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Abstract

Traditional and sustainable forms of energy are examined from a variety of angles, including
economics, technology, society, ecology, politics, and flexibility, to ensure that Vietnam’s energy
industry continues to expand sustainably. These sources have been evaluated and assessed using an
extended spherical fuzzy MCDM method. Thermal, gas, nuclear, solar, wind, biomass, and hydro
energy alternatives are employed in the decision-making model. The weights of evaluation criteria
are determined using the spherical fuzzy AHP model, and renewable power choices are prioritized
using the WPM model. We used six main criteria, twenty-six sub-criteria, and seven alternatives. In
Vietnam, solar power was found to be the most suitable, followed by wind and hydropower,
followed by hydro, followed by Biomass. The worst alternative is thermal. After that, fourteen
situations were built, taking into consideration the first five renewable technologies (solar, wind,
hydro, biomass, and gas power), in assessing the ideal energy mix scenario for the slow gestation of
Vietnam's energy sector. Solar, wind, and hydro energy growth in a pass shipping scenario.

Keywords: Multi criteria decision making; Compromise solution; Renewable energy; Spherical
fuzzy; AHP; WPM; Mining method selection

1. Introduction

The importance of sustainable growth for the well-being of the community and the country has
grown. Defined sustainable development as growth that serves the requirements of the current era
without affecting the capabilities of a better future [1]-[4]. Energy is an important component of any
government's long-term peace and growth in the contemporary age. Growth and development,
population expansion, and remarkable wealth creation have led to an increase in energy usage in the
country during the previous several years.

A record of 809.2 million tonnes per annum was produced in 2018 [5]. In terms of electricity
production, coal accounts for 55%, petroleum products for 29%, fossil fuel for 6%, nuclear energy
for 2%, hydro for 4%, and energy production for 4%.

The mean production between 1997 and 2018 was 6.51 percent, whereas the energy usage rate was
6.53 percent [6]. The nation's industrial growth is heavily reliant on its energy usage [7].

India is always dealing with a lack of energy, both in the form of foundation power and maximum
electricity. The year 2014-15 had a 5% foundation energy shortage and a 2% highest power
shortfall. Energy shortages in the nation hampered the country's industrial and agricultural

DOT: https://doi.org/10.54216/J1S10T.060105 59
Received: January 15, 2022 Accepted: March 08, 2022



https://doi.org/10.54216/JISIoT.060105

Journal of Intellisent Systems and Internet of Things (JISIoT) Vol 06, No. 01, PP. 59-74, 2022

expansion [8]. India relies heavily on fossil fuels for its energy production, with a 70% stake in the
whole annual production of India [9]. The Indian economy is burdened by the importation of these
fossil fuels from nations like South Africa, Indonesia, and, Australia [10]. Fossil fuel consumption
exacerbates the already-serious issue of global warming-causing greenhouse gas emissions. After
China and the United States, Hinduism is the third source of greenhouse gas emissions [6], [11].

A broad energy plan and an increase in renewable and sustainable sources of energy are necessary
for the nation. It's important to find an answer that is expensive, efficient, dependable, less
hazardous to nature and human health has little waste and is long-term[12]-[14]. Multiple
competing criteria make it difficult to identify and pick the most acceptable renewable power
source. Economic, environmental, and social aspects of sustainability were highlighted during the
United Nations World Summit in 2002[15]. When making decisions in the previous decade,
different factors including organizational and technological ones have been considered [16], [17]. So
in this research, numerous aspects, such as economic and social as well as economic and legal are
taken into account while evaluating both based on renewable sources of electricity. Multi-criteria
decision-making (MCDM) has been implemented using integrated spherical fuzzy MCDM methods.

The main goal of the paper:

. Analyze potential power sources for India's future growth.
Il. To compare and validate the results using a variety of combined MCDM methodologies.
I1. To determine the best possible fuel mix for India's long-term growth.

The spherical fuzzy AHP technique integrated with WPM is used to assess sustainable energy
sources.

Here are the sections of the paper: The structure and prospects of the Indian energy sector are
discussed in Section 2. A decision model including objectives, criteria, sub-criteria, and options is
discussed in Section 3. Section 4 proposed the application and results. Section 5 provides the
conclusion of the paper.

2. Structure of energy

India’s electricity industry relies heavily on thermal electrical grids. India's installed nuclear power
capacity is 60 percent of the country's total installed capacity, making it a significant power source.
Fuel is burned in a thermal power plant to produce heat or energy, which may then be used.
Chemical generating units use a variety of fuels including coal, gas, and oil to generate electricity.
There is still no substitute for coal as the primary source of energy in Indian thermal power stations.
There are 205324 MW in total capacity, which is 55.39 percent of the total generation capacity. As a
reliable, low-cost, and generally available fuel source, coal is often employed in thermal power
plants. It's no secret that India is one of the world's top two coal producers. At 716 MT in 2017,
India accounted for 9.3 percent of global coal output. Coal reserves in India are the world's fifth-
largest (98 billion tonnes)[18]. In common with other fossil fuels, coal also includes large levels of
carbon, sulfur, and nitrogen. Issues like acid rain and climate change will be exacerbated.

Natural gas is a highly efficient, environmentally friendly, and cost-effective energy source. Using
natural gas as a fuel, oil and gas make energy. Natural gas reserves in India are expected to reach
1227.23 trillion cubic meters by 2016, according to current estimates. Eastern undersea had 36.79
percent of the world's natural gas resources, while western offshore held 23.95 percent [19]. With
reduced gestation time and higher thermodynamic performance, natural gas-fired power plants are
more efficient than other types of plants. It can also ratchet up and drop down quickly, allowing it to
assist meet peak demand. High thermodynamic efficiency is a hallmark of modern gas and steam
power plants. Hydrogen, hydrosulfide, oxygen, and heavier alkanes are all present in natural gas.
This means that when natural gas is burned, there is a significant release of carbon dioxide, nitrous
oxide, and hydrogen sulfide[20].

This alternative energy is derived from the sun's rays and may be used again and over. With the help
of a solar water heating system or photovoltaic solar cells, the sun's rays may be transformed into
usable energy. Latitude and longitude as well as seasons, height, moisture content, and weather
reports all affect how much solar energy is absorbed by the Ground atmosphere [21]. India is
fortunate in that it is situated between both the Tropic of Cancer and the Equator. As a result, India
gets between 1200 and 2300 kWh/m2/year of global solar radiation [22]. Renewable power potential
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in India is the biggest in the world, with an estimated 750 GW[23]. The Jammu & Kashmir state has
an accessible power capacity of 111 GW, whereas Rajasthan has 142 GW of solar energy
potential[24].

The Jawaharlal Nehru National Sun Mission [JNNSM] involves boosting solar energy production.
As part of the Part Of Climate Change (NAPCC), the Indian National Solar Mission (JNNSM)
launched solar energy generation in 2010. There's an ambitious 20 GW map solar power objective,
and 2 GW off the grid, which includes 20 million solar artificial lighting until 2022, under the
JNNSM[25]. However, arsenic and arsenic are used in the manufacturing of a photovoltaic array,
which is regarded to be one of the most environmentally friendly methods of generating
electricity[26].

Wind power is very well technologically, as well as the most environmentally friendly and
economically viable. Because of this, it is considered fossil fuels. Wonky warming on the Planet's
surface causes airflow. Wind turbines are used to convert the energy of moving air into renewable
electricity. Offshore wind potential in India was assessed in 2012 at 49.13 gigawatts (GW) by the
Central Institute of Offshore Wind (NIWE). IWTMA and WISE, the Indian Wind Farm
Manufacturing Organization, and the World Institute for Renewable Energy, respectively, but the
wind energy potential is at 65-70 GW. According to recent research, India has the potential to
generate 213.44 GW of potential offshore wind in a territory that is very appropriate (Rank 1) [29].
However, another recent research evaluated the overall wind power potential by area, such as the
eastern region 155 GW, the west 914 GW, the northern region 397 GW, the southern region 1265
GW, and the north-eastern region 8 GW. Currently, India ranks sixth in the world when it comes to
installed wind energy capacity. Wind energy production. Seven hundred and forty-four specialized
wind control points have been erected at various altitudes of 20 m to 120 m to determine the wind
potential. Until 2022, the Indian government has set an ambitious goal of installing 175 GW of
renewable energy capacity. A total of 100 GW of solar energy, 60 GW of wind energy, 10 GW of
hydroelectricity, and 5 GW of biomass power will be required to meet this goal. Wind turbines emit
noise pollution as an environmental consequence. Noise levels of 50-60 decibels (dB) are generated
by one wind farm at a distance of 40 meters [27]-[31].

A hydroelectric power plant utilizes the energy of flowing water to produce electricity. When India's
first hydroelectric power station, in Darjeeling, was put into service in 1879, it had a 130-kW
capacity. An estimated 84044 MW of hydroelectric power potential is available in India with a 60%
plant load factor. Hydroelectric power facilities in India are being developed by public sector
institutions. Water-based power generation has the benefit of being fast to respond to spikes in
demand, easy to start/stop, and able to store energy for daily, seasonal, and peak load demands.
There was a long gestation time for hydroelectric power installations, which necessitated large
capital expenditures. Hydraulic power plants produce less CO2 and other greenhouse gases, as well
as fewer NOx and SOx emissions than other types of power plants. Social and environmental
systems are disrupted as a result of changes in agricultural and irrigation patterns, the purchase of
land for rehabilitation, and the resettlement of people.

There are abundant biomass supplies in the production of food waste, animal dung, and organic
components present in urban and industrial garbage that may be used to produce biofuels. You may
use a variety of different methods to turn biomass into a source of energy that is useful. Agricultural
wastes (17538 megawatts), bagasse cogeneration (5000 megawatts), (and 2556 megawatts) all
contribute to India's enormous biomass power potential. Biomass energy produces greenhouse gases
and a small quantity of NOx and SOx, which have a detrimental environmental impact.

The energy generated when an organism's nucleus is divided or merged is known as nuclear energy.
Thermal, renewable, and hydroelectric power are India's top three energy sources, with nuclear
power coming in at number four. There are 6780 MW of nuclear power plants in operation today,
which accounts for around 2% of the total installed capacity. An increase in installed capacity of
5300 MW is planned. Nuclear power facilities in India are built, operated, and maintained by a
government-owned company. Controversial: Nuclear power generates a lot of heat. Radioactive
waste from nuclear power is a major worry for many organizations, citizens, environmentalists, and
socialists. Nuclear power is not widely accepted in India because the public mistrusts nuclear power
and the dangers of its toxic fuel.
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3. Spherical Fuzzy AHP % WPM Methods

Because it fails to account for human judgments' inherent ambiguity, the stochastic AHP technique
has come under fire [32]. SFS, a unique variation of AHP, was employed in this work to address the
limitations of AHP, namely, the inability to capture the indeterminacy of information, which is one
of the main drawbacks of this methodology. When applied to wider domains, SFS's definition of a
membership value on a spherical surface allows the coefficients of the function to be assigned
separately for different forms of uncertainty [33], [34]. Between zero and one may be found in SFS's
squared sum of participation, non-membership, and hesitation. In addition, each one may be
projected to a domain individually to ensure that their squared total is no more than 1. SFSs are
discussed in the next section. More information about SFSs may be found at [34]. Figure 1 shows
the proposed methodology.

[ Define the goal and objectives ]
¥ Analysis the results
Assessment of energy
sector Perform literature review
l i
» Collect criteria and sub criteria
T Optimal energy
Thermal Apply the steps of the AHP
Solar method
Wind ]
Hydro Compute the weights of criteria
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method Vietnam
Priories the sustainable energy
alternatives
Figure 1: The proposed framework of this paper.
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Step 1: Defining the deliverables for the perfection of airports is the first step in the process. A
comparison matrix is formed using the language variables in [35]

Step 2: Score index (SC) is then calculated using

SC = J|1oo X ((ezAS - ngS)z - (szs - 92,45)2)
1

J|100 % ((ezAS _ ngS)z _ (szs - ngs)Z)

Sc1=

Step 3: Aggregate the comparison matrix by the average method
Step 4: Test the consistency ratio to validate the opinions of experts
Step 5: Normalize the comparison matrix

Step 6: Calculate the weights of the criteria

Step 7: Compute the weights of sub-criteria

Step 8: Compute the global weights by multiplying the weights of local weights by the global
weights

Step 9: Rank the alternatives by the WPM method as

The weighted product technique is just as basic and straightforward as the WSM method. This sub-
power criterion of weights is calculated by calculating the performance value of the alternative sub-
criterion. The preferred score option may be calculated by multiplying the weighted normalized
values of every energy alternative. Those with a prominent “ rating will be offered a prominent
place in the results.

Step 9.1 Build the decision matrix by the opinions of experts
Step 9.2: Aggregate the opinions of experts

Step 9.3 Compute the value of the WPM method as
n

WPM _ | | w
Ai = xi]'

j=1
Where i = 1,2,3,n; (criteria) j = 1,2,3, m (alternatives)

Step 9.4 Rank alternatives by the highest value of AY*M
4. Findings based on data sets

The study's objectives are to:
l. examine Vietnam’s energy sources; and
. establish the country's ideal energy mixture situation for the country's environmental
sustainability. 'Results and Analysis' is thus divided into two parts to illustrate the two-fold
goals of this section, which are briefly explained below.

We used six main criteria and twenty-six criteria. The seven alternatives are used in this paper as
below:
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Economic

Technical

Political

Flexibility

Capital Cost/Investment Cost EESC1
Operation & Maintenance Cost EESC2

Payback period EESC3

Usefulfoperational Life EESCS

Fuel Cost EESCE

Availability of Funds/fincentives EESCT
Technology Maturity EESCE

Efficiency EESCS

Capacity Factor EESC10

Reliability EESC11

Deployment Time EESC12

Emvironmental Land requirement EESC13

Pollutant Emission EESC14
Impact on ecosystem EESCLS
Climate change EESC16
Political acceptance EESCLT

Foreign dependency EESCLE

Compatibility with national energy policy EESC19

Fuel reserve years EESC20
Sorial benefits EESC21
Job creation EESC22
Sorial acceptance EESC23

Impact on human health EESC24

In integration with another source EESCZ5

Biomass EEAL
Thermal EEAZ
Gas power EEA3
wind EEA4
Solar EEAS
Muclear EEAR

Hydro EEAT

In fulfilling the peak load dermand EESC26

Two parts make up this section: criterion weights derived from spherical fuzzy AHP, and the fuzzy
WPM technique used to rank alternatives. The first three experts evaluate the main and sub-criteria.
The comparison matrix by three experts between the main criteria in Tables 1-3. Then the
aggregated comparison matrix is in table 4. Then the normalized comparison matrix is in table 5.

Based on the spherical fuzzy AHP method, the economic and technical factors are the most
significant criterion, with a relative weight of 0.529272 and 0.19659 for each. In terms of
importance, the environment criteria come in third place, earning a preferred score of 0.1334. The
three least significant elements are: political, societal, and adaptability of the solution by 0.081524,
0.042818, and 0.016449. Figure 2. Show the weights of the main criteria.

Table 1: The comparison matrix value by the first expert
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Table 3: The comparison matrix value by the third expert
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Figure 2: The weights of the main criteria.

EESC,, EESC,, and EESC,;, are three of the most essential sub-criteria for sustainability evaluation,

as seen in Figure 3.
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The energy options are ranked using the spherical fuzzy WPM method, which uses weights based on
spherical fuzzy AHP. For each criterion, the energy alternatives are compared pairwise to get the
preference ratings for the various energy options. Tables 6-8 show the decision matrix evaluated by
the three experts. Table 9 shows the aggregated decision matrix. Table 10. Show the values of the
WPM method. Solar and wind are the highest ranks in this study and nuclear and thermal are the
lowest rank. Figure 4 shows the rank of alternatives.
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Table 6: The decision matrix by the first expert.
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Table 7: The decision matrix by the second expert.
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Figure 4: The rank of alternatives.
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6. Conclusion

Because of the country's rapid industrialization, urbanization, and rising population, its energy
demands are only going to rise. There will be a rise in environmental concerns as a result of an
increase in energy use. To address these problems, India needs to establish a varied energy policy
that includes more renewable energy sources. We set out to use MCDM and Shannon's entropy to
assess the most environmentally friendly energy sources.

Vietnam’s energy industry has been described in terms of its history, current state, and potential
future directions in this report. Both renewable and nonrenewable energy sources have advantages
and drawbacks that need to be considered. To evaluate both renewable and non-renewable energy
sources, this research takes into account both sustainable and non-renewable power sources

The weights of the various criteria and sub-criteria are calculated using the spherical fuzzy AHP
approach. Following environmental, technological, economic, cultural, and adaptable considerations
were found to be of secondary importance. After that, MCDM approaches are utilized to rank and
rate the options that have been studied. It was found that solar energy was the best option for
Vietnam, followed by wind and hydropower. Based on research, the study created fourteen mixed
energy scenarios that included the first five sustainable sources.
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