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Abstract

With the widespread use of distributed alternative energy sources, electric cars, energy storage
systems, and technologies like Cloud Computing (CC), Big Data, and the 10T, energy management
in CC contexts has developed. Concerns about the Energy Cloud's performance goals are presented
in this fashion as a major development point (EC). The aims of this essay include identifying key
FPVs and how they relate to issues in EC, as well as formulating an approach to overseeing the
growth and maturity of EC settings. Through literature research, FPVs were identified as well as
their influence on each other.

It was determined that those FPVs were an important, secondary, motivational factor, and
independent voters by using the AHP approach. An all-encompassing management model for EC is
presented in the article, and it can be used as a compass for making strategic choices on technical,
organizational, commercial, and regulatory matters. This model may be tailored to the specifics of
the business landscape and its breadth.
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1. Introduction

"Power consumption™ is the term used to describe the techniques used to increase energy efficiency,
which is critical to decreasing energy expenses[1][2]-[5] and boosting the profitability of businesses
[6]. Furthermore, while minimizing energy usage has become a persistent concern [7], economic
growth and energy consumption expand in a dependent way [8]. Energy from renewable sources has
made energy systems more cost-effective [9], and electric cars and energy storage systems may help
keep energy networks stable[9]. Since energy systems are always evolving and diversifying, new
computational technologies are needed to keep up with this ever-changing marketplace.

Technology such as Cloud Computing (CC) and the Internet of Things (I0T) begin to play an
essential part in this energy management. CC is a technique to remotely store, monitor, and control
data [10], and considering its flexible and extensible qualities, CC may be also employed in smart
grid domains[11]. lIoT devices capture data and send it to the cloud, where it is processed in
centralized cloud-based data science analyses by cloud experts [12]. These loT gateways act as
intermediary smart devices and the cloud platforms, storing, analyzing, and transforming user
information into actionable management information.[13]

Connectivity between customers and distribution networks may be achieved using a neutral
bargaining agent, which oversees purchases, sales, and transfer of energy in the Power Cloud[14].
For the EC layout, layers and management support blocks may be used to depict the flurry of data
and information linked to energy, while the management support blocks enable administrative
activities to be completed [15]. The shift to an Energy Cloud Administration (ECM) environment is
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costly and complex[16]. Thus, there is a need to conduct research from a business viewpoint
connected to EC, such as performance assessment, decision-making, and the proper use of access to
finance[17]

A company's or institution's activity has to be evaluated to assess whether or not its goals have been
met[18]. For example, several sorts of company assessments may be conducted using the inherent
aspects of these firms as a foundation. FPVs can also be used in this assessment because they are
fundamental elements of multidimensional models that are structured to help defy the assessment
actions of judgment designs [19] that aid in planning in the most diverse areas and scenarios, such as
EC (Environmental Contingencies). In this method, the major aspects of the EC environment
development and dispersion may be mapped and arranged in management models.

This study was prompted by the shift in energy management systems from centralized to distributed
modes of operation. A company's performance goals must be translated into FPVs and the definition
of these objectives may be used to aid in the planning and design of strategies for implementing,
developing, and maturing regionalized EC environments. When developing these planning and
development plans, these FPVs must be linked to the difficulties that EC faces. According to this, a
lack of understanding of how electricity may be utilized most effectively is exacerbated by increases
in electricity efficiency and the large integration of renewable energy supplies. EC can assist in the
most efficient and environmentally friendly use of energy possible.

As a result, the goal of this paper is to identify FPVs, link them to EC issues, and construct a
management model for EC environment development and maturity.

To define and debate, in the framework of cloud-based electricity consumption, what were the FPVs
that need to be effectively handled by firms and academics working in this field.

To plan and coordinate the creation, deployment, and maturity of the EC environment, a
management approach for EC based on the FPVs' interactions is proposed. To help spread the
development and incorporation of new computing technologies into the management of energy, this
article proposed a management system for EC contexts that would increase the efficiency with
which this energy is used.

The following is how the rest of the study is laid out: The essay is divided into five sections: a
literature review in Section 2, a methodology section in Section 3, findings and discussion in Section
4, and a conclusion in Section 5.

2. Related Work

Managing energy systems has become more crucial than ever as the use of renewables and electric
car charging stations has grown in popularity[20]. [21]lt is thus critical to pick a suitable storage
technology and optimize size to provide a high level of dependability and a low cost of capital [22].
When it comes to monitoring and characterizing user consumption habits in real-time, energy
management may play a key role [23].

It is vital to regulate energy usage in micro-grids, buildings, smart grids, and smart cities[24]. [25]So
new systems and technologies are needed to monitor and regulate data on energy [24], generating
synergy between the various types of energy in the system, indicating new prospects for
development in the power generation with beneficial implications for users [26]. Thus, it is possible
to create cost-effective or somehow power sources to engage in the electricity market while also
having excellent negotiation strength [27]. Distributed energy resources are becoming more
common in current systems, and as a result, correct energy management models are becoming
increasingly vital [28]. It's also important to build cloud-based power management models.

Microgrids, smart meters, warehouses, 10T, web, big data, and other technologies may be used to
integrate distributed generation systems into the electric grid through the EC, which is a platform
established with technical and economic requirements for this purpose. It is the foundation of cloud-
based power management [29] that the EC serves as a scalable significant energy management
system. As a result, to support ECM, the creation of cloud-based Internet of Things (loT)
applications is now a must.

The fundamental flow of records and knowledge about energy occurs in the layers connecting the
Electrical and Implementation layers, while management and complementing activities take place in
the network facilitates blocks. Finally, the Regulation layer tries to introduce the regulatory features
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so that the whole EC ecosystem may have the appropriate dynamics and adhere to certain rules. EC
legislation [30].

As ECM is still in its infancy in most countries, a lot of studies are required in this field. An ECM-
related study of FPVs and how they interact becomes significant if this assumption is correct.

3. The MCDM AHP Method

It is shown in Figure 1 how the methodological approaches used to construct the FPVs
administration model for evaluating EC environments growth and maturity were put together. Step-
by-step instructions and outputs for every step are presented on each side of this figure 1.

As part of the first stage, a literature review is undertaken of the FPVs and theoretical subsidies
needed to support talks regarding the deployment of EC settings, as well as the challenges that must
be solved. Two experts from each of these FPVs were asked for their thoughts on the current
problems for implementing EC environments in a survey conducted in phase two. The weights of
the FPVs were calculated using the AHP approach in step 3. When discussing every FPV and its
classification by AHP in step 4, it becomes feasible to suggest an FPV management model for EC
that may reflect the findings of this study.

For this purpose, a survey of specialists in the fields of energy and computer science and
management was established and used.

First, the AHP approach was used to calculate the weight of the various criteria and sub-factors. A
questionnaire was used to compare the resilience components and sub-factors in a paired fashion.
Experts used a 12-segment format to answer each question.

The MCDM problem's performance is influenced by several factors. Each criterion's weight value
may be used to express its relative relevance, with the total weight of all the MCDM problem's
criteria being regulated by a value of 1.

In the MCDM problem, Saaty [31] presented the AHP approach for determining the appropriate
weights for each criterion. Pairwise comparison of two criteria is used in the AHP approach.
Because of this, the number of pair-wise comparisons increases. This comparison is made using the
Saaty scale developed by Saaty in [32]. The Saaty scale uses nine preference points to allow the
expert to indicate however many times somewhat one criterion is favored over the other. The
MCDM problem's pairwise comparison is carried out by a questionnaire based on the competence of
three evaluators (experts).

Set up the comparison matrix for each pair.

Members of the experts were then tasked with comparing and contrasting the primary criteria and
their sub-factors. There are several advantages to this form of comparison, such as the fact that
almost all of the factors are taken into account. After building the pairwise matrix, the opinions of
experts are combined into one matrix. The following is an illustration of the established matrices:

X =

X111 xlnl
Xn1 0 Xnn

Checking the consistency of a matrix in pairs
It is vital to evaluate the consistency of the pairwise comparison before deciding the weight of

indicators.
CR Cl
" RI
Amax -n

Cl =
n—
If the CR is less than 0.1. Then the opinions of exerts are valid and go to the next step.

Then normalize the aggregated pairwise matrix. Then compute the weights of the criteria.
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Figure 1: The flowchart of the AHP method

4. The AHP Results

Sustainability is defined as operating in a manner that ensures the present generation's well-being
without jeopardizing the future generation's well-being ECC1.

Mobility There are several advantages to having systems and equipment that are mobile, such as
the ability to move them physically or utilize their capabilities while they are in motion ECC2.
Interoperability When two systems can interact with each other, they're called interoperability
ECCa3.

Scalability Expanding a system's capacity means using all of the system's resources to meet the
increased demand ECC4.

It's all about getting the most bang for your buck when it comes to delivering goods and services
ECCS.
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Flexibility The capacity of a system, product, or business to adapt to conditions is known as
flexibility ECCB.

Personal information supplied in confidence must be kept private and protected from
unauthorized disclosure by adhering to a code of confidentiality ECC7.

The energy's potency Shows how energy may be utilized efficiently, safely, and reliably without
causing harm to the environment or endangering the well-being of its consumers at a reasonable
cost ECCS8.

Efficacy of the system consists of properly carrying out duties and optimizing resources
including time, space, money, people, and raw materials ECC9.

Resilience An energy or data system's resilience is needed when it loses connectivity with the
main system, continuing to function when this inability is caused by severe and unforeseen
occurrences ECC10.

How well an item can do its job in the time frame and circumstances it was designed for is
known as a product's "reliability," which may be defined as its ability to complete its duties as
specified in a specific project ECC11.

Availability Ability to be there when required is the ability of an individual, system, product, or

service ECC12.

Interoperability, scalability, and affordability are the most critical FPVs in the first quadrant, and
they are seen as critical to the development of EC because of their prevalence and close association with
the variables that lead to systemic benefits.

The first criteria are evaluated in table 1. Then their opinions are combined in Table 2. Then
normalize their values in table 3. The weights of the criteria are computed as shown in figure 2.
From figure 2 the ECCL is the highest weight followed by ECC2 then ECC3 then ECCA4. The least
weight is ECC12.

AHP research demonstrates that the prices of power and cloud systems are significantly relevant but
modestly influential for making decisions. Energy management is difficult because of the exorbitant
prices of energy systems, supply difficulties, and regulatory duties related to emissions and global
warming. In this approach, experts argued for the provision of financing that would allow the lowest
sectors of society to adhere to distributed energy generating systems.

Expanding the idea of CC to include the energy resources consumed and making efficient use of
computing resources may also help to reduce the implementation costs of EC (. A decrease in prices
and acceptance of facilitated credit lines is critical, as well as marketing strategies that combine
household and business users in much the same free electricity market, and taxes solely on the
quantity of energy bought or sold by the users. For the experts, this is a critical issue.

To create scalable and interoperable solutions, the EC architecture in layers must be organized.
Devices on a network may connect via a common platform to operate together in the Fog layer,
where the interconnection of devices enables real-time energy monitoring. This is an important idea
for loT. According to the experts, a standardized communication protocol is required to enable
various hardware manufacturers to participate in this market and communicate with each other
across different platforms and consumers.

The interconnection, maneuverability, and confidentiality of smart homes and cities are all
supported by energy management systems that are properly constructed. The experts emphasized the
need of integrating diverse users via predetermined degrees of access to records/knowledge, all
through technologies that are stable and safe connections with financial and market agent systems.

For energy management apps and their computational demands, researchers expect that CC can meet
or exceed the scaling of CC when hosting applications. This scalability CC while hosting
applications spares the user from having to worry about confining and updating the system's
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capacity According to the experts, it's critical to have data centers that use less energy and are
continually expanding their capacity to operate software securely and lightly. 10T resources must be
structured to make it easy to add more devices afterward, making use of the EC's scope, to solve
these difficulties. The usage of blockchain has also been suggested by experts as a solution to
overcome these difficulties and implement the EC. Scalability issues are a mystery for now since
blockchain is a modern tech.

Table 1: The pairwise matrix of the first expert

ECC1 | ECC2 | ECC3 | ECC4 | ECC5 | ECC6 | ECC7 | ECC8 | ECC9 | ECC | ECC1 | ECC
10 1 12
ECC 1 9 5 9 6 9 6 1 1 1 6 6
1
ECC | 0.111 1 5 5 8 7 5 3 9 9 6 6
2 111
ECC 0.2 0.2 1 9 9 8 9 9 6 9 9 5
3
ECC | 0.111 0.2 | 0111 1 9 8 8 9 8 9 9 6
4 111 111
ECC | 0.166 | 0.125 | 0.111 | 0.111 1 5 8 8 9 7 5 1
5 667 111 111
ECC | 0.111| 0.142 | 0.125 | 0.125 0.2 1 5 8 8 9 9 6
6 111 857
ECC | 0.166 0.2 | 0111 | 0.125| 0.125 0.2 1 8 8 5 9 3
7 667 111
ECC 1] 0.333| 0.111 | 0.111 | 0.125| 0.125| 0.125 1 8 6 9 4
8 333 111 111
ECC 1| 0.111| 0.166 | 0.125| 0.111 | 0.125| 0.125 | 0.125 1 7 9 3
9 111 667 111
ECC 1| 0111 | 0.111 | 0.111| 0.142 | 0.111 0.2 | 0.166 | 0.142 1 8 2
10 111 111 111 857 111 667 857
ECC | 0.166 | 0.166 | 0.111 | 0.111 02| 0111 | 0.111| 0.111 | 0.111| 0.2 1 6
11 667 667 111 111 111 111 111 111 5
ECC | 0.166 | 0.166 0.2 | 0.166 1| 0.166 | 0.333 0.25| 0.333 05| 0.166 1
12 667 667 667 667 333 333 667
Table 2: The combined pairwise matrix
ECC1 | ECC2 | ECC3 | ECC4 | ECC5 | ECC6 | ECC7 | ECC8 | ECC9 | ECC1 | ECC1 | ECC1
0 1 2
ECC 7.333 | 5.666 | 8.333 7.666
1 1 333 667 333 7 667 6 1 1 1 6 7
ECC | 0.140 4.333 | 5.333 7.333 | 6.333 | 4.666 | 7.666 | 7.666
2 212 1 333 333 7 333 333 667 667 667 6 6
ECC | 0.180 | 0.244 3.666 | 6.333 6.333 | 7.333 6.333 | 6.333
3 952 444 1 667 333 7 333 333 7 333 333 6
ECC | 0.121 | 0.188 | 0.703 6.333 | 7.333 | 6.666 6.666 7.666 | 6.333
4 693 889 704 1 333 333 667 8 667 9 667 333
ECC | 0.148 0.170 | 0.170 6.666 5.666 | 6.333 | 2.666
5 148 | 0.5 37 37 1 5 667 6 7 667 333 667
ECC | 0.132| 0.136 0.136 7.333 | 7.333 6.333 | 5.666
6 275 905 | 0.15 905 0.2 1 5 333 333 9 333 667
ECC | 0.166 | 0.170 | 0.170 | 0.155 | 0.152 8.666 | 7.333 | 6.333 | 7.333
7 667 37 37 952 778 0.2 1 667 333 333 333 3
ECC 0.263 | 0.145 | 0.126 0.138 | 0.115 7.333 | 3.333
8 1 889 37 323 | 0.175 889 741 1 7 6 333 333
ECC 0.132 | 0.148 | 0.152 | 0.151 | 0.138 | 0.145 | 0.144 6.333 2.333
9 1 275 148 778 323 889 37 841 1 333 7 333
ECC 0.132 | 0.170 | 0.111 | 0.180 | 0.111 | 0.161 | 0.166 | 0.158
10 1 275 37 111 952 111 905 667 73 1 7 4
ECC | 0.166 | 0.166 | 0.170 | 0.132 | 0.170 | 0.245 | 0.145 | 0.145| 0.148 | 0.15 1 7
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11 667 667 37 275 37 37 37 37 148
ECC | 0.148 | 0.166 0.158 | 0.722 | 0.177 | 0.333 | 0.333 | 0.555 0.148
12 148 667 | 0.175 73 222 778 333 333 556 | 0.375 148 1
Table 3: The normalization matrix
ECC1 | ECC2 | ECC3 | ECC4 | ECC5 | ECC6 | ECC7 | ECC8 | ECC9 | ECC1 | ECC1 | ECC1
0 1 2
ECC | 0.192 | 0.727 | 0.435| 0.427 | 0.237 | 0.210 | 0.154 | 0.022 | 0.018 | 0.016 | 0.087 | 0.128
1 132 101 773 838 939 939 235 326 917 99 615 834
ECC | 0.026 | 0.099 | 0.333 | 0.273 | 0.237 | 0.201 | 0.162 | 0.104 | 0.145 | 0.130 | 0.087 | 0.110
2 939 15 238 816 939 768 803 189 031 256 615 429
ECC | 0.034 | 0.024 | 0.076 | 0.188 | 0.215 | 0.192 | 0.162 | 0.163 | 0.132 | 0.107 | 0.092 | 0.110
3 767 237 901 249 278 597 803 726 419 603 482 429
ECC | 0.023 | 0.018 | 0.054 | 0.051 | 0.215| 0.201 | 0.171 | 0.178 | 0.126 | 0.152 | 0.111 | 0.116
4 381 728 116 341 278 768 372 61 114 91 952 564
ECC | 0.028 | 0.014 | 0.013 | 0.008 | 0.033 | 0.137 | 0.171 | 0.133 | 0.132 | 0.096 | 0.092 | 0.049
5 464 873 102 747 991 569 372 958 419 276 482 08
ECC | 0.025 | 0.013 | 0.011 | 0.007 | 0.006 | 0.027 | 0.128 | 0.163 | 0.138 | 0.152 | 0.092 | 0.104
6 414 574 535 029 798 514 529 726 725 91 482 294
ECC | 0.032 | 0.016 | 0.013 | 0.008 | 0.005 | 0.005 | 0.025 | 0.193 | 0.138 | 0.107 | 0.107 | 0.055
7 022 892 102 007 193 503 706 495 725 603 085 215
ECC | 0.192 | 0.026 | 0.011 | 0.006 | 0.005 | 0.003 | 0.002 | 0.022 | 0.132 | 0.101 | 0.107 | 0.061
8 132 165 179 485 948 821 975 326 419 94 085 35
ECC | 0.192 | 0.013 | 0.011 | 0.007 | 0.005 | 0.003 | 0.003 | 0.003 | 0.018 | 0.107 | 0.102 | 0.042
9 132 115 393 844 144 821 737 234 917 603 217 945
ECC | 0.192 | 0.013 | 0.013 | 0.005 | 0.006 | 0.003 | 0.004 | 0.003 | 0.003 | 0.016 | 0.102 | 0.073
10 132 115 102 705 151 057 162 721 003 99 217 62
ECC | 0.032 | 0.016 | 0.013 | 0.006 | 0.005 | 0.006 | 0.003 | 0.003 | 0.002 | 0.002 | 0.014 | 0.128
11 022 525 102 791 791 751 737 246 803 548 602 834
ECC | 0.028 | 0.016 | 0.013 | 0.008 | 0.024 | 0.004 | 0.008 | 0.007 | 0.010 | 0.006 | 0.002 | 0.018
12 464 525 458 149 549 891 569 442 509 371 163 405
ECC10 s of citeria
ooy - ———— Wk
ECcss m—m—m——
ECC1 0.221719974
0 0.05 0.1 0.15 0.2 0.25
ECC1 | ECC2 | ECC3 | ECC4 | ECC5 | ECC6 | ECC7 | ECC8 | ECC9 ECOC1 EC1C1 EC2C1
[ Weights of criteria| 0.222 | 0.159 | 0.125 | 0.119 | 0.076 | 0.073 | 0.059 | 0.056 | 0.043 | 0.036 | 0.02 | 0.012
[ Weights of criteria
Figure 2: The weights of the criteria
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5.

Conclusion

To reach the goal of this essay, the authors conducted research with experts and used literature to
explore and contextualize the issues that EC faces as it matures and grows. A strategy diagram and
model for the maturity and growth of the EC were able to be drawn up in this framework, which
allowed for the consideration of these FPVs for the ECM.

FPVs and the interactions and influences over them for ECM are visually shown in this article,
which has theoretical consequences. According to the management model, each change made to
important points will affect other places in the chain of command. The FPVs of mobility and
sustainability drive the growth of power systems to cloud-based solutions, whereas isolated points
have a limited influence on the dynamics of EC. As a result, the AHP technique was able to describe
these FPVs, giving fundamental subsidies for the construction of an ECM model relevant to firms in
the EU.
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