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ABSTRACT

Purpose To propose and verify an innovative concept moafeintegrating
standardized energy management system accordiffgdb0001 management
system of enterprises in the network of automadilgpliers.

Methodology/Approach: Based on an analysis of previous approaches to
innovation and standardization of energy aspectsogborate management with
an emphasis on principles and indicators of enargpnsity in accordance with
ISO 50001 there has been designed and by a cadg sa&uified model of
integration of energy management in the specifiomgany automobile
production. Research output has been generalizednaodified for repeated
applications in this area.

Findings: Implementation of the integration model of energgnagement and
energy performance indicators 1SO 50001 demonstedtectiveness of the
management of energy and readiness for certificatio energy management,
increased energy efficiency and production systemahstrated the ability of
continuous improvement of indicators.

Research limitation/implication: Due to the low-energy environmental
awareness it is necessary to invest funds includiisg external consultants,
mobilize human resources of various departmenfsyace, hardware and so on.
The barrier is the lack of practical experiencehe management of enterprise
energy efficiency within the purview of BAT techongy and due to the
limitations of natural resources. Progressive dgwalent concepts and strategies
in industry put more and more emphasis on energglityuof a corporate
production. As the output of activities in this artandard 1SO 50001 — Energy
Management System was published by the Interndti@rganization for
Standardization for international accreditation avedtification. The standard
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provides guidance for organizations in addressihgllenges associated with
strengthening criteria of energy intensity and parant improving of efficiency
in energy consumption and meeting requirementsiodl parties. The authors,
based on previously conducted case studies abrwhthair own research in this
area, formalize benefits from implementation of tandardized Energy
Management System in companies of the automotidesiimy and present an
innovative model of its integration into the ovéraystem management
comprising a methodology for implementation, mamatece and certification in
terms of enterprises in Slovakia.

Keywords: energy quality; energy management system; inmgyvamodel;
criteria of energy intensity, certification system

1 INTRODUCTION

Energy management system generally provides wadlgvgieveral significant
advantages for small and large companies in pudnid private sectors, in
manufacturing and services, in all areas of ecoonoaativities as well. The
international standard 1ISO 50001 provides a frammkwand guidance for
industrial, commercial, institutional, governmentadepartments and
organizations in order to manage energy aspegbsoafuction. Focusing on the
wide applicability across national economic sectdrss estimated within
research that this standard could influence up @ % of world energy
consumption (Colesca and Ciocoiu, 2013). Energg decisive subject for all
organizational activities and it can be prohibitwexpensive for businesses,
regardless of the field of their activity. This kmledge can be transformed even
so, that the use of energy, from the raw matet@ltie waste recycling will be
taken in consideration within the Supply Chain bé tcompany (Zgodavova,
2002).

In addition of economic costs in the company, epergnsumption can also
negatively affect the elements of the environmeatal the social cost ratio in
the context of resource depletion, leading to sgbset problems, such as
climate changes. Development and introduction & tlew technologies and
sources of energy, particularly renewable energpurces may also take longer
time. The companies are not able to control eae @f energy, but with help of
the government and global economics it is posgiblienprove the way how the
energy is immediately managed. Higher energy copsiom can be beneficial
for the company by maximizing the use of its energyources and activities
from energy point of view, thereby reducing therggecosts and consumption.
At the same time there is a reduction of the eneegpurces depletion and at
once mitigating the adverse impact on global enelp; such as global warming
(Nenadal, 2008; Mizla and Pudio, 2012). InternaloBtandard ISO 50001 is
based on a management system model, which is pdyidollowed and
implemented by businesses worldwide. In the nerduit may have a positive
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meaning for businesses of all types and it alsgaup long-term effort to
improve energy technology.

2 METHODOLOGY OF CASE STUDY

Objectives of energy management can provide annagd platform for
integrated energy management performance for bes#se These include in
parts adjustments of production processes, impgogunlity and increasing the
energy efficiency of the company systems.

The analysed company belongs to the automotivesiiglSK NACE 29320
Manufacturing of other parts and accessories failomeehicles, monitors policy
for energy management, specializing in electromidcgpand components for the
automotive industry. The company has also impleeteiat quality management
system according to EN ISO 9001:2009 environmentahagement system
according to EN 1SO 14001:2005 and quality managensystem ISO/TS
16949:2005.

2.1 Standardized energy management system

Standardized system of energy management providegexnational framework
for industrial plants, businesses and organizationsnanagement of energy,
including all aspects of these processes and a Inafdenergy efficiency, as
shown in Figure 1.
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Figure 1 — Innovated model of energy managemertrdatg to international
standard 1SO 50001:2011

Organizations and businesses are currently facioblgms and challenges in
integrating energy management and energy techreslogn determining
characteristics of energy consumption, mitigatireghnhological barriers to
improve quality, energy efficiency and provide ttingrd-party certification in
implementation of an energy management system diogpto ISO 50001:2011.
International Standard ISO 50001 for energy managespecifies requirements
for the management system of consumption and usenefgy, including a
systematic approach for continuous improvementr&rgy quality, efficiency
and performance. Integration of energy managenmeatéompany management
system in accordance with international standa@ B®001, including active
key elements, can produce according to previouvegar an increase of
effictiveness in energy efficiency in the range&d¥ - 5 %. System optimization
can be achieved by increasing the average effigiehcabout 20 % - 30 % and
provides verified model that helps companies toedale and manage their
energy consumption systematically (Meffert and Mo&a2011).

The international standard ISO 50001 provides & dbmpanies of privet and
public sector a management strategy which incredisesenergy efficiency,
reduce costs and improves energy performance. Emelard defines a general
framework for companies, which integrates energyiciehcy into their
management processes and procedures. The stardiaetiergy management
system is based on common key elements of the rear&ag system standards,
ensuring a high level of compatibility with othetasdards, such as quality
management system according to STN EN ISO 9001:20@PBEnvironmental
Management System according to STN EN ISO 140052@pecifically, an
energy management system according to ISO 50001:281 help businesses to
implement the processes necessary to understangsanaf energy, action plans,
formulating targets and indicators in order to m@@uhe energy consumption,
prioritizing and identification of opportunities rfamproving energy efficiency
(Lambert, 2011).

Many developed countries but also developing caoemticurrently provide
practical binding regulations for their energy-imd&ve industries, followed by
the inevitable implementing of energy managementnitbring is used to
control energy consumption of operations and bgsiee and long-term
evaluations indicate either success or failure pérgy management. The
international Standard ISO 50001 ensures that thepany respects the
operational structure, system and procedures fer dhgoing identification,
prioritization, implementation and measuring thepatt of energy saving
projects (to ensure the persistence of energy lish@fossa, 2012).

Examples of the energy management system usagedangrto ISO 50001:2011
are listed as follows (ISO 50001:2011):
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1) Comparison of annual energy use with targeted use.

2) Energy usage, which is a type of specific energysamption, which can
be used.

3) In some cases, a normalized energy consumptiorbeamsed when the
normalization are factors representing the quamtitproduction, current
seasonal fluctuations in temperature and time ez Methods, such as
a linear compensation or theoretical-methodologiedtulation may vary.
This type of tool which creates an overview is uk@i order to explain
the change in the nature of energy performanceatolis (EPI) resulting
from factors besides the measures for improvement.

4) The company can decide which variables EPI will betmeasured and
based on that a plan of measurement is developkdeahized. The results
are included in the energy line for reliable inedref measurements.

5) Statistical tools can be used to measure the etioal of potential
variables on the EPI indicators. Typical variabteay include weather
conditions, raw materials, or quality of energyrees.

6) The EPI indicators may be relevant for differemidtions and levels of
the company. For the top management, the EPI itaicasually refer to
the effects of costs and a support of strategieathjes.

Although businesses have implemented the energygeanent system in order
to achieve and maintain a higher energy efficietitgy may face with obstacles
and problems in the implementation of an energyagament system according
to 1ISO 50001:2011, including its integration andhtgologies, definitions of
energy intensity and indicators, technological ioy@ments in energy efficiency
and system certification by a third party. The lin&ional standard 1ISO 50001
defines energy performance indicators (EPI) as antijative index of energy
intensity, which is determined by the plant itsélie concept of EPI can be used
to compare the performance of the company at @iffietimes. They should be
chosen to facilitate performance monitoring, esacin the use of energy in the
energy profile of that company (Mirchi, 2012).

2.2 Implementation of energy management

Within implementation of the international standd®D 50001, we created a
conceptual model of integrating the energy managérfee improving energy
performance indicators in the business and fulfillithe requirements of the
system certification. In the study, the proposediehas used for establishment
of sustainable development of energy managemerthencompany and for
integration of internal and external technical teses to create better energy
technologies. The purpose of this study was to tstded limits of resources of
this model and further details for future analysis.
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Integration of energy management requires that the
requirements made of innovative energy saving ptsje
which have been made in the past within the combane
been effectively used for other activities of tleenpany
and continuous improvement.

v
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Figure 2 — Principles and procedures within evalngta model integrating
energy management
Source: Authors according to Padash, Nejadian ahdd@parast (2010)

The indicators of energy intensity including vasoperformance indicators for
air conditioning systems, lighting system and del@écable components were
defined within our case study. These energy intgnsdicators were identified
and systemized. Among the most important variablese were indicators of
overall annual energy company savings and the éstaigy consumption of the
company, as the main objective of the study. Theutation was based on EPI in
an energy management system according to the attenal standard 1SO
50001. The indicator of energy intensity for thenpany had been set for energy
economy reduction in the years 2012 to 2013 of 10'Be integration model of
energy management should be used to improve thétagive indicators of
energy performance, energy intensity, increaseggneificiency and to meet the
overall requirements of an energy management systeoording to ISO
50001:2011. The principle of evaluation of energteinational Standard ISO
50001 specifies requirements for the use and copsom including
measurement, documentation, reporting, design andlico procurement
procedures, processes and personnel which comributenergy efficiency
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improvement. The proposed energy management sysigrording to 1SO
50001:2011 shall be applied to all variables affiecienergy performance that
can be monitored and influenced by businesses. rRiega energy, the
international standard ISO 50001 does not prescsapecific performance
criteria.
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Figure 3 — Review of processes of energy integnatilanagement model

The model of integration and assessment of energgagement in principle
involves the collection and integration of energyiag programmes of each
department of the company. After examining the gragon of energy

management model there was created an integratainbase of energy
management for the company. This database is alailar all departments for
evaluation and selection of standardized sourceasks for further business
activity. This helps the model to achieving synesgof indicators of maximum
energy savings and increased energy economy fogeneanagement, as shown
on Figures 2 and 3.

2.3 Formalization and application of benchmarks in enegy intensity

Requirements of an energy management system acgotailSO 50001:2011
under the organization of energy consumption anthte@ to operating
instructions are still better structured so that "#ystem ensures that energy
standards and performance indicators are in a lwvith organizational

ISSN 1335-1745 (print) ISSN 1338-984X (online)



QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITA19/1-2015 29

requirements. Energy criteria must serve as a ember framework for
guantitative comparison of energy intensity linkEKane et al., 2009).

Output values within our research were obtainethftbe finance department of
the company. Energy data for this study were obthifrom the monthly
accounts of the local power company. Energy intgrisdicators relate to the
quantified values of monitored indicators of enecgysumption for businesses.
Energy performance indicators are defined as tted @mergy efficiency of the
company or a unit of energy output / productionablaing energy consumption
as output, was used as a whole.

2.3.1 Creating a database of energy-efficient solutions

To create a model of integration and assessmeenefgy management there
have been used internal and external effective fmadible energy saving
programmes. In addition, basic and priority solusidor saving energy (Table 1),
are based to support the decision of various deyesuts with reference to the
selection of appropriate energy-saving programnoesafloption and gathering
knowledge and experience about energy efficienhrnelogies. Databases of
energy-efficient solutions assist (also accordimdareign resources in general)
in the performance indicators of energy efficieraryd provide the sustainable
improvement of energy efficiency (MacDonald and &lsa 2012). Department
of energy management in the company is respondimiesupporting the
implementation of innovative models of integratirgergy management and
energy saving solutions databases, operation anghteanance information
system.

Table 1 — Types of energy use and energy-savingol

ENERGY MANAGEMENT
ENERGY _ Air conditioning Air compression Electricity for Electricity for Electric energy for
CLASSIFICATION 2 5 P
systems systems production normal operating | other activities and
activities control
ERHRCVEAVING raducing of the air control mverter / energy saving of ENergy saving systems optimal demand
SOLUTIONS conditioning load efficiency buming systems manzgement
intelligent control
optimization | reduction
of energy consumption use of altemative
pressure ENELEY use of high-efficiency
Press systems cogeneration of
electricity and heat
use of altemnative ENErEY SEVIgs
ENErgy recycling of waste heat lighting systems
optimization of air ENErgy Savings i
conditionmg systems production of cable
and water coeling hamesses
PRODUCT S"“I_\G Hardware: temperature | Hardware:  frequency | Hardware: frequency | Hardware:  frequency | Digital metrics,
APPLICATIONS controllers,  frequency | converters, man - machme | mverters, servo drives | converters. AC motors | programmable  logic
converters, —man - | mterface pressure sensor | varizbles, man - | and drives. solar pamels | system., management
machine interface, AC machine interface, and control of energy
motors and  actuators, wireless feceivers, 3avings
pressure sensors Software: programmable | electronic ballast, | Software:
logic system. | LED, wireless lighting | Programmable  logic
management and control system, — management
Software:  automatic | of energy savings and control of emergy
control systems, Software: savings
programmzble  logic programmeble  logic
system  management system, management
ENergy savings and control of energy
savings
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2.3.2 Certification of the energy management system accding to ISO
50001:2011

In this study, the innovative energy management ehodas used for
implementation of an energy management system diogpto ISO 50001:2011,
which allows various functional departments of toenpany to realize effective
implementation and monitoring of corporate compi@rplans of a required
standard. External experts were hired to evaluatergy efficiency and to
provide basic references for defining indicatorgérgy intensity.
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Figure 4 — Comparison of energy consumption beémw after implementation
of the energy management system model accordit8X&0001:2011 in 2012-
2013

The results are showing that the energy consumptiothe period between
January and July 2013 (implementation phase) wasrlthan the same period in
2012 and continued to decline from July to Noven2@t3. The slight increase
in December, almost to the level of 2013, was cduseexceptional operating
modes to fulfil the annual plan of orders. Basedtltat a new production line
was build. At the same time by higher orders thtmdpction line and the robots
were running at full speed by a complicated desmfngroducts. Following the
introduction of an innovative energy management ehodccording to

international standard 1SO 50001:2011 the outcomemgergy values are
generally reduced once the model was implementddealized.

3 CONCLUSION

In addition to the best-known and most frequentbedi quality standards
ISO 9001, ISO 14001 environment, health and sa@##pAS 18001 a corporate
energy management is currently also preferred aperation with the European
strategic development documents (EUROPE 2020, HORI2020).
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The results of our research are showing that thegration of the energy
management into functional company management raystecording to 1SO
50001 will significantly improve its energy efficiey. The proposed model of
integration and assessment is an effective tootémtinuous improvement and
sustainable business development. With this modeplamentation and
evaluation of the companies energy management th@rautomotive industry
the economy energy indicators were improved. Eneffigiency in the company
increased in comparison with the base year 2018rége annual decrease of
18.5 %). By implementation of the energy managemgstem according to ISO
50001:2011, energy efficiency indicators, energgnsity and energy efficiency
indicators continuously decreased. This decrease sigmificant already in the
phase of implementation and realization accordmghe monthly average of
2.6 % compared to the period of the implementatigthh potential of further
improvement in the future. The proposed model glesifor the companies a
tool and an effective method for development oftanable use of energy.
Although that its necessary to invest first in bisiness resources, including the
external consultants, mobilization of competenced aapabilities of human
resources at various departments, software, haejveartification, as well as
other costs, return of an investment is based errékults more than obvious.
These funds, along with long term and developmemids for improving energy
efficiency are therefore worth of further analysisscussion and research. The
proposed model can be modified according to smecrBquirements of
companies, or due to limitations of natural resesrin variety of industries and
the level of company management system.
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