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Abstract—Industrial activities consume a large portion of the
total energy demand worldwide, and thus, significantly con-
tribute to greenhouse gas emissions. Hence, they face significant
economic, social and environmental pressures to create energy
efficient processes and systems of production and directly manage
their energy consumption, looking at aspects beyond direct costs.
One of the most effective ways to reduce energy consumption
in the industrial sector is to implement an energy management
system. Current research into Industrial Energy Management
System (IEnMS) remains insufficient, and to the best of our
knowledge, a holistic framework for an IEnMS using the IoT
and big data does not exist. This paper provides a comprehensive
systematic literature review of the existing academic publications
on IEnMS. Further, the main requirements and components of an
IEnMS are identified using literature. Based on these identified
requirements and components, we have designed a theoretical
framework for the IEnMS using IoT and big data analytics,
forming a cyber-physical system. These results illustrate how the
proposed framework provides an objective methodology that can
be used to select the most suitable IEnMS for different industries
based on their particular requirements.

Index Terms—Energy Management Systems, Big-data, IoT
Energy management, Industry, Energy

I. INTRODUCTION

Today, climate change is an extremely important global
problem that threatens the health and safety of humankind.
To mitigate the issues with climate change and protect current
and future generations, it is important to not only integrate
renewable energy sources but to also increase the efficiency of
energy usage [1]. In particular, the energy sector is undergoing
a radical transformation from a fossil-fuel-dominated energy
system to a ‘“green” energy system dominated by renew-
able and sustainable energy sources. Further, transforming
the energy usage patterns and efficiencies in industries and
residential housing sectors are key steps to save energy and
mitigate climate changes [2].

Industry and industrial enterprises consume the highest
amount of energy; it is estimated that approximately 42.3%
of the total energy produced in the world is consumed by the
industrial sector [3]. Hence, it is important to formulate and
implement energy efficiency and management polices that are
focused on the industrial sector and its own unique problems.
Industries should be encouraged to prioritize the management
and operation of its own energy system as a way to guarantee
its long-term sustainability in a society that is facing the
impacts of climate change. In other words, we argue that

industry needs to put more efforts to effectively manage its
energy demand, looking at aspects beyond short-term costs.

Energy management and control is a promising approach
for an industry to reduce energy consumption, related energy
costs, and carbon emissions. In the 20" century, energy costs
were a small, usually neglected, aspect for the industrial
companies, because energy costs were very low as compared
to the production size, and greenhouse gas emissions were
not a priority. However, in the 21%, energy utilization costs
and energy sourcing prices in Europe increased rapidly. As
a result, the industrial sector has now begun to focus on
energy management: typically, a company prepares long-term
energy policies to achieve specific energy usage targets and
values. An Industrial Energy Management System (IEnMS)
is used to implement the entire process of controlling energy
consumption, reducing greenhouse gas emissions, decreasing
energy usage, and achieving significant cost savings.

This contribution aims to propose a high-level architec-
ture for IEnMS that incorporates IoT and Big Data. This
is necessary because although IoT and Big Data have been
considered in home energy management systems (HEMS),
their implementation and applications in IEnMS are not well
studied. HEMS and IEnMS have somewhat similar objectives,
but they face different implementation challenges because of
the differences in purposes and operational scale. Our goal
is to provide a general methodology that different industries
can apply when selecting the most suitable IEnMS based on
their particular needs. In other words, this paper will support
industries to carry out a detailed analysis of their own energy
requirements and understand the key components of their
energy management schemes in order to find the best match for
their IEnMS. Specifically, this focuses on finding the answers
of the following three questions.

1) What are the current methods used for energy manage-
ment in industrial sector?

2) What are the main requirements and components of
Industrial Energy Management Systems?

3) How can a high-level architecture for a Industrial Energy
Management System be designed using new technolo-
gies such as IoT and big data?

The rest of the paper is organized as follows. Section II
describes the background of the paper, related literature, and
the identified research gap. Section III explains the Industrial
Energy Management and how energy can be managed in



industries. Section IV elucidates a more systematic approach
toward industrial energy management: here, we define an
explain an Industrial Energy Management System and explain
in detail why a systematic approach is both necessary and
beneficial for industrial energy management. In Section V, we
present our proposed theoretical framework for the Industrial
Energy Management System using IoT and Big Data. Section
VI concludes the paper.

II. BACKGROUND

There is a rich literature about decision-making processes
related to energy-related issues in the industrial sector, with a
broad consensus regarding solutions and paths, but also some
disagreements about the impacts of making radical changes.
Some groups [4], [5] have considered any investments that
may include Energy Management (EnM) programs to have
significant financial impacts so that the effect on profitability
is the key factor that influences the implementation of EnM
programs. Other authors [6], [7] indicate that energy policy,
price, knowledge, and mindset are energy-related decision fac-
tors that influence EnM programs. More recently, some authors
[1], [8]-[10] have also shown that energy-related decisions are
based on the strategic links between the organization’s main
business and goal with any investment. Today, the importance
and necessity of implementing EnM for the efficient utilization
of energy is an established fact in the industrial sector, and
most companies understand that they should have an energy
management system that is utilized in a proper way [11];
as a result, many companies are implementing, or have im-
plemented, some EnM policy. Nevertheless, there is still a
misunderstanding about the relation between EnM and Energy
Management System (EnMS), and a detailed research agenda
is required in order to better explain the difference between
EnM and EnMS [12].

According to [13], EnM is defined as the practices and
processes by which the company is strategically handling
energy issues and management. EnMS is, in turn, the tool
that is used to implement those practices and processes. Thus,
for example, EnMS must be implemented to successfully
establish and practice EnM practices and processes that aim
at, for instance, the reduction of energy consumption, cost,
and greenhouse gas emissions. This was reinforced by another
study where the authors highlight that the participation of top
management as well as virtually all the staff of a company
in all energy-related activities are required for not only a
successful EnMS implementation that ensures that best EnM
practices are applied company-wide [14].

In the literature, EnM has a systematic approach that con-
sists of practices and processes that are considered as the sup-
porting function for the industrial EnM. However, despite the
fact that EnM is currently very important, it is not fully applied
in practice in the industrial sector. This is because EnM in in-
dustries has an interdisciplinary nature, involving many factors
beyond economics and technology, such as social acceptance,
political positions, and managerial established practices. To
guarantee a successful implementation of EnM, a form of

EnMS applied to industries—Industrial EnMS (IEnMS)—is
desirable so that an objective way to monitor, plan, and control
energy demand and efficiency can be constructed and the
planned energy positive goals can be achieved. This is the
step that is usually misunderstood, and thus, not implemented
adequately and correctly in majority of the industrial sector.
Further IoT and Big Data are important enabling technologies
that can be used for supporting complex energy management
processes but their precise roles have not been clarified in the
literature so far. These are the research gaps identified here
and the focus of this paper. In the subsequent sections, we
will first explain EnM applied to the industry, i.e., Industrial
Energy Management (IEnM), and then present how an IEnMS
can be used to achieve efficient IEnM.

III. INDUSTRIAL ENERGY MANAGEMENT

One of the indicators of the economic development is the
growth in industrial sector, and thus, an associated growth in
energy consumption [15]. To mitigate the negative impacts
of such a growth, it is important to develop IEnM practices
and processes that will use energy efficiently and control
carbon emissions [3]. As a result, in recent years, many
organizations have focused on energy-related issues to improve
their production and operations and improve energy efficiency,
thereby reducing their energy usage.

A. Components of IEnM

We have identified key components of IEnM from the
literature [15]-[19]. They are as follows—planning/strategy,
operation/implementation, controlling, organization, and cul-
ture (Fig. 1).

Planning/Strategy: The Planning/Strategy component rep-
resents the first phase of IEnM, and it has three parts: (1) Writ-
ten long-term energy policy of the company: most companies
lack written long-term energy policies and commitments and
merely handle energy issues verbally. For a successful IEnM,
companies should have long-term energy policies [20]. (2)
Energy planning and target setting: the industry makes plans
and sets future energy usage targets [21], [22]. (3) Strategic
energy risk management: companies analyze any type of risk
related to the energy use and propose ways to manage the risk,
based on the company’s predetermined financial objectives and
risk tolerance [23].

Operation/Implementation: The second component—
Operation/Implementation component—represents the second
phase and also has three parts: (1) Implementation of energy
efficiency measures: companies implement specific energy
projects and energy efficiency technologies to reduce elec-
tricity consumption [24]. (2) Investment decisions on energy
efficiency measure: companies conduct systematic economic
calculations to calculate the return of investment [25]. (3)
Energy audit: companies within the operations of an energy
management constantly review the status quo and highlight
energy saving potentials. Audits can be of three types. Simple
audits happen quickly and only contain some interviews with
the operating employees, reviews of the facilities’ accounts,



Preliminary General Detailed
Iy i
Energy Integration &
manager Standar dization
[EEM IDEEM Audit 4
L) 4 'y
i Organization R
. Operation & g Training
implem fnt ation ¥ A
Ener Internal
Man age%:e nt » Culture communication
v
Staff
Motivation
Planning &
annin, :
, Controlling
sh‘atlegy | =
v L 4 v v v v
EnergyPolicy Planning  Risk Management Energ?r Performance | Benchmarking
- - accounting Measurement
[
v v v
Company- Industrial Historic

wise

Fig. 1. Components of Energy Management System

and inspection of some operating data; this is usually conduced
with a short visit by the audit personal to the facility area.
General audits are a detailed expansion of the simple audit,
in which detailed information is collected about the operating
facility, e.g., data of energy consuming machines or systems.
Detailed audits are an expansion of the general audit, which
includes a dynamic model of energy-use characteristics [24].

Controlling: The third phase of EnM is represented by the
third component and its three parts—energy accounting, per-
formance measurement, and benchmarking. Energy accounting
is the process of constant analyses and regular reporting of the
energy consumption and measurement of the energy efficiency
monitoring [26]. Performance measurement is an integral part
of IEnM and defines the key performance indicators (KPIs) for
energy efficiency, which describe the relationship between an
activity and the required energy [17]. Energy benchmarking
is an activity that is focused on energy performance and it
can be defined as the method used to compare the energy
efficiency between or within entities. Benchmarking is useful
for achieving reductions in energy use and related costs
and emissions, and there are three types of benchmarking—
company-wise benchmarking, industrial benchmarking, and
historical benchmarking. In company-wise benchmarking, the
company compares its facilities and processes with the facil-
ities and process of divisions within the company itself [27].
In industrial benchmarking, the company compares its own
facilities and process with the facilities and process of other
company. In historical benchmarking, the company compares
the energy consumption of a process or facility with its own
historical processes or facilities.

Organization: Organization, the fourth component of
IEnMS, represents the fourth phase of energy management.
It consists of two parts: (1) Selection of an energy manager:

The energy manager in the industry is selected based on ex-
perience and should be climate friendly. The energy manager
is responsible for updating the top management about the
activities and progress of the energy management, and there
should be a close link between the energy manager and the top
management [28], [29]. (2) Integration and standardization:
According to [26], the energy management of industrial com-
panies should be integrated with the production management
processes using ICT tools and standardization. The production
process and evaluation of potential energy-saving investment
can be controlled by ICT tools, and the transparency of the
industrial companies can be increased by the standardization.

Culture: The fifth and last component of energy
management—Culture—consists of two parts: (1) Education
and training: The energy manager requires personnel who
either have sufficient basic education to meet the energy-usage
requirements or may need to be be given training [30]. (2)
Staff motivation: Industrial companies needs to motivate the
staff to actively participate in improving the energy efficiency.
Companies often give rewards to the technical and operational
staff, which helps to sustain the momentum and improve the
overall support for energy management programs [31] [26].
Staff motivation is enhanced especially by the interest of the
top management in the energy management activities, and,
if the communication is effective and energy management
programs are standardized [27].

To achieve effective and efficient IEnM that incorporates
the abovementioned components, industries must implement a
company-wide energy management system, i.e., an Industrial
Energy Management System (IEnMS). We now expand on the
idea of an IEnMS and its key features.
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Fig. 2. Parts of an Industrial Energy Management System

IV. INDUSTRIAL ENERGY MANAGEMENT SYSTEM

Industrial Energy Management System (IEnMS) refers to
the technological solution designed to support the implemen-
tation of IEnM. An IEnMS monitors, controls, and optimizes
the energy performance in an industrial plant and measures
the consumption of energy (and potentially the generation)
(Figure 2). It is also used to diagnose problems such as over-
consumption and leaks across the entire plant. For energy
consumers including industrial, public sectors, and commercial
organizations, an IEnMS is a framework to manage their
energy usage and can be defined as “a set of interrelated or
interacting elements of a plan which sets an energy efficiency
objective and a strategy to achieve that objective” [32]. It
provides companies the opportunities to improve energy sav-
ings by adopting energy saving technologies. In most cases, a
successful implementation of EnMS requires low investment
cost and specialized expertise and staff training.

Industries must follow a series of defined steps to establish
an effective EnMS. The main steps required are developing an
energy policy and assigning responsibilities, highlighting main
energy users, setting measurable goals and targets, implement-
ing actions to achieve the goals, checking if the actions are
successful, and continuous system reviews.

A. Fundamentals of Industrial Energy Management Systems

In technical terms, an energy management system (EnMS) is
a computer-based system that is used to collect and measure
energy data from the field, such as heating, ventilation and
air-conditioning (HVAC) units, lighting system, water and
gas meters installed on production line, while providing the
relevant information to the user. The operation of an IEnMS
can be understood as a cyber-physical system comprising the
following steps.

(1) Build data collection strategy: Real-time accurate and
granular data is collected along with the information about
where and when the energy has been used and by which device

(machine). The data is collected by installing sensors/smart
meters, sub-meters, and large energy consumer devices such as
HVAC (heating, ventilation and air conditioning) equipment,
production line, boilers, etc. The objective of this part is to
monitor the collection of real-time data and determine where
the majority of the energy is being used.

(2) Transform raw energy data into useful information:
In this phase, the collected data is analyzed, interpreted, and
converted into useful information. Big-data software is used
to easily import raw data from different machines using IoT
devices and convert them into useful information in the forms
of user-friendly charts. The collected raw data may be related
to the production levels, weather data, and other factors that
influence the energy used to generate the company’s KPIs.

(3) Assign responsibility, analyze data: In this phase, the
information provided must be converted into useful and mean-
ingful reports; this is only possible by adding the information
to the knowledge of the facility, which can be done by an
energy manager. The role of the energy manager is to interpret
the information provided by the Energy Management System
and combine this information with the company’s process and
to set the targets accordingly.

(4) Interpret the results, and agree to an action plan: In
this phase, the energy usage reports are available to the energy
manager. The energy manager and energy management team
start to communicate with the departments to start an energy
policy and agree to an action plan.

B. Benefits of Industrial Energy Management System

IEnMS potentially enables industries to reduce its energy
consumption (or improve its efficiency), reduce energy costs,
and reduce carbon emissions. The main benefits of using
IEnMS in companies are as follows:

Cost reduction: IEnMS is a continuous process and can
bring improvements in energy performance and productivity,
and reduce the energy costs over a longer period of time.
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Top management interest: A successful IEnMS will ensure
commitment from the top management to energy efficiency.

Setting up of future targets: IEnMS gives the companies
a clear picture of current energy use status, and based on the
data, new future goals and targets can be set.

Organization participation: All the staff members of the
organization are involved in the energy improvement process.

Energy savings: Companies can save up-to 20-30% energy
by implementing EnMS.

Carbon emission reductions: Industrial energy consump-
tion is one of the biggest sources of carbon emission. By
implementing an EnMS in industries, energy efficiency will
improve, and industrial green house emission will be reduced.

Increase in machine lifespan: Using EnMS in industries
can help identify and minimize machine defects that result in
longer lifespan of machinery through regular maintenance.

Job creation: IEnMS can create more jobs in industries,
for example, as a result of new energy efficiency projects.

Risk mitigation: Using IEnMS in industries can reduce the
financial risk and energy shortage. This is because the energy
demand is reduced and the fossil fuel consumption is reduced.

Improvement in company projects: Using IEnMS, com-
panies can capture the projects’ data; this will help to ensure
better post-investment project performance.

Environment friendliness: Using IEnMS, the companies
can systematically reduce energy usage and carbon emissions.

V. PROPOSED HIGH LEVEL ARCHITECTURE FOR IENMS
INCORPORATING 10T AND BIG DATA

Figure 3 shows all the phases of the proposed architecture
starting from data capturing to reporting. In the initial phase,
data is collected using sensors and actuators from various
sources in the industry that contains machines, HVAC, data
generation from renewable sources (solar, wind), lighting,
CCTYV, and many more energy consuming devices. The huge
amount of data generated by these devices is stored in a
low-cost storage in the cloud. In the second phase, data
acquisition, the generated Big data is based on the volume,

Energy
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Visual Analytics
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Fig. 3. Data generation using IoT and processing with Big data

HDFS
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velocity, and variety that is stored in a shared distributed fault
tolerant database. The collected data is then transferred into
master node(s) in the Hadoop cluster. As the data is collected
from multiple heterogeneous devices, it may have different
data formats and information, and data preprocessing will be
required. In data preprocessing, inaccurate and incomplete data
are handled, and incomplete data is either corrected or deleted.
Flume is used to perform the data acquisition process. The
main function of Flume is to collect, aggregate, and transfer
the large amount of data to Hadoop master node.

The data received by Flume is stored in a single or multiple
channel. The data is then sent to the external HDFS repository,
where the data is written in a desired format using plug-in
serializers. The serializers change and restructure the Flume
data into the desired format. The data is pre-processed and
a unified view of the data is achieved. The data is stored
in the HDFS multiple clusters for processing. The HDFS
clusters consists of DataNodes. The actual data and file system
meta data are stored in those DataNodes. The data analysis is
performed by YARN on the data stored in HDFS; these two
run on the same set of nodes that allows tasks to be processed
on the nodes in which the EnM data is present. Hive and
Impala are the tools to perform SQL queries on data residing
on HDFS. HIVE is used for data querying, to select, analyze,
and to make calculations on the data of interest.

The last phase is also the most important part: data analyt-
ics. Here, the calculated data must be shared with the energy
management, and especially the energy manager, so that better
planning decisions can be made to achieve efficient utilization
of energy, reductions in greenhouse gas emissions, increase
in machine efficiency, designing of energy policy, improve-
ments in energy planning, etc. The tool used in Hadoop for
data analytics is Scalable Advanced Massive Online Analysis
(SAMOA), a distributed streaming machine learning frame-
work that consists of programming abstraction for distributed
streaming algorithms for data mining and machine learning
tasks. For the data visualization (graphs, reports, etc.), Tableau
is used. Tableau is a common tool used for interactive data



visualization and the sharing of information and dashboards.

VI. CONCLUSIONS

In this paper, we have highlighted the importance of saving
energy and reducing energy utilization, energy cost, and green
house gas emissions in the industrial sector. We have also
explained the differences between energy management and
energy management systems. We have presented the key com-
ponents of IEnM, identified from the literature, and indicated
how they jointly work to achieve the expected targets. Further,
we have explained how IEnMS can works to effectively deploy
IEnM. Finally, we have designed a theoretical framework
for IEnMS as a cyber-physical system enabled by IoT, Big
Data, and analytics. The (big) data from different industrial
machines and industrial spaces are collected as part of an IoT
network using different measuring devices and transmitted to
a cloud database. The proposed solution uses Hadoop for data
acquisition, storing, processing, data querying, analytics, and
data reporting. The information collected using real data from
industrial devices can be used by the IEnMS for future energy
strategy planning and establishing energy targets. We believe
that if industries start using the proposed IEnMS framework,
they will achieve their energy requirements, while reducing
their energy usage, costs, and green house gas emissions.
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