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HIGHLIGHTS

* |ISO 50001-based conceptual map for energy management in energy-intensive
industries

» Research breakdown of an Energy Management System, under a process
design proposition

* Description of the successful practices carried out in the industry and cited in the
literature

Abstract: This paper presents the development of a conceptual map regarding energy
management applied to industry. The energy issue is currently of great relevance, especially
for the so-called energy-intensive industries related to high energy consumption and their
associated environmental impacts. The present research is characterized as a basic,
exploratory approach justified by the need to build knowledge on the subject of energy
management in industry. The methodology provides for the use of a computational tool
called CMap Tools, which assists in the graphic representation of the proposed conceptual
map. The conceptual map based on the 1SO 50001 standard and on successful energy
management practices described in the scientific literature is directed toward a process
design covered by the managerial discipline called Business Process Management. The
conceptual map is intended to clarify the relationships that are established between the
intra-organizational and main external stakeholders involved in an energy management
system. Owing to the way internal areas and external organizations relate, the
representation structure using a "Spider" is the most appropriate. The work developed
presents an energy management system for an energy-intensive industry in a clear
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(conceptually and visually), orderly, unified, harmonious, and balanced manner indicating
the distribution of its elements, and serves as an initial step in the creation of an ontology for
this area of knowledge.

Keywords: energy management system, energy-intensive industries, conceptual map.

INTRODUCTION

Economic, environmental, and energy issues have driven industries to adopt new
practices and better energy management. The companies aim to reduce costs, gain
competitiveness, and meet the wishes of consumers and stakeholders by presenting a
friendly image regarding environmental issues and the sustainability of the planet.

Energy-intensive industries (Ell) (cement, iron and steel, pulp and paper, petrochemical,
chemical, aluminum, and glass) are large sectors playing significant roles in the
development of any country. However, they are associated with high energy consumption
and can have major environmental impact.

The energy referred to in this research is considered in its various forms, such as
electricity, fuel, steam, heat, compressed air, and other analogous forms that can be
purchased, stored, processed, used in equipment or in a process, or recovered.

Energy management is a relatively new and little explored interdisciplinary field of
knowledge that focuses on organizational aspects rather than on the more popular studies
regarding system improvements and technological aspects related to energy efficiency.

The difficulties described in the scientific literature for successful energy management
in industry are in the form of barriers and their origins: (i) external, such as market,
government/politics, suppliers, technology/services, designers, manufacturers, energy
suppliers, and financiers; and (ii) intra-organizational: from an economic-behavioral and
organizational perspective.

Regarding the intra-organizational barriers, different aspects stand out: (i) lack of
effective internal management in the company; (ii) complex decision-making chains; (iii) lack
of power and influence of an energy manager; (iv) organizational culture leading to neglect
of energy and environmental aspects; (v) low importance given to the energy efficiency
program (not the main business of the company) [1-6].

Recently, the energy management standard ABNT NBR ISO 50001: 2011 Energy
Management Systems - Requirements with Guidance for Use [7] was introduced, which
provides guidelines and specifies requirements for the establishment, implementation,
maintenance, and improvement of an energy management system. In addition, there is a
track record dating back to the 1980s of some successful industry energy management
initiatives and practices that should be evaluated.

The need to create a conceptual map arises from the desire to bring together the
requirements of the international standard ISO 50001 with the initiatives and the successful
practices carried out in industry and described in the scientific literature to allow a better
understanding and to allow the granular analysis of energy management in industry. For our
purposes, we consider the Brazilian energy industry. The map is also being presented as a
research breakdown on an Energy Management System (EnMS) in Ell and to propose a
process design under the management discipline called Business Process Management
(BPM).

METHODOLOGY

The present research is characterized as a basic, exploratory approach justified by the
need to build knowledge regarding energy management in industry. The methodology
utilizes a computational tool called CMap Tools, which assists in the graphic representation
of the proposed conceptual map. The conceptual map is based on a process design for
EnMS based on the 1SO50001 standard, also taking into account the good practices
mentioned in the scientific literature. The specific objectives are to: (i) describe the basic
diagram of an EnMS meeting the requirements of ISO 50001 successful practices for energy
management and process design; (ii) analyze and categorize the data transfer from an
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EnMS to the Ell; and (iii) develop a conceptual map of an energy management system,
explaining the relationships among the main stakeholders.
Foundation

The objective of an EnMS is to enable organizations to establish the systems and
processes necessary to improve energy performance, including energy efficiency and
energy consumption. With respect to the organizational barriers previously mentioned, they
can be better studied and understood using an enterprise engineering (EE) approach.

In previous studies [8], a process design proposal for an EnMS in Ell was carried out
according to the management discipline called Business Process Management (BPM).

Thus, as guides and fundamentals, the following points are considered: (i) the need to
gather and facilitate the visualization and understanding of the requirements of ISO 50001;
(i) incorporate successful energy management initiatives and practices already carried out
in industry and described in the scientific literature; and (iii) develop the process design for
the energy management system, which indicate the need to develop a conceptual map. The
purpose of the conceptual map is to identify and make explicit the relationships among the
main actors involved in the implementation of an EnMS in EIl.

Conceptual Map

Conceptual maps are hierarchical structures represented graphically, presenting a set
of interrelated concepts. Through this type of structure, it is possible to emphasize the most
important relationships among these concepts [9,10]. As graphical representations,
conceptual maps indicate the relationships among concepts that are connected through
keywords. Concepts are enclosed in boxes (or other geometric shapes), and lines link
concepts by means of connecting words or phrases. It is recommended that the conceptual
map be drawn after an idea matures.

Construction of Conceptual Maps

The construction of a conceptual map involves the identification of the concepts or ideas
belonging to a subject and the descriptions of the relationships among these ideas in the
form of a schematic drawing [9].

The concepts must be related in a coherent manner (according to a logical order), and
the words or phrases used to relate these concepts should allow the construction of
sentences with logical and propositional meaning. Thus, the structure of the conceptual map
will allow efficient exploration of all existing relationships among concepts. Common
phrases used to relate concepts in conceptual maps are it is composed of, depends on, is
influenced by, includes, and causes, among others [9].

There are different types of conceptual maps, which can be classified according to their
basic structure or presentation form. The structural classifications for conceptual maps are:

Spider structure: Organizes the information in a radial manner, where the main theme is
placed in the center of the map;

Hierarchical structure: Presents the information in hierarchical order, according to the
level of importance of the concepts (the most relevant information is placed at the
beginning of the hierarchical chain);

Flowchart structure: Organizes information in a linear format, ordering the concepts in a
logical sequence (similar to a book);

Systems Structure: Organizes the information in the form of a flow chart, allowing the
possibility of insertion and exclusion of concepts.

Regarding the presentation form, conceptual maps can be classified as:

Landscape: Used in situations where there is a need to present the information in
panoramic context;
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3D (multidimensional): Presents the relationships among concepts in three-dimensional
form. It allows representing and exploring relationships not observed using conceptual
maps in two dimensions;

Mandala: Presents the information in geometric format, providing a visual effect that
allows representation of the thought processes of individuals.

Computational Tools for Conceptual Maps

Maintenance computational tools (software) are used to create conceptual maps in their
various forms. Such tools allow conceptual maps to be designed quickly and intuitively.
Among the conceptual map tools currently available in the market, the following stand out:

CMap Tools: Free software developed by the Institute for Human Machine Cognition of
the University of West Florida under the supervision of Dr. Alberto J. Cafias, expert in this
field of knowledge. It provides applications for the elaboration and graphical representation
of conceptual maps. Because it is free and widely used in the academic world, it was the
software adopted for the elaboration of the conceptual map in this work;

Inspiration: Developed by Inspiration Software, it is similar to CMap Tools, but you must
purchase a license to use it [10,11];

MindMeister: Online tool used in the elaboration of conceptual maps. It offers free and
paid versions, according to the application and the user profile [12].

DEVELOPMENT OF THE CONCEPTUAL MAP FOR THE EnMS

Description of the Basic Diagram

The design of an energy management process in the BPM dimension applied in the Ell
based on the ISO50001 standard and good practices described in the scientific literature,
requires characterizing the main actors involved, that is, the internal functional areas and
external organizations (the stakeholders).

The internally selected actors are the functional areas that have the greatest
contribution, affinity, and involvement with the energy management process. They are: (i)
Top Management - TM (board of directors); (ii) Energy Management Team (EnMT)/ energy
manager, (iii) engineering; (iv) maintenance; (v) production; and (vi) administration. Also
identified are companies such as electric power and gas utilities, electric energy traders, and
Energy Service Companies (ESCO). The areas defined as Top Management - TM (board of
directors) and Energy Management Team (EnMT)/ energy manager are propositions
formulated by ISO 50001.

The external organizations and internal functional areas were categorized and
represented according to their hierarchical level regarding their role in energy management
(clockwise from the functional area top management), as shown in Figure 1.

FUNCTIONAL ARES FUNCTIONAL ARER
FUNCTIONAL AREA TOP MANAGEMENT ENERGY MANAGEMENT
ADMINISTRATION TEAMENERGY
MANAGER

EPCWER UTILITY

ELECTRIC ENERGY
TRADER i \. Y

ENERGY MANAGEMENT

e IN INDUSTRY

A UTILITY "4—‘/'

ESCO 1

External

i i FUNCTIONAL AREA FUNCTIONAL AREL
Oroanizations FUNCTIONAL AREA

PRODUCTION MAINTENANCE ENGINEERING

Intra-organizational

Figure 1. General Representation of Functional Areas for the Proposed Energy Management
System. Source: The Author.
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Data Analysis and Categorization

The analysis and categorization of the data that make up the conceptual map of energy
management in the Ell were carried out following the concepts of the energy management
process mentioned above by describing the main actors in an arrangement according to
external organizations and internal functional areas (intra-organizational).

Concepts concerning organizations external to the intra-organizational functional areas
will be described in detail below, and the complete conceptual map is presented in Figure 4
of Appendix A of this paper.

External Organizations

The external organizations involved in the EnMS proposed by [8] for the composition of
the energy management model for Ell and included in the conceptual map are listed below
[7,13-15]:

Electric power utility: Federal public service agent, delegated by grants through bidding.
It can be a generator, distributor, or transmitter of electric energy [16]. When it acts as an
electric energy distributor, it is responsible for establishing the physical connections
between energy consumers and the electric system;

Gas utility: Federal public service agent, delegated by grants through a bidding process.
It explores the public service of piped natural gas supply for industries, residences,
commercial establishments, and vehicles.

Electric energy trader. These are legal entities that buy and sell electric energy to
concessionaires, authorized distributors, or free consumers [16]. Unlike generation agents,
marketers do not have plants that produce electricity; they acquire electricity from different
suppliers to offer a diversified portfolio of products to their consumers, reducing transaction
costs, and consequently promoting efficient relationships between generators and
consumers of electricity. Therefore, the marketer acts by managing volume and price risk for
both generators and consumers in a free energy market. The free contracting environment is
the segment of the market in which electric energy purchases and sales are carried out,
subject to bilateral contracts freely negotiated according to specific marketing rules and
procedures. Although they do not have generation assets, the trading operations are heavily
regulated by Brazil's ANEEL agency [17];

ESCO (Energy Services Company): A type of engineering firm that specializes in
energy conservation services in its various forms (electrical, thermal), which may also
include utilities such as water and gas [18]. Its main function is to promote energy efficiency
at its clients' premises [15]. ESCOs serve the most diverse market segments (public,
industrial, commercial, and residential), acting in the development of energy efficiency and
emission reduction projects, as well as in the installation and maintenance of equipment and
in the monitoring and verification of the energy economy generated by these actions [19].
Among the various activities that can be carried out by an ESCO, it is important to highlight
the energy review (to either carry out or assist in its realization) to quantify the energy
consumption of an industry and to identify energy efficiency opportunities in order to reduce
expenses and improve the performance of a plant [14]. ESCOs can also develop activities in
the form of performance contracts (modality "no cure, no pay"), where an ESCO is paid
based on a percentage (defined in the contract) of the energy economy generated by the
energy efficiency actions applied to an organization [20].

Depending on the type of industry addressed, the external organizations involved in the
EnMS may undergo changes, especially with regard to utilities such as gas.

Intra-organizational: Functional Areas

The areas within an organization are the main actors involved in the EnMS. Culturally,
Brazilian industries are internally divided into functional areas (FA), whose roles and
responsibilities are well defined within organizations. To properly apply the proposed model
to organizations with other types of internal divisions, adaptations would be required. The
priority assignment of each functional area is presented according to the area’s importance
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level (from highest to lowest importance) and according to the order of precedence of the
actions during the implementation and conduction of the EnMS.

Intra-organizational: FA Top Management (TM)

The TM category originally proposed in the ISO 50001 standard is composed of a board
chosen by the organization linked to the industrial area and is responsible for establishing
the energy management strategy [16]. The top management of a company consists of the
people who effectively make decisions involving the fate of an organization and play a key
role in the management system [21].

The responsibilities of the functional area TM for the EnMS, in order of precedence and
relevance are [7]:

Demonstrate commitment to support the EnMS to continuously improve its
effectiveness;

Define, establish, implement, and maintain an energy policy (an energy policy refers to
the organization's statement about its intentions and general guidelines related to its energy
performance) [22];

Consider long-term energy strategies;

Appoint a representative and approve the formation of the energy management team;

Identify the scope and boundaries to be addressed by the EnMS (the scope refers to the
scope of the EnMS, and the boundaries refer to the physical and organizational boundaries
established for the EnMS);

Provide resources to establish, implement, maintain, and improve the EnMS;

Approve the energy review, objectives, energy goals, and action plans established by
the EnMS;

Ensure the establishment of energy goals and targets and action plans for the EnMS
(energy obijectives refer to the results or achievements established to meet energy policy)
[22];

Conduct managerial reviews, internal audits, and critical reviews of the EnMS to verify
that the stated goals and objectives are being/will be met;

Communicate the importance of energy management to the organization.

As aform of incentive, TM may also offer rewards, bonuses, and awards to the EnMT in
response to the good performance of the EnMS.

Intra-organizational: FA Energy Management Team (EnMT) / Energy Manager

The EnMT originally proposed by the ISO 50001 standard is composed of the people
responsible for the effective implementation of energy management activities and the
achievement of energy performance improvements. Energy management standards
generally recommend the use of energy management teams, as this is the least expensive
structure for the implementation and maintenance of an EnMS [7,23,24].

Initially, the Energy Manager appointed by TM selects employees from across the
company to form a multifunctional team, called an EnMT. This team can be composed of
elements (people) from any functional area of the organization, and the following functional
categories are recommended according to the "Teaming up to Save Energy" report [25]: (i)
Electrical/Mechanical engineering; (ii) Engineering and Process; (iii)
Administrative/Purchasing; (iv) Financial/Accounting; (v) Operations and Maintenance; (vi)
Housekeeping; (vi) Human Resources; (viii) Health and Safety; and (ix) Electrical
Supervisor, as shown in Figure 2. In some industries, it is common to hire an employee
responsible for the utilities, which corresponds to the management of electrical energy, gas,
and water, among others.
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Engineering and Financial/
Process Accounting

Electrical/
Mechanical
Engineering

Operations and
Maintenance

Electrical )
Supervisor Housekeeping
Human
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Resources
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Figure 2. Suggested Energy Management Teams. Source: Adapted by the author from EPA, 2006
[25].

The EnMT, together with the energy manager, make up the EnMT/energy manager
functional area.

The functions of the EnMT/energy manager in the EnMS are:

Define roles, responsibilities, positions, and authority, as well as coordinate the
operation of the SGE. Such activities are the sole responsibility of the energy manager
[7,26].

Elaborate the work plan, incorporating the monitoring of electric energy, gas, fuel, and
water bills [27,28];

Document the EnMS, including publishing an energy manual, and communicate the
actions taken to the entire organization [7,27];

Conduct courses and training, as well as take action related to occupational safety and
health [28]. Aspects related to occupational safety and health when dealing with the various
forms of energy (electricity, heat, steam, compressed air, etc.) require special attention by
public and private companies to the standards and regulations in force. In Brazil, the
regulatory norms (NR) regarding occupational safety and health are mandatory, and among
them the following stand out: (i) NR10 - Safety in facilities and services in electricity; (i)
NR12 - Safety at work in machinery and equipment; (ii) NR13 - Boilers, pressure vessels,
and pipelines. Failure to comply with legal and regulatory provisions will result in the
penalties specified the in current legislation [29-32];

Lead the definition of goals, energy goals, and action plans [27,28];

Conduct a detailed initial energy review and develop an energy audit style that can be
appropriately implemented by FA Engineering [26];

Coordinate activities related to energy certifications [8,28,33]. The EnMT can add to the
activities of the EnMS in addition to analyzing the energy performance of production
systems (where the greatest opportunities for energy efficiency are available), through
energy certification activities (Leed, AQUA, etc.) for other types of energy users (e.g.,
buildings) in the organization. These activities aim to improve the energy performance of the
facilities of the organization as a whole, demonstrating to the community, partners, and
suppliers the organization's concern regarding energy issues. In Brazil, the Procel seal of
energy conservation (created by the National Program for the Conservation of Electric
Energy - Procel) allows the consumer to identify the most efficient and energy-consuming
appliances and equipment available in the market. Likewise, the Procel Buildings stamp
measures the degree of energy efficiency of Brazilian buildings [34];

Coordinate the accounting for greenhouse gas emissions (GHG) [18, 19, 24]. The
accounting of greenhouse gas emissions enables improvements in the operational
management and energy efficiency of a plant, where the knowledge generated by emissions
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management can serve as a basis for strategic planning, enabling improvements in
administrative, operational, and financial management, as well as in the rationalization of the
use of inputs and in the optimization of energy consumption in a company [35];

Coordinate energy benchmarking [8,28,33]. Benchmarking is the continuous process of
evaluating products, processes, or services in relation to main competitors or standard
market practices. That is, it defines a typical level of consumption, allowing the rapid
comparison, evaluation, and identification of potential improvements. According to the
Energy Star Guidelines for Energy Management, the main steps of benchmarking include: (i)
determine the level of benchmarking (e.g. equipment, process line, factory, or organization);
(i) develop metrics; (iii) conduct comparisons; and (iv) monitor performance over time
[36,37]. The benchmarking of industrial energy use, or energy benchmarking, is carried out
by comparing the energy consumption of plants having similar characteristics as a function
of their total production volumes, or as a function of the total number of plants operating at
the same level of efficiency or lower [38]. Energy benchmarking can be used as a tool to
compare the energy performance of a given company with that of its competitors to estimate
the energy savings potential, favoring reductions in energy consumption and emission of
GHG, and thus is an important tool for the implementation of energy efficiency programs in
any type of industry [37,39-41];

Coordinate implementation/operation and verification activities, adopting measurement
procedures through the International Measurement and Performance Verification Protocol
(IPMVP) or specific standards, such as ISO 50015: 2014 [2,42];

Coordinate compliance with legal requirements regarding energy aspects. These are
international, national, regional, and local energy requirements that apply to the scope of an
energy management system. Examples of legal requirements may include a national energy
conservation law or regulation. Examples of other requirements may include agreements
with clients, principles or codes of good practice, voluntary programs, and others.

Intra-organizational - FA Engineering

The functional area of engineering, among other activities, has responsibilities for: (i)
study; (i) planning; (iii) project; (iv) specification; (v) execution; (vi) installation; (vii)
assembly; and (viii) inspection of processes and systems involving various specialized
techniques (electrical, mechanical, production, civil, environmental, etc.).

Engineering with regard to the SGE must carry out a fundamental step for the
implementation of the proposed energy management system, which is the implementation
of the energy revision process.

The energy review, also called energy auditing or energy diagnosis, is a "key process"
that opens the door for the organization to analyze the use and energy consumption of its
facilities, identify areas of significant energy use, determine their current energy
performance, estimate future energy use and consumption, and identify and record existing
energy performance improvement opportunities. The information obtained in the energy
review stage is fundamental to the later phases of the EnMS, and will help in the
establishment of the energy baseline, in the identification of energy performance indicators
(EnPI), and in the definition of the objectives, goals, and actions needed to implement the
EnMS [7].

Initially, engineering should check the need to hire an ESCO to support energy review
activities. If there is no need to hire an ESCO, engineering must assume the responsibility of
performing the energy review (ER).

It is also the responsibility of engineering to analyze and define which simulators
(software tools) are adequate to assist in the diagnosis, modeling, and statistical analysis of
the energy system(s) where the EnMS will be implemented.

Simulators are computational tools used as aids in energy planning, in searching for
energy efficiency opportunities, and in the realization of efficiency projects [2].

Software tools can be made available free of charge by government entities in countries
that have developed energy management systems (Japan, the United States, Denmark,
Brazil, and the United Kingdom, among others), among which are the Department of Energy
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(DOE) Advanced Manufacturing Office (AMO) and Energy Star in the United States, and
Procel (National Program for the Conservation of Electric Energy) in Brazil. Such
computational tools can also be developed and marketed by private companies active in the
area of energy performance improvements for organizations.

Among the simulators that can be applied to industries made available by the DOE
AMO in the United States, are [43]:

AIRMaster+: Online tool that assists in the analysis of energy use and allows identifying
opportunities for improvement in compressed air industrial systems;

Energy Performance Indicator Tool: Analysis tool that allows establishing an energy
consumption baseline, as well as mapping the annual progress of improving energy
efficiency in industrial plants;

Fan System Assessment Tool: Online tool that allows evaluation of the energy
consumption and identification of opportunities for improvements in industrial ventilation
systems.

Among the simulators provided by PROCEL having applications in the industry, the
following stand out [44]:

BDmotor: Program for evaluation of comparison and sizing of electric motors;

DiaLUX: Software for lighting calculations, allowing the evaluation of the energy
efficiency of lighting systems in residential, commercial, and industrial buildings;

Domus hygrothermal and energy simulation software for buildings (commercial and
industrial).

During the construction of an energy management system, areas of specialization are
necessary, such as electrical and mechanical engineering, as well as production/product
engineering, in order to carry out the necessary work associated with implementing the
system.

The functional engineering area, specializing in the field of electrical engineering, is in
charge of evaluating the supply of electricity in the form of the supply contract with the local
energy concessionaire(s). If the company acquires energy in the free market, the contracts
with the electric energy marketer(s) should be reviewed [14]. In these contracts, risks and
security of supply should be assessed and predicted, and if possible, the renegotiation of
prices and tariffs should be sought.

Analysis of the energy supply of large industries imposes the need for the installation of
electronic measurement and monitoring systems (MT&R), evaluation of the quality of energy
used, management of utilities (water, gas, fuels), and quantifying environmental parameters.

MT&R'’s are devices capable of measuring and monitoring the various forms of energy
consumed by the plant, performing measurements in real time, fully supported by online
resources. In case the organization does not have such support, the engineering functional
area should report this situation to the energy manager and ask the purchasing department
to purchase the necessary tools.

To provide automatic real-time analyses of energy consumption and utilities in industrial
facilities, MT&R’s operate in conjunction with proprietary and non-proprietary software that
monitors existing processes to enable verification of the evolution of energy consumption
over time.

The use of MT&R’s allows:

Accurate monitoring of consumption and corresponding costs for energy;

Avoidance of any fines related to exceeding consumption in demand-based contracts;

Measuring electrical parameters (voltage, current, frequency, power consumed, and
power factor, among others);

Assessing the quality of energy;

Quantifying and managing emissions of pollutants and waste (environmental
parameters);

Precisely quantifying energy consumption by sector (sectoral measurement).

The sectoral measurement refers to the individual measurement (sub-metering) of the
energy consumption of each unit or process in the plant, either for the purpose of
apportionment of consumption, assigning the correct portion of energy consumption to each
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cost center, or for the purpose of sectorial verification of indexes essential to understand the
variations in daily and annual energy consumption.

Some of the electronic measurement and monitoring systems available on the market
can perform sector measurements if installed individually on the electrical panels that power
the various processes or plant units. Thus, it is possible to identify and monitor the sectors
that have the highest energy consumption (which may require special attention when taking
actions to improve energy efficiency), and to monitor the evolution of the energy
consumption resulting from any remedial actions taken.

According to [6], "a monitoring system that uses sector-level measurement at the plant
level is one of the key prerequisites for proper allocation of energy costs and adoption of a
successful energy management system."

From the data and measurements obtained by MT&Rs, it is possible to analyze the use
and consumption of energy in the plant. Such analyses should be performed by the
engineering functional area specializing in the field of electrical engineering, through energy
balances, Pareto graphs, or risk analyses and cost priorities to identify significant energy
use and energy efficiency opportunities existing in the plant.

After analyzing the energy supply, the feasibility of distributed generation and
cogeneration is evaluated for the plant. Distributed Generation (DG) is the term used to
designate the generation of electric energy in a decentralized manner, carried out next to or
near the area where the energy will be used, and is regulated in Brazil through decree n°
5.163 / 04 [45]. DG encompasses various generation technologies: (i) solar; (ii) wind; (iii)
hydroelectric power with a power of less than or equal to 30 MW; (iv) thermoelectric plant
with an efficiency greater than or equal to 75%; (v) thermoelectric plant that uses biomass or
process residues as fuel; and (vi) energy storage. Within the scope of the distributed
generation domain, one can include the storage of energy in its various forms, such as
batteries, capacitors, and flywheels.

The engineering functional area specializing in mechanical engineering should analyze
the supply of gas and other relevant fuels, focusing on supply contracts (involving safety
analysis and risks in energy supply). The search for renegotiations in the prices of these
inputs is also part of the responsibilities of the mechanical engineering team [14].

In addition, the mechanical engineering team should evaluate the significant
consumption of gas, steam, heat, and compressed air, using spreadsheets and other
available tools (software tools similar to those used by the electrical engineering team). At
this stage, the possibility of installing cogeneration systems should also be evaluated.

Energy cogeneration is a process that combines the generation of heat and electricity,
which increases the utilization of the energy contained in the fuels used in this process. The
most commonly used cogeneration systems are gas or steam turbines, internal combustion
engines, recovery hoilers, and heat exchangers.

In conventional thermal generation systems, approximately sixty-five percent of the
energy contained in (usually fossil) fuels is dissipated as heat, and only thirty-five percent is
actually converted into electrical energy. When implementing a cogeneration system using
heat, it is possible to convert up to eighty-five percent of the energy contained in the fuels
into useful energy.

The use of cogeneration systems allows the combination of economic and
environmental benefits by generating electricity and heat at low cost with low losses, high
reliability, and low GHG emissions.

During ER realization, the engineering functional area may also involve production /
process engineering to report opportunities for loss minimization in industrial processes and
optimization possibilities. Production engineering can still be responsible for the Life Cycle
Analysis - LCA.

According to 1ISO 14040 [46], LCA is a technique for assessing environmental aspects
and potential impacts throughout the life cycle of a product, from the acquisition of raw
materials through production and use (“from cradle to grave "). LCA assists in identifying
opportunities for improvements in product environmental aspects throughout a product’s life
cycle, in industry decision-making, in the selection of environmental performance indicators

Brazilian Archives of Biology and Technology. Vol.62 no.spe: 19190017, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Energy Management In Energy-Intensive Industries: Developing A Conceptual Map 11
(including measurement techniques), and in marketing. The use of the LCA also allows the
evaluation of the inputs and the results of the individual processes throughout the plant, so
that the energy efficiency processes and projects are coordinated with the energy objectives
and goals (energy planning) of the EnMS[1].

Intra-organizational - FA Maintenance

The functional area of maintenance is of fundamental importance in the operation and
management of energy in the industry. According to [47], an efficient maintenance team can
generate great savings by reducing energy losses, as well as by avoiding additional costs
arising from the need to replace equipment as a result of breakage (preventive and
predictive maintenance).

In this study, the maintenance functional area was divided into two areas of specialties:
electrical and mechanical. However, depending on the type, needs, and characteristics of
each industry, this functional area can be subdivided in different ways.

Mechanical maintenance is responsible for industrial processes involving heat, steam,
compressed air, and gas, while electrical maintenance is responsible for the operation and
maintenance of electrical power systems, such as transforming substations, power
distribution boards, etc. The electrical specialty is also responsible for the daily monitoring of
the data obtained by electronic measurement and monitoring systems — MT&Rs.

It is the responsibility of the functional area to maintain, in addition to routine corrective,
preventive, and predictive interventions, tasks such as verification of operational conditions
and identification of energy losses in their most diverse forms in plant equipment. This
situation requires specific maintenance tools for the EnMS.

These maintenance tools have two basic functions: to assist in the verification of
operating conditions and in the online monitoring of equipment [47]. The instruments are
classified according to the quantities they measure and the operational abnormalities
detected in devices and equipment, such as trepidations variations in speed, pressure,
temperature, and electrical parameters, among others. In terms of energy efficiency,
instruments capable of detecting energy losses such as voltage drops, electric current leaks,
and compressed air, steam, gas, water, and heat leaks are relevant [48]. The maintenance
instruments used for energy management in the industry are listed in Table 1.
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Table 1 — Maintenance Tools

System Instrument Measured Parameter
Civil structure
Thermovisor Heat loss
(envelope)
Steam and water
Thermometer Temperature
heating
Stethoscope Noise
Flow Hood and Pitot Tube Air flow
Heating,  Ventilation | Bourdon tube and tube Pressure
and Air Conditioning Thermometer Temperature
Hole Flow Meter Air or vapor flow
Psychrometer Humidity
Multimeter  pliers; wattmeter; | Voltage, current and ohmic resistance; active power
power factor meter consumed; power factor
Eletric Power Quality | Electrical power (apparent, active, and reactive),
Analyzer/Multifunction Power | power factor, voltage, current, frequency, harmonic,
Meter (Power Analyzer) transient distortions, among other magnitudes
Lighting Industrial Lux meter lllumination
Pressure gauge Qil and air pressure
Air Compressors Stethoscope and infrared camera | Bearing wear
Strobe Vibration

Source: The Author.

Intra-organizational - Production

The functional area of production is one of the central areas of an organization, because
it produces the goods and services that are the reason for its existence [49].

Production, in addition to its routine assignments, such as strategy and production
planning, product and service design, production systems, study of timing and movement,
productive arrangements, ergonomics, etc., is also pertinent to an energy management
system and is used to analyze, when necessary, the optimization of industrial processes
[48].

The optimization of industrial processes refers to the continuous improvement of all
process steps to improve local and global performance indices, maximize productivity and
safety, and minimize operational costs.

Improving the energy efficiency of a system or process is an essential step in controlling
energy consumption and energy costs [50].

Optimization activities should involve the following industrial systems at a minimum,
where they exist: (i) electrical; (ii) heat; (iii) steam; (iv) compressed air; and (v) gas.

Intra-organizational — Administration
The functional area of the administration acts in the planning, organization,

management, and control of the organization. It is the functional area responsible for
publicizing the creation of the energy management team to the entire company.
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The functions of the administration's functional area, regarding energy issues, are
related to the activities of:

Human Resources: Hiring qualified professionals to carry out education (training) and
ensure the occupational safety and health of the organization's employees [28];

Purchasing: Professionals with sufficient technical qualifications to specify and manage
the contracts involving purchase of energy and equipment for the EnMS [7,14,51];

General services (Housekeeping) in buildings (electrical, hydraulic, among others)
[26,34];

Management of the fleet of vehicles for energy performance optimization purposes:
electric vehicles, hybrids, and use of alternative fuels (fuel cells, biodiesel, and ethanol,
among others).

Elaboration of the Conceptual Map

When mapping the process of energy management, it was verified that a structured
spider map is the most appropriate to explain the relationships among the actors (external
organizations and intra-organizational areas) involved in the energy management system
proposed, although the use of this structure implies a greater complexity for the connection
(understanding) of the concepts among the different functional areas involved in the EnMS.

Figure 3 generically illustrates an example of a spider conceptual map.

]

Figure 3. Structured Spider Map.
Source: Adapted from Novak and Cafias, 2006 [9]

The complete conceptual map, Figure 4, which agglomerates and makes explicit the
relationships among the intra-organizational functional areas and external organizations
involved in the energy management process for the Ell's is presented in Appendix A of this

paper.
DISCUSSION

The present work was designed to meet the main requirements of ISO 50001, including
defining the roles and responsibilities of the bodies involved in the EnMS. Thus, a board is
defined as "senior management" that will be responsible for the implementation of the EnMS
and selection of an EnMT. The EnMT adopts an "ad hoc" organizational structure format,
with work shared by employees from various areas of the organization, led by an energy
manager who is responsible for conducting this process.

This structure creates difficulties in conducting an efficient energy management system
with regard to problems related to authority, responsibilities, etc. However, this
organizational structure is less burdensome to an organization compared to a formal,
departmental structure established for the sole purpose of energy management (formally
established bodies with the sole purpose of conducting energy management in an industry).

The other internal areas of an industrial company mostly involved with energy
management activities were determined by their affinity and relationship with energy issues.
These areas are: functional areas of engineering, maintenance, production, and
administration.
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The presentation of the conceptual map considers the hierarchy of responsibilities for
the EnMS, so that the actors with the greatest responsibilities are presented at the top of the
map (functional areas with managerial assignments: Top Management, EnMT/Energy
Manager, and Administration) and the actors with lower responsibilities at the bottom of the
map (functional areas with technical assignments, functions related to the factory floor:
engineering, maintenance, and production).

The actions and attributes of the actors involved in the EnMS were presented in the
conceptual map in order to meet the plan-do-check-act (PDCA) cycle provided in ISO 50001,
following a logical chain, having as criteria for the order of presentation the level of
importance of each action for the EnMS (greater weight), and chronological order of
precedence for actions (lower weight).

CONCLUSION

The first specific objective was met with the creation of a basic diagram of an EnMS.
The basic diagram was developed according to the ISO 50001 standard for successful
practices of energy management and process design.

The second objective of data categorization described the main actors/stakeholders in
an arrangement based on external organizations and internal actors (intra-organizational).

In order to meet the third objective for constructing the conceptual map, a spider map
was elaborated because it is the most adequate to represent the way the proposed EnMS
evolves (how external and internal organizations relate to one another). On the other hand,
this structure implies a greater complexity for the connections (interconnections) of the
concepts of the different functional areas involved in the EnMS. However, the spider map
can be appropriately arranged to allow a full understanding of the concepts involved.

The conceptual map developed represents an EnMS for the Ell in a clear (conceptually
and visually), orderly, unified, harmonious, and balanced distribution of its elements,
functioning as an initial step in the creation of an ontology for this area of knowledge.

As a limitation of the research, the fact that because of the complexity involved in the
analysis, some functional areas that participate in the energy management process
(although with less intensity, such as legal, accounting / financial and marketing) were not
considered in this study. Such functional areas can be incorporated into the study in future
work.

As a further suggestion, mapping specific industry types or companies can be
performed to better understand the various concepts involved.

The present work was carried out with the support of the Coordination of Improvement
of Higher Education Personnel - Brazil (CAPES) - Financing Code 001.
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Figure 4. Conceptual Map for an Energy Management System in an Industrial Company.
Source: The Author, 2018
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