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Increasing energy costs driven by global demand as well as environmental legislations have created a
need for a global standard for managing energy use. Introduced in June, 2011, the ISO 50001 International
Standard was developed to provide a unified framework for energy management. This paper describes a
standard methodology using flow charts and a software tool referred to as the ISO 50001 Analyzer to
facilitate the development of an ISO 50001 compliant energy management system. The software is also
designed to be a reference guide for energy management consultants to assist manufacturing plants
understand and comply with the requirements of ISO 50001. This work also included building an
integrated database to archive the documents and records for compliance to the standard.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

The U.S. Energy Information Administration estimates that the
world energy consumption will increase by 56% from 2010 to
2040 [1]. The global industrial sector continues to account for the
largest share of energy consumption and will still consume over
half of all delivered energy in 2040. Natural gas is the fastest grow-
ing fossil fuel and is widely used in manufacturing with end-uses
such as process heating, driving machines and heating and
ventilation [2]. Increasing supplies of unconventional resources
such as shale gas, however, will continue to support the growth
of worldwide natural gas use.

Growing concern over global warming, resulting from the use of
fossil fuels and lack of availability of new energy resources, has led
to the implementation of a number of policy instruments. Current
and future policy may result in higher energy prices and thus
further increase the need for industrial energy efficiency [3].

Energy management and energy conservation are commonly
used interchangeably. Energy management, as defined by the ISO
50001 standard, is focused on the continual improvement of
energy performance which is defined broadly as measurable
results related to energy efficiency, use, and consumption. A whole
systems viewpoint to energy management is required to ensure
that many important activities are examined and optimized [4].
Solutions and technological changes to sustain energy saving
improvements, promote continual improvement and create a stra-
tegic energy management plan in an organization [5].

ANSI/MSE 2000:2008 is the latest revision of the first standard
for a management system for energy in the United States. It was
first developed by Georgia Institute of Technology in 2000 and
was subsequently adopted by the American National Standards
Institute (ANSI) and served as guidance for the development of
the ISO 50001 International Standard. The intended purpose of
MSE 2000 was to control and reduce an organization’s energy cost
and energy-related environmental impact [6]. The EN 16001:2009
is a European standard for efficient energy management. This stan-
dard was formally issued on July 1, 2009. EN 16001 can be applied
both independently or integrated with other management systems
such as quality and environment management. It specifies the
requirements for an energy management system to develop and
implement an energy policy, identify significant energy consumers
and target energy reductions [7].

The broad implementation of the ISO 50001 International Stan-
dard for Energy Management Systems would address effective
organizational management of energy usage and performance
with respect to global standards using a proven framework for
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Nomenclature

EnMS energy management system
ISO International Organization for Standardization
SEU significant energy user
KPI key performance indicator
G20 Group of Twenty Finance Ministers and Central Bank

Governors
IEA International Energy Agency
EnPI energy performance indicator
SEP Superior Energy Performance

NC nonconformity
PDCA Plan–Do–Check–Act
LF load factor
UF utilization factor
Eff efficiency
R2 coefficient of correlation
IRR internal rate of return
MARR minimum acceptable rate of return
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industrial plants to manage all aspects of energy, including pro-
curement and use [8]. Providing a framework for the management
of energy which will lead to enhancing energy efficiency, minimiz-
ing energy costs and reduced greenhouse gas (GHG) emissions
would give plants, commercial facilities and organizations a dis-
tinct competitive advantage [9]. The ISO 50001 standard is built
upon existing national standards such as the U.S. ANSI/MSE
2000:2008 and the European Union EN 16001:2009 [9]. The stan-
dard specifies an organization to develop and implement an energy
policy, identify significant areas of energy consumption and com-
mit to a continual improvement in energy performance. The stan-
dard in general does not specify any specific performance criteria
but rather focuses on the identification of significant energy uses
and the continuous improvement in energy performance.

A prescriptive step by step approach to implement an energy
management system will help an organization perform the
required tasks through effective resource allocation. The Interna-
tional Standard does specify mandatory requirements for an
energy management system (EnMS) such as an energy policy,
energy objectives, targets and action plans on significant energy
uses [10]. The U.S. Department of Energy (DOE) requires the
implementation of an ISO 50001 compliant EnMS as the founda-
tional framework for the Superior Energy Performance (SEP)
energy management certification program [11].

The focus of this project was to develop a structured methodol-
ogy and the ISO 50001 Analyzer software to assist an organization
to implement an ISO 50001 compliant energy management sys-
tem. This software was built through the development of a step
by step algorithm using flow charts to form a standardized meth-
odology. The implementation of any ISO compliant management
system can be challenging without a step-by-step approach. The
work presented in this paper describes an approach and the tools
to facilitate the successful implementation of a robust energy
management system.

Energy management system implementation tool

An energy management system (EnMS) is a documented frame-
work which defines the goals, policies, procedures and the
processes by which they are maintained and improved. Until
recently, energy efficiency was considered only during the modifi-
cation of a production plant or when making new capital invest-
ments. But during normal operation, energy efficiency or
conservation is no longer a management priority [12]. Significant
efforts have been made to develop standards to implement energy
management systems which would aid in achieving and maintain-
ing energy savings [13]. A procedure to develop an energy manage-
ment system in a metal working industry was formed in a Serbian
car company ‘‘Zastava’’ [12]. Daiane Pandolfo’s work at Politecnico
Di Milano on ‘‘Implementing an Energy Management System’’
involved creating a checklist tool for assisting organizations to
evaluate their ongoing status in implementing an energy manage-
ment system [8].

The DOE eGuide Lite [20] is an instructional guide to the basics
of energy management. The eGuide Lite can help organizations
improve their understanding of energy costs and increase their
awareness of options to reduce energy consumption. The eGuide
Lite uses a ‘‘learn-by-doing’’ to guide users through the sequential
steps of implementing a basic energy management system.

If an organization is new to energy management or does not
have an energy management system in place, the DOE eGuide Lite
is recommended. Those organizations already familiar with energy
management may prefer the eGuide for ISO 50001. The DOE’s
eGuide Lite tool consists of several Microsoft Excel and Word based
tools which are to be downloaded from their website. Though the
tools provided through the eGuide are instructional, they lack the
feature to check if the facility is proceeding forward on the right
track and complying with every requirement. The ISO 50001 Ana-
lyzer software goes through a series of multiple choice questions
which have to be answered in addition to uploading documents
and records as applicable to each clause before a section can be
determined complete. The organization may choose to edit the doc-
uments/records through the software creating a newer revision.

The ISO 50001 Analyzer is also very useful to ISO 50001 plant
leaders handling multiple facilities and to consultants handling
multiple sites. The various constituents could utilize the ISO
50001 Analyzer software to check the methodology utilized by
the other facilities they are preparing for certification and the
approaches they should take to address the various ISO 50001
clauses through the Q&A and documents and records uploaded
for particular sections. In the situation wherein the DOE’s eGuide
was being used, the stakeholders would be required to have access
to all the updated documents and records as individual files.

Facilities with mature energy programs, which have already
been utilizing their own tools to assess energy usage and addressing
major energy users, may not desire to go through all of DOE’s
eGuide tools, but may only want to know if their present efforts
are sufficient to meet the requirements of ISO 50001, an aspect well
addressed through the ISO 50001 Analyzer software. Also the DOE’s
eGuide Lite tool is more beneficial to organizations not having a pre-
vious ISO management system since the major difference between
ISO 50001 and other previous ISO systems are with respect to the
sections on Energy Planning and Monitoring, Measurement and
Analysis. The emphasis through using the eGuide tools is on energy
performance improvement and lower documentation requirement,
giving organization with previous ISO systems an opportunity to
their existing management system procedures with all the other
energy management standard clauses other than energy planning
and monitoring, and measurement and analysis. In using the ISO
50001 Analyzer software, the organization can choose to use their
own procedures and upload it in the software database by complet-
ing all the questions and answers for specific sections.
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Having a standardized methodology will help plants focus on
the significant tasks that need to be done and not waste the
resources for less significant areas. In addition, the software may
also partially reduce the effort required by the management
representative in terms of requirements, documentation, record
maintenance, and other specific tasks that are readily addressed
by the software. The software may also help management better
plan the resources for implementation of energy management
system.

The ISO 50001 Analyzer software described in this paper is sim-
ilar in concept to the DOE eGuides, but is more prescriptive via the
interactive nature of the flow charts. Organizations new to energy
management can use it as a gap analysis tool to understand the
basic requirements or as a tool for implementation. This work adds
to the growing body of knowledge in energy management by
developing a software tool to facilitate the implementation of an
EnMS conforming to the ISO 50001 standard using a standardized
methodology supported by easily understood flow charts.

Key elements in EnMS development

Performance Indicators

Management systems which rely heavily on information tech-
nology have led to the generation of huge volumes of data. To be
effective, however, it is essential to summarize this data into
actionable information. Key performance indicators (KPIs) are used
to provide both the metrics which would determine success of a
project and also provide periodic information to track perfor-
mance. Gorp [14] addresses the selection and breakdown of key
performance indicators depending on the requirements and energy
objectives of an organization. The ISO 50001 standard defines these
as energy performance indicators (EnPIs) which represent a quan-
titative value or measure of energy performance as defined by an
organization.

Measuring energy savings by using normalized energy intensity

An ISO 50001 compliant EnMS does require the demonstrated
improvement in energy performance. Since in a typical manufac-
turing setting a simple one parameter linear regression model will
Fig. 1. Section of framewo
likely not accurately capture the variability in energy use due to
multiple effects, the application of a multiple linear regression
model is recommended. The EnPI tool developed at Georgia Tech
has the capability for multiple independent variables which can
include production mix data for facilities with multiple products.
For the EnPI tool, the dependent variable is the energy consump-
tion by the facility. The independent variables can be production
quantities of multiple products, cooling degree days (CDD), heating
degree days (HDD), etc. If the user selects more than one indepen-
dent variable, a multivariable linear regression equation is needed
to predict the dependent variable or energy consumption at the
facility. The tool allows the user to initially include all of the inde-
pendent variables and then methodically remove any variable from
the regression equation if the p-value threshold is not met.

Another approach is proposed by Lammers and Kissock is a four
step method which starts by developing a three parameter change
point regression model using actual bills, weather and production
data followed by running the model with TMY 2 weather data and
historical production data. This energy consumption is called
Normalized Annual Consumption (NAC). The next step involves
making sliding NAC’s for sequential 12 month data. Following
generation of sliding NAC’s this consumption is to be divided by
the typical production data [15].

Framework for implementing an EnMS

The structure and functionality of a computer aided framework
complying to the requirements of ISO 50001 was developed for this
project. Specifically, a task centered framework including task
descriptions, instructions, processes, tools, and drawings was
employed to develop the web based interface. The section of a
flowchart shown in Fig. 1 integrates entities such as training
material, data collecting tools, and project management to achieve
a single unified framework. This was developed as a pilot project
involving one unit of a company’s business operations which
includes 62 sites worldwide. [16].

Financial considerations

An energy balance spreadsheet is a useful tool in making finan-
cial decisions. The energy balance spreadsheet is a mathematical
rk for ISO 50001 [16].
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analysis of energy consumption throughout an organization.
Typically it requires data collection including equipment ratings,
usage hours, and measurement data of equipment loads as well
as estimation of efficiency. A financial analysis can then be done
by gathering information such as expected savings, rate of return,
estimated project cost and estimated project life [17].

Enerit Ltd. is the first company to develop a commercial energy
management software for EnMS development which covers all of
the requirements of the ISO 50001 standard. The fully integrated
version of their software, Enerit ISO 50001 Manager Pro, is claimed
to deliver a systematic energy management approach to give com-
plete coverage of ISO 50001 [18]. The Enerit ISO 50001 software
tool is comprehensive in nature and incorporates all aspects
related to certification progress and compliance. The ISO 50001
Analyzer, as described below, offers an alternative that uses a log-
ical sequence of interactive flow charts to provide guidance to
energy managers and energy consultants implementing ISO
50001. The ease of use of this software will also allow it to function
as a gap analysis tool.
Development of process flow charts

The flow charts developed in this research will be used as the
foundation for the development of the ISO 50001 Analyzer
software. Some key aspects of the ISO 50001 standard which are
considered are listed below.

An energy policy is required. This is a formal statement by the
organization in regard to their commitment to improve energy
performance. The policy should be appropriate to the nature and
scale of the organization’s energy use and consumption as well
as complying with the legal and other requirements to which the
organization presently subscribes. The firm must have direct
access to these requirements which should be updated if any
change occurs. The firm must record their compliance to these
requirements and update it when change occurs.

When defining the scope and boundary to be included in the
EnMS, the organization must identify the energy sources which
cross the documented boundary. The additional requirements for
Superior Energy Performance as defined by ANSI/MSE 50021-
2012 specifies that an organization must account for 95% of its
energy sources crossing the defined boundary. The energy
consumption data for each energy source must be collected for
the past and present usage. Using this data, a Pareto chart can
be made which will show the energy consumed by individual
equipment in the process. A Pareto chart is one of the seven basic
tools of quality and is represented as a bar graph with categories
plotted in the descending order of frequency of occurrence and
some times cumulative frequency is shown on the second axis in
the same plot.

From the Pareto chart, the most significant energy users can be
identified. Information then needs to be gathered about the input
and output variables for each equipment or process. Energy con-
servation measures then need to be identified for each of these
major energy uses. This can be done through a comprehensive
energy assessment of the facility. The entire energy review meth-
odology and process of identification of significant energy uses
must be documented. This completes the energy review and is
shown in Fig. 2. The services provided by US DOE, such as energy
savings assessments (ESAs), IAC energy assessments, and /or Tech-
nical Assistance (TA) activities can be used to identify energy con-
servation measures as depicted in Fig. 2.

An energy baseline is then required to help the firm quantify
energy savings after implementation of the identified energy pro-
jects. The baseline year selection depends on the availability of
all the required production and energy information and the
targeted certification date. The organization must determine the
key independent variables for their product mix as well as weather
data if it influences energy usage. A regression model can be
built using one of the commercially available statistical software
packages. For simplicity the EnPI tool developed by the Georgia
Tech Research Corporation is used in the ISO 50001 Analyzer
software.

Once the final model is built for the baseline year and satisfies
all the above conditions it must be recorded. The baseline model
must be modified if any major change occurs to the process, facility
or production to remain valid. The organization must identify an
energy performance indicator (EnPI) as a metric of energy perfor-
mance. It is typically a normalized variable such as energy
consumed per unit of production. The production variable can be
the independent variable used in the regression model or other sig-
nificant factor. EnPI’s need to be recorded, reviewed, and updated.
The procedure for determining EnPI’s should be documented.

The organization must identify objectives and targets for energy
performance improvements of significant energy uses and associ-
ated equipment. These objectives and targets should also comply
with the legal and other requirements of the organization and be
consistent with the energy policy. The objectives and targets
should be documented and reviewed.

Document control is also a key element of an ISO 50001 compli-
ant EnMS. A document control procedure is required which
describes the document approval criteria, the changes and revision
status, and prevent the use of obsolete information. All documents
should be legible and identifiable. The organization should also
consider identifying other procedures considered important for
the operation of the EnMS which should be documented.

When the EnMS has been implemented and the organization is
operating in a manner that complies with the management system,
an internal auditing team must be trained and assigned to audit
both for system compliance to the standard but also for organiza-
tional compliance to the EnMS. The final results of the internal
audit must be recorded and sent to top management for review
and correction of any non-conformances identified in the audit.
After an internal audit cycle, the top management must review
the progress of the organization towards the EnMS. At this stage
in the implementation process, changes to the EnMS are identified
to ensure continual improvement and the organization should
be prepared to seek third party certification to the ISO 50001
standard.
ISO 50001 Analyzer software

The ‘‘ISO 50001 Analyzer’’ software is intended to mainly assist
small and medium sized industries in implementing ISO 50001. It
can be used by an energy manager of an organization or by
consultants engaged by the organization to introduce ISO 50001
by helping them identify resources that would be required to
implement an energy management system.

The software is designed to take manual inputs from the user
and check if the requirements of the standard are fulfilled. The
software also has a built-in database which stores all the necessary
documents and records created by the organization. This software
is linked to the energy performance indicator (EnPI) tool created by
the Georgia Tech Research Corporation which is designed for the
creation of energy baselines.

The ISO 50001 Analyzer uses Swing, the primary Java GUI tool-
kit, to design the window base application. Swing supports all
types of advanced Graphical User Interface components such as
JTree and JTable. Microsoft Access database was used in this
software to store, search and delete user records using Java’s JDBC
API (Application Programming Interface).
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The ‘‘ISO 50001 Analyzer’’ software has been divided into five
different modules which are shown below.

1) Company details
2) Energy team
3) Energy data
4) ISO 50001 standard
5) Documents and records

The following sections include brief descriptions of the require-
ments for each element of the ISO 50001 standard as well as a
description of the functionality of the Analyzer software related
to each element. In addition, selected screen shots are included
for further clarity.

General requirements

The ISO 50001 standard requires an organization to establish,
document, implement and continuously improve an energy
management system

The first step in implementation of an energy management
system is to define the organization’s scope and boundary. An
organization must consider the energy use throughout the facility,
energy efficiency opportunities, and the employee resources to
support an EnMS. This segment of the software helps the user
define their scope and boundary by analyzing if different parts of
the plant can be isolated from the EnMS.

Energy policy

An energy policy is a statement made by the top management
of the organization to show their commitment towards continuous
energy performance. This policy establishes a framework for action
and setting energy objectives and targets. The policy can be a few
sentences to several paragraphs, although it is preferable to be eas-
ily read and understood as well as consistent with any existing
management systems in place. It must also be appropriate to the
nature and scale of energy use and consumption by the organiza-
tion and reflect the organization’s strategic objectives. This section
of the software is divided into two parts which are called ‘‘guide to
energy policy’’ and ‘‘post defining energy policy’’. The guide to
energy policy section contains a set of yes/no questions and text
boxes which can be used by the users to form their energy policy.

Energy planning

Energy planning is the process which involves reviewing an
organization’s activities that affect energy performance. This sec-
tion requires the user to collect several types of data as input to
the software such as applicable legal and other requirements,
equipment rating and consumption, production data and many
more which the user identifies the significant energy users, energy
baseline, energy performance indicator, objectives, targets and
action plans.

Legal requirements and other requirements

Every organization must identify, implement and have access to
applicable legal and other requirements related to energy use and
consumption. They must also be reviewed at a pre-defined inter-
val. This section of the software is divided into three parts which
are: general, legal requirements and other requirements. The gen-
eral section guides users by helping them find the applicable
requirement and assigning users to do different tasks. The legal
requirement and other requirements have been divided into multi-
ple subgroups depending on the type of requirement. The software
is designed to ask user required information about each require-
ment and check for compliance. If the requirement is not found
to be in compliance, the software takes the user to the nonconfor-
mity screen.

Energy review

The ISO 50001 standard requires an organization to develop an
energy review which requires analyzing energy use and consump-
tion based on measurements, identifying areas of significant
energy use, and identifying opportunities to improve energy
performance. The user needs to input data related to equipment,
significant energy use and the variables affecting significant energy
use, estimated future energy consumption and energy efficiency
opportunities.

Equipment and plant type
This section involves profiling energy use throughout the facil-

ity based on equipment type and respective location. The user
needs to input data regarding all equipment and location. This
helps users assess energy intensive equipment.

Significant energy user (SEU)
Depending upon the output from the previous section, the user

can identify and select the significant energy users (SEUs). The
organization can also consider SEUs based on the opportunities
for energy performance improvement.

Variables affecting significant energy users
Once the significant energy uses are determined, the organiza-

tion needs to identify variables affecting their performance. These
variables may be raw material input, operating hours, downtime,
temperature etc. Once these are identified, the organization needs
to keep a record of all these data.

Estimation of future energy use
The estimation of future energy use can range from a simple

analysis to a very complicated one. ISO 50001 does not prescribe
any specific measure or accuracy for the estimation of future
energy use. Hence, a general methodology is used, which involves
asking users a time frame for future reference followed by esti-
mated percentage consideration of changes in several factors that
can affect energy usage.

Energy efficiency opportunities
After all the above steps are performed it is very important for

the organization to identify energy efficiency opportunities which
can be done by bringing in an energy audit team or by replicating
best practices followed by other organizations. These opportunities
can also relate to potential sources of energy, use of renewable
energy or alternative energy sources such as waste heat recovery.

The use of the Energy Review section of the software is depen-
dent on the user in terms of specifying the scope and depth of the
use for conformance of the relevant clause. The software assists in
terms of ascertaining if the past and present energy usage for each
energy source has been input by the user and gives the user the
option to enter energy usage per operation or per equipment or
per department. During selection of SEU’s the software recom-
mends the user to consider the percentage usage, scope to improve
energy performance, future consideration and interest from other
parties. The user can input as many variables as desired to be
the relevant variables. The ISO 50001 Analyzer tool computes
the energy based on the Georgia Tech Research Corporation
software ‘‘EnPI Tool’’. In this software, the user can only select eight
variables at a time for purposes of analysis.
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Energy baseline & energy performance indicator (EnPI)

The ISO 50001 standard requires the organization to establish
an energy baseline using the information in the initial energy
review. Energy performance changes would then be measured
against the baseline. Also, the organization must identify an energy
performance indicator which must be appropriate when compared
with the energy baseline. The ‘‘EnPI’’ tool developed by the Georgia
Tech Research Corporation has been linked to this ISO 50001 Ana-
lyzer software. The user can then access the EnPI tool from this
software and establish their baseline and energy performance
indicator.

Energy objectives, energy targets and energy management action
plans

After determining the significant energy uses, variables affect-
ing significant energy uses and energy efficiency opportunities,
the organization should set energy objectives, targets and action
plans. The objectives are developed using the organization’s poli-
cies, goals, strategies and identified opportunities which must be
consistent with the energy policy. An action plan is a ‘‘to-do list’’
which must be set to achieve desired results (objectives and
targets). The software requires the users to input their objective,
target, action plan and store a document containing them.

Implementation and operation

This is the DO part of the cycle and the main objective of this
section is to implement the results obtained from the PLAN part
Fig. 3. Screenshot of energy objec
of the cycle. Implementing the outputs from the PLAN section
requires competent, trained and aware employees especially
ones assigned to the significant energy uses followed by good
communication methodology established in the organization. The
organization needs to establish, implement maintain and control
documents containing information about the core elements of
the EnMS followed by setting criteria for operating the SEU’s, allow
energy efficient design consideration to be done during retrofitting
or purchasing of newer equipment and develop a procurement
criteria of energy services, products and equipment (Fig. 3).

Communication

The organization may require a communication system to
transfer information regarding its energy performance and energy
management system internally and externally. The standard
requires the organization to establish and implement a methodol-
ogy for communication which allows employees to comment or
suggest changes to the EnMS. This section is divided into internal
and external communication which helps users collect and record
employee information along with their comments and suggestions.
Fig. 4 shows the screenshot of this section.

Documentation

The standard requires an organization to maintain information
in paper or electronic form which describes the core elements of
the EnMS. Unlike other ISO standards which rely heavily on docu-
mentation, this standard requires only a few documents which
include scope and boundary, energy policy, energy objectives,
tives, targets and action plan.



Fig. 4. Screenshot of communication section of the software.

Fig. 5. Screenshot of document approval process.
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targets and action plans and other documents determined to be
necessary by the organization. These documents are required to
be controlled which involves maintaining a methodology to
approve, review and update documents, identify current and
previous revision status, ensure availability of current documents
at the point of use to prevent the use of obsolete documents, iden-
tification and legibility of document, identification and control of
documents of external origin.

Documents associated with every module of the standard are
identified in the software and all the required data including
revision number, date, and format of the document are collected
followed by uploading the document. A list of all the documents
with their respective revision numbers and dates are viewable.
Fig. 5 show the screenshot of document collection process and
control of documents.
Operational control

ISO 50001 requires an organization to operate and maintain
activities associated with significant energy uses by setting criteria
for each of them and operating them in accordance with these
criteria. This control criteria needs to be communicated to the
personnel assigned to these processes. The software helps users
gather and store these operational and maintenance control
criteria for every significant energy use.

Procurement of energy services, products, equipment and energy

ISO 50001 standard requires an organization to consider
energy efficiency and controls in design of new, modified and
renovated facilities, equipment, systems and processes. The



Fig. 6. Screenshot of procurement of energy services, equipment and energy module.
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results of this design must be taken into consideration while
implementing relevant projects. It is also requires that an
organization must establish criteria on energy performance while
purchasing energy services, products or equipment and this
Fig. 7. Monitoring, measureme
criteria must be communicated to the supplier. Additionally, the
organization must also set specifications for purchasing energy.
Fig. 6 show the screenshot of the module for procurement of
energy services, equipment and energy.
nt and analysis screenshot.
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Monitoring, measurement and analysis

The ISO 50001 standard requires organization’s implementing
energy management system to determine, monitor, measure and
analyze key characteristics which directly alter their energy perfor-
mance at regular intervals. The standard requires facilities to use
calibrated meters to recording data and to maintain calibration
records. The software collects and stores data on these key charac-
teristics as shown in Fig. 7. Additionally, ISO 50001 requires the
organization to record, investigate and respond to deviations in
energy performance which occur mostly during monitoring and
measurement of key characteristics. If critical, these deviations
can be moved to nonconformities of the management system as
shown in Fig. 7.
Internal audit of the EnMS

The standard requires every organization to conduct an internal
audit to insure that the EnMS:

a) Conforms with the requirements of the standard.
b) Conforms with the energy objectives and targets.
c) Is effectively implemented, maintained and improves energy

performance.

This section of the software is built to collect and store informa-
tion on the internal audit team and internal audit schedule. This
scheduling helps industries divide their entire system into multiple
elements and plan for audits of each of these elements individu-
ally. After the preparation of the entire schedule, the user enters
the details of every audit such as the audit date and area to be
audited. Following the audit, the auditor can record the findings
of the audit. This software also allows internal auditors to prepare
their own checklist and store them for future use.
Fig. 8. Nonconformities, correction, correc
Nonconformities, correction, corrective action and preventive action

The ISO 50001 standard requires industries to identify existing
and potential nonconformities and take action to eliminate them.
An existing nonconformity is one where a requirement of the stan-
dard is presently not met. A nonconformity that may occur in the
future if an action is not taken is called a potential nonconformity.

This module in the ISO 50001 software starts with the user
assigning employees to check for nonconformities in different
parts of the standard. Once a nonconformity is identified, it is
defined and assigned to one of the types as shown in the Fig. 8
below. Then the user needs to identify correction, corrective and
preventive action and record them.

Due to multiple logical paths that govern the non-conformance
of the ISO 50001 standards by an organization, the ISO 50001 Ana-
lyzer software tool is not designed to give suggestions to rectify
non-conformance but only identifies that the requirement has
not been met with the clause and the organization would require
to address particular ISO 50001 clauses. The ISO 50001 Analyzer
presently has minimal error checking features or help menus to
support implementation of the standard.
Control of records

As mentioned earlier, ISO 50001 requires only very few manda-
tory documents but requires several records to be maintained,
depending on the type and size of the organization. The standard
requires the organization to define and implement controls for
the identification, retrieval and retention of records. This software
uploads and stores every record with a specific revision number
and date. It is important to allow limited access to personnel using
this software to avoid creating multiple copies of similar records.
Fig. 9 shows the control of records section of the software.
tive and preventive action screenshot.



Fig. 9. Control of records section screenshot.
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Results and discussions

The ISO 50001 Analyzer software has been developed to help
plants implement an energy management system compliant to
the ISO 50001 standard. This research was intended to overcome
the lack of availability of a user-friendly framework to facilitate
the implementation of an energy management system by
creating flow charts and the ISO 50001 Analyzer software. This
software includes a database created using Microsoft Access to
archive the information entered during the EnMS development.
Though this software cannot be networked to transfer data, all
the data stored can be transferred to other systems using manual
methods. The software was designed using a generalized
approach and is therefore applicable to diverse manufacturing
facilities.

The ISO 50001 Analyzer software is designed to provide
guidance and does not require significant data processing therefore
it does not include an error checking feature. The addition of this
feature in future versions of the ISO 50001 Analyzer is highly
recommended.

Also, the software does not check if required documents and
records are entered but has a general list of suggested documents
and records which are recommended. During every module of the
software the user is asked to record or document the methodology
or output. Not every record or document addressed in the software
is mandatory and are shown just as a precautionary step. A
checklist is added in the ISO 50001 standard module which
provides a list of all the required documents and records.

In the ISO 50001 Analyzer software the user is not required to
use the EnPI tool for developing an energy baseline and it is just
an option provided. The user can choose to use different software
and record the results from the software into the ISO 50001
Analyzer database.

The ISO 50001 Analyzer tool has been applied at several manu-
facturing facilities in terms of use by the plant engineers. The plant
management in each case was interested in obtaining the ISO
50001 certification but was unsure about the extent of documenta-
tion required as well as the sequence of efforts and compliance
protocols. The plant engineers used the software at various phases
in time with respect to the progress timetable on ISO 50001 certi-
fication efforts. Various screens allowed the engineers to navigate
through the step by step requirements process. The functionality
of the software appeared robust and minor corrections were made
based on the feedback obtained. In general the results produced by
the software were able to provide adequate information on the gap
analysis related to ISO 50001 certification efforts, thus confirming
its robust functionality. In addition, the software was run with trial
data to assess its working logic. The testing ranges from checking if
every clause has been covered by the standard and varying the
inputs from the user.
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Below are some of the key checks in the plan phase of the PDCA
cycle to confirm the software’s functionality:

a) Scope and boundary – Checks if the all energy source enter-
ing boundary are metered or have a process to calculate
energy usage. If the energy usage for each source entering
the boundary has no method to be determined, the software
does not allow the user to complete the section.

b) Management responsibility – Checks to see if a management
representative has been identified by the top management
to perform duties as determined by the standard.

c) Energy policy – Checks to see if the organization has all the
required statements in the policy.

d) Energy review – Identification, quantification of all energy
source past and present. Stratification of the usage to iden-
tify highest users and process to identify SEU’s. Followed
by estimation of future usage based on production changes
expected. The software requires that relevant variables be
identified for each SEU, personnel involved with SEU and
current performance level analysis. When the user does
not input some of these details, the software does not allow
the user to go to the next stage.

e) Energy baseline and EnPI – The ISO 50001 Analyzer software
is linked to the ’’EnPI tool’’ created by the Georgia Tech
Research Corporation. The user is required to create the
energy baseline using the EnPI tool for all its energy sources
(combined or independently) and select appropriate EnPI’s
before this section is completed. The software gives exam-
ples to select EnPI’s for the facility.

The use of the ISO 50001 Analyzer tool has helped these manu-
facturing facilities in determining the scope of work required for
certification and develop the appropriate timelines and lines of
responsibilities amongst personnel that would result in directed
beneficial results that would be incremental.
Conclusion

This paper described a fundamental tool for use in the imple-
mentation of an ISO 50001 compliant energy management system.
The software was designed to follow a logical step-by-step path to
develop an EnMS based on the author’s experience with ISO 50001
as well as implementing other management systems in industrial
facilities. However, the software should be validated with diverse
facilities and processes to ensure broad applicability.

Future enhancements:

a) A generic knowledge base of representative management
system parameters to serve as guidance.

b) An interface to facilitate the incorporation of existing man-
agement system procedures and/or practices into an EnMS.

c) Added functionality to allow the software to be installed on
a server for multiuser access.

d) An enhanced energy review feature.
e) The addition of a gap analysis feature for resource planning

of organizations considering the implementation of an ISO
50001 EnMS.
The author has requested enhancement of the downloaded file. All in-textThe author has requested enhancement of the downloaded file. All in-text
A recent study [19] on the business value of ISO 50001 and
Superior Energy Performance certification evaluated certified nine
facilities have realized a cost effective payback period, on average,
of 1.7 years with an average energy cost savings of $503,000 annu-
ally. While not all facilities will achieve that level of savings, this
study does validate the effectiveness of an ISO 50001 compliant
EnMS. In the manufacturing facilities that utilized the ISO 50001
Analyzer software and had energy assessments, the goals towards
energy savings ranged from 2 to 5 percent per year with an accept-
able payback on investment of 2 years or less. As energy manage-
ment systems become widely accepted in the industrial sector as a
systematic means to manage energy costs, tools such as the ISO
50001 Analyzer will gain popularity as companies seek technical
solutions to leverage resources.
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