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ABSTRACT

Various types of renewable energy systems can make vulnerable the reliability of the system because of
initiating noteworthy degrees of uncertainty and availability despite of their good effects on the system
operation cost and global concerns. The difficulty can be removed with using special renewable energy
sources with have complimentary in natures. This paper presents the reliability assessment of wind
and solar energy based power system at different levels. The optimization problem is to increase the reli-
ability of the system with both solar and wind energy systems. First, the system is developed by taking
the effect of uncertain nature of wind and solar energy sources, the probability of the top event and fail-
ure rate of different components. The model predictive method is used to take the different future value
of the daily data. For this investigation, total 11 cases are taken and reliability indices are considered for
every case. Data of each basic event of solar-wind energy system components are taken from the old
research. Further, the gamma model is used to obtain the system model and different reliability indices
are evaluated. The top event probability for case 1, case 2, case 3, case 4, case 5, case 6, case 7, case 8, case
9, case 10 are 0.0234, 0.0245, 0.0256, 0.0263, 0.0267, 0.0268, 0.273, 0.0278, 0.0286 and 0.0288 respec-

tively. The helpfulness of the proposed technique is provided through different evaluation data.

© 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

The sophisticated interconnection of different renewable
energy sources to the grid has both its merits and demerits. This
integration helps to provide power to different types of consumers,
overcome the generation loss in a system by other system there-
fore decrease the cost and enhance the reliability. Recent develop-
ment in the solar and wind energy system technologies show
power industry to see the installation of solar and wind energy sys-
tem around the different areas. In the literature, many works sug-
gested the effect of the wind and solar energy system generation
on the reliability of the system. For utilities, changes in the solar
and wind power can create serious issues of reliability reduction
[1]. The synthetic data are used to model the grid reliability council
and different case study are developed based on different factors.
Further sensitivity analysis of wind and solar energy based grid
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connected system has been investigated to know the effect of these
sources to the grid [2]. In [3] fault tree based on fuzzy theory has
been presented and it is applied to the wind energy system. Differ-
ent control techniques for wind-solar energy system has been
developed to control the output power of the sources and to get
the accurate power [4]. Hidden Markov models can also be used
to investigate the power output of the renewable energy sources
[5]. Different approaches such as time dependent approach to
know the capacity value of the renewable energy based generation
have been developed [6]. Forecasting is also important factor to get
the maximum output of the particular system. If, good system is
used then burden on the utility grid will be reduced [7] and [8].
Risk analysis of different renewable energy sources is very impor-
tant when these sources are integrated to the grid [9] and [10]. In
[11] an overall examination on availability, reliability, and main-
tainability for every components of solar based energy system in
grid connected mode that uses low value of reliability, considering
the failure evidences and repairing gap is discussed. Furthermore, a
fuzzy fault tree based technique for assessing the wind based
energy system reliability is discussed [12] A best sizing organisa-
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tion for WSB-HPS, and sensible optimum sizing model is settled
compelling into account that the network is operating in grid con-
nected mode as well as standalone mode [13]. Therefore, in this
paper, a method for the solar-wind energy system reliability anal-
ysis with adequate information has been proposed to avoid the
actual safely analysis issues. Further, Gamma model and model
predictive technique have been applied to calculate the failure
probability of the top event.

In this paper Solar and wind energy based power system is pre-
sented in Section 2. In Section 3, Gamma model based solar and
wind energy system reliability analysis is proposed. Reliability
analysis outcomes are defined in Section 4. Lastly, final statements
are presented in Section 5.

2. Solar and wind energy based power system

Recent development in the solar and wind energy system tech-
nologies make different researchers to look at the growth of solar
and wind based system around the world. The reliability and power
quality of the particular system are influenced by the increased rate
of penetration of these powers in the system because of stochastic
performance of solar and wind energy systems.

Wind and solar power systems are main and rising sources
among the various renewable energy sources available. The photo-
voltaic system and wind turbines are widely used in the distribu-
tion systems. These sources are now connected directly to the
power grid at high power scale. The solar and wind energy systems
have notable impacts on the advanced power system. Therefore
reliability assessment is necessary for good operation of the entire
system. Fig. 1 shows the grid connected solar and wind energy sys-
tem and it consists of a solar energy system, wind energy system,
power converters. The solar energy systems and wind energy sys-
tems have different components which has different failure rates.
Parameter specification for the selected system is provided in
Table 1. The main faults of the defined power system are as fol-
lows: PV cell faults, AC and DC switch crack faults, gear box faults,
generator faults, converter faults and inverter faults.

3. Gamma model based solar and wind energy system reliability
analysis

Gamma model involves the two parameter model which is used
for reliability analysis. The associated functions are defined as:
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Fig. 1. Solar and wind energy based power system.
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Table 1
Solar-wind energy system components failure rates.
Top Event Basic Event Failure Rate
(occ/year)

Solar-wind energy system fault BE1: PV cells failure  0.015
(no/less energy output)
BE2. AC button crack  0.042

BE3. DC button crack 0.244

BE4. Connector 0.526
failure

BE5. Pitch error 0.031
BE6. Oxidation 0.045
BE7. Unbalanced 0.064

rotor

BES8: Inappropriate 0.032
maintenance

BE9: Semiconductor  0.037

fault
BE10: Inverter fault 0.021
BE11: Overstress 0.021

BE12: Lubrication 0.027
issue
BE13: Temperature 0.032
issue
BE14: Construction 0.012
fault
BE15: Poor quality 0.029

where b and 6 are positive integer and positive constant
respectively.

b
MTTF:S

For b>1, Y(t) increases and for b=1, it shows a constant-
hazard rate system.

LOLP - Loss of Load Probability

LOLE - Loss of Load Expectation

For the implementation of the Gamma model based reliability
evaluation of the solar-wind energy based power system, a tech-
nique is presented in Fig. 2. Initially, data identification step is con-
ducted by taking the earlier data, observing the system operation
and using the model predictive technique to know the daily
upcoming data. Identify the top event is the main step in Gamma
model based solar-wind energy system reliability analysis then
Gamma model is developed and failure rate assessment is done.
A risk management has been done to get the impact of the basic
event which is responsible to the system damage. It is used to
know the design and appropriate changes in the system.

4. Reliability analysis outcomes

The Solar-wind energy system components failure rates data
are calculated from the 15 years survey data and data obtained
from the model predictive based technique as mentioned in
Table 1. Solar-wind energy system fault (no/less energy output)
is the top event.

The reliability analysis of the selected model having solar and
wind energy system is done. Predictive risk index for basic events
of the proposed system is presented in Table 2. The test system has
10 generating units. The generating capacity of system is 300 MW
and a total connected load s 275 MW.

In this study 11 cases are taken to know the effect of solar-wind
energy system on the system reliability. In case 1, original system
is considered to know the reliability of the system. In case 2 and
case 3, addition 15 MW wind turbines and 15 MW solar photo-
voltaic cells are added to the main system are considered. In case
4 and case 5, 20 MW wind turbines and 20 MW solar photovoltaic
cells are used with original system. Similarly for case 6, 7, 8, 9, 10
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Fig. 2. Flow chart for Gamma model based solar-wind energy system reliability
analysis.

Table 2
Predictive risk index for basic events of the proposed
system.
Basic Event Predictive risk index
BE1 4.34E-03
BE2 5.67E-05
BE3 4.89E-07
BE4 5.98E-03
BE5 4.34E-06
BE6 7.85E-05
BE7 2.78E-03
BE8 8.34E-05
BE9 4.67E-03
BE10 3.67E-05
BE11 5.89E-03
BE12 2.46E-05
BE13 4.78E-03
BE14 9.34E-05
BE15 8.26E-04

and 11, 25 MW wind turbines, 25 MW solar photovoltaic cells,
30 MW wind turbines, 30 MW solar photovoltaic cells, 35 MW
wind turbines, 35 MW solar photovoltaic cells respectively are
added with original system to know the exact risk of the entire
system.

Case 1: The original system

Case 2: Increment of 15 MW wind turbines to the original
system

Case 3: Increment of 15 MW solar photovoltaic cells to the orig-
inal system

Case 4: Increment of 20 MW wind turbines to the original
system

Case 5: Increment of 20 MW solar photovoltaic to the original
system

Case 6: Increment of 25 MW wind turbines to the original
system
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Table 3
Reliability Indices calculation.

LOLP LOLE Top Event Probability
1 0.0245 3.986 0.0234
2 0.0198 2.086 0.0245
3 0.0196 2.014 0.0256
4 0.0186 1.978 0.0258
5 0.0182 1.864 0.0263
6 0.0180 1.467 0.0267
7 0.0165 1.278 0.0268
8 0.0154 1.245 0.0273
9 0.0145 1.087 0.0278
10 0.0135 1.065 0.0286
11 0.0125 1.038 0.0288

Case 7: Increment of 25 MW solar photovoltaic to the original
system

Case 8: Increment of 30 MW wind turbines to the original
system

Case 9: Increment of 30 MW solar photovoltaic to the original

system

Case 10: Increment of 35 MW wind turbines to the original
system

Case 11: Increment of 35 MW solar photovoltaic to the original
system

By using model predictive technique and gamma model, differ-
ent values for 11 cases are obtained. For the 11 cases, the LOLP,
LOLE and top event probability are obtained and shown in Table 3.

5. Conclusions

A technique for the solar-wind energy system reliability analy-
sis with good information has been proposed to avoid the actual
safely analysis issues. Gamma model and model predictive tech-
nique has been applied to compute the failure probability of the
top event. For this analysis, total 11 cases are considered and reli-
ability indices are calculated for each case. Data of each basic event
of solar-wind energy system components are taken from the old
data, interaction with working group and research papers. The pro-
posed technique is wide-ranging and has less computational bur-
den. The obtained outcomes show the advantage of connecting
the solar and wind energy systems to any power system to
increase the reliability of the system. The manufacture can take
these data to review and take care of weak components of the
solar-wind energy systems in concern.
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