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1  INTRODUCTION 

The problem of energy resources and their constant reduction is discussed at all 

political levels and all over the world. The developed and developing countries, 

energy-exporting and energy-importing countries pay attention to the energy 

problems to a greater extent. Due to the fact that non-renewable resources are finite 

it is necessary to develop a new way of energy production. A large amount of money 

is invested to new innovation projects and production of clear energy. Wind energy, 

solar energy, energy of biomass as the types of energy production represent new 

directions of future human development and absorption. In European Union these 

kinds of getting energy are utilized, but not everywhere. Educated personal and 

investments are required. Because of that in European Union and some developing 

countries as Russia and China the available technologies are actively and 

purposefully improving besides of development of new ways of energy production 

[1]. 

There are two different ways of solving energy problem (extensive and intensive); 

and intensive way is more suitable. The extensive way is a way of increasing milling 

operation by prospection of new deposit of minerals. Right now extensive scenario 

is more preferable, but in future collapse of some minerals can happen. Some 

countries almost have come to the line of own limit of mineral resources. That’s 

why intensive way has to become at the first place within problem of future energy. 

The intensive way consists of an energy efficiency increase of using technologies. 

Under modern market conditions due to energy efficiency technologies one tone of 

equivalent oil costs less in 3-4 times then one tone of mining fuel [2].  

This circumstance was a reason to develop and to increase energy efficiency of 

energy consumers in many countries. During last quarter of XX century, for 

example, energy capacity of Germany decreased in 2.5 times [3]. 

Thus this dissertation work is directed to search the potential of energy efficiency 

improvement in an enterprise. The work consists of two main parts. In the first part 

the possible way of saving energy by using energy management system and energy 

saving technology solutions are considered. Possible payback period of 

implementation is founded. In the second part energy flow visualization method for 

machine tools for clarifying aspects of using energy is developed. 
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2  STATE OF ART 

Energy efficiency and energy savings as arrangements for providing energy 

security take one of the leading places in the strategy of European Union. According 

to the plans of the European Commission by 2020 through the implementation of 

programs in this area member States will be able to save up to 20 % of the energy 

[4]. Since 2008 every member of the European Union has to develop a national 

energy efficiency plan in compliance with all requirements of the European 

Commission. Thus, the energy policy of the European Union has a response to 

threats to energy security integration association. Since the energy independence and 

stable supply of energy and power are the foundation of economic growth and 

prosperity of EU citizens, the development of energy policy issues has begun to be 

transferred to the management of the national authorities of the Union. At the 

present stage of development of the EU’s energy policy is one of the leading areas 

of its internal and external policies. It is a strategy, which aims to achieve energy 

independence in the region and ensure energy security for all EU members. Many 

scientists all over the world try to solve the problems of energy savings and energy 

efficiency improvement in production and other components of production process. 

The scientists from Germany, USA, China and Japan take a leading place in 

scientific development of this issue. Some examples are presented below. 

Dietmair (2009) investigated energy consumption of mechanical machine during 

milling operation and methods of its reduction; he proposed a basic model for 

energy consumption decrease [5].  

Mori (2012) analyzed the enterprise performance and the key moments, which 

make possible to control high energy consumption [6].  

The scientists from General Motors Corporation Liu, Huang and Zhao from 

Beijing Technical University pointed out the importance of the energy efficiency 

problem in mechanical enterprise, which was not investigated to the full extent until 

the present [7]. 

The study Neugebauer et. al by Technical University of Chemnitz (2011) 

investigated the methodology of design of mechanical equipment with high level of 

energy efficiency. The problems of energy efficiency improvement of one 

mechanical machine with methodology applied for the whole production process 

[8]. 

Baker and McKenzie (2005) analyzed energy consumption of industrial dryers 

[9]. 

Schmidt et al. (2011) proposed a new approach to model mechanical machine 

regarding its optimization [10]. 

Gytowsky et al. (2006) examined the utilization of energy during manufacturing 

processes and proposed a strategy for restructuring of manufacturing process for the 

purpose of consumed energy minimization [11]. 

The system of automatic monitoring of mechanical machines was proposed by 

Vijayaraghavan and Dornfeld (2010). This system is applied for estimation of 
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relationship between energy consumption and working capacity of mechanical 

machine [12]. 

Krishnan et al. (2009) presented results of energy efficiency analysis at the level 

of mechanical machine in the industrial sector. The evidence of energy consumption 

was taken from several industrial processes, then described and analyzed including 

plastic injection molding and steel metal working [13]. 

Suzuki et al. proposed energy savings methods for air conditioning in 

semiconductors manufacturing system [14]. 

 

Based on the conducted analysis of the different studies on the theme of energy 

efficiency, analysis of standards, directives and laws, I found out the absence of 

methodology based on the requirement of standards and laws of European Union, 

which demand to systematically accomplish performance targets regarding energy 

consumption reduction in the production process and to search potentially 

significant elements of the system. Such methodology is presented in part below and 

based on the principle of quality management PDCA (Plan, Do, Check, Act). 
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3  THE AIM OF DISSERTATION 

First of all this research is focused on the problem of energy saving and 

improving of energy efficiency at the enterprise. The main aim of research is to find 

the energy weak places in the production process of the automotive enterprises. 

Based on their analysis the possible ways of saving energy will be proposed.  

In order to solve the problem of energy efficiency improvement, the following 

aims were defined in the dissertation: 

 

 Development and implementation of energy savings and energy 

management methodology in an industrial enterprise. 

 

Development of methodology is based on European law, directives and 

international standards, such as Directive 2012/27/EU, EN ISO 50001:2011, EN 

ISO 14001:2008.   

 

 Identification of possibilities of energy consumption reduction in 

the production process. 

 

This part is dedicated to analysis of corporate energy consumption. I conduct a 

review of modern commercial measuring power equipment and propose actions 

designed to decrease energy consumption through the example of automotive 

production process. 

 

 Development of methods of energy flow visualization in Virtual 

reality environment. 
 

This method should be directed to solve a problem with data shortage and lack of 

information.  Especially for processes that cannot be seen in reality, intuitive 

visualizations are the basis to create understanding for the process itself. Energy 

management is a complex problem where deep understanding of the underlying 

processes, like energy flows, is a necessary basis. 

 

This study is conducted on the basis of two universities. Technical University of 

Brno (Czech Republic) and the Technical University of Chemnitz (Germany), as 

well as the facilities of the Czech Republic, Germany and the Russian Federation. 
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4  DEVELOPMENT AND IMPLEMENTATION OF ENERGY 

SAVING AND ENERGY MANAGEMENT METHODOLOGY 

IN AN INDUSTRIAL ENTERPRISE 

To realize idea of energy saving in production process, it is necessary to begin 

with development of energy management methodology. This methodology will be a 

basement for creation and development of energy savings activities in production 

process. Energy management in production is considered as a feature for increasing 

of energy efficiency. There are three main approaches of energy management 

system to decrease energy consumption: 

 Reducing consumption by self-restriction. Restriction sometimes is 

regulated by legislation or economic pressure; 

 Well-educated, motivated and solid team, which is directed to a main goal 

of saving energy; 

 Increasing of energy efficiency by reasonable load energy management of 

machine tools and enterprises equipment. 

4.1 ANALYSIS OF THE DIRECTIVES AND LEGISLATION 

Different directives are responsible for various issues of energy and energy 

consumption and for their hidden potential.  

4.1.1 Directive 2012/27EU 

The Directive aims to increase business opportunities and provide jobs in the field 

of energy efficiency. This directive was issued to help European Union to achieve 

specified goals, which were not accomplished before. In 2011 European 

Commission presented a proposal of Directive 2012/27EU, which is based on 

previous matter and experience regarding energy problem. However, it has to be 

correctly and fully implemented in the different States of European Union [4]. 

4.1.2 EN ISO 50001:2011 Energy Management System 

Implementation of the energy management system certified by the means of ISO 

50001 encourages the reduction of energy consumption through a structured 

approach of energy use monitoring. This system identifies the areas for 

improvement and then implement action plans to improve the energy performance. 

4.1.3 EN ISO 14001:2004 Environment Management System 

The purpose of this standard is to help organizations to protect the environment 

and to respond to changing environmental conditions. According to ISO 14001, any 

organization can achieve these goals if it establishes an environmental management 

system (EMS) and if it continually tries to improve the suitability, adequacy, and 

effectiveness of this system. 
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4.1.4 EN ISO 14044:2006 and EN ISO 14040:2006 

Life cycle assessment (LCA) is an analytical method used to comprehensively 

quantify and interpret the energy and material flows to and from the environment 

over the entire life cycle of a product, process, or service. LCA is rapidly emerging 

as a key method, if not the key method, for evaluating the environmental effects of 

products, processes and even whole buildings. 

4.2 BACKGROUND OF ENERGY SAVINGS AND ENERGY 

MANAGEMENT METHODOLOGY 

The method is based on the system approach of integration process as well as 

specific technical measures. It assumes full responsibility for the use of the 

organization's management of energy. Management system may be organized in 

different ways, but in most cases it is based on the principle of «Planning - 

Implementation - Check - Act», which is widely used in other areas of corporate 

management. For realization of energy savings methodology it is necessary to 

reorganize cycle PDCA in a different way, at the same time keep the main idea of 

PDCA cycle of integration with International Standards of certification. 

 

 
Figure 1: Background of energy savings and energy management methodology 
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4.2.1 Energy audit 

Energy audit is a beginning of implementation of energy management system at 

the enterprise. In general, the audit methodology does not depend on the type of 

product, or on the technology, nor the form of organization of the test production. 

Certain standard algorithm is laid at its foundation, which can provide an effective 

work of the auditor, which must take into account all forms of energy consumed, 

develop proposals to reduce them, and optimize the structure of energy consumption 

 

Process integration 

This step is dedicated to introduction of production process, data collection and 

data analysis of useful information. This information is essential for understanding 

the problems of energy use and the correct prioritization to achieve the best results 

of energy audit. 

 

Energy flow review 

The most important energy resources and consumers costs have to be defined. 

Moreover, distribution on energy consumption for each consumer has to be noted. 

 

Proposal of energy saving solutions the purpose of this step is a critical analysis 

of the collected information on the early steps, in order to suggest the ways to reduce 

energy costs. 

 

Integration to energy management system allows get a detailed picture of energy 

consumption, an accurate assessment of energy savings projects planned for 

implementation in the enterprise. 

4.2.2 Energy efficiency as a part of energy management methodology 

Increasing of energy efficiency is based on engineering, but fundamental role is 

laid in organization of activities, which has a goal as an optimal usage of energy 

resources. 

One of the most important activities is peak load management. Load management 

is the process of balancing the supply of electricity on the network with the electrical 

load by adjusting or controlling the load rather than the power station output. This 

can be achieved by direct intervention of the utility in real time, by the use of 

frequency sensitive relays triggering the circuit breakers by time clocks, or by using 

special tariffs to influence consumer behavior. Load management allows utilities to 

reduce demand for electricity during peak usage times, which can reduce costs by 

eliminating the need for peaking power plants. One of the objectives of energy 

management methodology implementation is establishing an energy efficiency 

production planning and control system by avoiding load peaks of electricity. 
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Peak-load management is 

the process of reducing the 

effects of large energy load 

blocks during a period of 

time by advancing or 

delaying their effects until 

the power supply system 

can readily accept additional 

load. Advance or delay start 

of different process can lead 

to greater potential to save 

energy and consequently 

money. When peak-load 

management is applied to reduce energy costs, it is often referred to as "peak 

shaving." Peak shaving describes when a facility uses a local energy storage system 

to compensate for the facility's large energy consumption during peak hours of the 

day 

 

 
 

Figure 2: Load peak management example 

 

 

 

 

Delay start of 

process A 
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5  IDENTIFICATION OF POSSIBILITIES OF ENERGY 

CONSUMPTION REDUCTION IN THE PRODUCTION 

PROCESS 

5.1 ENERGY CONSUMER’S IDENTIFICATION IN PRODUCTION 

PROCESS 

Energy accounting is the process of measuring the energy consumed by special 

instruments - electricity meters. Counters are integrating devices, i.e. their readings 

depend on the time, during which the measurement is made. Measurement 

equipment is a device capable for measuring and accounting as electricity meters 

(active and reactive power), measuring current and voltage transformers and remote 

sensors. Measuring complex measurement equipment is a collection of 

interconnected devices on the established pattern. Set of measurement systems that 

are installed on a single object (such as an enterprise) is called a system of electricity 

metering.  

5.2 POSSIBILITIES OF ENERGY CONSUMPTION REDUCTION 

There is a variety of ways to save energy and energy consumption at the 

enterprise. Different ways to save energy by implementation new modern 

technologies are considered, which are more often found in the work of enterprises 

and organizations, and can significantly reduce the amount of used energy, while 

maintaining and sometimes increasing the useful effect of its application. Especially 

now, in the time of universal pollution and exhaustion of natural resources it is very 

important to think about environment. 

5.2.1 Motor energy consumption 

Motors consume the most amount of electric energy in vehicle assembly plant. 

Energy is used by variety of systems, such as compressed air, refrigeration and 

cooling, HVAC, in processes e.g. stamping, machining, welding. In order to 

improving energy situation with motors in production lines, the “system approach” 

has to be used. Optimization of energy motors efficiency based on system approach 

(i.e. drives, motors, fans, driven equipment, control, and compressor) should be 

carried out not just for the energy efficiency of motors as individual component, but 

entire system. In electrical motor systems an electrical power transforms to 

mechanical. Electric drivers are the primary species for most industrial equipment 

using mechanical energy. Electric motors consumption account for a significant 

portion of the total energy consumption in the European Union.  

According to the European agreement between the European Committee of 

Manufacturers of electrical equipment and power electronics (CEMEP) and the 

European Commission, most motors manufactured in the EU, clearly indicated their 

level of energy efficiency. The new EN 60034-30:2009 defines worldwide the 
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following efficiency classes of low-voltage three-phase asynchronous motors in the 

power range from 0.75 kW to 375 kW [15].  

 

IE1 = Standard Efficiency (comparable to EFF2) 

IE2 = High Efficiency (comparable to EFF1) 

IE3 = Premium Efficiency 

5.2.2 Reactive power compensation  

Reactive Power (kVAr) is the difference between working power (active power 

measured in kW) and total power consumed (apparent power measured in kVA). 

Some electrical equipment used in industrial and commercial buildings requires an 

amount of «reactive power» in addition to «active power» in order to work 

effectively. Reactive power therefore generates the magnetic fields which are 

essential for inductive electrical equipment to operate - especially transformers and 

motors. While it is the active power that contributes to the energy consumed, or 

transmitted, reactive power does not contribute to the energy. 

Power factor compensation is one of the ways to reduce energy costs with a short 

payback. It is defined as the management of reactive power to improve the 

performance of alternating-current (AC) power systems.  

5.2.3 Compressed air 

In many cases, compressed air supply systems are an integral part of the 

manufacturing company and should be analyzed in parallel with the common needs 

of the production of compressed air. In the enterprises of automotive production 

compressed air systems are a significant consumer of energy.  In terms of growing 

importance of energy efficiency there is a need to develop technologies and tools for 

the optimization of existing compressed air systems, as well as the introduction of 

new, more efficient systems.  

The compressors are equipped with a variable speed drive, especially in 

conditions where the demand for compressed air varies substantially during the day 

and from one day to another. In order to control the operation of compressors, the 

enterprise can use such traditional approaches, such as on/off, modulation, capacity 

control, etc. However, if the use of such techniques leads to frequent blackouts and 

inclusions, as well as long periods of idling, the result could be a reduction in 

efficiency. In the case of using a variable speed electric compressor speed is 

adjustable depending on changes in demand for compressed air, providing a high 

level of energy efficiency. 

5.2.4 Heat and steam 

The steam is one of the common heat transfer systems in thermal heated liquid or 

gaseous medium. Efficient production and distribution of steam, as well as proper 

operation and maintenance of the steam system can make a significant contribution 
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to the reduction of heat loss. Energy efficiency of the steam system requires a proper 

balance between the pressure of steam, condensate organization, adequate insulation 

and effective pressure control. 

5.2.5 Heating Ventilation and Air Condition  

Quite large energy consumption is related to heating or cooling working space in 

the enterprise. In many cases, the heating temperature maintained industrial 

buildings can be reduced without compromising by 1-2°C and, conversely, when 

cooling set point temperature can be increased by 1-2 ºC without sacrificing 

comfort. Reducing the level of a predetermined temperature by 1°C when the 

heating or increasing the level 1°C in case the cooling can reduce energy 

consumption by 5-10% depending on the average temperature difference between 

the room and the outdoor air. In many cases, increasing the target temperature in air 

conditioning provides a greater effect since the temperature difference in this case is 

usually higher. However, this pattern is generalized, and a specific amount of 

savings depends on the climatic conditions of the region. 

5.2.6 Lighting  

Artificial light accounts for a significant share of global electricity consumption. 

Some buildings lighting costs are unnecessary, since the corresponding energy is 

expended in excess lighting. Therefore, at present lighting is one of the major 

components of energy consumption, especially for office buildings and other large 

objects requiring illumination. At the same time there are many ways to use energy 

for lighting, differing in terms of energy efficiency 

5.3 ECONOMIC ANALYSIS 

Using a new efficiency method can significant reduce energy consumption of 

vehicle production process. Investments to new technology every time have to be 

calculated and assessment to worth of its implementation. Payback period for 

different type of process improvements also has to be calculated.  

Replacement of old motors with new energy efficient makes sense in cases where 

the motor will operate more than 2000 hours per year. Often, rewind old motor turns 

a lot cheaper than buying new. Typically, the motor should be changed when the 

value of its rewinding will be more than 60% of the cost of the new motor. For that 

reason, to make a calculation and conduct an audit of motors each automotive 

enterprise should develop and maintain the motor management plan. 

Frequency converters are allowed to exercise quite difficult management 

techniques to perform motor protection, improve operating modes depending on the 

overload and do other functions. The use of frequency converters with asynchronous 

motors is considered as promising and economically substantiated replacement rate 

as regulated constant current drive and unregulated AC drive. 
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6  DEVELOPMENT OF METHODS OF ENERGY FLOW 

VISUALIZATION IN VIRTUAL REALITY ENVIRONMENT 

Visualization of energy flows direct to energy efficiency development of machine 

tools, process production or entire enterprise. New machine tools and industrial 

elements can be easily designed by means of visualization. Especially concerning 

research on energy efficiency, visualization is an important step for understanding. 

Virtual reality has become an important part of product design and development 

process in many companies in the manufacturing industry. This is an ideal 

instrument for energy visualization and communication within interdisciplinary 

discussion of questions and problems from the field of design, technology, 

production engineering, training and marketing. 

6.1 USING A PARTICLE SYSTEM METHOD AS VISUALIZATION 

TOOL 

The term “Particle System” is well known in the computer graphics. It has been 

used to describe modeling techniques, rendering techniques and even type of 

animation. Modeling phenomena such a clouds, smoke, water, and fire has proved 

difficult with the existing techniques of computer graphics. The object, which do not 

have smooth, well-defined surface are called “fuzzy” objects. Concerning these 

properties of particle system has made assumption to define electrical current in the 

machine tools as “fuzzy” object, which does not have any defined surface. A particle 

system is basically just a collection 3D points in space. They go through a complete 

life cycle. A particle goes through three phase during its lifespan: generation, 

dynamic and death. 

6.2 ENERGY CONSUMPTION VISUALIZATION USING PARTICLE 

SYSTEM 

The idea of visualization of energy consumption consists in using a particle 

system with several adjustable attributes. If consider an electrical current flow as a 

fuzzy object then parallel to particle system is obvious. One electron is represented 

by one particle. The boundary of particle system is a wire within electrical current 

flow extend. In parallel to the characteristics of electrical energy, it is possible to 

present energy flow or precisely electrical current like a movement of electrons in a 

conductor. 

 
 

Figure 3: Rendering energy consumption by changing density and color of the particles 
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A lifespan begins with the generation of the particles in an emitter. The emitter 

can be a single point or different types of surfaces (circle, rectangle, square, 

undefined surface). The emitter controls global settings of particles: number, speed, 

and direction in which they should be emitted. The particles are generated in an 

emitter and die, when lifetime reaches zero. In addition particles will die if they 

leave the set boundary of diffusion. In case a particle reaches a consumer (spindle, 

CNC controller, pumps, etc.) it will disappear. 

6.3 IMPLEMENTATION OF THE PARTICLE SYSTEM  

The introduced particle system was implemented for testing and evaluating 

purposes for the VR software Instant Player which allows visualizing x3d graphic 

files. The developed solution uses to different interfaces to create and control the 

virtual particles. To gain a good flexibility, the description of the particle tree and 

the definition of the measurement values are saved in external files (e.g. Tree.txt and 

Measurement.txt). A plugin reads in the needed data from the files and creates the 

mathematical particle system model. All presented calculations are done within this 

plugin. The result is a set of attributes for each particle (position, color, size). Based 

on this attributes a script creates and controls spheres in the VR environment. 

Therefore, the functional interaction of the plugin and the script enables the system 

to show a particle system.  

 
Figure 4: Model of machine tools N20 with particle system implementation 

On the figure 4 is presented implementation of CAD model of machine tools N20 

combining with particle system to virtual reality environment. Due to wide 

adjustability of implementation of particle system it is now difficult to create the 

same energy visualization flow system for different CAD models. 
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7  ENERGY SAVING AND ENERGY MANAGEMENT 

METHODOLOGY 

In this chapter is presented entire block diagram of energy savings and energy 

management methodology with description of each steps. For more clearance major 

steps of current diagram are colored to corresponded color of general scheme, which 

is presented on the figure 4 and named «Background of energy savings and energy 

management methodology». 

 

Introduction to production process – this step is dedicated to introduction of 

production process, data collection and data analysis of useful information. This 

information is essential for understanding the problems of energy use and the correct 

prioritization to achieve the best results of energy audit. Usually data collection has 

to be done by data energy manager under the control of energy manager. 

 

Mapping of energy consumption – during this step is occur creation and 

development maps of energy consumption. The most important energy resources 

and consumers costs have to be defined. For each element of such scheme the flows 

of energy, raw materials, products, industrial effluents and waste should be 

identified. Energy auditor or person, who is responsible for energy management 

system implementation, makes a map of energy consumption. Moreover, 

distribution on energy consumption for each consumer has to be noted. 

 

Analysis of energy consumption – in order to establish the list of major energy 

consumers, to identify the most important and prioritize their detailed survey, it is 

necessary to know their share of the total consumption. After energy investigation it 

is necessary to concentrate to more detail analyze of the enterprise. For the 

identification of the main consumers any source of information will help: interviews 

with staff, process flow diagram, bypassing the enterprise. However, it is possible, if 

an enterprise has sufficient energy meters and has the necessary statements. But in 

actual practice it is rare. Map of possible energy consumption is presented on the 

figure 6 

 

Electrical system/Technological process/Offices and buildings – are three 

branches of energy consumption in the enterprise, which have to be analyzed and 

reviewed as major sectors of energy consumption. Different equipment is used for 

each sector. 

 

Identification of savings potential – during this step is looking possibilities to 

reducing energy consumption by different methods. Various ways to save energy by 

implementation new modern technologies have to be considered. Commercial 

methods can be find by benchmarking another one are given by government in 

legislatives and directives.  
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Savings calculation – calculation and analysis of proposed solution for energy 

saving. Investments to new technology every time have to be calculated and 

assessment to worth of its implementation. Payback period for different type of 

process improvements also has to be calculated. It is necessary to observe possibility 

such a motor management plan for machine tools, production line and other using 

equipment. 

 

Benefits of applied solutions – analysis of proposed energy savings solutions is 

necessary. If benefits are negative then proposed energy solutions have to be refused 

and cycle of energy saving methodology will start again. Otherwise proposed energy 

savings solutions have to be realized in the production process. 

 

Realization of energy savings solutions – the purpose of this step is a critical 

analysis of the collected information on the early steps, in order to suggest the ways 

to reduce energy costs. Proposed solutions can significantly reduce the amount of 

used energy, while maintaining and sometimes increasing the useful effect of its 

application. Sources of energy loss can be excessive overheating of the furnace 

equipment left switched on after hours, leakage in the distribution, excessive 

pressure steam or compressed air in the system. Low energy conversion efficiency 

can be caused by poor efficiency of the boiler, air compressor, refrigeration 

equipment or inefficient exploitation. After identification of the sources of loss and 

sections of irrational use of energy development of proposals and projects to 

improve the situation can be suggested.  

 

Data collection for energy visualization – purpose of this step is data collection 

of all necessary information of implemented solutions. Collected data have to be 

transformed to suitable form for their next implementation.  

 

Constant monitoring (energy visualization method) – this step is dedicated to 

continuous monitoring of energy consumption for making next suitable solutions 

Visualization of consumed energy is necessary to visualized energy consumption for 

its better understanding. Corrected analyzed and well – presented data can help to 

find more suitable solution for existing problems. In current work step of constant 

monitoring is presented by development of new energy visualization system in 

virtual reality environment by particle system.  
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Figure 5: Diagram of energy saving and energy management methodology as implementation of EnMS 
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 Figure 6: Analysis of energy consumption 



8  CONCLUSION 

After analysis of different energy saving potentials and research work in the field 

of energy consumption in production process the lack of current methodology was 

identified. 

The maps of energy consumption can be developed by enterprise based on the 

energy audit; and all necessary activities could be accepted. So called «necessary 

activities» are understood activities for identification of main energy consumers in 

production process. In vehicle production process the biggest part of energy 

consumption falls on using the motors of all levels and production of compressed 

air. The high level of energy consumption by these processes is conditioned by the 

fact that these processes use motors and drive during their execution. The energy 

efficiency improvement of motors can significant reduces energy consumption of 

whole production process. Improving energy efficiency of motors is not only the one 

activity that can influence energy consumption of an enterprise. Moreover, there are 

some other manners, which can be recognized by energy audit and energy 

management implementation. Thus the energy management system is very 

important for enterprise, which is focused to reduce energy consumption.  

An important part of present methodology is development of a new modern 

monitoring technology of energy consumption. New tool was developed on the base 

of virtual reality environment. By the means of suggested method it is possible to 

analyze and discover processes that cannot be seen in reality. Intuitive visualizations 

are the basis to create understanding for the process itself. Visualization of energy 

flow in whole enterprise can be easily realized by this new tool due to its flexibility. 

The main advantage of method’s realization lies in using information at all levels of 

an enterprise. It can be used for more efficient work. If employees from different 

division can realize, where energy is consumed, how it is flowing through a machine 

tool or a whole workshop or enterprise, everyone can propose different approaches, 

in order to work more energy efficient and therefore save energy. By involving all 

employees in that process other ideas can be found, which might be hidden from 

expert energy engineers.  

Summing up, it is necessary to say that developed methodology has the following 

advantages: 

 

Contribution to society 

 

 The proposed methodology is developed in accordance with requirements 

of actual standards and directives of European Union, which set up 

demands of reducing energy consumption in compulsory way. Directive 

2012/27EU establishes compulsory improvements of energy efficiency and 

decrease of hydrocarbon gas emission by 20% by 2020 year; directive 

2009/125/EC establishes obligate environmental requirements in design of 

products associated with higher energy consumption; new standard EN ISO 

50001:2011 Energy Management System establishes requirement for 
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standardization of enterprise in the terms of the system EnMS. Thus, 

implementation of developed methodology executes established actual 

requirements and demand of reducing energy consumption of directives 

and standards EU. 

 Utilization of methodology influences decline of harmful impact of CO2 to 

environment, which is compulsory required in the directive 2012/27/EU by 

20% by 2020 year. 

 

Contribution to enterprise 

 

 Integration of present methodology to production process with 

implementation of high energy efficiency equipment leads to energy 

consumption decrease. This energy consumption reduction will have an 

impact on energy bill reduction and competitiveness of enterprise increase. 

By implementation of present methodology enterprises will have more 

competitive product in a short payback period. 

 Adaptation to the basic of management system, precisely to PDCA cycle, 

gives fully and easy integration to any existing management system.  

 By using developed methodology in production process it is possible to 

recognize «weak energy place» in production process. Constant following 

of methodology gives workers of an enterprise (energy manager, energy 

analyst, energy auditor) which are involved in the process of reducing 

energy consumption, an opportunity to find suitable solution for their 

problems. 

 The usage of a new visualization tool gives opportunity to analyze and 

discover processes that cannot be seen in reality. By the means of these 

advantages it is possible to involve employees from different divisions to 

solve existing problems. 

Contribution to research activity 

 

 Present methodology can be used in the next research in the field of 

integration and implementation of energy management system as a tool for 

prediction of energy consumption. 

 New developed visualization tools can be applied in the next research in the 

field of Eco design of new machine tools and Life Cycle Assessment 

implementation. 

 

Thereby, it is significantly beneficial to integrate the present methodology into 

production process of enterprises, who decide to save energy, improve energy 

efficiency and decrease pollution of CO2 emission. 
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ABSTRACT 

In recent times energy consumption and energy savings challenges have come on 

line both at the national and corporate levels and been under debate among 

researchers and experts. Mankind has entered on the transitional path from getting 

energy from mineral resources, which are limited, to the renewable resources. 

However investigation and implementation of modern renewable technologies are 

embarrassed by question of investments and time expense. Because of that energy 

efficiency lays in the center of the European energy safety strategy, which is one of 

the most cost effective ways to enhance security of energy supply. Enterprises are 

one of the biggest energy suppliers. Thus this research is focused on the problems of 

energy saving and improving of energy efficiency at the enterprise. This work 

represents the development and implementation of energy saving and energy 

management methodology in vehicle production process of an enterprise. Method of 

energy consumption visualization in virtual reality environment is also created and 

considered. 


