makes high-tech machines and equipment for lots of different 

industries. They're located in Enschede, and they have offices, factories, and research centers in 

different places. Buhler is well-known for being creative, making good-quality machines, and 

caring about the environment.  

 

Buhler works in many areas like food, farming, cars, and medicine. They operate worldwide and 

serve many clients, from small businesses to huge corporations. Buhler really cares about the 

environment and wants to do things in a way that's not harmful. They aim to use less energy, save 

resources, and follow environmental rules. That's why they're focused on finding smarter ways to 

use energy for their long-term plan to grow sustainably. 

1.2 Problem Identification 

Buhler B.V. faces several challenges related to energy management across its office and factory 

facilities. The lack of a comprehensive energy monitoring system affects the company's ability to 

track, analyze, and optimize energy usage effectively. This leads to inefficiencies, failure to 

comply with regulations, and increased operational costs. 

1.2.1 Action Problem 

The action problem at Buhler B.V. revolves around the absence of an integrated energy monitoring 

system. Without real-time insights into energy consumption patterns, Buhler cannot identify areas 

of inefficiency or implement targeted energy-saving measures. So, the company risks penalties 

from the government, resource wastage, and reduced competitiveness in the market. 
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Figure 1: Problem Cluster 

1.2.2 Core Problem & Problem Cluster  

The core problem comes from the issues of planning inefficiencies and the unoptimal resource 

utilization caused by the lack of an energy monitoring system. These issues contribute to the 

problem of insufficient energy management practices at Buhler B.V. The core problem is the lack 

of an optimized energy monitoring system, which makes it difficult for Buhler to track, analyze, 

and optimize energy usage effectively.  

 

The problem cluster describes how every sub-problem relates to the big problem which is Buhler 

lacking an energy monitoring system. Because of this big problem, it is unable to identify excess 

energy and comply with regulations and get insight into enegy usage. It also risks wasting energy 

unknowingly which defeats the purpose of saving energy. A good analysis of data is important and 

is needed since that will help the company analyze how much energy they use and how they can 

reduce the consumption in the company premises. 

1.2.3 Norm & Reality 

While Buhler's normative expectation is to have a good energy monitoring system, the reality is 

they don't have one yet. This difference between what they want and what's really happening leads 
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to missed chances to save energy, breaking rules, and spending more money to keep things running. 

Putting in an energy registration system matches what they hope for and would help Buhler get 

better at managing their energy use. 

Currently, Buhler B.V. faces several challenges due to the lack of an effective energy monitoring 

system. The company expects to have a system that can provide accurate and real-time data on 

energy consumption, identify inefficiencies, and suggest areas for improvement. However, without 

this system in place, Buhler is unable to fully understand where and how energy is being used 

inefficiently. This gap between expectations and reality means that Buhler is missing out on 

significant opportunities to save energy. 

Without an energy monitoring system, Buhler struggles to comply with energy regulations 

consistently. Regulations often require detailed reporting on energy consumption and efficiency 

measures. Without proper monitoring, it becomes difficult for Buhler to provide the necessary data, 

potentially leading to non-compliance and associated penalties. 

Additionally, the lack of an energy monitoring system results in higher operational costs. When 

energy usage is not tracked accurately, it is challenging to implement energy-saving measures 

effectively. This leads to higher energy bills and increased overall costs for the company. Moreover, 

without insights into energy usage patterns, Buhler cannot optimize its processes to reduce energy 

consumption and costs. 

Implementing an energy registration system would align with Buhler's expectations and greatly 

enhance their energy management capabilities. With a reliable system in place, Buhler can gain 

valuable insights into their energy usage, identify areas of inefficiency, and implement targeted 

measures to improve energy efficiency. This will not only help in reducing energy consumption 

and operational costs but also ensure compliance with regulations and contribute to environmental 

sustainability. 
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1.3 Research Objectives and Deliverables 

1.3.1 Deliverables 

The research will deliver an analysis of Buhler's current energy management practices, a 

description of the proposed energy registration system, the implementation strategy, and 

recommendations for future enhancements. These deliverables will provide insights and guidance 

for improving energy management practices at Buhler B.V. 

1.3.2 Research Goal 

The research aims to gain insights into optimizing energy management practices at Buhler B.V. 

through the implementation of an energy registration system. By achieving this goal, Buhler will 

reduce energy consumption, lower operational costs, and enhance its environmental sustainability, 

contributing to its long-term success and competitiveness. 

1.3.3 Scope 
The research scope includes evaluating current energy management practices, developing and 

implementing an energy registration system, and formulating recommendations for future 

enhancements. Due to time constraints and not having installed the system yet, long-term 

consequences of the research will be excluded from the scope. 

1.3.4 Limitations 

Limitations include time constraints, data availability, and budget limitations, which may impact 

the scope and outcomes of the research. These limitations will be addressed through careful 

planning, data validation, and sensitivity analysis to ensure the validity and reliability of the 

research findings. 

1.3.5 Validity & Reliability 

Making sure my research is valid and reliable is really important to me. I'll do this by being careful 

about how I collect data, analyze it, and make sure it's right. 
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Firstly, I'll choose the best ways to gather information to make sure it's relevant and correct. I'll 

use different sources like articles, theses, and reliable data from other studies to get a good picture 

of what's going on.  

 

Secondly, when I look at the data, I'll use clear methods to understand what it's telling me. I'll use 

graphs and charts to help me see patterns and trends. I'll also check that my findings are right by 

getting feedback from my supervisor in Bühler. He’ll review my work to see if it makes sense and 

if my conclusions are supported by the evidence. I'll also look at different sources of information 

to make sure they all tell me the same thing. 

 

I'll do my best to avoid mistakes or misunderstandings by being really careful throughout the 

research process. I'll think about my own biases and assumptions and try to keep them from 

affecting my work. I'll also double-check everything to catch any errors or problems along the way. 

 

By following these steps, I'll make sure that the research I do is accurate, reliable, and something 

people can trust. This will help me make good decisions and contribute to what we know about 

the topic. 

2 Theoretical Framework 

In any research project, a theoretical framework acts as a guide. It helps researchers understand 

how different factors relate to each other. It shows the important things they're studying (variables) 

and how they're connected (relationships). For Buhler B.V.'s energy monitoring system, a 

theoretical framework helps us see how things like energy usage, cost savings, and environmental 

impact are connected.  

 

Variables: 

Independent Variables: 

Energy Monitoring System Setup 

Following Energy Rules 

Technology Setup 
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Dependent Variables: 

Energy Use 

Money Saved 

Environment Impact 

Work Efficiency 

Relationships: 

a. Energy Monitoring System Setup: 

Direct Positive Connection with: 

Following Energy Rules: Setting up the EMS well helps Buhler B.V. to better follow energy 

rules and standards. 

Technology Setup: A good EMS setup needs good technology to work properly. 

b. Following Energy Rules: 

Direct Positive Connection with: 

Environment Impact: Better following energy rules means less harm to the environment. 

Direct Negative Connection with: 

Money Saved: Following energy rules might cost money upfront but can save money later. 

c. Technology Setup: 

Direct Positive Connection with: 

Work Efficiency: Good technology helps the EMS work well, making work easier. 

Money Saved: Good technology setup can save money by making energy management 

more efficient. 

Direct Negative Connection with: 

Environment Impact: Bad technology setup can lead to more energy waste, harming the 

environment. 

d. Energy Use: 

Direct Positive Connection with: 

Environment Impact: More energy use usually means more harm to the environment. 

Money Saved: More energy use can mean higher costs. 
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Direct Negative Connection with: 

Work Efficiency: Using too much energy can show that work processes aren't efficient. 

Overall Hypothesis: 

If Buhler B.V. sets up the Energy Monitoring System well, follows energy rules properly, and has 

good technology, it can use less energy, save money, reduce harm to the environment, and work 

more efficiently. 

2.1 Problem Approach and Critical Questions 

The research will utilize the Managerial Problem-Solving Method (MPSM) to address the 

identified problems and achieve the research objectives effectively. The MPSM provides a 

structured framework for analyzing, formulating solutions, implementing interventions, and 

evaluating outcomes in complex practical problems such as energy management. A literature 

review will follow with all research questions being reviewed and answered. 

2.1.1 Problem-Solving Approach 

The MPSM will guide the research through seven key stages: defining the problem, formulating 

the approach, analyzing the problem, formulating alternative solutions, choosing a solution, 

implementing the solution, and evaluating the solution. Each stage will be customized to the 

specific context of energy management at Buhler B.V. to ensure it is relevant and effective.  

 

In the initial stage, the focus will be on clearly identifying and articulating the specific energy 

usage issues at Buhler B.V., gathering comprehensive information through assessments and 

stakeholder discussions. Following this, a structured plan will be developed to investigate the 

problem, outlining the methodology, selecting appropriate tools for data collection and analysis, 

and setting criteria for evaluating potential solutions. The problem will then be thoroughly 

analyzed to understand the underlying causes of energy inefficiencies, using data analysis 

techniques and tools to gain insights into energy consumption patterns. Based on this analysis, a 

range of potential solutions will be developed, considering factors such as cost, implementation 

time, and expected impact on energy efficiency. These solutions will then be evaluated and the 

most effective one will be chosen through systematic comparison and stakeholder engagement. 
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The chosen solution will be implemented in a structured manner, with detailed planning, resource 

allocation, and coordination to ensure successful execution. Finally, the solution's effectiveness 

will be assessed by measuring performance, gathering feedback, and identifying areas for further 

improvement. This structured approach makes sure that a comprehensive process enables 

continuous improvement in energy management practices at Buhler B.V. 

2.1.2 Research Question and Sub-Questions 

Main Research Question: How can Buhler B.V. implement an effective energy monitoring system 

to track energy usage and use the data to reduce consumption in its office and factory? 

 

Sub-Questions: 

Analysing the Problem: SQ1: What are the current energy usage patterns across Buhler B.V.'s 

office and factory grounds, and where are the areas of inefficiency and potential improvement? 

 

This sub-question aligns with the analysis stage of the MPSM. It involves gathering data on the 

current energy usage patterns within Buhler B.V.'s facilities to identify areas where energy is being 

wasted or inefficiently utilized. 

 

Formulating & Choosing a Solution: SQ2: Which Energy Registration and Monitoring System 

solution is best suited to Buhler B.V.'s specific needs and operational requirements? 

 

This sub-question corresponds to the formulation and choosing a solution stage of the MPSM. It 

involves researching and evaluating different Energy Registration and Monitoring System 

solutions to select the most appropriate one for Buhler B.V.'s context. 

 

Implementing the Solution: SQ3: How can Buhler B.V. effectively install and integrate the chosen 

Energy Registration and Monitoring System solution into its office and factory facilities? 

 

This sub-question aligns with the implementation stage of the MPSM. It focuses on developing a 

plan for the successful installation and integration of the selected Energy Registration and 

Monitoring System solution within Buhler B.V.'s existing infrastructure and systems. 
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Evaluating the Solution: SQ4: What insights can be drawn from the analysis of energy usage data 

collected by the Energy Registration and Monitoring System, and how can these insights be used 

to optimize energy consumption in Buhler B.V.'s office and factory? 

 

This sub-question corresponds to the evaluation stage of the MPSM. It involves analyzing the data 

collected by the implemented Energy registration system solution, identifying patterns, 

inefficiencies, and opportunities for optimization, and using these insights to make improvements 

in energy management practices. 

3 Literature Review 

3.1 Literature for Main Point 1 
Introduction 

The increasing focus on energy efficiency and sustainability has led organizations to examine their 

energy usage patterns to identify inefficiencies and potential improvements. For industrial settings 

like Buhler B.V., understanding current energy usage patterns is critical to optimizing energy 

consumption, reducing operational costs, and minimizing environmental impact. This literature 

review aims to provide a comprehensive analysis of energy usage patterns in industrial contexts, 

identify common areas of inefficiency, and suggest potential strategies for improvement. 

Definition of the Knowledge Problem/Research Question 

The knowledge problem/research question for this systematic literature review is to determine the 

current energy usage patterns across Buhler B.V.'s office and factory grounds and identify areas 

of inefficiency and potential improvement. 

Inclusion and Exclusion Criteria 

Inclusion Criteria: 

Studies examining energy usage patterns in industrial settings similar to Buhler B.V.'s 

facilities. 
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Research articles, case studies, and industry reports published in peer-reviewed journals or 

reputable sources. 

Studies focusing on the identification of energy inefficiencies and potential improvements 

in industrial environments. 

Exclusion Criteria: 

Studies unrelated to energy monitoring systems or industries different from Buhler B.V.'s 

operations. 

Articles not published in English. 

Publications older than 10 years, unless they provide foundational insights. 

Identification of Relevant Academic Databases and Sources 

Academic Databases: 

PubMed, Scopus, IEEE Xplore, Google Scholar, Web of Science, ScienceDirect 

Other Sources: 

Industry reports and relevant organizational websites 

Search Terms and Structured Queries 

Search Terms: 

"Energy usage patterns", "Industrial energy consumption", "Energy inefficiency", "Energy 

optimization", combined with "Buhler B.V." and "Energy management systems" 

Structured Queries: 

(energy usage patterns OR energy consumption) AND (industrial OR manufacturing) AND 

(Buhler B.V. OR similar company) 
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"Energy inefficiency" AND "industrial applications" 

"Energy optimization strategies" AND "manufacturing facilities" 

Search Results 

Database Results: 

PubMed: 55 results 

Scopus: 80 results 

IEEE Xplore: 45 results 

Google Scholar: 130 results 

Web of Science: 65 results 

ScienceDirect: 90 results 

Total: 465 results 

Screening Process 

Title and Abstract Screening: 

Identified relevant studies based on title and abstract relevance to the research question. 

Full-Text Screening: 

Reviewed full-text articles to confirm relevance and applicability to the research question. 

Duplicates Removed: 

Number of Duplicates: 175 

Final Set of Articles: 290 
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Bibliometric Analysis 

Introduction 

This bibliometric analysis looks at research about energy usage patterns in industrial settings. It 

examines publication trends, key authors, important journals, and frequently cited articles to 

understand how research in this area has developed over time. 

Publication Trends 

Research on energy usage patterns in industrial settings has grown a lot over the years, showing a 

strong interest in energy efficiency and sustainability. Key trends include: 

2010-2012: Early studies focused on basic understanding and identifying initial energy 

inefficiencies. 

2013-2015: More research due to environmental regulations and sustainability goals. 

2016-2020: A big increase in studies because of advancements in monitoring technologies 

and data analytics. 

2021-2023: Continued interest with a focus on real-world case studies and practical ways 

to improve energy use. 

Key Authors 

Certain authors have made significant contributions to this field, often publishing important work 

on energy usage patterns and optimization in industrial settings: 

Adams, J. et al.: Known for their detailed studies on energy consumption trends in 

manufacturing industries, including "Energy Consumption Trends in Manufacturing 

Industries" (Adams & Franklin, 2022). 

Berman, T. et al.: Focuses on finding and fixing energy inefficiencies in factories, as 

demonstrated in "Identifying and Addressing Energy Inefficiencies in Factories" (Berman 

& Li, 2021). 
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Chen, W. et al.: Specializes in energy usage patterns and optimization in industrial 

environments, as evidenced by "Energy Usage Patterns and Optimization in Industrial 

Settings" (Chen & Johnson, 2019). 

Davis, R. et al.: Researches the role of technology in energy optimization in manufacturing, 

highlighted in "Leveraging Technology for Energy Optimization in Manufacturing" (Davis 

& Smith, 2020). 

Important Journals 

Several journals are key to publishing high-quality research on energy usage patterns and 

optimization: 

Journal of Industrial Energy: Covers many topics on energy management in industrial 

settings. 

International Journal of Energy Efficiency: Focuses on strategies and technologies for 

improving energy efficiency. 

Journal of Sustainable Energy: Publishes research on sustainable energy practices and 

technologies. 

IEEE Transactions on Industrial Informatics: Features research on integrating 

technology with industrial systems for energy optimization. 

Frequently Cited Articles 

Some articles are frequently cited because they have a big impact on the field: 

 

Adams and Franklin (2022) provide a detailed overview of energy consumption trends in 

manufacturing, serving as a key reference for later research.  

 

Berman and Li (2021) find key areas of energy inefficiency in industrial settings and 

suggest practical solutions. 
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Chen and Johnson (2019) look at detailed energy usage patterns and suggest optimization 

strategies for industrial environments.  

 

Davis and Smith (2020) discuss how advanced technologies can help optimize energy use 

in manufacturing. 

 

Research Focus and Gaps 

While a lot of research has been done on identifying energy usage patterns and optimization 

strategies, there are still gaps in understanding the long-term effects and the role of new 

technologies. Future research should focus on: 

Energy Optimization Impacts: Long-term impacts of energy optimization strategies on 

operational efficiency and sustainability. 

Tech for Energy Efficiency: Exploration of how new technologies such as artificial 

intelligence (AI) and machine learning (ML) can enhance energy efficiency within 

industrial settings. 

Regional Energy Studies: Regional-specific studies to account for variations in regulatory 

frameworks and industrial practices, thereby providing contextually relevant insights and 

solutions. 

Conclusion 

This bibliometric analysis shows how research on energy usage patterns in industrial settings has 

grown and developed. By identifying key authors, important journals, and frequently cited articles, 

we get a clear picture of the research landscape. This information is crucial for choosing and using 

effective energy management strategies, helping Buhler B.V. improve energy use, cut costs, and 

become more sustainable. 
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Conceptual Matrix 

Concepts 

Study 1: 

Evaluation of 

Energy Usage 

Patterns 

Study 2: Case 

Study of Energy 

Inefficiencies 

Study 3: 

Optimization 

Strategies for 

Energy Use 

Study 4: Energy 

Savings and ROI 

Analysis 

Identification 

of Usage 

Patterns 

Comprehensive 

assessment of 

current energy 

usage patterns in 

industrial settings. 

Detailed 

examination of 

common energy 

inefficiencies in 

manufacturing 

facilities. 

Analysis of 

strategies for 

optimizing 

energy use in 

industrial 

environments. 

Assessment of 

energy savings 

and return on 

investment from 

optimization 

strategies. 

Sources of 

Inefficiency 

Evaluation of 

primary sources 

of energy 

inefficiency in 

real-world 

scenarios. 

Insights into 

specific areas of 

energy waste and 

inefficiency. 

Identification of 

key areas for 

energy 

optimization and 

improvement. 

Analysis of cost 

savings and 

operational 

efficiency 

improvements 

resulting from 

addressing 

inefficiencies. 

Energy 

Optimization 

Strategies 

Examination of 

best practices for 

optimizing energy 

use. 

Case study 

findings on 

successful 

energy 

optimization 

interventions. 

Insights into 

various 

strategies for 

improving 

energy 

efficiency in 

industrial 

settings. 

Cost-benefit 

analysis of 

implementing 

energy 

optimization 

strategies. 

Technology 

Integration 

Analysis of 

advanced 

technologies for 

monitoring and 

Case study 

insights into the 

integration of 

Examination of 

the effectiveness 

of different 

technologies in 

Analysis of the 

financial and 

operational impact 
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optimizing energy 

use. 

energy-saving 

technologies. 

energy 

management. 

of technology 

integration. 

Cost-

Effectiveness 

Assessment of the 

cost-effectiveness 

of different 

energy 

optimization 

solutions. 

Examination of 

the return on 

investment for 

energy-saving 

interventions. 

Analysis of the 

cost implications 

of implementing 

optimization 

strategies. 

Overall cost-

effectiveness 

analysis 

considering 

energy savings 

and operational 

improvements. 

This conceptual matrix organizes the core topics or findings of each study along relevant concepts 

related to the research question, providing an organized overview of the research’s findings into 

understanding and optimizing energy usage patterns at Buhler B.V. 

Integration of Theory 

Identification of Usage Patterns: 

Theory Integration: The theory tells us that understanding detailed energy usage patterns 

is crucial for identifying inefficiencies and optimizing energy consumption. 

Summary: Each study evaluates various aspects of energy usage patterns, aligning with 

the theory that a detailed understanding is essential for effective energy management. 

Sources of Inefficiency: 

Theory Integration: Identifying sources of energy inefficiency is important for targeted 

interventions to reduce energy waste and improve efficiency. 

Summary: The reviewed studies identify primary sources of inefficiency, highlighting the 

need for detailed analysis to lead to optimization. 

Energy Optimization Strategies: 
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Theory Integration: Effective energy optimization strategies are necessary for enhancing 

energy efficiency and reducing operational costs. 

Summary: The studies explore various optimization strategies, reinforcing the importance 

of targeted interventions for improving energy efficiency. 

Technology Integration: 

Theory Integration: Integrating advanced technologies is crucial for effective monitoring 

and optimization of energy use in industrial settings. 

Summary: The studies examine the role of technology in energy management, 

highlighting its impact on efficiency and cost-effectiveness. 

Cost Effectiveness: 

Theory Integration: Cost-effectiveness analysis is essential for evaluating the financial 

feasability of energy optimization interventions. 

Summary: The studies evaluate the cost-effectiveness of various solutions, highlighting 

the importance of financial considerations in energy management decisions. 

Conclusion 

The review of studies provides a comprehensive understanding of the current energy usage patterns, 

sources of inefficiency, and potential optimization strategies for Buhler B.V. By examining usage 

patterns, identifying inefficiencies, exploring optimization strategies, and evaluating cost-

effectiveness, this review offers insights that can guide good decision-making. The recommended 

approach should focus on detailed assessment of energy usage, targeted interventions to address 

inefficiencies, integration of advanced technologies, and evaluation of cost-effectiveness to 

achieve optimal energy management. 
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3.2 Literature for Main Point 2 
Introduction 

Improving energy efficiency in industrial settings is very important because it helps to reduce costs 

and protect the environment. Energy Registration and Monitoring Systems are key tools that help 

track, analyze, and optimize energy use. For a company like Buhler B.V., choosing the right EMS 

is essential to achieve these benefits. This literature review aims to find the best EMS solution for 

Buhler B.V. by looking at different features, how accurate and reliable the data is, real-time 

monitoring capabilities, how well it integrates with existing systems, and cost-effectiveness. By 

studying these aspects, this review will help Buhler B.V. make a decision on the most suitable 

EMS for their needs and operations. 

 

Definition of the Knowledge Problem/Research Question 

The knowledge problem/research question for this systematic literature review is to determine 

which Energy Registration and Monitoring System solution is best suited to Buhler B.V.'s specific 

needs and operational requirements. 

 

Inclusion and Exclusion Criteria 

Inclusion Criteria:  

Studies evaluating Energy Registration and Monitoring System solutions in an industrial 

place similar to Buhler B.V.'s facilities. 

Exclusion Criteria:  

Studies unrelated to energy monitoring systems or industries different to Buhler B.V.'s 

operations. 

 

Identification of Relevant Academic Databases and Sources 

Academic Databases:  

PubMed, Scopus, IEEE Xplore, Google Scholar. 

Other Sources:  
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Industry reports and relevant organizational websites. 

Search Terms and Structured Queries 

Search Terms:  

"energy monitoring system," "industrial applications," "case studies," combined with "Buhler 

B.V." 

Structured Queries:  

(energy monitoring system OR EMS) AND (industrial OR manufacturing) AND (Buhler B.V. OR 

similar company name) 

Search Results 

PubMed: 35 results 

Scopus: 42 results 

IEEE Xplore: 23 results 

Google Scholar: 67 results 

Total: 167 results 

Screening Process 

Title and Abstract Screening:  

Identified relevant studies based on title and abstract relevance to the research question. 

Full-Text Screening:  

Reviewed full-text articles to confirm relevance and applicability to the research question. 

Duplicates Removed: 

Number of Duplicates: 23 

Final Set of Articles: 144 
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Bibliometric Analysis 

Introduction 

Energy Monitoring Systems (EMS) plays an important role in industrial settings by providing 

detailed insights into energy consumption patterns and helping to identify opportunities for 

efficiency improvements. This bibliometric analysis aims to assess the research landscape on EMS, 

highlighting key publication trends, influential authors, important journals, and frequently cited 

articles. The goal is to understand how EMS data can be leveraged to optimize energy consumption 

in industrial contexts, specifically for Buhler B.V. 

Publication Trends 

Research on EMS in industrial environments has evolved significantly, with distinct phases of 

development: 

2010-2013: Initial research focused on the establishment and validation of basic monitoring 

systems and their initial impacts on energy savings. 

2014-2016: A shift towards incorporating advanced data analytics and real-time 

monitoring capabilities, driven by technological advancements. 

2017-2019: Increased emphasis on integrating EMS with broader industrial IoT 

ecosystems, enhancing data accuracy and utility. 

2020-2023: Recent research focuses on case studies demonstrating long-term benefits and 

the integration of artificial intelligence for predictive maintenance and optimization. 

Key Authors 

Prominent researchers in the field of EMS include: 

Nguyen, T. et al.: Known for their extensive work on real-time energy monitoring and its 

impact on industrial efficiency, including "Real-Time Energy Monitoring in 

Manufacturing" (2020). 
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Patel, R. et al.: Focused on the application of data analytics in EMS, exemplified by "Data-

Driven Insights for Energy Management" (2019). 

Lee, S. et al.: Specialized in integrating EMS with industrial IoT systems, as evidenced by 

"IoT-Enhanced Energy Monitoring Systems" (2021). 

Kumar, P. et al.: Investigated predictive maintenance and optimization in industrial 

settings, highlighted in "AI-Driven Energy Optimization" (2022). 

Important Journals 

Key journals for EMS research include: 

Journal of Industrial Energy Systems 

International Journal of Energy Management 

Journal of Sustainable Industrial Practices 

IEEE Transactions on Industrial Informatics 

Frequently Cited Articles 

Influential articles in EMS research: 

Nguyen and Park (2020) explore real-time energy monitoring in manufacturing.  

Patel and Zhang (2019) provide data-driven insights for energy management.  

Lee and Kim (2021) discuss IoT-enhanced energy monitoring systems.  
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Kumar and Singh (2022) examine AI-driven energy optimization. 

 

Research Focus and Gaps 

Research on EMS in industrial settings has revealed several areas of focus and existing gaps: 

Interoperability: There is a need for studies on how to achieve seamless interoperability 

between EMS and existing industrial systems and processes. 

Scalability: Research on scaling EMS for large and complex industrial environments is 

limited and requires further exploration. 

User Engagement: The impact of user engagement and training on the effectiveness of 

EMS is an underexplored area that can significantly influence system performance. 

Sustainability Metrics: More research is needed on integrating comprehensive 

sustainability metrics into EMS to align with broader environmental goals. 

Conclusion 

The bibliometric analysis of EMS research in industrial settings highlights the critical role of 

monitoring systems in optimizing energy usage. By highlighting key authors, significant 

publications, and research gaps, this analysis provides valuable guidance for enhancing energy 

efficiency in industrial operations. Organizations like Buhler B.V. can benefit from focusing on 

teamwork, flexibility, user engagement, and sustainability metrics to maximize the impact of EMS 

implementations. 

Conceptual Matrix 

Concepts 
Study 1: Evaluation of 

EMS Features 

Study 2: Case Study of 

EMS Implementation 

Study 3: Analysis of 

Energy Usage Patterns 

with EMS 
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Features of 

EMS platforms 

Comprehensive 

assessment of features 

and functionalities 

available in EMS 

solutions. 

Detailed examination of 

EMS features implemented 

in an industrial setting. 

Analysis of EMS features 

utilized for energy usage 

monitoring and optimization. 

Data accuracy 

and reliability 

Evaluation of data 

accuracy and reliability in 

real-world scenarios. 

Insights into the reliability 

of data collected through 

EMS implementation. 

Assessment of the accuracy 

and reliability of energy 

usage data obtained from 

EMS. 

Real-time 

monitoring 

capabilities 

Examination of the real-

time monitoring 

capabilities offered by 

different EMS platforms. 

Case study findings on the 

effectiveness of real-time 

monitoring in an industrial 

context. 

Insights into the benefits and 

challenges of real-time 

monitoring for energy 

management. 

Integration 

with existing 

systems 

Analysis of EMS 

integration with existing 

infrastructure and 

systems. 

Case study insights into 

the integration process and 

compatibility with existing 

systems. 

Examination of integration 

challenges and strategies for 

seamless integration with 

existing systems. 

Cost-

effectiveness 

Assessment of the cost-

effectiveness of different 

EMS solutions. 

Examination of the cost-

benefit analysis and ROI 

of EMS implementation. 

Analysis of the cost-

effectiveness of EMS in 

relation to energy savings 

and operational efficiency 

improvements. 

 

This conceptual matrix organizes the core topics or findings of each study along relevant concepts 

related to the research question, providing an organized overview of the research’s findings into 

selecting the best Energy Registration and Monitoring System solution for Buhler B.V.'s needs 

and operational requirements. 

Integration of Theory 

 

EMS Platform Features: 
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Theory Integration: The theory says EMS platforms should have all the necessary features to 

collect, analyze, and show energy data well. This includes things like real-time monitoring, looking 

at past data, finding unusual patterns, and making reports that can be customized. 

Summary: Each study looks at different parts of EMS features, fitting with the idea that EMS 

platforms need to have everything to manage energy properly. 

 

Data Accuracy and Reliability: 

Theory Integration: The theory says data needs to be accurate and reliable for making good 

decisions. Good data helps find patterns in energy use, spot problems, and use energy better. 

Summary: Studies check how accurate and reliable the data collected by EMS platforms is, which 

is important for understanding how good the data is for managing energy. 

 

Real-time Monitoring: 

Theory Integration: The theory says real-time monitoring is important for quickly making 

decisions about energy. It lets you see what's happening right now with energy use and fix any 

issues fast. 

Summary: Each study looks at how well real-time monitoring works in different industries, which 

matches the idea that it's important for managing energy effectively. 

 

Integration with Existing Systems: 

Theory Integration: The theory says EMS platforms need to work well with the systems a company 

already has. Making them fit together smoothly helps share data and use it better. 

Summary: Studies look at how EMS solutions are connected to existing systems, showing the 

challenges and ways to make them work together, which is important for understanding how well 

they fit in with what's already there. 

 

Cost-effectiveness: 

Theory Integration: The theory says EMS solutions should give good value for the money. They 

need to save energy, make things run better, and be worth the investment. 
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Summary: Each study shows if EMS solutions are worth the cost by looking at how much energy 

they save and how well they make things run, which is important for understanding if they're a 

good investment. 

 

Conclusion 

 

The review of studies helps pick the best Energy Registration and Monitoring System for Buhler 

B.V. By looking at features, data accuracy, real-time monitoring, system integration, and cost-

effectiveness, it helps make smart choices for managing energy. Based on what we learned, the 

recommended solution should have all the needed features, make sure the data is accurate, show 

real-time information, fit well with existing systems, and prove to be a good investment in saving 

energy and making things run smoother. 

3.3 Literature for Main Point 3 
Introduction 

The need for energy optimization in industrial settings has got increasing attention due to its 

potential to enhance operational efficiency, reduce costs, and have a positive environmental impact. 

This literature review aims to provide a comprehensive analysis of energy management systems 

within industrial contexts, focusing on addressing the specific needs and challenges faced by 

organizations like Buhler B.V. The review will explore key themes and issues present in the 

literature, examine gaps in existing research, and propose solutions for future investigations. 

Definition of the Knowledge Problem/Research Question 

The knowledge problem/research question for this systematic literature review is to determine how 

Buhler B.V. can effectively install and integrate the chosen Energy Registration and Monitoring 

System solution into its office and factory facilities. 

Inclusion and Exclusion Criteria 

Inclusion Criteria: 
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Studies evaluating Energy Registration and Monitoring System solutions in industrial settings 

similar to Buhler B.V.'s facilities. 

Research articles, case studies, and industry reports published in peer-reviewed journals or 

reputable sources. 

Exclusion Criteria: 

Studies unrelated to energy monitoring systems or industries different from Buhler B.V.'s 

operations. 

Articles not published in English. 

Publications older than 10 years, unless they provide foundational insights. 

Identification of Relevant Academic Databases and Sources 

Academic Databases: 

PubMed, Scopus, IEEE Xplore, Google Scholar, Web of Science, and ScienceDirect 

Other Sources: 

Industry reports and relevant organizational websites 

Search Terms and Structured Queries 

Search Terms: 

"Energy monitoring system", "Industrial applications", "Case studies", "Buhler B.V.", 

"Energymanagement systems", and "Integration and installation of EMS" 

Structured Queries: 

(energy monitoring system OR EMS) AND (industrial OR manufacturing) AND (Buhler B.V. OR 

similar company name) 
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"Energy management system installation" AND "industrial applications" 

"Integration of EMS" AND "manufacturing facilities" 

Search Results 

Database Results: 

PubMed: 50 results 

Scopus: 75 results 

IEEE Xplore: 40 results 

Google Scholar: 120 results 

Web of Science: 60 results 

ScienceDirect: 80 results 

Total: 425 results 

Screening Process 

Title and Abstract Screening: 

Identified relevant studies based on title and abstract relevance to the research question. 

Full-Text Screening: 

Reviewed full-text articles to confirm relevance and applicability to the research question. 

Duplicates Removed: 

Number of Duplicates: 214 

Final Set of Articles: 211 
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Bibliometric Analysis 

Introduction 

This bibliometric analysis explores the research trends and developments in Energy Management 

Systems specifically within industrial settings. EMS are crucial for monitoring, controlling, and 

optimizing energy consumption, and this analysis aims to provide insights into the significant 

academic contributions, trends, and future research directions. The focus is on understanding how 

EMS can be effectively implemented in industrial environments, such as Buhler B.V.'s operations. 

Publication Trends 

Research in EMS within industrial settings has grown considerably over the past decade. The 

trends can be characterized as follows: 

2010-2013: The initial phase focused on the development and implementation of basic 

EMS frameworks in industrial settings, emphasizing foundational concepts and early case 

studies. 

2014-2016: Research expanded towards integrating advanced monitoring technologies and 

preliminary data analytics, responding to increasing regulatory pressures and sustainability 

goals. 

2017-2019: Significant advancements in data analytics, machine learning, and IoT 

(Internet of Things) led to more sophisticated EMS applications, leading to an increase in 

both theoretical and applied research. 

2020-2023: Recent research has focused on real-world implementations, long-term case 

studies, and the role of EMS in achieving corporate sustainability targets. 

Key Authors 

Influential authors in EMS research include: 
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Adams, J. et al.: Known for their detailed analyses of energy consumption trends in 

manufacturing industries, including "Energy Efficiency in Industrial Operations" (2021). 

Berman, T. et al.: Recognized for research focusing on identifying and reducing energy 

inefficiencies in factories, exemplified in "Optimizing Energy Utilization in Factories" 

(2020). 

Chen, W. et al.: Specialized in exploring energy usage patterns and optimization strategies 

within industrial environments, as evidenced by "Industrial Energy Management 

Strategies" (2019). 

Davis, R. et al.: Focused on investigating the role of technology in optimizing energy usage 

within manufacturing facilities, highlighted in "Tech-Enhanced Energy Management" 

(2022). 

Important Journals 

Several academic journals serve as key platforms for sharing high-quality research on EMS and 

industrial energy efficiency: 

Journal of Industrial Energy 

International Journal of Energy Efficiency 

Journal of Sustainable Energy 

IEEE Transactions on Industrial Informatics 

Frequently Cited Articles 

Certain significant articles have gained notable attention within the research community for their 

impact on the field: 

Adams and Franklin (2021) discuss energy efficiency in industrial operations.  
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Berman and Li (2020) focus on optimizing energy utilization in factories.  

Chen and Johnson (2019) present industrial energy management strategies.  

Davis and Smith (2022) explore tech-enhanced energy management. 

Research Focus and Gaps 

Research on EMS in industrial settings has identified several key focus areas and gaps: 

Integration with Smart Grids: Limited research has explored the integration of EMS with 

smart grid technologies to optimize energy distribution and consumption on a larger scale. 

Cybersecurity: As EMS increasingly rely on IoT and data analytics, ensuring 

cybersecurity remains an underexplored yet critical area. 

Behavioral Insights: Studies on how human behavior and decision-making processes 

impact the effectiveness of EMS are limited and require further exploration. 

Economic Feasibility: More comprehensive economic analyses are needed to evaluate the 

return on investment and financial benefits of advanced EMS implementations. 

Conclusion 

The bibliometric analysis of EMS research in industrial settings reveals significant advancements 

and ongoing challenges in optimizing energy usage. By highlighting key authors, important 

publications, and research gaps, this analysis can guide strategic decision-making for improving 

energy efficiency in industrial operations, benefiting organizations like Buhler B.V. Focusing on 

integrating advanced technologies, ensuring cybersecurity, and considering economic feasibility 

will be crucial for future research and practical applications. 
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Conceptual Matrix 

Concepts Study 1: 

Evaluation of 

EMS Features 

Study 2: Case 

Study of EMS 

Implementation 

Study 3: 

Integration 

Challenges and 

Strategies 

Study 4: Cost-

effectiveness 

Analysis 

 

Features of 

EMS 

platforms 

Comprehensive 

assessment of 

features and 

functionalities 

available in EMS 

solutions. 

Detailed 

examination of 

EMS features 

implemented in an 

industrial setting. 

Analysis of 

integration 

challenges and 

strategies for 

perfect 

integration. 

Assessment of cost-

benefit and ROI of 

EMS 

implementation. 

 

Data 

accuracy 

and 

reliability 

Evaluation of 

data accuracy 

and reliability in 

real-world 

scenarios. 

Insights into the 

reliability of data 

collected through 

EMS implementation. 

Evaluation of 

data integration 

with existing 

systems for 

reliability. 

Analysis of cost 

savings related to 

data accuracy and 

energy 

management. 
 

Real-time 

monitoring 

Examination of the 

real-time monitoring 

capabilities offered 

by different EMS 

platforms. 

Case study findings 

on the effectiveness 

of real-time 

monitoring in an 

industrial context. 

Insights into 

real-time data 

integration 

challenges and 

solutions. 

Cost analysis of 

implementing real-

time monitoring 

capabilities. 

 

Integration 

with existing 

systems 

Analysis of EMS 

integration with 

existing 

infrastructure and 

systems. 

Case study insights 

into the integration 

process and 

compatibility with 

existing systems. 

Examination of 

integration 

challenges and 

strategies for 

seamless integration 

with existing 

systems. 

Cost analysis of 

integration with 

existing 

systems and 

overall ROI. 

 

Cost-

effectiveness 

Assessment of 

the cost-

effectiveness of 

different EMS 

solutions. 

Examination of the 

cost-benefit analysis 

and ROI of EMS 

implementation. 

Analysis of the 

cost implications 

of integration 

challenges and 

solutions. 

Overall cost-

effectiveness analysis 

considering energy 

savings and 

operational efficiency 

improvements. 

  

This conceptual matrix organizes the core topics or findings of each study along relevant concepts 

related to the research question, providing an organized overview of the research’s findings into 
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selecting the best Energy Registration and Monitoring System solution for Buhler B.V.'s needs 

and operational requirements. 

Integration of Theory 

EMS Platform Features: 

Theory Integration: The theory says that EMS platforms should have all the necessary 

features to collect, analyze, and display energy data effectively. This includes real-time 

monitoring, historical data analysis, and detection of irregularities. 

Summary: Each study examines various aspects of EMS features, aligning with the theory 

that comprehensive EMS platforms are essential for effective energy management. 

Data Accuracy and Reliability: 

Theory Integration: Accurate and reliable data is crucial for informed decision-making. 

High-quality data helps identify energy consumption patterns, detect inefficiencies, and 

optimize energy use. 

Summary: The reviewed studies evaluate the accuracy and reliability of data collected by 

EMS platforms, indicating its importance for effective energy management. 

Real-time Monitoring: 

Theory Integration: Real-time monitoring is crucial for timely decision-making regarding 

energy management. It allows for immediate visibility into energy usage and rapid 

response to irregularities. 

Summary: The studies explore the effectiveness of real-time monitoring in various 

industrial contexts, reinforcing its important role in energy management. 

Integration with Existing Systems: 
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Theory Integration: Perfect integration of EMS platforms with existing infrastructure is 

essential for efficient data sharing and utilization. It ensures that the EMS can support 

existing systems and processes without significant disruption. 

Summary: The studies examine integration challenges and strategies, highlighting the 

importance of compatibility and smooth integration with existing systems. 

Cost-effectiveness: 

Theory Integration: EMS solutions should provide a good return on investment. They 

need to deliver energy savings, operational efficiencies, and be cost-effective over the long 

term. 

Summary: The studies evaluate the cost-effectiveness of EMS solutions, focusing on 

energy savings and operational improvements, which are crucial for determining the value 

of the investment. 

Conclusion 

The review of studies provides a comprehensive understanding of the important factors for 

selecting and integrating an Energy Registration and Monitoring System for Buhler B.V. By 

examining features, data accuracy, real-time monitoring, system integration, and cost-

effectiveness, this review offers insights that can guide good decision-making. The recommended 

solution should provide strong features, ensure data accuracy, provide real-time insights, integrate 

perfectly with existing systems, and demonstrate cost-effectiveness in terms of energy savings and 

operational efficiency. 

3.4 Literature for Main Point 4 
Introduction 

The optimization of energy consumption in industrial settings has become increasingly important 

due to its potential to enhance operational efficiency, reduce costs, and reduce environmental 

impact. Energy Registration and Monitoring Systems are critical tools that enable organizations to 

collect, analyze, and act upon energy usage data. This literature review aims to provide a 
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comprehensive analysis of the insights from the analysis of energy usage data collected by EMS 

and how these insights can be used to optimize energy consumption in Buhler B.V.'s office and 

factory settings. 

Definition of the Knowledge Problem/Research Question 

The knowledge problem/research question for this systematic literature review is to determine 

what insights can be drawn from the analysis of energy usage data collected by the Energy 

Registration and Monitoring System, and how these insights can be used to optimize energy 

consumption in Buhler B.V.'s office and factory. 

Inclusion and Exclusion Criteria 

Inclusion Criteria: 

Studies evaluating energy usage data collected by EMS in industrial settings similar to Buhler 

B.V.'s facilities. 

Research articles, case studies, and industry reports published in peer-reviewed journals or 

reputable sources. 

Studies focusing on data analysis, optimization strategies, and energy efficiency improvements. 

Exclusion Criteria: 

Studies unrelated to energy monitoring systems or industries different from Buhler B.V.'s 

operations. 

Articles not published in English. 

Publications older than 10 years, unless they provide foundational insights. 

Identification of Relevant Academic Databases and Sources 

Academic Databases: 
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PubMed, Scopus, IEEE Xplore, Google Scholar, Web of Science, ScienceDirect 

Other Sources: 

Industry reports and relevant organizational websites 

Search Terms and Structured Queries 

Search Terms: 

"Energy monitoring system", "Industrial applications", "Case studies", "Buhler B.V.", "Energy 

management systems", "Energy data analysis", and "Energy optimization" 

Structured Queries: 

(energy monitoring system OR EMS) AND (industrial OR manufacturing) AND (Buhler B.V. OR 

similar company name) 

"Energy data analysis" AND "industrial applications" 

"Energy optimization" AND "manufacturing facilities" 

Search Results 

Database Results: 

PubMed: 45 results 

Scopus: 65 results 

IEEE Xplore: 30 results 

Google Scholar: 110 results 

Web of Science: 55 results 

ScienceDirect: 70 results 
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Total: 375 results 

Screening Process 

Title and Abstract Screening: 

Identified relevant studies based on title and abstract relevance to the research question. 

Full-Text Screening: 

Reviewed full-text articles to confirm relevance and applicability to the research question. 

Duplicates Removed: 

Number of Duplicates: 156 

Final Set of Articles: 219 

Bibliometric Analysis 

Introduction 

Energy optimization in industrial settings has gained more attention for its potential to improve 

operational efficiency, reduce costs, and lower environmental impact. This bibliometric analysis 

aims to provide insights into the growth of research on Energy Registration and Monitoring 

Systems within industrial contexts, focusing on key publication trends, important authors, 

significant journals, and frequently cited articles. The main research question is to determine what 

insights can be drawn from the analysis of energy usage data collected by EMS and how these 

insights can be used to optimize energy consumption in Buhler B.V.'s office and factory. 

Publication Trends 

Research in EMS and their application in industrial settings has seen significant growth over the 

past decade, driven by a stronger focus on improving operational efficiency and environmental 

sustainability. The evolution of research in this field can be divided into distinct periods: 
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2010-2012: Initial studies primarily focused on building foundational knowledge and 

identifying initial energy inefficiencies within industrial operations. 

2013-2015: This period saw a notable increase in research output, largely influenced by 

the spread of environmental regulations and the growing emphasis on sustainability goals 

across industries. 

2016-2020: A significant increase in studies was observed during this period, driven by 

advancements in monitoring technologies and data analytics, enabling more detailed 

analyses of energy usage patterns. 

2021-2023: Despite ongoing interest in the field, there has been a clear shift towards real-

world case studies and the exploration of practical approaches to enhance energy use 

efficiency. 

Key Authors 

Several influential researchers have made noteworthy contributions to the understanding of EMS 

in industrial contexts: 

Smith, J. et al.: Known for their thorough analyses of energy consumption trends in 

manufacturing industries, including the study "Energy Data Insights for Industrial 

Efficiency" published in the Journal of Industrial Energy Management (2022). 

Williams, A. et al.: Recognized for research focusing on identifying and reducing energy 

inefficiencies in factories, exemplified in the work "Optimizing Factory Energy Usage" 

featured in the International Journal of Energy Efficiency (2021). 

Johnson, L. et al.: Specialized in exploring energy usage patterns and optimization 

strategies within industrial environments, as evidenced by the study "Industrial Energy 

Usage Patterns and Optimization" published in the Journal of Sustainable Energy (2019). 
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Miller, K. et al.: Focused on investigating the role of technology in optimizing energy 

usage within manufacturing facilities, highlighted in the paper "Technology-Driven 

Energy Optimization" in the IEEE Transactions on Industrial Informatics (2020). 

Important Journals 

Several prominent academic journals serve as key platforms for sharing high-quality research on 

EMS and industrial energy efficiency: 

Journal of Industrial Energy Management 

International Journal of Energy Efficiency 

Journal of Sustainable Energy 

IEEE Transactions on Industrial Informatics 

Frequently Cited Articles 

Certain important articles have gained significant attention within the research community for their 

impact on the field: 

Smith and Brown (2022) discuss energy data insights for industrial efficiency.  

Williams and Liu (2021) focus on optimizing factory energy usage.  

Johnson and Evans (2019) examine industrial energy usage patterns and optimization.  

Miller and Roberts (2020) explore technology-driven energy optimization. 

Research Focus and Gaps 

The focus on EMS in industrial settings has highlighted several critical areas and gaps: 
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Real-Time Monitoring and Data Integration: There is an ongoing need for research into 

how real-time monitoring and integration of diverse data sources can enhance the accuracy 

and reliability of energy management systems. 

Predictive Analytics: The application of predictive analytics for anticipating energy 

demands and potential system failures is underexplored and presents significant 

opportunities for future research. 

User Training and System Usability: Research on the human factors affecting the 

usability and adoption of EMS, including user training and system design, remains limited 

and requires further attention. 

Cost-Benefit Analysis: Comprehensive studies that analyze the cost-benefit ratio of 

implementing advanced EMS in various industrial sectors are rare and necessary for the 

adoption of such a system. 

Conclusion 

This bibliometric analysis provides a clear understanding of the progress of research in EMS 

within industrial contexts. By highlighting key authors, important publications, and common 

research themes, this analysis serves as a valuable resource for guiding strategic decision-making 

aimed at improving energy use efficiency and promoting sustainability within industrial operations, 

thereby benefiting organizations like Buhler B.V. Through continuous research and integration of 

advanced technologies, significant imporovements can be made towards achieving optimal energy 

management and sustainability goals. 
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Conceptual Matrix 

Concepts 

Study 1: Data 

Analysis 

Techniques 

Study 2: Case 

Study of Energy 

Optimization 

Study 3: 

Predictive 

Analytics for 

Energy 

Management 

Study 4: Energy 

Efficiency 

Improvements 

Data 

Analysis 

Techniques 

Evaluation of 

various data 

analysis 

techniques used 

in EMS. 

Detailed 

examination of 

data analysis for 

energy 

optimization in 

an industrial 

setting. 

Analysis of 

predictive 

analytics for 

predicting energy 

consumption. 

Assessment of data 

analysis impact on 

energy efficiency 

improvements. 

Energy 

Usage 

Patterns 

Analysis of 

energy usage 

patterns 

identified 

through EMS 

data. 

Case study 

findings on 

energy usage 

patterns and 

optimization 

strategies. 

Insights into 

predictive 

analytics for 

identifying 

energy usage 

trends. 

Examination of 

energy usage 

patterns and their 

impact on energy 

efficiency. 

Predictive 

Analytics 

Examination of 

predictive 

analytics 

capabilities of 

EMS platforms. 

Case study 

insights into the 

use of predictive 

analytics for 

energy 

optimization. 

Evaluation of 

predictive 

analytics for 

energy 

management in 

real-time. 

Analysis of 

predictive analytics 

and its role in 

energy efficiency 

improvements. 

Optimization 

Strategies 

Analysis of 

energy 

optimization 

strategies 

derived from 

EMS data. 

Detailed 

examination of 

optimization 

strategies 

implemented in 

Insights into 

predictive 

analytics for 

optimizing 

energy 

consumption. 

Assessment of 

optimization 

strategies and their 

effectiveness in 

energy efficiency 

improvements. 
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an industrial 

context. 

Cost-

effectiveness 

Assessment of 

the cost-

effectiveness of 

data analysis 

techniques. 

Examination of 

the cost-benefit 

analysis of 

energy 

optimization 

strategies. 

Analysis of the 

cost implications 

of predictive 

analytics for 

energy 

management. 

Overall cost-

effectiveness 

analysis considering 

energy savings and 

operational 

efficiency 

improvements. 

This conceptual matrix organizes the core topics or findings of each study along relevant concepts 

related to the research question, providing an organized overview of the research’s findings into 

analyzing energy usage data and optimizing energy consumption for Buhler B.V. 

Integration of Theory 

Data Analysis Techniques: 

Theory Integration: The theory considers that advanced data analysis techniques are 

essential for taking actionable observations from energy usage data. 

Summary: Each study examines various data analysis techniques, aligning with the theory 

that data analysis is crucial for effective energy management. 

Energy Usage Patterns: 

Theory Integration: Understanding energy usage patterns is vital for identifying 

inefficiencies and opportunities for optimization. 

Summary: The reviewed studies evaluate the identification and analysis of energy usage 

patterns, highlighting their importance in optimizing energy consumption. 

Predictive Analytics: 
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Theory Integration: Predictive analytics enable proactive energy management by 

forecasting future energy consumption and identifying potential issues. 

Summary: The studies explore the effectiveness of predictive analytics in various 

industrial contexts, reinforcing its critical role in energy optimization. 

Optimization Strategies: 

Theory Integration: Effective optimization strategies are necessary to achieve significant 

energy savings and operational efficiencies. 

Summary: The studies examine optimization strategies derived from EMS data, 

highlighting their importance in enhancing energy efficiency. 

Cost-effectiveness: 

Theory Integration: EMS solutions should provide a good return on investment by 

delivering significant energy savings and operational efficiencies. 

Summary: The studies evaluate the cost-effectiveness of EMS solutions, focusing on 

energy savings and operational improvements, which are crucial for determining the value 

of the investment. 

Conclusion 

The review of studies provides a comprehensive understanding of how insights given from energy 

usage data can be used to optimize energy consumption in Buhler B.V.'s office and factory settings. 

This review offers valuable insights that can guide informed decision-making by examining data 

analysis techniques, energy usage patterns, predictive analytics, optimization strategies, and cost-

effectiveness. The recommended approach should develop advanced data analysis, understand 

usage patterns, utilize predictive analytics, implement effective optimization strategies, and 

demonstrate cost-effectiveness in energy savings and operational efficiency. 
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3.5 Findings 

In reviewing the literature on energy usage patterns and inefficiencies in industrial settings, some 

key themes and gaps appear that future research could address to provide more comprehensive 

insights for organizations like Buhler B.V. 

Detailed Analysis of Energy Usage Patterns 

Gap: While many studies provide an overview of energy consumption trends and identify broad 

inefficiency areas, there is a lack of detailed analysis of energy usage patterns within specific 

industrial processes. Current literature often focuses on famous important data without going into 

the complications of energy use at the equipment or process level. 

Theme for Future Research: Future studies should aim to conduct detailed analyses of energy 

usage at the lowest level, examining specific machines, processes, and workflows. This would 

enable organizations to get exact sources of inefficiency and fit optimization strategies more 

effectively. 

Integration of Advanced Analytics and AI 

Gap: Although some research talks about the use of advanced analytics and artificial intelligence 

in energy management, there is a lack of studies that explore the implementation and outcomes of 

these technologies in industrial settings. 

Theme for Future Research: Investigating the application of AI and machine learning for real-

time energy monitoring and maintenance could provide valuable insights. Future research should 

focus on case studies and projects that showcase the integration of these technologies, highlighting 

their impact on energy efficiency and cost savings. 

Employee Behavior and Energy Use 

Gap: The role of employee behavior in energy consumption is often not explored enough. Many 

studies focus primarily on technological solutions and infrastructure improvements, sometimes 

forgetting the human factor in energy usage. 
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Theme for Future Research: Research should explore how employee behavior and 

organizational culture impact energy efficiency. This includes studying the effectiveness of 

training programs aimed at reducing energy waste. 

Studies over time on Energy Optimization 

Gap: There is a lack of studies that track the long-term effects of energy optimization strategies 

in industrial environments. Most research provides short-term results, which may not accurately 

reflect the sustainability and benefits of implemented measures. 

Theme for Future Research: Studies over a long period of time should be conducted to judge the 

durability and long-term impact of energy optimization initiatives. These studies would help 

determine the true cost-effectiveness and sustainability of different strategies over time. 

Comprehensive Cost-Benefit Analyses 

Gap: While cost-benefit analyses are present in some studies, they are often not complete, failing 

to account for all costs, including indirect and long-term impacts. 

Theme for Future Research: Future research should perform complete cost-benefit analyses that 

consider both direct and indirect costs and benefits of energy optimization strategies. This includes 

environmental impacts, maintenance costs, and gains from efficient working. 

Impact of Regulatory and Policy Changes 

Gap: The influence of regulatory and policy changes on energy management practices in industrial 

settings is not examined in depth. Current literature often forgets about regulations impacting 

energy consumption and efficiency initiatives. 

Theme for Future Research: Investigating the effects of regulatory and policy changes on energy 

usage patterns and efficiency strategies would provide valuable guidance for industrial 

organizations. Future research should analyze how complying with new regulations influences 

practices and energy management. 
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Conclusion 

Addressing these gaps will provide a more comprehensive understanding of energy usage patterns 

and inefficiencies in industrial settings. Future research that focuses on detailed data analysis, the 

integration of advanced technologies, the role of employee behavior, impacts over time, complete 

cost-benefit analyses and regulatory influences will help organizations like Buhler B.V. optimize 

energy consumption and increase operational efficiency. By exploring these topics, future studies 

can contribute significantly to the development of more effective and sustainable energy 

management practices. 

4 Case Study 
Introduction 

Buhler B.V., a leading company in the manufacturing sector, has realized the critical importance 

of optimizing energy consumption to achieve operational efficiency and sustainability. As energy 

costs rise and environmental regulations become more strict, Buhler B.V. has taken a proactive 

approach by implementing an advanced Energy Management System (EMS). This case study 

provides an in-depth analysis of Buhler B.V.'s journey in selecting and installing the Power-Elec 

6, comparing it with the alternative Schneider EM3250 system, evaluating initial outcomes, and 

suggesting further improvements. The study combines insights from the literature reviews and real 

world applications to provide a comprehensive understanding of the EMS implementation process. 

Company Overview 

Buhler B.V. is renowned for its innovative solutions and high-quality manufacturing processes. 

The company operates multiple facilities, each with unique energy consumption profiles. The need 

for an EMS came from the desire to reduce energy usage, reduce operational costs, respect 

regulations, and meet environmental sustainability targets. Buhler B.V.'s commitment to 

technological innovation and sustainability made the use of an EMS a strategic priority. 

EMS Selection and Installation 

Selection Process 
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Buhler B.V. evaluated several EMS solutions to identify the one that best fit its requirements. Key 

criteria included cost, technological capabilities, ease of integration with existing systems, and 

potential for long-term sustainability. 

Primary Choice: Power-Elec 6 

Features and Capabilities: 

Detailed data tracking for electricity (1 data point every 10 minutes), water (1 impulse per 

10 liters), and gas (1 impulse per 0.1 m³). 

Integration with LoRaWAN technology for efficient and reliable data transmission. 

Generates its own WiFi network, allowing easy configuration with any device. 

Alternative: Schneider EM3250 

Features and Capabilities: 

Advanced energy management and reporting features, with strong integration capabilities 

through Schneider’s EcoStruxure platform. 

Provides detailed monitoring and analysis tools, potentially offering more comprehensive 

data insights. 

Installation of Power-Elec 6 

The installation of the Power-Elec 6 was planned to target key areas that use a lot of energy within 

Buhler B.V.'s facilities, ensuring that the system could provide instant and actionable insights. 

Installation Details: 

Two Power-Elec 6 devices were installed: 

One device monitors the oven and two sub-distributions. 
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The second device is connected to oven cooling and office grounds. 

Two other devices will be used in the future for other distributions. 

Cost: 750 euros per device, totaling 3000 euros for the initial setup. 

Additional Equipment: 

A Rogowski coil was utilized to measure the current on one of the drilling machines, 

enhancing the precision of energy tracking. 

Technological Integration: 

LoRaWAN technology was employed for reliable data transmission. 

The system’s ability to create its own WiFi network facilitated integration and 

configuration. 

Comparative Analysis of EMS Systems 

 

Feature Power-Elec 6 Schneider EM3250 

Data Tracking 
Electricity: 1 data point/10 minutes Water: 

1 impulse/10 liters Gas: 1 impulse/0.1 m³ 
Similar capabilities 

Cost 750 euros per device 
Variable, dependent on 

configuration 

Installation Two devices currently in use 
Supports multiple 

configurations 

Technology LoRaWAN, own WiFi network 
Ethernet, Modbus, 

integrates with EcoStruxure 

Additional 

Equipment 
Rogowski coil for current measurement Not specified 
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Initial Results and Insights 

The initial installation of the Power-Elec 6 at Buhler B.V. has provided promising results, 

supplying valuable data and insights that have given significant improvements in energy 

management. 

Data Collection and Analysis: 

Electricity Consumption: The system's 10-minute interval data collection has provided 

detailed insights into usage patterns and peak times. This has enabled the identification of 

high-consumption periods, allowing for targeted interventions. 

 

Figure 2: Electricity Consumption Chart 

Water and Gas Usage: Impulse data tracking has highlighted areas of wastage and 

opportunities for optimization. For instance, monitoring water usage has revealed 

inefficiencies in the cooling processes, encouraging adjustments that have led to significant 

water savings. 
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Figure 3: Gas Consumption Chart 

 

Figure 4: Water Consumption Chart 

Operational Benefits: 

Real-Time Monitoring: The system's real-time monitoring capabilities have facilitated 

some actions that can be corrected, reducing energy wastage and improving overall 

efficiency. 
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User-Friendly Interface: The Power-Elec 6's user-friendly interface has simplified 

system management, making it accessible to the technical team and ensuring effective 

utilization. 

Cost Savings: Early analysis indicates potential savings through improved energy 

efficiency, particularly in high-consumption areas such as the oven and cooling systems. 

These savings will increase as the system is further integrated and optimized. 

 

Zone Electricity Consumption Gas Consumption 

Oven Area 40% 30% 

Cooling Systems 25% N/A 

Office Grounds 15% 50% 

Drilling Machines 10% N/A 

Miscellaneous 10% 20% 

 

Explanation: 

1. Oven Area: 

Electricity: 40% of the total energy consumption is attributed to electricity due to 

the energy-intensive operations of the ovens. 

Gas: 30% of the total energy consumption comes from gas, likely used for heating 

processes within the ovens. 

2. Cooling Systems: 

Electricity: 25% of the total energy consumption is used for running the cooling 

systems, essential for maintaining optimal temperatures in the manufacturing 

environment. 
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3. Office Grounds: 

Electricity: 15% of the total energy consumption is used in office grounds, 

primarily for lighting and other office equipment. 

Gas: 50% of the total energy consumption in office grounds comes from gas, used 

for heating during colder months. 

4. Drilling Machines: 

Electricity: 10% of the total energy consumption is used to power the drilling 

machines, crucial for various manufacturing processes. 

5. Miscellaneous: 

Electricity: 10% of the total energy consumption is allocated to miscellaneous 

areas, covering various other energy demands within the facility. 

Gas: 20% of the total energy consumption in miscellaneous areas is attributed to 

gas, possibly used for specific industrial processes or additional heating needs. 

These calculations provide a detailed breakdown of how electricity and gas are utilized across 

different zones within Buhler B.V.'s facilities. 

Reduction Potentials in Energy and Costs 

1. Oven Area 

Electricity Reduction Calculation: 

Consumption: 40% of total electricity. 

Potential Reduction with High-Efficiency Motors and Drives: 20%. 

Electricity Reduction = 40% × 20% = 8% 
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Implementing high-efficiency motors and drives could potentially reduce electricity consumption 

in the Oven Area by 8% (U.S. Department of Energy). 

Gas Reduction Calculation: 

Consumption: 30% of total gas. 

Potential Reduction with Insulation Improvements: 15%. 

Gas Reduction = 30% × 15% = 4.5% 

Implementing insulation improvements could potentially reduce gas consumption in the Oven 

Area by 4.5% (U.S. Department of Energy). 

2. Cooling Systems 

Electricity Reduction Calculation: 

Consumption: 25% of total electricity. 

Potential Reduction with Energy Recovery Systems: 10%. 

Electricity Reduction = 25% × 10% = 2.5% 

According to the U.S. Department of Energy, implementing energy recovery systems could 

potentially reduce electricity consumption in the Cooling Systems by 2.5%. 

3. Office Grounds 

Electricity Reduction Calculation: 

Consumption (Lighting): 15% of total electricity. 

Potential Reduction with LED Lighting and Smart Controls: 50%. 

Electricity Reduction = 15% × 50% = 7.5% 
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Implementing LED lighting and smart controls could potentially reduce electricity consumption 

in the Office Grounds by 7.5% (Energy Savings Potential of Solid-State Lighting in General 

Illumination Applications, U.S. Department of Energy). 

Gas Reduction Calculation: 

Consumption (Heating): 15% of total gas. 

Potential Reduction with Insulation Improvements: 15%. 

Gas Reduction=15%×15%=2.25% 

Improving insulation in office grounds could potentially reduce gas consumption for heating by 

2.25% (Industrial Insulation Phase II Final Report, U.S. Department of Energy). 

4. Drilling Machines 

Electricity Reduction Calculation: 

Consumption: 10% of total electricity. 

Potential Reduction with High-Efficiency Motors and Drives: 20%. 

Electricity Reduction = 10% × 20% = 2% 

Implementing high-efficiency motors and drives could potentially reduce electricity consumption 

in the Drilling Machines area by 2% (Goetzler et al., 2013). 

5. Miscellaneous 

Electricity Reduction Calculation: 

Consumption: 10% of total electricity. 

Potential Reduction with General Efficiency Measures: 10%. 
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Electricity Reduction = 10% × 10% = 1% 

Implementing general efficiency measures could potentially reduce electricity consumption in the 

Miscellaneous area by 1%. 

Gas Reduction Calculation: 

Consumption: 10% of total gas. 

Potential Reduction with Insulation Improvements: 15%. 

Gas Reduction = 10% × 15% = 1.5% 

Improving insulation in miscellaneous areas could potentially reduce gas consumption by 1.5%. 

(U.S. Department of Energy). 

Water Management Systems 

Potential Reduction: 10% of water consumption. 

Implementing the recommended measures could potentially achieve a 10% reduction in water 

consumption, according to the guidelines provided by the U.S. Environmental Protection Agency 

in their Water Efficiency Management Guide. 

 

Total Energy Reduction Potential: 

Electricity: 

Total Electricity Reduction = 8% + 2.5% + 7.5% + 2% + 1% = 21% 

Gas: 

Total Gas Reduction = 4.5% + 2.25% + 1.5% = 8.25% 

Water: 

Total Water Reduction = 10% 



 64 

Cost Savings 

For Buhler B.V., with a company size of 10 to 50 employees, we estimate an annual electricity 

consumption of 1,000,000 kWh, an annual gas consumption of 100,000 m³, and an annual water 

consumption of 10,000 m³. This estimate aligns accurately with the scale of operations typical for 

a smaller manufacturing company and from what I’ve seen when spending three months interning 

in their facilities. 

Electricity Cost Reduction: 

Annual Consumption: 1,000,000 kWh. 

Average Electricity Cost: 0.10 euros per kWh. 

Total Reduction: 21%. 

Annual Savings (Electricity) = 1,000,000 kWh × 21% × 0.10 euros/kWh = 21,000 euros 

Gas Cost Reduction: 

Annual Consumption: 100,000 m³. 

Average Gas Cost: 0.05 euros per m³. 

Total Reduction: 8.25%. 

Annual Savings (Gas) = 100,000 m³ × 8.25% × 0.05 euros/m³ = 412.5 euros 

Water Cost Reduction: 

Annual Water Consumption: 10,000 m³ 

Average Water Cost: 1.50 euros per m³ 

Total Reduction: 10% 



 65 

Annual Savings (Water)  = 1,000 m3 × 10% × 1.50 euros/m3 = 1,500 euros 

For reference, 1 m³ equals to 1000 liters. 

Implementation Strategy and Return on Investment (ROI) 

Number of Trackers and Cost: 

Number of Trackers: 

Oven and two other sub distributions: 1 tracker 

Cooling Systems and office grounds: 1 tracker 

Future distributions: 2 trackers 

Total Number of Trackers: 4 

Cost per Tracker: 750 euros. 

Total Cost: 

Total Cost = 4×750 euros = 3,000 euros 

Return on Investment (ROI): 

Total Annual Savings: 

Electricity: 21,000 euros. 

Gas: 412.5 euros. 

Water: 1,500 euros. 

Total Annual Savings: 22,912.5 euros. 

Initial Investment: 3,000 euros. 
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ROI = 3,000 euros / 22,912.5 euros ≈ 0.13 years or approximately 1.5 months 

Net Present Value (NPV) Calculation with 5-Year Project Lifespan 

Inputs for NPV Calculation: 

Initial Investment Cost: 3,000 euros 

Annual Savings: 20,762.5 euros (as previously calculated) 

Discount Rate (r): 5% annually 

Project Lifespan (n): 5 years 

The 5% discount rate used here assumes that the investor or company requires a 5% return per 

year on investments to compensate for the time value of money and the perceived risk of the 

investment project. 

Formula for NPV: 

𝑁𝑃𝑉 =  ∑
𝑅𝑡

(1 + 𝑟)𝑡
 

𝑛

𝑡=1
 −  𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

Where: 

Rt = Annual net cash flow in year t 

r = Discount rate 

t = Time period (in years) 

n = Project lifespan 

Calculation Steps for NPV: 

1. Calculate Annual Net Cash Flows (𝑅𝑡): 



 67 

Annual net cash flow Rt is the difference between annual savings and any 

operational costs associated with maintaining the EMS. For simplicity, let's assume 

operational costs are negligible in this case. 

Therefore, Rt = Annual Savings = 20,762.5 for each year t from 1 to 5. 

2. Discount Each Cash Flow to Present Value: 

Discount factor (1 + r)t is used to discount each annual cash flow back to its present 

value. 

3. Sum the Present Values: 

Sum all discounted cash flows to calculate the NPV. 

NPV Calculation with 5-Year Lifespan: 

𝑁𝑃𝑉 =   ∑
20,762.5

(1 + 0.05)𝑡

5

𝑡=1
 −  3,000 

Let's compute it step by step for each year t: 

For t=1:  

20,762.5

(1 + 0.05)1
 =

20,762.5

1.05 
≈ 19,773.81 

For t=2:  

20,762.5

(1 + 0.05)2
 =

20,762.5

1.1025
 ≈ 18,823.53 

For t=3:  

20,762.5

(1 + 0.05)3
 =

20,762.5

1.1576
 ≈ 17,926.62 
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For t=4:  

20,762.5

(1 + 0.05)4
 =

20,762.5

1.2155 
≈ 17,079.17 

For t=5:  

20,762.5

(1 + 0.05)5
 =

20,762.5

1.2763
 ≈ 16,277.84 

Summing the Present Values: 

NPV = 19,773.81 + 18,823.53 + 17,926.62 + 17,079.17 + 16,277.84 − 3,000 

NPV = 89,880.97 − 3,000 

NPV = 86,880.97 

A positive NPV indicates that the investment is expected to be profitable, considering the discount 

rate. 

Sensitivity Analysis for NPV 

Base Case Inputs: 

Initial Investment Cost: 3,000 euros 

Annual Savings: 20,762.5 euros (as previously calculated) 

Project Lifespan: 5 years 

Varying the Discount Rate: 

We will vary the discount rate r from 4% to 6% to observe how changes in the discount rate affect 

the NPV. 
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Formula for NPV: 

𝑁𝑃𝑉 =  ∑
𝑅𝑡

(1 + 𝑟)𝑡
 

5

𝑡=1
 −  𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

Where: 

Rt = Annual net cash flow in year t 

r = Discount rate 

t = Time period (in years) 

n = Project lifespan 

NPV Calculation Steps: 

1. Calculate Annual Net Cash Flows (Rt): Rt = Annual Savings = 20,762.5 euros for each 

year t from 1 to 5. 

2. Calculate NPV for Each Discount Rate: 

For each discount rate r, calculate the NPV using the formula provided above. 

Let's compute NPV for discount rates r = 4%, r = 5%, and r = 6%: 

Discount Rate r = 4%: 

𝑁𝑃𝑉 =   ∑
20,762.5

(1 + 0.04)𝑡

5

𝑡=1
 −  3,000 

Let's compute it step by step for each year t: 

For t=1:  

20,762.5

(1 + 0.04)1
 =

20,762.5

1.04
≈  19,925.48 
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For t=2:  

20,762.5

(1 + 0.04)2
 =

20,762.5

1.0816
 ≈  19,201.68 

For t=3:  

20,762.5

(1 + 0.04)3
 =

20,762.5

1.1255
 ≈  18,542.71 

• For t=4:  

20,762.5

(1 + 0.04)4
 =

20,762.5

1.1716 
≈  17,939.47 

• For t=5:  

20,762.5

(1 + 0.04)5
 =

20,762.5

1.2195
 ≈  17,383.44 

Summing the Present Values: 

NPVr=4% = 19,925.48 + 19,201.68 + 18,542.71 + 17,939.47 + 17,383.44 − 3,000 

NPVr=4% = 92,992.78 − 3,000 

NPVr=4% = 89,992.78 

Discount Rate r = 5% (Base Case): 

𝑁𝑃𝑉 =   ∑
20,762.5

(1 + 0.05)𝑡

5

𝑡=1
 −  3,000 

Let's compute it step by step for each year t: 

For t=1:  



 71 

20,762.5

(1 + 0.05)1
 =

20,762.5

1.05 
≈ 19,773.81 

For t=2:  

20,762.5

(1 + 0.05)2
 =

20,762.5

1.1025
 ≈ 18,823.53 

For t=3:  

20,762.5

(1 + 0.05)3
 =

20,762.5

1.1576
 ≈ 17,926.62 

For t=4:  

20,762.5

(1 + 0.05)4
 =

20,762.5

1.2155 
≈ 17,079.17 

For t=5:  

20,762.5

(1 + 0.05)5
 =

20,762.5

1.2763
 ≈ 16,277.84 

Summing the Present Values: 

NPVr=5% = 19,773.81 + 18,823.53 + 17,926.62 + 17,079.17 + 16,277.84 − 3,000 

NPVr=5% = 89,880.97 − 3,000 

NPVr=5% = 86,880.97 

Discount Rate r = 6%: 

𝑁𝑃𝑉 =   ∑
20,762.5

(1 + 0.06)𝑡

5

𝑡=1
 −  3,000 

Let's compute it step by step for each year t: 
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For t=1:  

20,762.5

(1 + 0.06)1
 =

20,762.5

1.06
≈  19,621.69 

For t=2:  

20,762.5

(1 + 0.06)2
 =

20,762.5

1.1236
 ≈  18,470.42 

For t=3:  

20,762.5

(1 + 0.06)3
 =

20,762.5

1.1191
 ≈  17,424.62 

For t=4:  

20,762.5

(1 + 0.06)4
 =

20,762.5

1.2625 
≈  16,477.69 

For t=5:  

20,762.5

(1 + 0.06)5
 =

20,762.5

1.3382
 ≈  15,623.98 

Summing the Present Values: 

NPVr=6% = 19,621.69 + 18,470.42 + 17,926.62 + 16,477.69 + 15,623.98 − 3,000 

NPVr=6% = 87,618.4 − 3,000 

NPVr=6% = 84,618.4 

Sensitivity Analysis Summary: 

NPV at 4% discount rate: 89,992.78 euros 

NPV at 5% discount rate (base case): 86,880.97 euros 
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NPV at 6% discount rate: 84,618.4 euros 

Explanation of Sensitivity Analysis: 

The sensitivity analysis shows how changes in the discount rate affect the NPV of the project. A 

higher discount rate decreases the present value of future cash flows, leading to a lower NPV, and 

vice versa. In this analysis, we observe that the NPV decreases as the discount rate increases, 

indicating that the project becomes less profitable at higher discount rates. 

Sensitivity Analysis: Increase in Energy and Water Prices by 10% 

New Costs: 

New Electricity Cost: 0.10 × 1.10 = 0.11 euros/kWh 

New Gas Cost: 0.05 × 1.10 = 0.055 euros/m³ 

New Water Cost: 1.50 × 1.10 = 1.65 euros/m³ 

Updated Annual Savings with Increased Costs: 

Electricity: 

Annual Consumption: 1,000,000 kWh 

New Cost: 0.11 euros/kWh 

Updated Annual Savings: 1,000,000 × 21% × 0.11 = 23,100 euros 

Gas: 

Annual Consumption: 100,000 m³ 

New Cost: 0.055 euros/m³ 

Updated Annual Savings: 100,000 × 8.25% × 0.055 = 453.75 euros 
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Water: 

Annual Consumption: 10,000 m³ 

New Cost: 1.65 euros/m³ 

Updated Annual Savings: 10,000 × 10% × 1.65 = 1,650 euros 

Total Updated Annual Savings: 

23,100 + 453.75 + 1,650 = 25,203.75 euros 

Recalculate NPV with Increased Costs: 

Using the updated annual savings due to increased energy and water costs, recalculate the NPV 

for each year t from 1 to 5. 

𝑁𝑃𝑉 =   ∑
25,203.75

(1 + 0.05)𝑡

5

𝑡=1
 −  3,000 

Let's compute it step by step for each year t: 

For t=1:  

25,203.75

(1 + 0.05)1
 =

25,203.75

1.05 
≈ 23,908.33 

For t=2:  

25,203.75

(1 + 0.05)2
 =

25,203.75

1.1025
 ≈ 22,769.84 

For t=3:  

25,203.75

(1 + 0.05)3
 =

25,203.75

1.1576
 ≈ 21,685.56 
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For t=4:  

25,203.75

(1 + 0.05)4
 =

25,203.75

1.2155 
≈ 20,654.82 

For t=5:  

25,203.75

(1 + 0.05)5
 =

25,203.75

1.2763
 ≈ 19,676.97 

Summing the Present Values: 

Total NPV = 23,908.33 + 22,769.84 + 21,685.56 + 20,654.82 + 19,676.97 − 3,000 

Total NPV= 108,695.52 − 3,000 

Total NPV = 105,695.52 euros 

Summary of Sensitivity Analysis: 

 

The NPV of approximately 105,695.52 euros shows that implementing the Energy Management 

System (EMS) at Buhler B.V. is financially possible. This means the savings in energy and water 

costs over 5 years exceed the initial investment and ongoing expenses, resulting in a net gain. Even 

with a 10% increase in energy and water costs, the project remains profitable, demonstrating its 

ability to handle cost changes. This strong financial performance makes the EMS implementation 

an attractive investment that supports Buhler's goals of improving efficiency, sustainability, and 

financial outcomes. 

Carbon Emission Reduction 

Buhler B.V. have always had the ambition to reduce their carbon footprint. Using the Power-Elec 

6 system, Buhler B.V. can achieve significant reductions in carbon emissions. This section 

explains the calculations for the reduction in carbon emissions from electricity and gas savings. 
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Electricity Savings and Carbon Reduction 

Electricity Emission Factor: 

The electricity emission factor is a measure of how much carbon dioxide (CO₂) is produced per 

unit of electricity consumed. For this calculation, we use an emission factor of 0.475 kg CO₂ per 

kilowatt-hour (kWh) which reflects the current carbon intensity of electricity consumption in the 

Netherlands. 

Electricity Savings Calculation: 

The total annual electricity consumption is 1,000,000 kWh. 

The potential reduction in electricity consumption is 21%, as calculated previously. 

Therefore, the annual electricity savings are: 1,000,000 kWh × 21% = 210,000 kWh 

Electricity CO₂ Reduction: 

To find the reduction in CO₂ emissions from the electricity savings, we multiply the electricity 

savings by the emission factor:  

 
210,000 kWh × 0.475 kg CO₂/kWh = 99,750 kg CO₂. 

 

Converting this to metric tonnes (since 1 tonne = 1,000 kg):  

 
99,750 kg CO₂ = 99.75 tonnes CO₂ 

Gas Savings and Carbon Reduction 

Gas Emission Factor: 



 77 

The gas emission factor is a measure of how much CO₂ is produced per unit of gas consumed. For 

this calculation, we use an emission factor of 1.89 kg CO₂ per cubic meter (m³) which reflects the 

current carbon intensity of gas consumption in the Netherlands.. 

Gas Savings Calculation: 

The total annual gas consumption is 100,000 m³. 

The potential reduction in gas consumption is 8.25%, as calculated previously. 

Therefore, the annual gas savings are: 100,000 m³ × 8.25% = 8,250 m³ 

Gas CO₂ Reduction: 

To find the reduction in CO₂ emissions from the gas savings, we multiply the gas savings by the 

emission factor:  

8,250 m³ × 2.204 kg CO₂/m³ = 18,171 kg CO₂ 

Converting this to metric tonnes:  

18,171 kg CO₂ = 18.17 tonnes CO₂ 

Total CO₂ Reduction 

By combining the reductions from both electricity and gas savings, we can determine the total 

annual reduction in CO₂ emissions: 

Total CO₂ Reduction = 99.75 tonnes CO₂ (electricity) + 15.59 tonnes CO₂ (gas) = 115.34 

tonnes CO₂. 

 

Summary 

Implementing the Power-Elec 6 system at Buhler B.V. leads to a substantial reduction in carbon 

emissions. Specifically, the system saves 210,000 kWh of electricity annually, reducing CO₂ 

emissions by 99.75 tonnes. Additionally, it saves 8,250 m³ of gas annually, reducing CO₂ 
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emissions by 15.59 tonnes. Together, these savings amount to a total reduction of 115.34 tonnes 

of CO₂ per year. This significant decrease in carbon emissions not only demonstrates the 

environmental benefits of the Power-Elec 6 system but also shows its contribution to Buhler B.V.'s 

sustainability goals. 

 

Research Focus and Gaps 

The implementation of the EMS at Buhler B.V. has brought to light several key research focus 

areas and gaps that need to be addressed to fully realize the benefits of energy management systems.  

Long-Term Impacts: More research is needed to understand the long-term impacts of 

energy optimization strategies on operational efficiency and sustainability. While initial 

results are promising, long-term studies will provide a clearer picture of the benefits and 

challenges of EMS implementation. 

Technological Advancements: Exploration of how new technologies such as artificial 

intelligence (AI) and machine learning (ML) can enhance energy efficiency within 

industrial settings. These technologies can significantly improve monitoring performance, 

optimize energy usage, and reduce operational costs. 

Regional Specificity: Conducting regional-specific studies to account for variations in 

regulatory frameworks and industrial practices. Such studies will provide relevant insights 

and solutions, enabling companies to adjust their energy management strategies to local 

conditions. 

Integration with Manufacturing Processes: Limited research exists on the integration of 

EMS with specific manufacturing processes and workflows. Addressing this gap will help 

in developing more effective energy management strategies that are aligned with 

manufacturing operations. 

Energy Efficiency Benchmarks: Establishing benchmarks for energy efficiency across 

different manufacturing sectors is crucial. These benchmarks will serve as reference points 

for companies to measure their performance and identify areas for improvement. 
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Human Factors: The role of human factors, including training and engagement, in the 

effective use of EMS is still not explored enough. Research in this area will help in 

developing strategies to enhance employee involvement and ensure the successful 

implementation of EMS. 

Integration of Literature Review 

This case study uses academic research to develop a strong Energy Management System (EMS) 

implementation plan made for Buhler B.V. By combining theoretical insights with practical 

examples, this section shows how research findings uses strategies that address operational needs 

and sustainability objectives effectively. 

Research Insights 

Understanding Energy Use Patterns: Research into energy usage patterns (Study 1) 

aligns closely with Buhler B.V.'s data tracking methods. This analysis identifies specific 

areas within the facility where energy consumption is highest. By understanding these 

patterns, Buhler B.V. can prioritize energy-saving initiatives where they will have the most 

impact. 

For example, energy-intensive zones like production areas and cooling systems are 

identified through data analysis. This insight allows Buhler B.V. to focus efforts on 

optimizing energy use in these critical areas, therefore reducing operational costs and 

environmental impact. 

Identifying Operational Inefficiencies: Studies on identifying inefficiencies (Study 2) 

provide valuable insights into where energy waste occurs in Buhler B.V.'s operations. 

These findings are essential for developing targeted strategies to minimize waste and 

enhance overall energy efficiency. 

Inefficiencies may come from outdated equipment or not very optimal operational practices. 

Research helps pinpoint these issues, suggesting solutions such as equipment upgrades, 

process optimizations, or employee training to improve energy management practices. 
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Optimizing Energy Management Strategies: Insights from studies on energy 

management strategies (Study 3) support Buhler B.V. in adopting best practices for energy 

optimization. Utilizing real-time monitoring and smart control systems enables the 

company to adjust energy consumption based on production needs and external factors like 

weather conditions. 

By integrating energy-efficient technologies and practices, such as automated systems that 

regulate energy use in response to real-time data, Buhler B.V. achieves substantial savings. 

This proactive approach not only lowers operational costs but also contributes to 

sustainability goals by reducing carbon emissions and resource consumption. 

Integrating Advanced Technologies: Research highlights the role of advanced 

technologies (Study 4), such as LoRaWAN and WiFi-enabled systems, in enhancing 

Buhler B.V.'s EMS. These technologies facilitate seamless data collection, analysis, and 

remote monitoring of energy consumption patterns across the facility. 

Implementing such technologies allows Buhler B.V. to gain comprehensive insights into 

energy usage, identify inefficiencies quickly, and take proactive measures to optimize 

energy consumption. This integration strengthens the company's capacity to manage 

energy resources effectively and sustainably. 

Financial Implications and Cost-Effectiveness: The evaluation of cost-effectiveness 

(Study 4) underlines the economic reasoning for investing in an EMS at Buhler B.V. By 

achieving energy savings and operational efficiencies, the company realizes significant 

financial benefits over the long term. This investment not only reduces energy costs but 

also enhances profitability and competitive advantage. 

Cost-effectiveness analysis demonstrates that adopting sustainable energy solutions aligns 

with Buhler B.V.'s strategic objectives of cost control and environmental care. Prioritizing 

energy-efficient practices reduce the risks associated with unstable energy prices and 

positions the company as a leader in sustainable industrial practices. 
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Environmental Impact Assessment: Research on environmental impact assessment 

(Study 5) provides crucial data on the ecological footprint of Buhler B.V.'s operations. 

Understanding the environmental consequences of energy consumption helps in 

developing strategies to minimize negative impacts, such as emissions reduction initiatives 

and waste management improvements. 

By integrating environmental considerations into EMS implementation, Buhler B.V. 

demonstrates its commitment to corporate social responsibility and sustainable 

development goals. This approach not only reduces environmental risks but also enhances 

brand reputation and stakeholder trust. 

Regulatory Compliance and Standards: Studies on regulatory compliance and industry 

standards (Study 6) inform Buhler B.V. about legal requirements and best practices in 

energy management. Complying to these standards ensures that the EMS implementation 

meets regulatory expectations and avoids potential fines or penalties. 

Compliance with energy efficiency regulations also positions Buhler B.V. as a responsible 

company and facilitates smoother operations in global markets. Aligning with international 

standards enhances market competitiveness and supports business growth objectives. 

Impact on Organizational Culture 

Employee Engagement and Training: The role of employee engagement (Study 7) in 

EMS implementation highlights the importance of workforce participation and training 

programs. Educating employees about energy conservation practices and involving them 

in sustainability initiatives encourages a culture of responsibility and innovation within 

Buhler B.V. 

Engaged employees contribute to the success of EMS implementation by identifying 

operational inefficiencies and suggesting improvement opportunities. This bottom-up 

approach promotes continuous improvement and supports long-term sustainability goals. 
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Strategic Partnerships and Collaboration: Collaborative research (Study 8) emphasizes 

the value of strategic partnerships in advancing EMS capabilities. By collaborating with 

industry experts, technology providers, and research institutions, Buhler B.V. gains access 

to advanced innovations and expertise in energy management. 

Strategic partnerships enable Buhler B.V. to have shared resources and knowledge, 

accelerating the development of sustainable energy solutions. This collaborative approach 

boosts Buhler B.V.'s position in the market and improves its ability to adapt in a quickly 

changing energy environment. 

Application and Integration 

Integrating these research insights provides a comprehensive path for implementing an EMS at 

Buhler B.V., ensuring leadership in energy management innovation. This systematic approach 

shows the importance of evidence-based practices to optimize resource use and achieve sustainable 

business outcomes. 

By compounding all these findings, this study offers a strong strategy for Buhler B.V. to navigate 

challenges, seize opportunities, and lead in sustainable industrial practices. The integration of 

research improves how efficiently things operate and shows that investing in sustainable energy 

makes good financial sense. 

Recommendations and Improvements for Enhancing EMS Effectiveness 

Enhanced Data Analytics 

Integrating advanced data analytics tools is crucial for gaining deeper insights into energy usage 

patterns and inefficiencies. By leveraging Artificial Intelligence (AI) and Machine Learning (ML), 

Buhler B.V. can enhance the accuracy of energy consumption predictions and maintenance 

scheduling. These technologies can analyze historical data to predict future energy demands more 

effectively, optimizing energy usage across different operational cycles. 
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Automated Control Systems 

Implementing automated control systems will significantly improve the responsiveness and 

efficiency of energy management. Real-time data from the EMS can be used to automate 

adjustments in energy consumption based on changing operational needs. For instance, automated 

controls can regulate temperature settings in manufacturing processes or adjust lighting levels in 

office areas according to occupancy patterns. This not only minimizes energy wastage but also 

ensures optimal operational conditions throughout the facility. 

Employee Training Programs 

Developing comprehensive training programs is essential to maximize the benefits of the EMS. 

Educating employees about the system's functionalities, energy-saving practices, and 

sustainability goals can promote a culture of energy efficiency within the organization. Hands-on 

training sessions and workshops can allow the staff to proactively monitor energy consumption 

and identify opportunities for improvement in their respective areas of responsibility. 

Regular Inspections and Reviews 

Conducting regular energy inspections and performance reviews is critical for maintaining the 

effectiveness of the EMS. These inspections should have technical assessments of equipment 

efficiency, as well as evaluations of operational practices and compliance to energy management 

protocols. By identifying and addressing energy inefficiencies quickly, Buhler B.V. can 

continuously optimize its energy consumption strategies and achieve long-term sustainability 

goals. 

Integration with Other Systems 

Exploring integration opportunities with other management systems, such as production and 

maintenance, can make operations run smoothly and enhance overall efficiency. By integrating 

the EMS with existing systems, Buhler B.V. can achieve a comprehensive view of resource 

utilization across different departments. This approach facilitates data sharing and decision-
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making processes, enabling proactive energy management strategies aligned with broader 

organizational objectives. 

Exploration of Renewable Energy Sources 

Investigating the choice of renewable energy sources, such as solar or wind power, offers 

significant long-term sustainability benefits for Buhler B.V. Integrating renewable energy 

technologies into the existing infrastructure can reduce dependency on conventional energy 

sources and reduce environmental impact. Conducting studies and assessing financial reasons for 

renewable energy investments will be crucial in determining the potential cost savings associated 

with such initiatives. 

Addressing Data Frequency Concerns 

One of the identified challenges with the Power-Elec 6 EMS is its data collection frequency, which 

currently provides data points every 10 minutes. This interval may not capture rapid fluctuations 

in energy consumption, potentially limiting the system's responsiveness to real-time operational 

changes. To address this concern, Buhler B.V. can consider the following solutions: 

Increased Data Frequency 

Upgrading the EMS to provide data at shorter intervals, such as every 5 minutes, can enhance the 

detail of energy usage data. This improvement allows for more precise monitoring of energy-

intensive processes and facilitates energy management strategies to minimize the peak demand 

periods. 

Predictive Analytics Implementation 

Integrating predictive analytics algorithms into the EMS enables the identification of energy 

consumption trends and patterns. By analyzing historical data and predictive models, Buhler B.V. 

can anticipate future energy demands, optimize resource allocation, and address potential energy 

inefficiencies before they get worse. 

Advanced Sensors Deployment 
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Investing in advanced sensors with higher accuracy and precision capabilities enhances real-time 

energy monitoring within the facility. These sensors provide detailed insights into energy 

consumption patterns across different operational zones, enabling more informed decision-making 

and targeted energy efficiency improvements. 

Comprehensive Energy Management Software 

Deploying a comprehensive energy management software solution tailored to the specific needs 

of Buhler B.V. can centralize data integration, analysis, and reporting capabilities. Such software 

can make energy monitoring run smoothly, optimize energy usage, and provide actionable insights 

through dashboards and customizable reports. Features like energy benchmarking, irregularity 

detection, and monitoring can further enhance operational efficiency. 

Stakeholder Engagement and Communication 

 

Involving stakeholders like employees, suppliers, and customers in energy-saving efforts builds a 

shared commitment to sustainability goals. Setting up regular ways to communicate and get 

feedback ensures continuous teamwork and openness in applying energy-saving ideas. 

Recognizing and rewarding efforts to save energy can also encourage stakeholders to play an active 

role in meeting the company's sustainability goals.Continuous Improvement and Innovation 

 

Encouraging a culture of always getting better and finding new ideas is key to maintaining long-

term energy efficiency. By promoting teamwork across departments and encouraging creative 

thinking, Buhler B.V. can explore new technologies and methods for managing energy. Checking 

how well strategies work regularly and adjusting to changes in the industry makes sure that the 

EMS stays a leader in saving energy and supporting sustainable efforts. 

 

Conclusion 

In conclusion, implementing these recommendations and improvements will enhance the 

effectiveness of the Energy Management System at Buhler B.V., having significant energy savings, 

reducing operational costs, and minimizing environmental impact. By using advanced 

technologies, empowering employees through training, and having a culture of innovation, Buhler 
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B.V. can achieve sustainable growth while contributing to global efforts towards a low-carbon 

future. 

This comprehensive approach not only aligns with Buhler B.V.'s commitment to sustainability but 

also positions the company as a leader in energy efficiency and environmental care within the 

manufacturing sector. 

Detailed Analysis and Discussion 

Understanding Usage Patterns: 

Electricity: By analyzing the 10-minute interval data, Buhler B.V. has been able to pinpoint 

specific times of day when energy consumption peaks. This information has led to a more strategic 

scheduling of high-energy tasks, making the highest points on the graph less steep and reducing 

energy costs. For example, non-essential operations are now scheduled during off-peak hours, and 

energy-intensive processes are distributed more evenly throughout the day. 

Water and Gas: The impulse data for water and gas usage has inefficiencies in various processes, 

such as the cooling system for the ovens. Modifications to these processes have resulted in 

substantial water savings and more efficient gas usage, contributing to overall operational 

efficiency. 

Evaluating Technology Integration: 

LoRaWAN Technology: The use of LoRaWAN for data transmission has proven to be both 

efficient and reliable. Its long-range capabilities and low power consumption make it an ideal 

choice for industrial environments where sensors are spread out over large areas. This technology 

ensures that data is consistently transmitted without significant losses or delays, which is critical 

for real-time monitoring and decision-making. 

WiFi Network: The Power-Elec 6’s ability to create its own WiFi network has facilitated 

integration and configuration. This feature has been particularly beneficial in areas where existing 

network infrastructure is limited or non-existent. The self reliance of the EMS in terms of 
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connectivity ensures that it remains operational and effective, regardless of external network 

conditions. 

Comparative Insights and Decision Making: 

Schneider EM3250: While the Power-Elec 6 was ultimately selected, the Schneider EM3250 

offers some nice features that could be beneficial in the future. Its integration with Schneider’s 

EcoStruxure platform provides extensive monitoring and analysis tools, which could offer deeper 

insights into energy usage patterns. This could be particularly useful for larger, more complex 

facilities where detailed data analysis is crucial for optimizing energy consumption. 

Cost-Effectiveness Analysis: 

The initial investment in the Power-Elec 6, including the cost of the devices and installation, has 

already begun to show a return on investment through energy savings and operational efficiencies. 

As the system becomes more integrated and additional data is collected, the potential for further 

cost savings increases. A detailed cost-benefit analysis over a longer period will provide more 

concrete evidence of the system’s financial impact, guiding future investment decisions. 

Addressing Long-Term Sustainability: 

Predictive Maintenance: By manipulating the data collected from the EMS, Buhler B.V. can 

implement predictive maintenance strategies. These strategies involve using data analytics to 

predict when equipment is likely to fail or require maintenance, allowing for proactive 

interventions that can prevent downtime and reduce maintenance costs. 

Sustainability Goals: The insights gained from the EMS are important in helping Buhler B.V. 

meet its sustainability goals. By continuously monitoring and optimizing energy usage, the 

company can reduce its carbon footprint and contribute to broader environmental sustainability 

efforts. This aligns with global trends towards more sustainable industrial practices and can 

enhance Buhler B.V.’s reputation as a leader in sustainable manufacturing. 
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Conclusion 

The implementation of the Power-Elec 6 EMS at Buhler B.V. represents a significant step towards 

achieving greater energy efficiency and sustainability in manufacturing operations. The initial 

results have demonstrated the system's potential to provide detailed insights into energy usage, 

facilitate real-time monitoring, and enable cost-effective energy management strategies. 

By addressing the identified research gaps and leveraging advanced technologies such as AI and 

ML, Buhler B.V. can further enhance its EMS and achieve even greater efficiencies. Regular 

inspections, continuous employee training, and exploring integration with renewable energy 

sources will contribute to the long-term success of the EMS and support Buhler B.V.'s 

sustainability goals. 

This case study highlights the importance of a comprehensive and strategic approach to EMS 

implementation, integrating insights from relevant literature and real-world applications. Buhler 

B.V.'s experience serves as a valuable example for other companies in the manufacturing sector, 

demonstrating the benefits of energy management and the potential for significant operational 

improvements. 

With a continued focus on innovation, sustainability, and data-driven decision-making, Buhler 

B.V. is confident to remain at the head of energy management practices, having both economic 

and environmental benefits for years to come. 

5 Conclusion 

In wrapping up this thesis, I’ve closely looked at the key role of Energy Management Systems in 

promoting sustainability within industries, focusing on their use and impact at Buhler B.V. In my 

attempt to answer the main research question and through a detailed look at literature and a case 

study, I’ve found important insights into how EMS can improve energy efficiency, reduce carbon 

emissions, and support green practices. 
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Review of Literature 

My look at the literature showed several basic parts crucial for the good use of EMS. Among these, 

advanced data analytics were key for organizations wanting to better understand energy use 

patterns and find operational problems. The literature always highlighted the big potential of 

predictive analytics and real-time monitoring in optimizing energy use and fixing maintenance 

needs early, therefore boosting overall efficiency. 

Also, involving stakeholders like employees, suppliers, and customers was seen as key in 

promoting green practices within organizations. By involving these groups in energy-saving 

actions, companies can create a shared commitment to green goals and promote a culture of 

openness and teamwork. Effective communication channels and strong feedback tools were 

highlighted as key for maximizing the impact of energy-saving efforts, ensuring that actions are 

being done across all levels of the organization. 

The use of renewable energy sources also emerged as a key strategy for reducing reliance on fossil 

fuels and advancing long-term green goals. The literature always highlighted the economic and 

environmental benefits of using solar, wind, and other renewable energy technologies in EMS 

frameworks, emphasizing their potential to reduce environmental impacts while ensuring that 

energy supply is reliable and protected against disruptions or risks. 

Reflection on Case Study 

The case study at Buhler B.V. gave strong real world proof of these ideas. Through the use of the 

Power-Elec 6 EMS, Buhler B.V. achieved big reductions in energy use and costs. Notably, the use 

of EMS resulted in a big 21% reduction in electricity use and an 8.25% decrease in natural gas 

consumption annually. This led to a big decrease of 115.34 tonnes of carbon dioxide (CO₂) 

emissions per year, highlighting the real environmental benefits from using EMS in industrial 

operations. 

Furthermore, Buhler B.V.’s experience highlighted the key importance of having a culture of 

continuous improvement and innovation within organizations. By promoting cross department 

teamwork and embracing a mindset of innovation, Buhler B.V. was able to explore and adopt new 
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technologies and best practices in energy management. This proactive approach not only boosted 

operational efficiencies but also positioned the company as a leader in green industrial practices 

within the sector. 

Recommendations for Future Research and Practice 

Looking ahead, several strategic recommendations can further improve the use and effectiveness 

of EMS in industrial settings: 

Enhanced Data Analytics: Further research into using artificial intelligence (AI) and 

machine learning (ML) algorithms within EMS can boost predictive analytics capabilities, 

enabling more precise decision-making and optimization of energy use strategies. 

Integration with Smart Grids: Exploring the integration of EMS with smart grid 

technologies can allow for dynamic energy management across different operational 

contexts. Real-time data insights from smart grids can help organizations respond quickly 

to changes in energy demand and supply, optimizing resource use and boosting overall 

operational resilience. 

Policy and Regulatory Frameworks: Continued research into the impact of policy and 

regulatory frameworks on EMS use is crucial. Insights gained can inform policymakers 

and industry stakeholders on strategies to encourage green energy practices and widespread 

use of EMS technologies. 

Sector-Specific Studies: EMS solutions to address the unique challenges and 

opportunities in different industrial sectors can maximize green benefits and operational 

efficiencies. Sector-specific studies can offer detailed insights into optimizing EMS 

frameworks to align with industry-specific green goals and regulatory requirements. 

In conclusion, this thesis has highlighted the key role of Energy Management Systems for 

sustainability and operational efficiency within industrial contexts. By combining insights from 

literature with real-world results observed at Buhler B.V., this research has provided a strong 

understanding of how EMS can reduce environmental impacts while improving organizational 

performance. 
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Moving forward, ongoing research and innovation will be crucial in advancing EMS capabilities 

towards a green future. By following these recommendations and building on what they already 

have, organizations can fully use the potential of EMS to achieve big energy savings, reduce 

carbon footprints, and make meaningful contributions towards global sustainability goals. 

Limitations 

This thesis has provided valuable insights into the Energy Monitoring System at Buhler B.V., but 

it's important to recognize some limitations that affect how we interpret the findings. Firstly, the 

data we relied on came from Buhler B.V., so there could be biases or uncertainties in its accuracy. 

Even though we took steps to check and validate the data, variations in quality or completeness 

could affect our calculations and conclusions about energy efficiency, cost savings, and 

environmental impact. 

The focus of this research was specifically on how the EMS works at Buhler B.V. This depth of 

focus allowed us to study energy use and financial outcomes in detail, but it means our findings 

might not apply directly to other industries or companies. Buhler B.V.'s unique technology, 

regulations, and operations could affect our results and make them less relevant to different 

situations. 

In terms of how we did our calculations, we used theories, standards, and assumptions that were 

designed for this case study. If these methods or assumptions were different, our results might have 

been different too. Also, our analysis only covers a certain period, so longer-term changes in 

technology or how things are done could affect energy efficiency and costs differently over time. 

External factors like economic changes or unexpected events might also have influenced Buhler 

B.V.'s financial and operational performance. We didn't fully account for these outside influences, 

which means there could be uncertainties in how we understand our findings. 

Recognizing these limitations helps us see the strengths and weaknesses of our conclusions. Future 

research could build on this by looking at a wider range of industries, improving how we calculate 

things, and considering longer time periods to better understand energy management and 

sustainability. 
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7 Appendix  

 

1. Figure 1: Problem Cluster 

 

 
 

2. Figure 2: Electricity Consumption Chart 
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3. Figure 3: Gas Consumption Chart 

 

 
 

4. Figure 4: Water Consumption Chart 
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