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Abstract—The world population is increasing at a rapid
speed and so are the requirements for everyday life like
energy, technology, and industries. In the past few years,
there has been a huge increase and development in the
industrial sector and new technology like the Internet of
Things (IoT) has played a major role in it. The industrial
sector is consuming a large portion of the energy worldwide
and is contributing a large amount of 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 effective ways to reduce energy consumption, cost,
and greenhouse gas emissions is to use an industrial energy
management system (IEnMS). The IEnMS uses IoT for (big)
data collection, processing, storing, and visualization. In this
case, one key challenge the industries face is the selection of
an IoT platform among the hundreds of IoT platforms in
the market. In this paper, we adapt our previously proposed
general framework to choose an IoT platform focusing here
on the requirements of IEnMS. The proposed framework
provides an objective methodology that can be used to select
the most suitable IoT platform for different IEnMS based
on their particular requirements.

Keywords— IoT, IoT platform, platform features,
industrial energy management system, framework

I. INTRODUCTION

Energy and climate change are one of the most impor-
tant topics in the public eye. Across every sector whether
it is industry, housing or government, there is an attempt
to save energy and control climate changes [1] because
of the fact that energy is finite and can be used in a
smart and efficient way to protect the current and future
generations [2]. Industry is the one that is consuming
the highest amount of energy and it is estimated that
about 42.3% of the total energy produced in the world
is consumed by the industrial sector [3]. For a company
to be in the race of competition and position themselves as
a market leader in the long run, the company has to give
priority to the management and operation of the company’s
energy system. Due to this reason industry needs more
attention to use effective energy management.

Energy management is one of the promising means
for an industry to reduce energy consumption and related
energy cost and reduce carbon emission. Back in nineties,
energy cost was a small factor for the industrial companies,
this is due to the reason that the energy cost was very
low as compared to the production size and greenhouse
gas emission was not the priority. But within the last
decades the energy and energy sourcing prices in Europe

increased rapidly. Industrial sector is focusing on energy
management in which the company prepares long term
energy policies, planning and targeting for the energy
use. Industrial Energy Management System (IEnMS) is
used to implement this whole process and control energy
consumption, green house emission, reduction in energy
use by a specific percentage and save cost.

The Internet of Things (IoT) is promising to make
the environment smarter and connecting devices to each
other and with the platform for communication and data
exchange. Connected devices are adopting [oT at a rapid
pace. Since IoT is expanding continuously, the need for
connectivity methods grows to ensure that the devices
work, capture, analyze and manage the data accurately. For
efficient connections and sharing of information, commu-
nications protocols like MQTT and HTTP are used [4] .
The best way to store, process and analyse that data within
its infrastructure is by using an IoT platform that comes
with the data processing capabilities [5]. It will not only
allow you to collect data from Industrial machines but can
also help you set up a custom visualization dashboard.

This contribution aims at utilizing our developed theo-
retical framework for selecting a suitable IoT platform for
IEnMS by using IoT and big-data. Our goal is to provide
an objective while general methodology that different
industries can apply when selecting the most suitable
IoT platform for IEnMS based on their particular needs
and business requirements. 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 (EnM) to find
the best match for their IEnMS. The study will find
the answers of the following questions. 1) What are the
components of EnM in industrial sector? 2) How are the
Industrial energy management systems working using IoT
and big-data? 3) How to design a framework for selecting
a suitable IoT platform for industrial energy management
system by comparing the requirements of IEnMS with the
features provided by the IoT platforms?

The rest of the paper is organized as follows. Sec. II
contains Industrial EnM (IEnM). Sec. III explains [EnMS
and in same section we have explained Industrial Energy
Management system its working. Sec. IV contains Internet
of Things (IoT), IoT platform and the need for IoT plat-
form. Sec. V contains our proposed theoretical framework
for selecting IoT framework for IEnMS. Sec. VI concludes
the paper.



II. INDUSTRIAL ENERGY MANAGEMENT (IENM)

One of the indicators of the economic development is
the fast growth in industrial sector. With the passage of
time the number of industries is growing and so is the
need of energy [6]. The increase in the use of energy will
be continuous with the rapid development in the industrial
sector and the fast growth of the world population and
will create problems like increase in energy price and the
carbon emission. Industry needs energy management to
use energy efficiently and also control carbon emission.
Energy management consists of practices and processes to
improve energy efficiency. As a result, in the recent years
many organizations have put focus on energy related issues
to improve their productions and operations and improve
energy efficiency and thereby reduce energy usage and
energy cost. Industry needs energy management to use
energy efficiently and also control carbon emission.

A. Components of IEnM

In this section we will discuss the important components
of IEnM that we have identified from the literature [6]—
[10]. There are five main components in IEnM plan-
ning/strategy, operation/implementation, controlling, orga-
nization and culture.

Planning/Strategy: The first phase of EnM has three
parts. The first part is the written long-term energy policy
of the company. Second part is energy planning and target
setting in which the industry is making the plans and
setting future targets for the energy use. The target may
be the lowering the green house gas emission, energy con-
sumption, reduction in energy use by specific percentage
etc.. Third part is the strategic energy risk management
that is used to analyze any type of risk the company
can face related to the energy use and how the risk can
be managed by the company’s predetermined financial
objectives and risk tolerance.

Operation/Implementation: The second phase of EnM
that consist of three parts. The first part is Implementation
of energy efficiency measure in which the companies are
implement specific energy projects and energy efficiency
technologies to reduce electricity consumption. The sec-
ond part is the investment decision on energy efficiency
measure in which companies are conducting a systematic
economic calculation to calculate the return of investment.
The third part is the energy audit, in which the companies
within the operations of an energy management constantly
review the status-quo and highlight energy saving poten-
tial.

Controlling: The third phase of EnM that consist of
three parts energy accounting, performance measurement
and bench-marking. Energy accounting is the process of
constant analysis of the energy consumption and measure
the energy efficiency monitoring on a regular basis and is
reported. Performance measurement is an integral part of
EnM and it defines the key performance indicators (KPI)
for energy efficiency. KPI’s are describing the relationship
between an activity and the required energy. Energy bench-
marking is an activity that is focusing on energy perfor-

mance and can be defined as the method used to compare
the energy efficiency between or within entities and is a
useful contribution to reduction in energy use and related
cost and emission. There are three types of bench-marking
industrial benchmark, historical benchmark and company-
wise benchmark. In industrial benchmark, the company
compares its own facilities and process with the facili-
ties and process of other company. In historical bench-
marking the company compares its energy consumption
of a process or facility with its own process or facility
in the early times. In company-wise bench-marking the
company compares its facilities and processes inside the
company.

Organization: The fourth phase of energy management
that consist of two parts. Selection of energy manager
which is based on the experience and should be climate
friendly. There should be a close link between the energy
manager and the top management, and is responsible
to update the top management about the activities and
progress of the energy management. The second part is the
integration and standardization. According to industrial
companies energy management 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 the
ICT tools and the transparency of the industrial companies
can be increased by the standardization.

Culture: The last phase of energy management consists
of two parts. First part is education and training. In
industries at the corporate level or plant level the energy
manager needs man-power which require basic education
to meet the requirements. For this purpose, the industrial
companies need continuous energy related training, which
provides positive impacts on the energy management. Staff
motivation is the second part in which the industrial com-
panies needs to motivate the staff to actively participate in
improving the energy efficiency. In that case the companies
give rewards to the technical and operational staff, which
helps to sustain the momentum and improve the overall
support for the energy management program.

III. FUNDAMENTALS OF IENMS

For an organization to improve its energy performance,
one of the best way is to use an Industrial Energy
Management System (IEnMS). It monitors, controls, and
optimizes energy performance in a plant and measures
the consumption of energy. It is also used to diagnose
problems like over-consumption and leaks across the entire
plant. For energy consumers including industrial, public
sector and commercial organizations an EnMS is a frame-
work 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” [11]. it provides companies
the opportunities to improve energy savings by adopting
energy saving technologies. In most cases for a successful
implementation of EnMS required low investment cost and
specialized expertise and staff training.



TABLE I
REQUIREMENTS OF INDUSTRIAL ENERGY MANAGEMENT |[7]

S No Requirements for IEnM
1 Development and implementation of strategic plan that includes the energy policy and specific targets for the energy savings.
2 Organizing different energy activities including the allocation of responsibilities and tasks.
3 Establishment of management team that is leading by an energy manager who will be responsible to report directly to the high management.
4 Development of related policies and procedures which can include energy procurement, energy usage, cheap energy purchases etc.
5 Carrying out the initial energy audit to identify energy saving potentials
6 Planning and implementation of energy efficient measures
7 Identification of the company’s unique key performance indicators which can show the measure progress on a regular basis.
8 Implementation of the energy meters for the monitoring of the energy consumption at the main production processes at a regular interval.
9 Reporting of the information gathered from the data to the high management.
10 Providing progress to the high management so that the management shows interest in the energy management activities.
11 Training, motivating, and proving information to the employees of the company about energy management activities.
Energy Policy Energy Planning ——— Foslaning
Reponsibilty
Setting goals and
targets
Managment review Audit Lmplementing Acton

to acheive Goals

Fig. 1. Industrial Energy Management

Industries are required to follow a series of defined
steps to establish a successful EnM. The main steps
required are development of energy policy and assigning
responsibilities, highlighting main energy users, setting
measurable goals and targets, implementing actions to
achieve the goals, checking actions are successful, and
continuous system review as shown in Figure 1.

A. Working of Industrial Energy Management System

An Industrial Energy Management System is a
computer-based system that is used to collect and measure
energy data from the field like HVAC units (heating, ven-
tilation and air-conditioning), lighting system, water and
gas meters installed on production line etc. and provide
that information to the user. The working of IEnMS is
explained below.

Building data collection strategy: A system that is used
to collect real time accurate and granular data and have
the information that where and when the energy has been
used and by which device(machine). The data is collected
by installing sensors/smart meters, and sub-meters on the
incoming supply and the large energy consumer (device).
For example, on the HVAC, production line, boilers etc.
The objective of this part is to monitor the collection of
real-time data that shows where the majority of the energy
being used.

Transform raw energy data into useful information: In
this phase the collected data is analyzed, interpreted and

is converted into useful information. Here the big-data
software is used that can easily import the raw data from
different machines using IoT devices and then convert
the raw data into useful information in the forms of
charts, graphs etc. that is user friendly. Here the raw data
collected may related to the production levels, weather
data, humanity and other factors that could influence
energy usage to generate the key performance indicators.

Assign responsibility, analyze data: In this phase the
information provided needs to be converted into useful and
meaningful reports, that can only be possible by adding
the information to the knowledge of the facility and some
expertise in energy management. This can be done by the
energy manager. The role of the energy manager is to
interpret the information provided by the Industrial Energy
Management System and combine this information with
the company’s process, set the targets.

Interpret the results, and agree an action plan: Here in
this phase the energy usage reports are available to the
energy manager. The energy manager and energy man-
agement team start communication with the departments
to start an energy policy and make agree to an action plan.

IV. INTERNET OF THINGS AND IOT PLATFORM

The term “Internet of Things”, or “IoT”, was introduced
by the British technology entrepreneur Kevin Ashton in
1999 as the title of a presentation at Procter and Gamble.
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Fig. 2. Industrial Energy Management System

IoT and can be defined as small and complex systems
that allow businesses, governments, and citizens to adopt
and interconnect physical objects and virtual objects based
on existing and evolving interoperable information and
communication technologies [5]. IoT is a new technol-
ogy paradigm that has emerged as a global network of
machines and devices capable of interacting with each
other and with the platform for collecting, analyzing,
storing and visualizing data generated from the devices
and machines using sensors, actuators, communications,
and analytical tools [12]. IoT is now playing a main role
in Industrial sector by collecting data from machines and
other sources [13] and IoT platform is used to store,
process and perform analytics on the collected data and
provide useful information to be sent to the customer, as
shown in Figure 3.

An IoT platform provides services to IoT devices and
customers and enables IoT device an endpoint manage-
ment, connectivity and network management, processing
and analysis, data management, application development,
access control, security, monitoring, event processing and
interfacing [5]. Recent increase and development in mobile
devices, embedded technologies, cloud computing and
data analytics has resulted in a boom in IoT utilization,
in terms of personal and organizational use, to conduct
information exchange to facilitate recognition, monitoring,
tracing, positioning and administration [5],[6]. The number
of IoT platforms are increasing at a rapid speed, For
example, in 2015 the number of IoT platforms were almost
260, which grew to 360 in 2016, exceeded to 450 in 2017
and reached to 620 in 2019 [14]. Requirements for IoT
platforms, which provide important services and features
for IoT applications, change as new IoT devices emerge
[9]. This complexity in the context of rapid change poses

Machine1
HVAC
Dashboard
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Lights Machine n

Customers
CCTV

Fig. 3. IoT for IEnMS

challenges for businesses, governments and citizens that
often have little experience of the infrastructure of IoT
and limited knowledge of how to select an IoT platform
that can meet their current and future needs.

IoT application needs a platform to run smoothly and
provide the data so that the companies take present and
future business decisions based on the data received from
the IoT platform [11]. An IoT platform is the main part
of an IoT solutions. Among the hundreds of IoT platform
vendors in the market, it becomes very difficult for the
companies to find and select a suitable IoT platform that
is best suitable for their business application and which can
fulfil their maximum business requirements. This problem
can be solved by two steps. In the first step, the company
can identify their complete present and future business
requirements. In the second step the company should have
the knowledge of some of the key factors of an IoT
platform before selection. In this way the company can
select a suitable IoT platform for their business application
by comparing the requirements with their features.

V. GENERAL FRAMEWORK FOR SELECTION OF 10T
PLATFORM FOR IENMS

We have aimed to create a more general approach that
can be more widely used across all the cases. To show how
our general framework can be applied to assessing and
choosing an IoT platforms, in this study we have selected
the top five IoT platforms (AWS, Azure, Google, IBM,
and Oracle) based on market share. We have compared
these IoT platforms according to the twenty-one key IoT
platform factors that we have identified in [5]. We have
compared these twenty-one key factors with the features
provided by those selected five IoT platforms as shown in
Table II.

More specifically, the entries of Table II have the
following meaning related to the specific feature to be
considered: ‘yes’ means the feature is available, ‘high’
indicates strong, ‘bad’ shows weak, ‘good’ indicates that
the feature is very good, ‘-> shows that the feature is
unknown and ‘no’ indicates that the feature is not available
in the platform. In order to identify and fill the features
of the selected five IoT platforms, different articles [5],
[15]-[20] have been studied from many databases. Some
websites [21]-[26] have been used, especially the websites
of those selected IoT platforms. A few white papers [27]
have also been studied.
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TABLE II
FEATURES PROVIDED BY 10T PLATFORMS [13]

Factors AWS  Azure Google IBM Oracle
Scalability Yes Yes Yes Yes Yes
Flexibility Yes - Yes - Yes
Stability Yes Yes Yes - -
Security High High High High High
Data analytics Yes Yes Yes Yes Yes
Disaster recovery Yes Yes No No No
Data ownership - Yes - - -
Protocol support Yes Yes - Yes Yes
System performance Yes - Yes Yes -
Interoperability Yes - - - Yes
App. environment Yes Yes Yes Yes Yes
Cloud ownership Yes Yes Yes Yes
Pricing model Bad Bad Good - -
Legacy architecture Yes - - - Yes
Attractive interface Yes Yes - No -
Time to market Yes Yes Yes
Bandwidth - - Good - -
Edge intelligence Yes Yes Yes - Yes
Hybrid cloud Yes Yes - - -
Platform migration Yes Yes - - -
Previous experience Yes Yes - - -

The framework for selection of an IoT platform is illus-
trated in Fig.4. as a schematic of the selection procedure.
The whole process consists of five stages. In the first stage,
the company finalize their business requirements. In the
second stage, the company requirements are applied to
prioritising which factors are required (R) and important
(D) for this business context. In the third stage, the R and I
factors are compared with the features provided by the five
selected IoT platforms. The IoT platform/s that provide a
maximum of the features as compared to the requirements
are selected and shifted to the stage four. In stage four,
there might be one or many IoT platforms that match the
required and important factors. Stage five is the decision,
which is explained next.

If there is one IoT platform that provides the most
required and important features then the same IoT platform
can be selected for the business application. But, if there
are multiple IoT platforms providing these features then
the company may choose an IoT platform based on the
comparison of their match to ”I” factors and select a
suitable IoT platform for their business needs. There might
also be chances that none of the platforms provide all
of the required features; this might indicate that new

platforms should be selected and evaluated accordingly.

For the IEnMS, the five stages of the framework are
explained in a simple way. A company is interested to start
energy management system to save reduce greenhouse
gas emission, save energy and reduce energy bills. The
company is interested to use IoT application for its EnMS.
Initially the have to learn the components of IoT to
understand what is IoT and how it works. Secondly they
have to study to know what is an IoT platform and what are
key factors of an IoT platform. They need an IoT platform
for their business application but they do not know which
platforms are providing what features and which one
is best. when the company have the knowledge of IoT,
IoT platform factors and the features those platforms are
providing then in stage 1, the company go through each
of the 21 factors that have been identified as important
in choosing a platform and use this to help them to
formulate their business requirements. In stage 2, these
factors are prioritized as being either required (R) and
important (I) for their business needs. They find that their
required factors to consider (R) are for example, scala-
bility, stability, system performance, attractive interface,
edge intelligence, time to market, flexibility, and previous
experience. Their important factors to consider (I) are for
example pricing, security, data analytics, disaster recovery,
and interoperability. In stage 3, the R and I factors are
compared with identified features of IoT platforms. The
platform that is fulfilling the "I’ and ”"R” requirements of
the company can be selected. In case there are multiple of
IoT platforms that are offering completely the ”I” and “R”
requirements of the company, then the company can select
one that is providing the ”I” requirements in a better way.
In some cases it can happen that non of the IoT platform
are providing all the ”I” and ”"R” requirements, in this case
the company can search some other IoT platform for their
IoT application.

VI. CONCLUSIONS

The aim of this study is to build an objective methodol-
ogy that can support industries to select the most suitable
IoT platform for their IEnMS based on their specific
needs. To do so, we first highlight the components of
EnM and later we have explained the components and
working of IEnMS. Second, we identified twenty-one
key factors of IoT platforms from the literature. Finally,



we have designed a theoretical framework for selection
of IoT platform for IEnMS and tested it in five well-
known examples. This research then provides a general
framework to select the most suitable IoT platform for
industries to build their IEnMS by comparing its specific
requirements with the features offered by the different
platforms.

We believe industries can select an appropriate IoT
platform for their IoT application, if they first analyze
their business requirements, and start selection of the IoT
platform with clear business requirements and have the
knowledge of key factors of IoT platforms. This study
highlighted important key factors of IoT platform. Those
key factors may cover some of the current requirements
of the IEnMS and can help ensure that current and
future needs of the business are meet. It will facilitate
the companies to select a suitable IoT platform for their
business needs.
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