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Abstract: The growth of renewable energy actively takes part in decarbonizing the fossil-fuel-based
energy system. It reduces carbon emissions, carbon footprint, and greenhouse gas emissions and
increases clean energy. The usage of renewable resources reduces and solves several problems,
such as increasing temperature, carbon footprint, greenhouse gas emissions, and energy waste.
Every sector contributes to increasing the above-mentioned factors in the environment. One of the
main reasons for this biodegradation and climate change is energy resources. Using renewable
energy instead of fossil fuel can solve the problem. This paper aims to find open research problems
about the application of renewable energy and to initiate new innovative ideas regarding renewable
energy. A detailed state of the art includes trends for renewable energy resources, their theoretical
evolution, and practical implementations. Methodologies used for decision analysis in renewable
energy are discussed in detail. The time frame for this analysis of renewable energy is 2010 to >2022.
An extensive literature review finds a huge research scope in applying renewable energy in other
research, such as logistics, smart production management, and advanced inventory management.
Then, major changes in the profit/cost of that system due to renewable energy can be analyzed. This
research proposes some innovative new ideas related cost formulas for renewable energy for the
corresponding open problems.

Keywords: renewable energy; renewable energy resources; energy demand; environmental
protection; supply chain management

1. Introduction

Energy demand is increasing every year along with corresponding economic growth.
Or, it can be said that increasing economic growth increases the energy demand worldwide.
The economic growth and energy market demand are well-connected. The cumulative
annual growth is predicted to be 0.8% by 2030 and by 0.1% by 2050 [1]. The predicted
decreasing demand pattern of the traditional energy is because of the increasing use of
renewable energy (RE). The traditional energy is because of fossil fuel. The main difference
between fossils fuel energy and RE is the conversion of energy from one form to another due
to burning. For example, the conversion is from chemical energy to electric energy for coal
power plants, whereas heat engine converts chemical energy to mechanical energy. This
conversion of energy losses a mass balance, which will be saved for RE [2]. Of course, the
capturing and the storing RE requires several technological supports, and the technological
development supports these [3] energy conversions. The increasing demand for alternative
energy resources increases the research quotient in the field of RE.

Figure 1 shows the research trend for energy utilization in data centers. Research
contains state of arts, reviews, algorithms, data analyses, empirical studies, book chapters,
conference proceedings, and research encyclopedias. The graph goes straight up from
2019. 12% of the papers of total articles were published in 2022 (Figure 2a). These statistics
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show that energy sector is gaining attention. Thus, this study provides a state of art of the
changing pattern of research in RE.
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Figure 1. Research trend in energy demand for data centers (sciencedirect.com on 19 December 2022
at 2.30 p.m. KST).

More than 3.4 million (sciencedirect.com on 19.12.2022 at 2.30 pm KST) review articles
have been published from 2010 to >2023 and 507,786 in 2022, combining all research fields
(Figure 2b). As in Figure 2c, 56% of the total research articles is the review articles whereas
44% review article is published in the energy sector. This gives a clear idea about the
importance of the review articles in the energy sector. The research in the field of RE is
progressive. A lot of new directions are invented as sources of RE as wind energy from
vehicles [4], waste animal fat [5], and perennial grasses [6].

What if another research area uses RE for its energy resources for decarbonization?

Atrticles in 2022 12%

Total articles in energy 88%

(@) mTotal articles inenergy ~ mAtrticles in 2022 (b) = Total review articles Articles in 2022

(c) mReview articles in 2022  m Energy articles in 2022

Figure 2. Comparison of the number of papers between 2022 and 2010~>2022 (sciencedirect.com
on 19 December 2022 at 2.30 pm KST); (a) energy articles, (b) review articles, and (c) review versus
energy articles in 2022.

For example, blockchain technology (BT) is currently an growing sector in technology
under decentralized system like RE in energy. Blockchain contributes to securing trans-
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actions of data through the internet. These data can be any type, such as product-related
information, money transaction, or conversation. Saxena and Sarkar [7] proved the way of
using BT for a retailing industry in their management system to replenish products always.
They accessed this technology by using radio-frequency identification (RFID). The missing
link in the whole discussion of BT in the retail industry is that this BT consumes a lot of
energy as BT requires an internet server setting. Storage of a huge amount of data in the
server requires a lot of space and energy to keep it running whole day-night. Digital data
is increasing day by day due to increasing access to internet traffic [8]. A huge portion of
the energy market is from the digital industry. How do the theoretical model and product
flow change after using RE for this type of RFID technology or BT, or how does the use of
RT affect the system’s profit? Research is important in the retail industry or supply chain
management (SCM).

The above discussions explain a possible application of RE in other research sectors.
Blockchain is definitely not a research area of development of RE, but it is a research area
of application of RE. This study focuses on the application of RE. The purpose of this
study is to explain possibilities of RE applications in other research sectors as supply chain,
production, cross-docking, and logistics.

1.1. Necessity of the Study

The question is why it is now important to explore the applicability of RE in different
areas of research apart from the particular RE field. The answer is the agenda of sustainable
development goals (SDGs) is active and SDGs have a goal to achieve by 2030. SDGs have 17
goals, and the major goals are related to the environment [9]. Figure 3 provides the related
SDGs with RE, whereas SDGs 7, 11, 12, and 13 are directly associated with RE. It can be
described as clean energy (SDG 7) is the purpose, responsible consumption (SDG 12) is the
objective, climate action (SDG 13) is the necessity, and sustainable communities (SDG 11) is
the applicability of the RE. For the indirect relationship of RE with SDGs, climate change,
land and water pollution relatively affect life on land (SDG 15), life below water (SDG 14),
clean water sources (SDG 6), and develop a new renewable energy industry (SDG 9). These
continuously affect society, people, and their lifestyle (SDG 3). Thus, as an effect of the
contributions of RE in decarbonization and waste reduction, it helps to achieve other SDGs.

Renewable energy ‘

Directly related Indirectly related

Good health
and well-

being )SDG
3

Affordable

Clean water '\
and
sanitation

(SDG 6)

Responsible
consumption
and
production
(SDG 12)

Life below Sustainable

cities and
watelr 4()SLG communities
(SDG 11)

and clean
energy
(SDG 7)

Industry,
innovation,
and
infrastructur
e (SDG 9)

Climate
action (SDG
13)

Life on land
(SDG 15)

Figure 3. Renewable energy and related SDGs.
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When those many elements are interconnected, their effect on economic growth is
visible. The use of RE is comparatively new as an economic driver, but it positively affects
the economy, environment, and society. It is now important to explore how the active use
of RE in different sectors works out. Is it cost-effective for the industry to use, or does it put
a burden on the industry and causes inflation? The next section thus provides a research
gap based on a discussion.

1.2. Research Gap and Contributions of This Study

Studies should focus on research for the applicability of RE in SCM, manufacturing,
production, inventory management, cross-docking, and logistics. There is a big research
gap in the literature on RE.

¢ Studies about the effects of the application of energy exist for circular economy [10,11],
manufacturing industry [12], electric vehicle [13], and SCM [14]. However, they are
either review articles in that particular field or energy SCM [15]. Review articles
provide general discussions about the benefit of RE. Studies about RE discuss the
development model of RE, not the application model of RE. This study provides open
problems based on the application of RE. These open problems raise a few questions,
and researchers can solve these research problems to find meaningful insights.

¢ There is no doubt that RE is a promising sector for both academia [16,17] and industry
[18]. Industrial growth is not though the main topic of this review, but the review will
be incomplete without discussing industrial development for RE. For that, the rest of
the study examines a few important growths of RE for the industrial growth. However,
the application of RE for academic research is lacking. More application-based research
only can find shortcomings and difficulties of the RE application for management.
Then, problem-solving procedures can be developed to solve these shortcomings and
difficulties. Based on those findings, management can build their future agendas [19],
causes and effects [20], and a data-driven model for the RE application.

*  Few review articles are methodology-based, and few are algorithm-based [21]. Few
research articles are found for the transportation industry [22,23] and energy SCM
(ESCM) [15]. They formulated research models with the application of RE and opti-
mized decision variables in the presence of RE. This study provides some outlines of
formulas that describe the use of RE within a system.

The discussions imply that there should be more research focusing on the applicability
of using RE for other industries. This study provides the state of the art for RE from
2010 to the present. The symbol >2022 represents a continuation of the year 2022, not the
duration 2010-2022. For that reason, the statistics for the year 2023 comes in the graph.
Two of the research article search engines are Google Scholar and ScienceDirect. There
are 10,200,000 search results from Google Scholar and 392,356 results from ScienceDirect
[16,17] (accessed on 12th December 2022 at 7.45 pm KST). There are a lot of research papers
in RE. Section-wise structure of this study is given in the next section.

1.3. Structure of This Study

The rest of the study is designed as follows: Section 2 provides a literature review
on the current research trend of RE; Section 3 discusses a detailed analysis of different RE
resources, corresponding research, and application of RE; Section 4 provides the method-
ologies those used in the study for RE decision making; Section 5 gives a detail discussions
of findings and its managerial insights; Section 6 provides open problems for readers,
and Section 7 provides concluding remarks on this study. Finally, related references have
been listed.

A detail literature review on the current research trend of RE is given in the next section.

2. Literature Review

Intensive research tendency in a research field implies that the development in that
particular research field is important with respect to time. An increasing number of re-
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search papers on RE proves that RE is a necessary field of research to explore more for the
betterment of humankind. The reasons behind this intense research in RE are several and
though challenging, like (i) climate change, (ii) global warming, (iii) environmental degra-
dation, and (iv) resources crisis. These four are very much interconnected with each other.
Fossils fuel energy resources emit too much carbon into the environment, increasing the
earth’s average temperature. These two phenomena increase the greenhouse gases (GHG)
in the environment, which causes global warming. As a result, the climate is changing
slowly. The effects of climate change are vividly experienced in different parts of the world.
For example, exceptionally heavy ice clashed on the Alps while Greenland experienced
rain instead of snow in September [18]. The report [18] showed 2022 experienced the first
triple-dip cooling La Nifia of the 21st century and will continue until the first half of 2023.
La Nifia is a natural cooling effect that causes strong wind, rain, and storms.

Hence, the RE is important because it does not use fossil fuels and does not emit
carbon. This decarbonization has direct impacts on those four factors. That is why the
priority of RE is to reduce carbon and GHG emissions in the environment. The following
sections provide a clear idea about the RE research tendency. During COVID-19 crisis
duration, the traditional energy as oil’s price went to negative because of no use of oil
throughout the globe (Figure 4). This is the exceptional situation, which happened during
COVID-19 [24].

US oil prices turn negative
Price per barrel of WTI
$150

$125
$100
$75
$50
$25

$0

$-25
2000 2004 2008 2012 2016 2020

Figure 4. Energy price goes negative for zero demand of oil in 2020, during COVID-19 pandemic [24].

2.1. Theoretical Development in RE

A lot of theoretical development happens for RE [16]. Review, discussions, state-of-art,
and a few models on the core RE areas are found. Interesting mathematical modeling
on renewable ESCM was explained by Sarkar and Seo [15]. They considered an SCM
where the supplier supplied solid waste to the manufacturer. The manufacturer used CHP
(Conversion process by Heat and power Process) to convert wastes to RE. They found that
a large-scale energy plant had more development cost than other costs of the system, and a
cooperation policy between retailer-manufacturer was profitable. Both the supply chain
players in the ESCM had equal power distribution in the management process. However,
there is still a doubt on the capacity of RE that it cannot produce 100% energy of the demand
capacity or the power of RE cannot be enough to support a system independently. Then,
the next question is about renewable energy sources (RES) quality. Groissbock et al. [20]
worked on the quality of RES and found two scenarios. A too-high reverse margin increases
the system capacity, and a too-low reverse margin decreases the capacity so much that
it becomes unreliable. Mastrocinque et al. [21] surveyed through question-answer and
made a dataset for different countries. Based on the judgment, they formulated a priority-
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based mathematical function. Using a multicriteria decision method (MCDM), they ranked
sub-criteria for choosing an alternative energy resource.

Han and Kim [23] formulated a mathematical model to find the optimum total cost
of a multiobjective function. They used the triple bottom line (TBL) approach to making
sustainable energy consumption. However, research and statistics showed that RE is still
unable to meet the energy consumption demand. Ustinov and Shafhatov [25] provided a
combination of wave energy resources and off shore wind energy sources. According to
them, the shadow effect on joint operation increased the no-failure rate by 3%. A model
was explained by Bakeer et al. [26], which could increase the microgrid frequency. They
discussed an ultralocal model that could control the load frequency used for microgrids.

2.2. Methodological Development in RE

Villacreses et al. [27] proved by simulation that MCDMs were very efficient in locating
the place to implement RE with less disturbance of nature. Research on the combination of
two different types of REs is now getting attention currently. Ustinov and Shafhatov [25]
developed a methodology for combined wave and offshore wind energy and showed that
could be solved by “program complex of automated structural and logical modeling of
systems (PC Arbitr)”. They analyzed reliability factors for the combined RES. Another
study [28] used an adaptive simulated annealing particle swarm algorithm to minimize the
operations cost of hybrid wind-solar-hydrogen energy storage. They saved up to 28% of
the cost of the operation using their proposed algorithm.

Another methodology, named CORDEX-CORE Simulations, was used to analyze the
climate effect on RE (solar and wind) in West Africa. Ndiaye et al. [29] found that there
are relations between regional and global climate models. A regional model was affected
by three global models. They predicted that solar power will be decreased (—2% & —4%),
whereas wind energy power will be increased (20% & 40%) in future (Near future 2021-
2050; Far future 2071-2100). There is a big question for prediction models and empirical
studies about how much those models are reliable. Because those models are based on
data analysis, the reliability of those data sources is questionable. Michiorri et al. [30]
discussed the importance of using metadata as a source of data and formed the taxonomy.
The digitalization of RE is possible when metadata is incorporated perfectly.

2.3. Managerial Decision Making in RE

Tahri et al. [31] examined an interesting experiment on solar energy use in the bitumen
industry. They tested for both short- and long-term periods and found that solar energy
increased rheological performance until it was used for a long term, precisely more than
one month of the period. Another interesting decision-making analysis was about the
use of RE (wind and solar) in one of the world heritage sites, the Galdpagos Islands.
Potential analysis of Villacreses et al. [27] found that Baltra Island could be one of the
possibilities for installing solar energy. Increasing the use of RES increases byproducts as
well. Odzijewicz et al. [32] proposed a study discussing the utilization of the byproduct
fly-ash from biomass combustion. They provided decisions to check chemical properties
thoroughly and decided to use in which industry.

As there is a tendency that RE is expansive, for setup at least, the question is, can
small manufacturing enterprises (SME) use and survive by using RE? Can it be benefi-
cial for them? Zimon et al. [33] investigated these scenario during COVID-19 situation,
between 2019 and 2020. They found that conservative strategy as financial policy among
aggressive, moderate, and conservative strategies was selected by SMEs. This financial
policy selection was driven by the pandemic situation, as financial and operating cycles
were reduced remarkably during that period. This situation increased the liquidity in the
market along with inventory turnover. By any means, active participation and support of
the government play a major role in stabilizing the financial market and spreading RE.

Miskiewicz [34] explained the government'’s influence on achieving SDG 7, affordable
and clean energy. The contribution of participation and improvement of e-governance in
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RE growth was more than fourfold, which was massive. Whereas the industry participation
in RE had growth of two-fifth-fold and the trade participation in RE growth was too little,
one-tenth-fold. Interestingly, democracy, i.e., society contribution, was almost negligible
for SDG 7 goal. These analyses were made by data analysis using the taxonomy method
and regression analysis. Countries with more e-governance had more SDG 7 index.

3. Renewable Energy Resources and Their Usage

Many research articles study RE resources, their benefit, methodologies, and applica-
bility. The following renewable energy resources are discussed as

*  Solar energy

*  Wind energy

*  Bioenergy

¢ Hydraulic energy

*  Waste to energy and Hydrogen energy

Figure 5 shows that hydrogen energy is the most referred area of RE, followed by waste
to energy, solar energy, wind energy, hydraulic energy, and bioenergy. Data have been
accessed through ScienceDirect [16]. Table 1 provides contributions of different researches
on RE.

Number of papers in 2022

Solar energy

18%
= Solar energy
= Wind energy
Wind energy Hydraulic energy

Hydrogen energy
35%

13% = Bioenegy
= Waste to energy
= Hydrogen energy

Hydraulic energy
9%

Bioenegy
2%
Waste to energy

23%

Figure 5. Number of published papers in the field of solar, wind, bio, hydraulic, waste, and hydrogen
energy in 2022; accessed on 12 December 2022, 1.30 p.m. KST.

Statistics show that electricity demand increases by 3% during the first half of 2022
compare to 2021. The invasion of Russia in Ukraine in February 2022 had a big impact
on electricity growth worldwide. In the meantime, RE increases [35] by 416 terawatt
hours, which is more than the increased energy demand. Report [36] says that 70% of
this increased energy demand will be fulfilled by RE, led by solar and wind, followed
by hydropower. A senior electricity analyst Wiatros-Motyka [37] says [36] in a report
that “The growth in wind and solar in the first half of 2022 prevented a 4% increase in
fossil generation. This avoided $40 billion in fuel costs and 230 Mt CO, in emissions”. A
report from World Economic Forum [35] in October 2022 says, “New wind and solar met
92 percent of electricity demand in China, 81 percent in the U.S., and 23 percent in India”.
This statistic is based on data analysis from over 70 nations. The following sections discuss
the above RE resources. Each discussion is designed with a few basics of the corresponding
RE, their academic contributions, practical implementations, and limitations.
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Table 1. Contribution of different authors.
Renewable Energy Contribution
Articles Open Problems
Solar Wind Bio Hydraulic Waste Hydrogen Case Study Review Model Management Methodology

Koktiirk and Tokug [38] - Smart grid =~ — - — Turkey Turkey - Yes - Yes
Watson et al. [39] — Battery — — — Canada — - — - -
Al et al. [40] — — — Storage — — Wind turbines — Yes - Yes
Liu et al. [41] — — — Rail vehicles — — - Yes — - -
Yu et al. [42] — — — Excavator — — - Yes Yes Min-size test —
Yang et al. [43] - - - EHH system - - Power system — Yes - Yes
Yang et al. [44] — - — Electric vehicle — — - — Yes Yes Fuzzy Yes
Wei et al. [45] - — - Wind turbines — — - — Yes - Simulation —
Abaecherli et al. [46] — — — — Indust. waste — — — Mathematical Yes MILP —
Zhang et al. [47] — - - - — Policy Opt. China - - Yes - -
Mohammadi and McGowan [48] — - - - Brayton cycle — - - Yes - Yes -
Puttachai et al. [49] — — — — Bi-direc. caus. — Germany — - Yes - -
Lee et al. [50] - - - - Hybrid system — - Chem. conver. — Yes - Yes
Misganaw and Teffera [51] — — — — solid — Ethiopia Potential — — - Yes
Apak et al. [52] — - - - - Power plant Yes Yes - Yes - Yes
Le etal. [53] — — — — — Yes — — Yes — Yes —
Wei et al. [54] — — — — - Yes — — Yes — Yes —
Kumar et al. [55] State-of-art - — — - - India - — SWOT analysis Yes
Behar et al. [56] Copper mining — - - — - Yes — — - -
Xu et al. [57] Solar collector — — — - — - — - — Simulation -
Lobaccaro et al. [58] Urban planning — — - — Yes Yes — — - Yes
Kong et al. [59] — - Waste water — — - Recovery AnMBR - - —
Kong et al. [60] — — Waste water — — — Recovery AnMBR — — —
Afzal etal. [61] Energy device — - - — — Optimization — - Yes Yes
Masera et al. [62] Dairy industry  — - - - Europe - - - - -
Xiao et al. [63] Food industry — — - - — - - Experimental — - -
Gao et al. [64] — Intermittency — — — China Cost — Yes - -
Bahar et al. [65] — Analysis — — — - Tunisia — — - Yes
Govindan [66] — Barriers - - — - India - — MCDM Yes
Kong et al. [67] - - Waste water — - - Electricity - - - Yes
Jain and Tembhurkar [68] - - Fly ash - — - Waste water - - - Yes
Zou et al. [69] — — Food waste — — — Enz. pretre. — — — Yes
Lietal. [70] Nanotechnology — - - — — Energy storage — - - Yes
Chang et al. [71] - Anti-icing — - - - - O&Mcosts — - - Yes

SWOT—Strengths, weaknesses, opportunities, and threats; ME—Metaheuristic algorithms; MCDM—Multicriteria decision making; O & M—Operational and maintenance; AnMBR—
Anaerobic membrane bioreactor; Enz. pretre—Enzymatic pretreatment; EHH—Electrohydraulic hybrid; Indust.—Industrial; MILP—Mixed-integer linear programming; Bi-direc.
caus.—Bidirectional causality; Chem. conver.—Chemical conversion; Opt.—Optimization.
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3.1. Solar Energy

The use of solar energy is not new in mankind. It starts with a magnifying glass in the
7th century B.C., whereas NASA used the first photovoltaic-based spacecraft in 1964 [72].
The development is in the experimental stage anymore; rather, it meets energy demands in
daily life. In 2012, solar energy capacity was 100 GW, whereas the growth suppresses 1 TW
(1 TW =1000 GW) in 2022 [73]. This growth is almost doubled in the last three years, since
2018, and it is predicted to reach 2.3 TW by 2025 [74].

Number of papers for solar energy from 2010 t0>2022
60,000 54,692

50,000 46,645
41
40,000 . ‘g
34,911
31,118 32,533
30,000 24,937 26,522

21,967
19,007 | \

14015 15811
10,943 ‘

10,000 ‘ ‘ ‘ 6179

20,000

Number of papers

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Figure 6. Development of research in the field of solar energy (2010-2022). The dotted line represents
the moving average of the published paper. (>2022 represents continuing 2022).

Graph (Figure 6) shows that trends in research on solar energy increase over the
year. Until 2020, the moving average curve was flattened and steady. The graph got
a hike since 2021 in a different area of application. Abdelrazik et al. [75] discussed the
potential of adopting solar energy in Africa. They explained that Africa is a great source
of photovoltaic power from the sun but faces a lot of challenges for RE due to financial,
human, and technological resources. Hao et al. [76] analyzed the performance of solar
power systems for heating, cooling, and power storage system with a combination of
sunbeam splitting. Similarly, a thermochemical reactor used the biomimetic bone porous
structure (Shi et al. [77]) to improve solar energy conversion. They proved that this method
helped to maintain the flow between energy and energy flow within the reactor. That
process improved 2.17% solar energy storage efficiency and 8.97% methane conversion.

Mannepalli et al. [78] developed an article to store excess solar energy using a battery
energy storage system (BESS). They optimized the deployment of BESS with a multiobjec-
tive constraint optimization. Lei et al. [79] developed an interesting study that used solar
energy for recycling the water vapor evaporated from the coal power station. They found
solar energy increased the boiler’s thermal efficiency by 94.44% for the process of heating
the feedwater point. Balachandran and Swaminathan [80] provided insights on indoor
cooking by utilizing solar power. They claimed that a solar cooker with technical features
helps faster cooking by transferring quick solar energy. Abdullah-Al-Mahbub et al. [81]
proposed that solar energy can solve the electricity problems in the rural area of Bangladesh.
Solar energy is a dominant RE in Bangladesh, with 532.5 MW. There are plenty of studies,
particularly on solar energy and energy supply chain management (ESCM). Still, the ques-
tion is how the other research fields can use the concept of solar energy.

Not only in academic research, but development, in reality, is also more attractive.
China keeps the lead on using solar power and has become the largest solar energy market
in both thermal energy and photovoltaics. They use solar energy for satellite panels, heating
processes, and many others [82,83]. China has built its solar value chain with both huge
production and consumption. The top progressive counties in solar energy are China,
U.S,, Japan, India, Germany, Italy, U.K., France, Australia, and Pakistan. Japan has the
world’s largest solar park having a capacity of 63.2 GW, whereas as a developing country,
solar energy is used for heating and water purification [84]. Applications of solar energy,
in reality, are so interesting and tech-based. Maldives uses floating solar panels in resorts to
provide electricity for tourists. The Netherlands has an almost 70,000 km bike road covered
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with glasses (photovoltaic cells) to generate energy. U.S. uses solar energy-based carports
that can recharge parked cars [85].

Even less effective, but there are a few problems with using full-capacitor solar energy.
First is the gloomy weather. Less sunlight, winter, or rainy seasons presents difficulties for
a fully solar energy-operated facility. However, this is a temporary problem for countries
with high exposure to sunlight. An energy storage facility can solve this problem. Solar
energy can be stored in a storage facility like a battery. Countries with less sunlight can
use energy-sharing policies from other countries. Second is the space for the solar facility.
A solar setup is expensive and requires a certain space. Changing places is not a flexible
economic option for solar energy.

3.2. Wind Energy

The growth of wind energy is gradually increasing every year, and corresponding
research articles are growing as well (Figure 7). The history of using wind energy is very
old (maybe B.C.), but commercial use started around the 11th century. People began to
use windmills for food production in the Middle East. Around the 1800s, Dutch and U.S.
people used small wind turbines for farms and cattle ranches [86]. Wind power production
reached 31,000 MW around the 2000s [87]. Two types of wind energy are in progress:
one is land-based wind energy, and the other one is offshore wind energy. Land-based
wind energy projects are built on land. 99% of wind energy projects are based on private
lands [88]. In comparison, offshore wind energy projects are built in water (generally
seawater). It has fewer conflicts than onshore wind projects due to land issues.
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Figure 7. Research paper publication trends in wind energy (2010-2022). The dotted line represents
the moving average of the published paper.

Research finds several issues related to wind energy and provides tentative solutions
for those problems. Frantdl et al. [89] discussed land issues associated with increasing
wind energy. They compared the Czech Republic and Spain and found that most conflicts
happened because of local civic protest, resident-municipality opposition, and interfering
neighbor administration. Based on interviews and information, they suggested that more
power to municipalities can solve the land issue conflicts faster. Hu et al. [4] represented an
interesting study on convective wind energy from the multi-lane highway. They established
that the efficiency of wind energy capture devices (WECD) from the highway is 28.2% under
certain conditions. This wind energy was generated by vehicles. A case study from South
Korea (Lee et al. [90]) showed that general people support offshore wind projects more than
land-based projects. Based on the survey, they found that people’s willingness to pay (WTP)
per household ($3.1 per month) for the offshore project could be beneficial for $744.3 million
per year. The authors suggested that the government should improve the public connection
for more information about offshore wind projects, and projects should be built by paying
tax. Not only these, but also research studies of device development for low-speed wind
Younis et al. [91] and optimal wind energy distribution using reinforcement learning (RL)
are going on for wind energy. The distribution of wind energy networking was studied
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by Zhu et al. [92], and they proposed an RL for wind energy networking. Shortcomings
found in this present research are the lack of a combination of two or more research fields.
For example, how can an inventory management sector use wind energy to maximize their
profit, or if the inventory manager uses wind power, how much it costs for the system?

Wind energy is one of the fastest-growing renewable energy resources. It grows from
0.5 TW in 2000 to 27.4 TW in 2021 and estimates to install 353 MW capacity in 2022 for wind
energy [93,94]. Costs of offshore wind energy are incredibly higher than onshore firms,
but costs have been reduced over the years. Wind energy is mainly used for producing
electricity. China is the leading position for onshore wind energy production, followed by
the U.S. for offshore wind energy, Germany for onshore wind energy, India has a capacity
of almost 40,8000 MW, and Spain [95]. However, there are a few obstacles to wind energy.
One of them is the uncertainty of wind power, which divides wind energy into two parts
offshore and onshore. Offshore wind energy solves many shortcomings of wind energy,
like wind speed, on-site space problems, and aesthetic impact on people. Meanwhile,
the uncertain weather of the sea questions the safety of the offshore wind energy plant.
Increasing average temperature causes the increment of sea level, which is a big threat to
offshore wind energy plants.

3.3. Bioenergy

Bioenergy is one of the promising renewable energies [96], which is produced from
biomass (Figure 8). 55% of the total RE comes from bioenergy. Different kinds of bioen-
ergies are biofuel (first, second, third, and fourth generation), biodiesel, and biopower.
First-generation biofuel is made from edible biomass. However, it starts to affect the food
supply chain worldwide. Then the second-generation biofuel starts to make from nonedible
biomass. Still, it affects the wildlife food chain. The third-generation biofuel is made from
algae. The third-generation biofuel is more dense, low-cost, and highly energy-efficient.
However, it requires a high source of energy to generate lipids. Thus, the fourth-generation
biofuel, whose biomass is modified microalgae, comes into the picture. These algae are
highly efficient in absorbing CO; and enhance production fuel [97]. Papilo et al. [98] gave
a review in Indonesia, where palm oil was used for bioenergy. Liu et al. [99] discussed a
relation between ecological footprint and bioenergy and its effect on the economy. They re-
viewed the connection using the quantile-on-quantile methodology. Liu et al. [6] explained
a prediction on the climate change effect on bioenergy, where the biomass was perennial
grass. Few studies are found in bioenergy literature, which is used in other sectors as well.
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Figure 8. Development of research in bioenergy (2010-2022). The dotted line represents the moving
average of the published paper.

The government’s support for the growth of RE is inevitable. The potential of govern-
ment policies was discussed by Wang et al. [100] for bioenergy development. Vu et al. [101]
discussed biofuel exploitation from Euphorbia plants. That study was conducted in Viet-
nam as those plants are available in Vietnam more in quantity. Sathre and Gustavsson [102]
analyzed the life cycle of heavy trucks for emissions from different RE sources. They found
that a combination of carbon capture with bioelectricity has negative carbon emissions.
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In one study of the biodiesel supply chain, a waste animal fat-based biodiesel supply chain
was illustrated by Bhuniya et al. [103] under an uncertain environment. Singh et al. [104]
found process to reduce e-waste (end-of-life products) from a production system through
reverse logistics. Mridha et al. [105] explained a system failure situation for a multibioen-
ergy supply chain, whereas they discussed the improvement procedure of impure biofuel
within a biofuel supply chain in another study [106]. As advertisement policy is a good
opportunity to reach customers, a study by Singh et al. [107] discussed the policy under
transportation disruption for a biodiesel supply chain network.

Sweden has their forest as their resource for bioenergy, as 69% of the land area is forest.
The country uses bioenergy for heating for both private and commercial purposes [94].
Biokerosene is used for biojet for air travel, starting from 2021, and is projected to increase
biojet fuel demand up to 7% by 2030. The maximum use of biomass is in the traditional
section, that, in rural areas, where biomass is used instead of biogas. These are used
for household cooking. The next most active sector for biomass consumption is indus-
try, followed by electricity, heat, building, and agriculture [108]. Industries, which have
combustion engines, use more bioenergy than vehicles. Instead, vehicles rely on batteries
and electric motors. This is because bioenergy does not have as much capacity as fossil
fuel. Moreover, first- and second-generation biofuels are not much ecofriendly due to
biomass. Those biomasses have a direct effect on the food supply chain and biodiversity.
This problem is solved partially by third- and fourth-generation biofuels.

3.4. Hydraulic Energy

Hydraulic energy is a RE where the force of water is used to make the energy. It is
mostly used to produce electric energy from the kinetic energy of water. Figure 9 shows
the research paper publication for hydraulic energy. The graph is increasing, but it is
steady growth. The Spread of RE usage depends on the activity of people as well. Available
information about RE in a public forum is important for that. Detailed available information
will make society understand the benefit of RE over traditional fuels. This aspect was
discussed by Meirinhos et al. [109] for the city of Angolan, Central Africa. The city was
excessively dependent on oil and caused too much emissions. That study found that
hydraulic and biofuel are the two most promising RE. The tidal force is another significant
resource of hydraulic energy. Yin et al. [110] designed a turbine Heo that could increase
the tidal energy conversion. Their case study analysis using linear matrix inequality (LMI)
showed that the energy efficiency of the proposed turbine was up to 40%.
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Figure 9. Development of research in the field of hydraulic energy (2010-2022). The dotted line
represents the moving average of the published paper.

Hocevar et al. [111] explained a long history of hydropower in Slovenia. Slovenia
successfully maintained underwater life priority amid the hydroelectric power in the Sava
river. That study predicted a need for hydro energy storage by 2027 due to the high demand
for energy by 2030. Hydropower is generated from hydraulic turbines, which implies the
quality of the turbine and its capacity affect the energy production. However, hydro energy
production depends on the quality of the turbines. Caricimi et al. [112] explained sixteen
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factors related to a turbine for consideration when selecting turbines. These qualities
consisted performance of the turbine, equipment costs, and generator costs. They used
AHP and fuzzy algorithms to determine turbines to support small companies. Safety issue
for the hydraulic power plant was studied by Biitiiner et al. [113]. They used machine
learning to predict safety and predicted 96.45% success with a standard deviation <1%.

Alot of counties use hydraulic energy for generating energy. Sweden is the first among
them who uses hydropower for generating electricity. Sweden establishes a support system
“Electricity Certificate System” for electricity production. That support system ensures that
the energy sources must come from renewable resources like air, tide, geothermal, etc. 43%
electricity comes from hydraulic energy [94]. Chi et al. [114] proposed a novel approach
of using rooftop rainwater for indoor air ventilation. They claimed that the ventilation
device could have 46% energy saving potential of the corresponding building. Another
work was proposed by Iyer et al. [115] that described the use of hydraulic power for room
heating purposes. They showed that the mass balance loss could be saved for the direct
conversion of wind energy to heat energy. They verified that this medium will be fruitful
for windy places and could replace electricity issues. Hydraulic energy plant situates near
reservoirs, which is generally not near to locality. As natural water sources are not suitable
for producing energy, artificial water reservoirs are mandatory for hydraulic energy plants
to store a huge amount of water. The number of efficient reservoirs is less, and building
these reservoirs is expensive. Moreover, this whole process affects the water life, especially
fish mitigation. A big threat to the hydraulic energy plant is drought. Intense climate
change causes less rainfall and increases drought situations in several countries. 2022 hits a
record high for extreme temperature, lower rainfall, and highest heat waves. This situation
affects the water level of reservoirs and other local water resources.

3.5. Waste to Energy and Hydrogen Energy

Waste to energy conversion reduces waste as well as produces energy. Without increasing
waste and pollution, waste is used as a promising RE source. There are a lot of different types
of waste as food waste, solid waste, municipal waste, and organic waste [116]. Conversion
equivalency between waste and fossil fuel sources can be represented as: 1 t 0il o~ 4 t wastes
and 1 t coal ~ 2 t wastes [117]. Waste to energy conversion has a huge impact on waste
management as well as a circular economy. The reason for the impact on circular economy is
that the circular economy transfers waste to a new product and waste to energy does the same
by converting waste mass balance to energy. Generally, heat or/and electricity are produced
from wastes. Figure 10 shows a steady graph for the research in the area of waste to energy.
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Figure 10. Development of research in waste to energy (2010-2022). The dotted line represents the
moving average of the published paper.

Misganaw et al. [51] explained a waste to energy scenario from Ethiopia. The country
has a huge difference between energy demand and energy production. Waste was detected
as a suitable RE resource for Ethiopia, and mass burning had a huge effect. They proved
that municipal waste mass burning with recycling facilities produced less energy than
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just mass burning; the difference is almost 6%. That implied that if recyclable wastes
were discarded from waste and used for energy production, that produced nearly 6% less
energy than consideration of all waste as energy sources. Caferra et al. [118] surveyed
public opinion on the waste to energy program, their participation in this program, and a
few other questions. They found that waste to energy plants could be a good substitute
for land-filling and burning wastes. However, still, there was a lack of infrastructure,
technology, and a well-designed waste management policy. Yadav et al. [119] discussed
waste reduction from byproducts of a production system. Their pollution reduction policy
reduced 25.5% more pollution than other policies.

Biowaste (biomass) has a huge influence on the circular economy. A study found
that [120] artificial neural network (ANN) provided higher heating value (HHV) from
biomass. The application of wind energy is not as vast as solar energy. Studies showed that
the location of waste in energy plants is an important factor to consider. Silva et al. [121]
explained the most influencing factors as social, legal, environmental, and transportation
facility. Local factors, locality (rural or urban) and intention of people of that area had too
much influence. Any legal problems for land use and authority issues with local people
were other big problems for an energy plant. The facility of water supply and transportation
were two other factors in choosing a location for waste to energy plants. There is more than
2179 number of waste to energy plant throughout the globe. In Sweden, only 1% of the
total waste are used for landfill, 47% of the total waste is used for recycling, and the rest,
52%, waste are used for producing energy. The country uses this waste for energy for home
heating purposes, whereas the U.K. only recycles 44% of the total waste [122]. In contrast,
the main drawback of waste to energy is a proper separation method of mixed waste,
especially municipal waste. Municipal waste is one of the sources of waste raw materials
for waste to energy plants. The incineration of these wastes causes huge carbon emissions
in comparison with the relative energy produced from that corresponding incineration.
This incineration process, sometimes called a “mass burn,” destroys recoverable resources.
Another new trend is going on for international waste trade. Developed countries send
their waste to developing countries.
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Figure 11. Development of research in the field of hydrogen energy (2010-2022). The dotted line
represents the moving average of the published paper.

Hydrogen energy is the most-researched RE in the literature of RE. Figure 11 shows
an increasing graph of hydrogen energy, and this growth becomes higher after 2019.
Government subsidy [47] is the secure option for money flow to avoid loss. They suggested
a few criteria to optimize a policy, like product quality increase and execution of hustle-free
transportation. But the extraction of hydrogen is a costly process. This makes hydrogen
energy expensive and requires a huge amount of investment. Besides, hydrogen is volatile
in nature. It is both light in weight and inflammable. Hydrogen can be stored in liquid form.
Thus, the hydrogen storage process is more complex than any fossil fuel. The transport of
hydrogen energy is difficult due to the complex storage regulations and procedures.
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Analyzing methodologies in detail is not the objective of this study. However, method-
ologies are the backbone of any research. This study explores the most used methodologies
for RE. The next section gives a glimpse of the review.

4. Most Used Methodologies in Renewable Energy

Some methodologies support RE decision-making easily. Table 2 gives a glimpse of
how articles used a different methodology. Irsyad et al. [123] gave an extensive review of
research methodologies like Bottom-up energy modeling (BEM), System thinking approach
(STA), Decision support analysis (DSA), and Life cycle thinking (LCT). Kim et al. [124]
provided a detailed review of various methodologies such as Multiobjective program-
ming (MOP), Multiattribute utility theory (MAUT), Analytical hierarchy process (AHP),
Hierarchical decision model (HDM), Preference ranking organization method For enrich-
ment evaluation (PROMETHEE), Elimination and choice translating reality (ELECTRE),
and Decision support systems (DSS). Zig-Bee technology (ZBT), AHP, Monte Carlo method
(MCM), Grey fuzzy integer programming (GFIP), Hybrid optimization by genetic algo-
rithms (HOGA), Artificial neural network (ANN), Analytical neural process (ANP), Genetic
algorithms (GA), Game theory approach, and Data envelopment analysis (DEA). Multicrite-
ria decision analysis (MCDA) is the most famous methodology among all Wang et al. [125].
Different MCDA methods are used based on the criteria of the model.

Table 2. Articles used following methodologies frequently for analyzing RE and its corresponding.

Articles Methodologies

Irsyad et al. [123] BEM, STA, DSA, LCT

Kim et al. [124] MoOP, MAUT, AHP, HDM, PROMETHEE, ELECTRE, DSS

Wang et al. [125] MCDA

Pan and Wang [126] Decision making, Clustering approach

Bhowmik et al. [127] ZBT, AHP, MCM, GFIP, HOGA, ANN, ANP, GA, DEA,
Game theory approach

Mardani et al. [128] AHP, F-AHP, ANP, VIKOR, TOPSIS, F-TOPSIS, PROMETHEE

Kumar et al. [129] AHP, VIKOR, TOPSIS, PROMETHEE, MAUT, ELECTRE

Troldborg et al. [130] PROMETHEE

Ilbahar et al. [131] MCDA, AHP, Fuzzy

Arce et al. [132] Grey-based MCDA

Terrados et al. [133] Delphi method, SWOT analysis

Strantzali and Aravossis [134] LCA, CBA, MCDA

Wu et al. [135] Data-driven interval approach

Dincer and Yuksel [136] DEMATEL, TOPSIS

Ezbakhe and Perez-Foguet [137] ELECTRE III

Wu et al. [138] CPT

Mardani et al. [128] discussed five types of methodologies as techniques for or-
der of preference by similarity to ideal solution (TOPSIS) & Fuzzy-TOPSIS (F-TOPSIS),
ANP, VlseKriterijuska Optimizacija I Komoromisno Resenje (VIKOR), AHP & F-AHP,
and PROMETHEE. Strantzali and Aravossis [134] analyzed different decision support
methods such as LCA, cost-benefit analysis (CBA), and MCDA. Bortoluzzi et al. [139]
discussed a bibliometric analysis for the use of MCDA for RE models. Pan and Wang [126]
showed from a case study in China that type-2 fuzzy sets were used for decision making.
Wu et al. [135] used a data-driven interval approach using type-e fuzzy number for decision
making for RE, whereas Dincer and Yuksel [136] hybrid methods such as DEMATEL and
TOPSIS. Ezbakhe and Perez-Foguet [137] used an outranking method ELECTRE III and
Wu et al. [138] used a distance-based method called Cumulative Prospect Theory (CPT).

Table 3 gives a gist of used methodologies for RE decision-making from 2010 to >2022.
It shows that cost-benefit analysis, CBA, is the widely used decision-making method,
followed by a decision support system and multiobjective optimization. After reviewing
research and research trends in RE, detailed discussions on the review and insights from
them are analyzed in the next section.
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Table 3. Number of papers based on a particular type of methodology (2010 to >2022) (accessed on
15 December 2022).

Methodology Total Articles Articles in 2022
PROMETHEE 601 121
ELECTRE 1052 192
Game theory 6639 1393
AHP 3486 662
ANN 7978 1927
DEA 2004 367
MOP 31,538 5917
DSSs 65,411 11,028
FIP 3414 657
GA 7926 1618
DEA 4804 916
MCDA 20,103 3793
VIKOR 1051 278
CBA 115,983 22,062

5. Discussions and Managerial Insights

The discussions of this review are multidimensional. The motivation of this research
is to analyze research and data from 2010 to 2022 to show the growth of RE. It is observed
from the literature survey that the growth has been steady since 2010, but it started to
take a hike in 2020. This is the time when the COVID-19 pandemic happens. This is one
of the findings of this study. Discussions analyze different perspectives after the long
review process and provide associative insights from that perspective. These insights will
be helpful for managerial decisions.

5.1. Applicability of RE in Other Industries

This review finds that there is a lot of opportunities to research about the application
of RE in other cross-research areas. The analysis of the entire review on RE found 4-5
research articles, which tried to use RE in different sectors. Those articles formulate an
explicit model to show the product in the presence of RE, and find optimum results of the
model. It is not worth saying that there are no research articles that do not try to collaborate
RE with other sectors. However, the maximum of that is either review or provide a single
expression (for example, speed of turbine or consumption rate of RE), which is particularly
related to the RE. Thus, there is a wider scope for empirical research and experimental
studies as well. The application of RE and the corresponding research model formulation
does not exist in the literature. That is the main finding of this review on the application of
RE, and this study finds it as a significant research gap in the field of RE.

This research gap can be fulfilled by doing more research on the compatibility of RE
in other industries will come out successfully and fruitfully. As the use of RE is so new
in the industry, there is a big risk in adopting the policy as a managerial decision. There
will always be a high risk of failure in the industry, and a huge loss is associated with it.
The academic sector is reliable and beneficial for experimental research and can provide
numerically experimental results with concrete theoretical proof. An interdisciplinary
research for the compatibility of RE is important for the economic growth of RE, which
is still questionable. It is proved that the solar energy cost is cheaper than the traditional
energy only for few industries, whereas RE costs are still high for other industries than the
basic traditional energy.

5.2. Availability of Renewable Energy Resources

This section discusses how the availability of energy resources affects the production
of RE and what happens when the imported energy sources stop supplying. Analysis and
insights are given for further improvements of shortcomings of RE production and usage.
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The availability of RE resources greatly impacts the production and consumption of
RE. Total of 11 counties are leading for the RE system. They are Sweden, Costa Rica, Scot-
land, Iceland, Germany, Uruguay, Denmark, China, Morocco, New Zealand, and Norway,
respectively [140].

* A lot of energy is used in Sweden than other countries, but still, they have low-
key emissions due to RE. Sweden uses their natural resources as hydropower (for
electricity) and bioenergy (for heating) [94]. Other available resources are nuclear and
wind power.

*  98% of its total energy is produced in Costa Rica from renewable resources, and avail-
able resources are hydro, geothermal, wind, solar, and biomass [140]. They produce
more the 98% of the total demand in just the first six months of 2022. Among them,
70.08% is from hydraulic energy, followed by 14.18% from geothermal energy, 13.46%
from Bioenergy, 1.42% from thermal energy, and 0.86% is from solar energy [141].

*  REresources as wind, tidal, hydraulic, and solar energy are used in Scotland. By 2045,
they will have a target of net-zero emissions. They produce almost 1.9 TW in the first
half of 2022, which is more, almost 30% more than the first half of 2021 [142].

¢  The geothermal energy and hydropower are two strong sources of RE in Iceland. They
produce almost 100% of the total electricity and heat from RE. 9 out of 10 houses
use geothermal energy for heating purposes. They play a key role in the energy and
sustainability sector and aim to meet carbon neutrality by 2040 [143].

*  46% of the total energy from renewable energy resources such as solar and wind
power is produced in Germany. Still, they are lacking to reach their target of 80% of
the total consumption in 2030 [144]. Uruguay generates 98% of its electricity from RE
resources such as hydro, supported by solar, wind, and bioenergy. They have reached
this label since 2005. Among them, 31% is from both hydro and wind energy, followed
by fossils (24%), biomass (9%), and solar (5%) [145].

¢ Denmark uses wind and solar power as resources of RE. 43% of its total electricity
consumption is generated by wind energy. China is taking the lead for wind and solar
energy, whereas they are the most emitter all around the globe. China is one of the
global investors for RE [140].

*  Russia-Ukraine war in 2022 pushes other countries to increase the capacity of RE
on their own. This situation occurs as Russia, one of the capacitors of RE, stopped
providing natural gas resources to three counties Finland, Poland, and Bulgaria.
Europe takes the lead for the increment of this green energy capacity [146].

Discussions show that a strong hold on renewable resources can give a long time
benefit. Energy share can support any other unwanted situations, which will help not to
go back to the initial stage of fossil fuels. Sharing of RE can help other nations, unable
or unwilling to install setups for RE. Researchers [147,148] discussed renewable power
share where [148] found that energy share could reduce buyer’s energy cost by 46.2% and
increase profit by 62.5%.

5.3. Contributions in Sustainability

RE contributes to sustainability strongly, especially in environmental development.
Environmental development is the prime feature of RE. This RE helps humankind to solve
a triggering issue, energy resources. As a society depends on fossil fuels too much and
energy consumption hits a new record yearly, resource problems come out. RE solves two
problems at a time: energy resource issues and emissions issues. Contributions of RE to
sustainability are discussed below in detail.

5.3.1. Economic Development

Economic development for the RE sector is growing well, but researchers have different
theories on the exact relation between economic growth and RE. In the preliminary stages,
RE expenses were too high, so revenue generation was hard. The initial setup, accessories
for RE, and other costs were too high. One of the main reasons for that is the detailed
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project plan and designs. The lack of field experts, product designs, and a master plan
for establishing the project are a few reasons for the high price. However, difficulties are
reduced over time; for example, the solar energy is already cheaper than coal and fossil
fuel [149] in a few industries. The solar energy cost is 15% cheaper than te coal’s price
when it was first introduced commercially. The prediction says that it will be cheaper
than others for almost all industries by 2050. This turns the table for the RE market and
economic growth. As a result, market demand for RE is increasing yearly and making
new records [150].

5.3.2. Environmental Development

The main purpose of introducing RE is an environmental factor, and it works fine
as well to achieve the decarbonization goal. More than 50% funds for climate change is
spend on RE, mostly solar, hydraulic, and wind energies [151]. Countries are doing well in
producing RE instead of coal and fossil fuels. Few countries are doing more than good and
have reached almost 100% or near the expected target of producing RE [140,141]. Not only
producing RE but also utilization and consumption of RE in those counties are high [94,142].
These phenomena show that countries like Sweden, Costa Rica, and others [140] are
reaching the target of SDG 7, using clean energy. The fact is that total energy consumption
may increase due to industrialization, but the target is to use clean energy to reduce
emissions and GHGs. Thus, those energy demands can be consumed by RE, and that is
the aim of the RE. The review shows that the progress and growth in both academic and
industry sectors are very good to increase the SDG 7 index. One interesting fact is that
RES is mostly used for electricity production. Decarbonization in transportation section is
harder [152].

5.3.3. Social Development

The well-being of each citizen achieved by their optimum potential is the perspective of
social development. It ensures citizens’ social safety, security, mental health, and happiness.
Social development indicates qualitative improvement, and the increasing growth of RE
has a huge contribution. A steady and constant money flow gives each citizen social
security so that they do not worry that much about their daily life and well-being. RE
opens up a new industry sector based on renewable resources. This creates a huge job
opportunity for different kinds of people. According to a United Nations report, 0.7 million
job places increased in 2021, and total job opportunities hit 12.7 million until 2021 [153].
This gives a clear idea that the RE sector is a big hope for a society in the near future, which
is sustainable for human health and the environment.

From discussions, it is clear that huge growth in the economic sector is vivid. This
growth is mainly in the industrial sectors. There is a lack of research, and more importantly,
the applicability of RE in other research fields is not explored yet. Well-explored areas for RE
are RE itself as to how algorithms will improve the accuracy of converters or which factors
can improve the capacity of the turbine. Few research papers show the applicability of RE
through theoretical models in the cross-research field, like optimization of RE consumption
in a transportation model and optimum energy conversion as well as production within an
energy supply chain. Thus, the next section explores a few open problems combining two
or more research fields with RE.

6. Open Problems

After a long and detailed review of RE, its usage, and growth, it is recognized and
analyzed things that it can be discussed in detail as a recommendation for open problems.
Recent studies take initiatives for emissions reduction. Studies use different types of in-
vestments and emissions costs, which are able to reduce carbon emissions effect. A smart
production system was studied by Moon et al. [154], where the system emitted carbon
emissions. In a similar direction, Kar et al. [155] discussed the emissions reduction policy
from a manufacturing farm, whereas [5] used an additional investment for a green envi-
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ronment. Mukherjee et al. [156] estimated flow of products for cross-docking. Mondal et
al. [157] discussed a technology sharing contract between two supply chain players for a
remanufacturing system without considering any environmental protection.

Energy effects is another research area other than carbon emissions in inventory,
SCM, and production management. Few articles discussed energy effects as Mittal and
Sarkar [11] examined a random energy price effect under a global SCM. Mishra et al. [158]
discussed carbon emissions scenarios for a sustainable inventory management, whereas
Bachar et al. [159] considered sustainable energy consumption within a smart manufactur-
ing system. Yadav et al. [160] explained a smart production system under the energy effect,
where energy was calculated for each step of the production, whereas Sarkar et al. [161]
illustrated an autonomation policy within a smart production system without energy effect.
Padiyar et al. [162] described an inflationary environment for an inventory model with-
out considering energy effect. Oryani et al. [163] discussed a natural resource index by
analyzing oil, coal, forest, natural gas, and mineral rents. All the above studies examined
traditional energy effects for different systems but not for RE.

Different source of energy has different energy efficiency. Wind energy is the most
efficient among all renewable energy resources, followed by geothermal energy, hydro
energy, nuclear energy, and solar energy. But, according to the usage, the most used
renewable energy resources can be ranked as hydraulic energy, solar energy, wind energy,
bioenergy, and geothermal energy. The first problem uses solar energy, whereas the second
problem uses bioenergy, and the third problem uses hydraulic energy. As they have
different efficiency rates, the three formulas use three different energy efficiency rates.

* A smart warehouse is used for product tracking and storage within an SCM. The ware-
house has different shapes [164] based on the area and investment of the manufacturer.
The smart warehouse uses a radio-frequency identification (RFID) tracking system to
track a product’s movement until it reaches the retailer [165]. The RFID installment in
the warehouse requires a huge investment. Thus, the technology-based SCM requires
energy for the entire RFID system. Then, what will be the structure of the RFID
system’s investment if the warehouse’s entire energy supply is based on solar energy?
If the required energy for the system is E kW and a% of the total energy is replaced by
solar energy, and each solar panel’s capacity is Cp, then the number of solar panels for
the projected energy capacity is

(Ea)e

Number of solar panels = [1000(:—‘ , € is the solar energy efficiency.
p

(1 kW = 1000 W; 1 gallon = 33.7 kW) Then, total panel cost = cx Number of solar

panels. If c is the unit panel cost, M is the material purchasing cost; then, the total

solar cost becomes
(Ea)e

Cp

TSC = ¢ x {1000 w + M. )

The required space (sq ft.) for installing the solar energy facility is
S = s X Number of solar panels,

s sq ft. is the unit space of one panel. Then, unit solar energy production cost per sq ft.

($Use /W /sq ft.) is

TSC

— 2
- @

The study [164] has a different warehouse area, and RFID cost depends on the area.

Now, the updated RFID cost (f'(d)) for warehouse is

Usg =

f'(d) = c1 x Number of RFID readers + Usg x Area of the warehouse. (3)
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Modified unit solar energy cost can be calculated for the unit product or the number
of the light facility.

Carbon emissions reduction from a production system is a nice idea as the production
system emits a lot of carbon in the environment [166]. Considering a single carbon
cost for emissions from the system due to fossil fuel burning does not make the system
sustainable. Bioenergy acts like fossil fuel and has a high capacity like fossil fuel. What
will be the mathematical modelling and corresponding profit if the production system
uses bioenergy instead of traditional energy? Which system will be more economically
profitable?

If a production system requires E; kW energy and a;,% of that total energy is fulfilled
by bioenergy, then bioenergy consumption for the production system is

TE = Epape1kW, e; is the bioenergy energy efficiency,

_ Epaper 6
= ;o gallon”.

The manufacturer is buying bioenergy instead of producing. The manufacturer buys
one or more bioenergy types from different production companies. If the manufacturer
buy bioenergy j at a price Upg; /gallon, then the total cost of using bioenergy becomes

! Epapeq
TBC = Y Upg, “2221.
L3

j is the number of biomass types. The capacity of bioenergy depends on the biomass,
that is, which type of biomass is used for the bioenergy. Thus, the unit production cost
of the bioenergy depending on biomass category j is Pp Ej/ Up E > Pg E; [106,107].

Hydraulic energy is widely used in electricity generation. Preservation requires a lot
of electricity consumption in the food industry. Many research papers in inventory
and SCM require preservation technology [167], but no studies specify electricity con-
sumption and associated costs for electricity use. How will the modeling change when
the cost formulation for hydraulic energy will be used particularly for investment?
If the manufacturer requires total E;, kW energy and «j;% of that energy is from
hydraulic energy, then the required hydraulic energy is

Eyaper, €7 is the hydraulic energy efficiency.

If U;, /kW is the unit buying price of hydraulic energy, then the total buying price is
Uy, Eya €. Now, the manufacturer stores the received energy using the battery. If each
battery has B, mW storage capacity, then the number of required batteries is g:%g@

(1 mW = 1000 kW). Then, the storage maintenance cost is

Epaper

Con 1000B;,

, C is the unit storage cost.

Thus, the total cost of the manufacturer for hydraulic energy is

Eht)éhez
1000B;,”

THC = U,E,aper + Cp 4)

RE import and export is a new international trade, and in many energy sectors, China
takes the lead, followed by Japan and Germany. There is more than one supplier
for wind energy, which implies that a supplier selection is required based on the
industry’s criteria with product security [168]. If there is a global supplier selection
for wind energy importers, what will be the decision support system for supplier
selection? What will be the cost of importing wind energy?
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e  Few counties which previously used natural gas go back to coal energy resources
because of the Russia-Ukraine war [169]. This situation can happen more often if each
country fails to identify its strong renewable energy sources. For example, Sweden can
use less solar power; thus, they use hydro, bio, and nuclear energy resources. Instead
of importing major help on a continued basis, an independent setup and system with
period help will be more beneficial.

¢ The above situation explains one of the shortcomings of RE, which is the resources
and setup. Economically and technologically established countries can help other
economically and technologically viable nations to setup an independent design for
RE based on their strong source of energy resources.

7. Conclusions

The rise of RE in last ten years was very promising in different aspects. RE production
from the first half of 2022 only suppressed the coal energy by more than 18%, and for
nuclear power, this RE generation was more than 75%. Emissions should be reduced as
fossil fuel usage was reduced. The result came out in contrast. By the COP27 report, carbon
emissions hit a record in 2022 by increasing 1% [170]. Emissions from the U.S. raised by
more than 1.5%, whereas the highest 6% is increased in India. Those emissions were caused
by coal and oil-based energy resources. In recent years, Total emissions in India is more
than EU; however, per capita (Per capita is used as per person for statistical analysis. This
is used statistical data related to any population. It is calculated based on the median
of a population. It provides accurate comparison when it comes to different countries,
populations, and sample type [171].) emissions were much lower [172]. There were other
reasons too for increasing emissions rather than increasing RE usage as deforestation,
increasing industry waste, and war, which were not in the scope of this study. The good
news was that even if the emissions increased, the emissions curve flattened over time.
RE usage will increase 8% by 2023, and the majority will be China, E.U., Latin America,
and the U.S. Even in 2022, the U.S. tended to downward usage of RE. According to a report,
90% of the world’s electricity is expected from RE by 2050 [173,174].

This paper reviewed many research papers on RE. Among them, few related studies
were listed in references. The research pattern in RE showed many research papers in
the core field, while research papers in cross-research were few. The reasons behind this
finding can be explained in different ways. The most appropriate explanation which can
justify the situation is showing the applicability of RE in other research fields requires a
mathematical model. A theoretical model can prove the reliability of a concept that is really
possible to execute the idea or not. The main hurdle for executing a mathematical model
is establishing functions and then the feasibility check of those functions. Cross-checking
complex functions is not easy when the concept is entirely new. These objective functions
and relevant formulations will be unique in the literature. Thus, authors will have no
help from the literature, and then establishing the feasibility of newly-made functions will
become hard. Therefore, formulating a mathematical model utilizing RE as an active part
of the model in cross-research is an open problem.

No separate future extensions are provided with this study because that is found as the
research gap of this review. All suggested open problems can be executed as an extension
of this model.
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Abbreviations

The following abbreviations are used in this manuscript:

B.C. Before Christ

us. United States

UK. United Kingdom

Usb United States Dollar

™ Terawatt

GW Gigawatt

RE Renewable Energy

BT Blockchain Technology

GHG Greenhouse Gas

E.U. European Union

SCM Supply Chain Management

RFID Radio-frequency Identification

SDGs Sustainable Development Goals

SSCM Sustainable Supply Chain Management
CPT Cumulative Prospect Theory

ESCM Energy Supply Chain Management

CHP Conversion Process by Heat and Power
RES Renewable Energy Sources

TBL Triple Bottom Line

SME Small Manufacturing Enterprise

BESS Battery Energy Storage System

WECD Wind Energy Captive Device

RL Reinforcement Learning

WTP Willingness to Pay

MNI Linear Matrix Inequality

ANP Analytic Network Process

MCDM Multicriteria Decision Method

AHP Analytic Hierarchy Process

BEM Bottom-up Energy Modeling

STA System Thinking Approach

DSA Decision Support Analysis

LCT Life Cycle Thinking

MOP Multiobjective programming

MAUT Multiattribute Utility Theory

HDM Hierarchical Decision Model

DSS Decision Support Systems

ZBT Zig-Bee Technology

MCM Monte Carlo Method

ANN Artificial Neural Network

GA Genetic Algorithm

MCDA Data Envelopment

CBA Cost Benefit Analysis

CPT Cumulative Prospect Theory

GFIP Grey Fuzzy Integer Programming

HOGA Hybrid Optimization by Genetic Algorithm
TOPSIS Technique for Order of preference by similarity
ELECTRE Elimination and Choice Translating Reality
VIKOR VlseKriterijuska Optimizacija I Komoromisno Resenje
NASA The National Aeronautics and Space Administration

PROMETHEE Preference Ranking Organization Method for Enrichment evaluation
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