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Abstract: Renewable Energy Sources (RES) have always been seen as a sustainable and environment-friendly 
solution to the energy needs of the globe. It is a club of many sources that have been explored widely in the last 
five decades, and many ways have been designed to harness energy from these sources. But unavailability at 
all times and fluctuations affect the power quality and reliability of these units. Many adaptive techniques have 
been designed to maintain these parameters of energy systems. The development is still going on and will go on 
to find more efficient techniques to extract reliable and quality power. This study presents a bibliographic view 
of the research in this area for different adaptive techniques. This study also presented an ongoing trend and the 
future possibilities and past successes that have been achieved in this arena. In the paper, many papers have been 
reviewed on the recent development in adaptive techniques for power systems in the last five decades. IEEE, the 
biggest source platform for researchers and scientists, is considered for a survey and statistical analysis of recent 
developments. Based on a survey and detailed study, graphical analysis is designed to give a very accomplished 
perspective of adaptive techniques in energy systems for the researchers. The present study suggested many 
measures and techniques which can contribute to establishing renewable energy systems, thus, decreasing pollution 
and providing a clean, green and sustainable environment. This study presents a Hybrid energy system with hybrid 
adaptive techniques as a key solution to overcome the problem of pollution using RES as much as possible and 
to satisfy the energy demand also. This study can be a major reference point for researchers and power engineers 
for providing an environment-friendly and sustainable RES-based energy solutions.
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Introduction

For more than 100 years ago, renewable energy 
resources have been explored for producing electric 
energy. But in the last three decades, these are becoming 
the most sought-after areas not only for energy suppliers 
but also for research and also gradually capturing the 

market of energy providers around the world. India has a 
rich source of energy like solar, hydro, wind, etc. This is 
primarily because of two reasons: one is the exponential 
growth in the energy demand and the second is the 
burning of fossil fuels. But these renewable resources 
of energy are clean and environmentally friendly and 
also can provide sustainability. Hence development and 
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commercialization are the need of the hour to have a 
sustainable future.

Although these sources are not exhaustible, they 
exhibit many contingencies such as all-time availability 
and fluctuations. Tharani et al. (2020) in their study 
have discussed the availability of solar energy and 
its dependency on distinct day timings and weather 
conditions. Similarly, variations in wind speed and 
patterns are the decisive factors for wind energy 
selection. A very large sum for installation and 

engineering is required for the commissioning of this 
type of energy generating unit. But due to the current 
developments in the field of adaptive and intelligent 
techniques in power systems, these factors can be 
accounted for, and adaptive technique-based FACTS 
controllers can be designed to extract the reliability and 
quality of power. Gandhar et al. (2012) emphasised the 
effectiveness and importance of FACTS controllers in 
power systems.

Table 1: A summary of IEEE publications in 1991-2000

Sr No. Author & Year Technique/Approaches Key findings
1 Park et al. (1991) ATNN(Adaptively Trained 

Neural Network) 
The ATNN is based totally on nonlinear programming 
strategies that were developed for estimating electric 
load.

2 Chen et al. (1992) Systematic optimization with 
suitable weighting matrix

Under the parameters of pre-specified closed-loop 
dominant eigenvalue places and comments advantage 
limit barriers, a method for designing linear most 
appropriate strength system stabilisers.

3  Kamas and Sanders
(1993)

Lyapunov function based an 
adaptive estimation algorithm

For estimating unknown circuit parameters as well as 
unmeasured circuit variables, the Lyapunov feature is 
based on an adaptive estimation system. Averaging 
and singular perturbation evaluation are used to decide 
the mixed parameter and nation estimate scheme’s 
exponential stability.

4  Birch et al. (1994) Neural networks (NN) In parallel with a complete load frequency, an 
adaptive manipulation technique, a NN is used.

5 Mandal and Sinha (1995) Multi-layered feedforward 
(MLFF) neural network

As a decentralized load control technology, the MLFF 
neural community is applied to estimate bus-load calls 
at the substation stage.

6 Young-Moon et al. 
(1996)

Adaptive fuzzy logic To boom the damping of low frequency oscillations 
in power systems, an adaptive fuzzy good judgment 
controller became advanced. System with two 
machines and 5 buses.

7 Zhao et al. (1997) Genetic algorithm (GA) 
technique

For a nuclear steam producing system, a hybrid 
multi-enter and multi-out (MIMO) manage device 
which includes feedforward manage (FFC) and 
feedback manage (PEC) is proposed for a wide range 
of situations utilizing the genetic set of rules (GA) 
approach.

8 Zhishan et al. (1998) Adaptive robust fuzzy The preliminary step of this research is to develop an 
adaptive sturdy fuzzy controller to enhance temporary 
balance for fashionable nonlinear systems with 
uncertainties that satisfy the matching constraints.

9  Ibrahim et al. (1999) Fuzzy-adaptive Individual shrewd paradigms and the layout of 
prototype adaptive fuzzy structures for electricity 
first-rate analysis are offered.

10 Song et al. (2000) Nonlinear and adaptive control 
theory.

Increasing the performance and reliability of wind 
power conversion structures through the use of 
nonlinear and adaptive management strategies.
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Figure 1: Estimates of life-cycle GHG emissions (g CO2 eq/kWh) for broad categories of electricity generation 
technologies (SRREN Summary for Policymakers, 2021).

The world leaders in the generation of electricity 
from renewable are China with 895 GW, the USA with 
292 GW and Brazil with 150 GW. India ranks in the 
fourth position in harnessing energy from RES. India 
is working very aggressively in the development of 
renewable energy units. Therefore, these techniques 
are becoming very popular research areas for scientists 
and researchers working on such RES-based projects.

In this study, a very extensive review has been 
presented of the recent developments for adaptive and 
intelligent approaches in power systems for designing 
a robust and efficient control system for RES-based 
Units. World’s biggest research database platform IEEE 
has been analyzed for the last 5 decades (1970-2020) 
for the research growth of different adaptive techniques 
such as neural, fuzzy, GA, etc., and also for popular 
renewable energies like wind, solar, tidal, etc. A scatter 
chart analysis is also presented with these data from 
1970 to 2020. 

It became the need of the hour to find and understand 
the trend of development in renewables and their control 
systems to match up the demands and the development 
done in the last five decades.

Literature Review

This section summarises some important publications 
(mentioned in Tables 1-3) from the world’s biggest 
research database IEEE from 1990 to 2020. The 

publications are arranged in chronological order of their 
publishing in various journals in the field of adaptive 
techniques used in power systems.

The presented columns are categorised as a year of 
publication, an adaptive technique used and the key 
findings in their paper:

Figure 1 directly depicted the need for RES 
systems that can contribute efficiently with respect to 
air pollution and clean environment. These RES can 
significantly reduce air pollution, and CO2 emissions 
and lower ill-health effects. On the other hand, 
conventional thermal power systems can be vulnerable 
to environmental conditions like climate change. These 
RES systems also decrease the water scarcity problem 
as solar, wind and some other RES technologies using 
dry cooling can fulfill the load demand without water 
resources. In Figure 1 two sections are presented one 
is GHG emissions for conventional energy sources and 
another one is for renewables. The estimated GHG 
emissions in the case of renewables are very less almost 
negligible in comparison to traditional sources of energy 
generation. The Renewables are clearly contributing to 
the making of the environment clean and pollution free. 
These are also helping to provide energy-sustainable 
solutions.

Inferences of Analysis of Publications
In this section, a statistical evaluation of published 
articles in journal is presented which is an effective 
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Table 2: A summary of IEEE publications in 2001-2010

Sr No. Author & Year Technique/Approaches Key findings
1 Binato et al. (2001) GRASP(Greedy Randomized 

Adaptive Search Procedure) 
GRASP can be used to conquer the problem of 
transmission community boom. This is a professional 
iterative sampling technique with every iteration.

2  Lin et al.(2002) Fuzzy-adaptive Neural 
Network

For superior spindle motor applications, AFNC is 
proposed to govern the rotor velocity of an induction 
spindle motor making use of synchronous pulse-width 
modulation (PWM).

3 Venayagamoorthy
et al. (2003)

Neural using Dual heuristic 
programming (DHP) approach

In a multi-machine strength device, a neural controller 
primarily based on twin heuristic programming (DHP) 
is devised for the excitation manipulation of turbo-
generators.

4 Terzija et al.(2004) Linear Least Error Squares 
Estimation Technique

The car reclosure algorithm, which makes use of a linear 
least error squares estimate method for medium-voltage 
overhead traces, is explained.

5 Awadallah 
et al.(2005)

Neuro-fuzzy A neuro-fuzzy-primarily based technique for the 
automation of stator-winding inter-turn brief circuit 
detection and placed in CSI-fed brushless dc motors.

6 Ibrahim and Morcos 
(2006)

Adaptive fuzzy A sensible adaptive fuzzy machine with self-getting-to-
know capabilities that could display electrical equipment 
or systems and self-examine the activities that make 
contributions to the monitored system’s failure.

7 Qiao and Harley
(2007)

RBFNN (Radial Basis 
Function Neural Networks) 

To improve the damping performance of an electricity 
community, an indirect adaptive external neuro-controller 
(INDAEC) based totally on RBFNN is proposed. The 
SCRC or the power network do no longer want to be 
mathematically modeled for this nonlinear INDAEC.

8 Pindoriya
et al. (2008)

An AWNN(Adaptive Wavelet 
Neural Network)

In the energy markets, an adaptive wavelet neural 
community (AWNN) for short-time-period price 
forecasting (STPF). The activation function for feed-
forward neural network (FFNN) hidden-layer neurons 
is a typically used Mexican hat wavelet.

9 Pan and Jain
(2009)

Digital AVP(Adaptive Voltage 
Positioning) technique

Fixed-frequency top modern-day mode manipulate is 
used by an AVP with a quick brief response for voltage 
regulators.

10 Vlachogiannis et al. 
(2010)

PSO (Particle Swarm 
Optimisation)

The surest financial load dispatch hassle in electricity 
structures has solved the use of an aggregation-based 
PSO algorithm.

way to guide future researchers working in the area of 
renewable technologies. A comprehensive analysis of 
research papers from the IEEE database on RES and 
adaptive approaches for controlling different parameters 
of power systems from 1970 to 2020 is presented 
in this section. The scatter charts are also presented 
for analysis purpose. These charts are designed with 
different parameters from different types of sources 
from IEEE. These sources are journals, conferences, 
books, magazines, etc. Figure 2 presented the recent 
developments of different renewables from 1970 to 

Figure 2: The no. of publications on adaptive 
techniques in energy sources (1970-2020).
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Table 3: A summary of IEEE publications in 2011-2020

Sr No. Author & Year Technique/Approaches Key findings

1 Kusljevic and Poljak
(2011)

Weighted-least-square 
(WLS)

The weighted-least-square method-based algorithm. Is 
designed to minimise the noises and eliminate harmonics.

2 Meza et al. (2012) Control scheme based on 
Lyapunov

A method for single-segment single-degree grid-related 
photovoltaic important inverters with uncertainty based 
totally on solar irradiance is defined.

3 Wang and Truong
 (2013)

ANFIS(Adaptive-Network-
Based Fuzzy Inference 
System) 

Under varied operating situations, an SVC using ANFIS 
contributes suitable damping qualities to the prominent 
modes of the examined synchronous generators.

4 Rajendran and Jena 
(2014)

Adaptive fuzzy integral 
sliding mode control 
(AFISMC)

An AFISM-based VSWT controller for distinct 
disturbances is designed. A comparative study with 
sliding mode control and integral sliding mode control 
methods.

5 Chikh and Chandra 
(2015)

Geometric programming 
technique/ neural network

A computing system that adjusts its power calls. Under 
variable solar power supply, the geometric programming 
technique is used to maximise energy utilisation.

6 Kumar et al. (2016) Adaptive sliding-mode (SM) 
technique

This work offers a unique resilient and adaptive sliding-
mode (SM) control for a grid-connected photovoltaic 
(PV) system based on a cascaded two-level inverter 
(CTLI) to deliver active and reactive power with varying 
solar irradiation.

7 Song et al. (2017) Neural network (NN) Neural Network based analytical model for the analysis 
of deflections in the power profiles.

8 Singh et al. (2018) Load-oriented control 
parameter optimisation 
technique

To increase low-frequency oscillation damping (LFOD) 
and overall complex power system stability, this research 
provides a load-oriented control parameter optimisation 
technique for static synchronous compensator 
(STATCOM). The designed supplemental damping 
controller of STATCOM uses frequency variations of 
interest generators as input signals.

9  Kermadi et al. (2019) Particle swarm optimisation 
(PSO)

With real partial shade and load conditions, an adaptive 
PSO based algorithm is used for maximum power point 
tracking (MPPT).

10 Fekry et al. (2020) Adaptive Neuro fuzzy 
inference system (ANFIS)

A PMS based on ANFIS for an hybrid microgrid system 
with wind and PV energy sources.

Table 4: Developments of adaptive techniques in power systems (1970-2020)

Sources 1970-1980 1980-1990 1990-2000 2000-2010 2010-2020

Conference 30 93 607 2005 3266

Journals 32 65 192 468 1392

Magazines 0 7 13 34 18

Books 0 0 0 2 15

Early access Articles 0 0 0 0 12

Standard 0 0 0 3 2
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2020. The most popular RES resources, such as solar, 
wind, hydro, etc .are considered for the presentation.

In the area of solar systems and PV cells, there 
was more focus on maximum power point tracking 
(MPPT) with different models to further increase the 
efficiency of photovoltaic modules and the modules 
were combined with sensors, IC circuits and wireless 
connectivity to perfect its working under varying solar 
conditions. Hasarmani et al. (2020) have presented an 
optimised hybrid design of PV and diesel for controlling 
the disturbances introduced by non-conventional 
sources.

Table 5: Developments of different renewable source 
based systems (1970-2020)

Sources Solar Wind Hydro Geo Biomass Tidal
Conferences 15019 26976 2514 498 965 426
Journals 2067 5522 586 25 42 77
Magazines 115 463 81 13 29 11
Standards 41 55 17 0 0 0
Books 30 113 11 29 14 2

Tables 3 and 5  exhibit the analysis and pairing 
of solar with diverse types of renewable sources 
like geothermal, hydro. wind etc. These tables also 
present the simulated analysis of these combinations 
in real-life situations. The biofuel was considered an 
auxiliary power unit for vehicles, and its efficiency 
was also calculated. In hybrid energy, solar and wind 
generators are combined to create a renewable hybrid 
energy system. Figure 3 (is designed based on the data 
mentioned in Table 5) shows the developments in the 
areas of adaptive and intelligent techniques. Here most 
popular techniques are considered for analysis. Figure 
4 presents the scatter chart designed for neural, fuzzy, 
GA, PSO, etc techniques and their progress in the last 
five decades i.e., 1970-2020. These charts are prepared 
on the basis of data specified in Table 6. It is clearly 

Figure 3: The no. of publications on different renewable 
energy sources (1970-2020).

shown that in the first three decades 1970-2000 the 
neural and fuzzy techniques were immensely popular 
among all but in the last two decades, GA and PSO 
become the most prominent technique for designing the 
control system for power systems, A notable mention 
is, GA is used to optimize the glazed efficiency of 
single PV cell by Singh et al. (2014). The integration 
of these approaches is clearly improving the efficiency 
of the power networks by increasing the reliability and 
quality of electric power.

Table 6: Developments of different adaptive/
optimisation techniques (1970-2020)

Sources FUZZY ANN ANFIS GA PSO
Conferences 2373 12551 1327 15708 14302
Journals 428 1617 145 2103 1666
Magazines 43 79 3 68 39
Standards 5 34 2 17 12
Books 1 7 1 9 7

Figure 4: The publications on the development of 
adaptive techniques (1970- 2020).

These key findings show notable progress with 
future commitments in the field of renewable energy 
and adaptive techniques for better control of various 
parameters of power systems. The advent of advanced 
simulation and energy management software like 
Simulink, ETAP, etc. in the past few decades helped a 
lot in the easy implementation of ideas and summarise 
analysis. All these analysis presentations can make an 
impact on the renewable application and its control 
with the help of improved hybrid adaptive techniques.

Simulation Results

A microgrid framework proposed by Bansal (2006), 
is examined for simulation work, with a synchronous 
generator as a diesel system, Induction Generator as a 
wind system. Here, in this study, a fuzzy tuned FACTS 
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controller ‘UPQC’ is implemented with a microgrid 
system for managing the disturbances carried out 
by the renewable energy sources. The simulation is 
carried out to test micro-grid framework in MATLAB/
SIM POWER SYSTEM software. Bansal (2009) has 
considered stochastic disturbances with fixed step size. 
Similarly this paper presents the analysis of test system 
under random disturbances.

In this section, the different membership functions 
of inputs responsible for the change in voltage of the 
proposed microgrid with fuzzy tuned FACTS controller 
‘UPQC’ are presented. This test system is subjected to 
practical disturbances in reactive power loading.

The six defined MFs are designed for different 
gain settings of the controller Kp and Ki and these 
gain settings are obtained for the output ‘change in 
voltage’.After designing of these MFs the 36 if-then 
rules are framed in Fuzzy logic. These are shown in 
Figure 6. Mohanty et al. (2013) have also designed the 
self tuned fuzzy controller for UPFC, similarly, this 
controller is designed for UPQC shown in Figure 5. A 
Fuzzy Inference System (FIS) is designed on the basis 
of these rules and Figure 7 depicts the surface view of 
the change in voltage for the obtained values of gain 
settings of controller. This surface view clearly shows 
the peaks of the change in voltages for the designed 
settings of controller.

 Figure 5: Fuzzy logic controller. 

 Figure 6: Fuzzy rules.

Figure 7: Fuzzy surface view.

Figure 8: Change in reactive power of SG.

Figure 9: Change in reactive power of IG.

Table 7: The settling time for transients 

Type of system DQIG DQSG DQUPG DV
Untuned 0.015 0.020 0.020 0.015
Fuzzy Tuned System



100	 Shashi Gandhar et al.

The dynamic responses are presented in Figures 8- 
11 with fuzzy tuned FACTS controller UPQC. These 
figures show the transient responses for variable reactive 
power loading. Here all responses are presented in 
the form of settling periods. The settling time of both 
types of systems is recorded in Table 7. The presented 
responses clearly make a statement that the fuzzy tuned 
system is settling faster than the unturned system. In 
this manner, these simulation results are also supporting 
the impact of the adaptive technique on the renewable-
based systems.

Recommended Protocol for Future 
Prospects of Renewables

Based on the study presented, some recommendations 
can be considered for the future prospects of renewable 
energy sources. These are suggested based on the 
associated concerns of most impact: 

	•	 Sizing and storage capacity

Figure 10: Change in reactive power of UPQC. 

Figure 11: Change in voltage.

	•	 Impact of weather
	•	 Advancement in control technology

Government and power sector industries must focus 
on the potential of RES and some recommendations 
may be adopted especially in India:

	•	 Awareness about renewables and their environmental 
benefits must be a key factor for the future growth 
of RES. 

	•	 The government must allocate a separate budget for 
RES-based energy solutions. India’s annual budget 
for RES is only USD 10.9 billion (INR 75500 crore) 
which is very less in comparison to USA and China. 
(National Electricity Plan, 2016).

	•	 There must be industry-academia research bonding, 
which must support R&D solutions in the area of 
control of RES-based systems. The prediction and 
influence of weather conditions on RES can be 
managed by adaptive techniques. In this regard, 
hybrid adaptive techniques provide better and more 
effective solutions.

	•	 The most important finding of the presented study 
is the hybridisation of renewable systems with 
conventional power systems which can improve 
the performance of energy sectors. In this regard, 
governments and agencies should formulate protocols 
and policies for hybrid systems.

The protocol used in this analysis shows that 
the hybridisation of different energy sources and the 
requirement of adaptive techniques for better control is 
the need of the hour. Time and money can be saved if 
the mentioned findings and processes are adopted in the 
initial phases. This can benefit energy sectors to protect 
the globe for future generations.

Conclusion

An extensive review on the study and development of 
RES and adaptive techniques for designing a robust 
and efficient control system has been presented. It is 
concluded that a consistent and continuous improvement 
in the RES-based technologies and the advancement 
in the integration of adaptive techniques can improve 
the reliability and quality of electrical energy. The 
simulation study further endorsed the implementation 
of adaptive approaches in renewable-based systems. 
Some of the prominent research consists of PSO 
with GA integration with wind and photovoltaic cells 
can be the point of interest for researchers. While in 
recent times there is research areas focused on hybrid 
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generation i.e. implementation of multiple renewables 
to improve the reliability of supply. Similarly, hybrid 
adaptive techniques i.e. integration of multiple 
approaches such as neural-fuzzy or GA with PSO can 
be implemented in hybrid energy systems to give much 
better results i.e., much improved reliability and control 
over the fluctuations of renewables. Further research 
and development in the field of adaptive techniques 
controlled RES-based units can be a viable solution to 
the world’s energy demand and become a boon to the 
environment.
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