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Abstract: Energy production in pumped power plants, reserve strategy, and
continuous exploitation of these power plants are some of the successful policies
of governments. Therefore, in this research, the minimization of the cost of
energy production and maintenance and repairs in one of the large storage
pump power plants in Iran in line with green policies has been discussed based
on the simulation-optimization strategy. In the introduced MINLP model,
optimization of the cost of maintenance and repairs based on the amount of
production, operating hours of the power plant, and the deficit level of energy
production, taking into account the uncertainty in the demand level of the
network, is presented using the feasibility planning method. To solve the
mathematical model in small dimensions, the CPLEX exact solution algorithm
was solved in GAMS software, and in large sizes, two meta-heuristic algorithms
GA and ICA were used with binary coding in MATLAB software. The results
of this research have shown that the solution of the meta-heuristic algorithm
has been implemented in a suitable period despite the approximation of optimal
solutions with a confidence factor of 95%, and the results of the research indicate
the applicability of the presented model in the studied power plant.

Keywords: Production Planning, Maintenance and Repairs, Storage Pump
Power Plant, Meta-heuristic Algorithm GA and ICA.

Extended Abstract

Introduction

Storage-pumped power plants, in addition to producing energy for the
national power grid, consume the energy needed to transfer the energy-
producing fluid from the lower reservoir to the upper reservoir during
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peak load reduction hours (Elgamal et al., 2019). Due to their high production capacity, these
power plants have the possibility of producing energy in emergency mode and non-operating
defense (Shafiee et al., 2019). Pumped storage power plants gather electrical output from several
scattered energy sources and provide this source to the national electricity distribution network.
On-demand, pumped storage plants control the immediate dispatch of connected plants, thereby
helping to increase energy production and grid reliability (Hadayeghparast et al., 2019). The
problem of quick response to the required energy level of the network and demand response
programs (DRP) to provide reserve capacity is a suitable solution to compensate for the unforeseen
fluctuations in the energy consumption network, one of the characteristics of pumped power plants
(Akkas & Cam, 2019).

Having proper production planning during the planning horizon is a factor that will lead to the
optimal use of the organization's resources, including human resources, equipment, financial
resources, etc. According to the evaluation done in the research literature, so far, the issue of
scheduling of production, maintenance, and repairs in the pumped power plant process has not
been evaluated and analyzed, and in the implementation strategy, nominal capacity and equipment
overload and breakdown timing have not been analyzed. On the other hand, the problem of
production scheduling is a problem with many uncertainties, which have been analyzed based on
the simulation model and possible planning. Therefore, in this research, a new policy is presented
in the field of optimizing energy production in the pump power plant based on demand generation
policies and the implementation of the maintenance and repairs program. The innovations
considered in this research can be used for the topics related to the use of several energy sources
for refilling tanks at rated load and overload, as well as a planning model for demand response and
maintenance and repairs in the uncertain environment, taking into account The objective function
of minimizing the cost of production and maintenance in the pumped storage power plant will be
introduced.

Theoretical framework

Renewable energy is a type of energy that, unlike non-renewable (fossil) energy, can be
regenerated by nature in a short period or easily replaced after consumption. Green energy is also
referred to as a source of energy that is in harmony with the environment and their production
process does not cause environmental pollution. Currently, energy from wind, sun, internal heat
of the earth, and running water are known as the most famous sources of green energy. Also,
according to some experts, nuclear energy can be considered by taking into account considerations
such as green energy. Using the word green next to the above energy sources is because these
sources do not produce carbon dioxide like plants (Badam Firouz & Shariat Modari, 2019).
Today, in the electricity industry, optimal and effective economic design and operation are always
considered, and in the development and operation of the electricity industry, the economic
distribution of the load between fossil fuel power plants and minimizing the cost of operation are
the main goals. One of the important issues in economic load distribution is coordination between
power plants. Pumped-storage power plants are types of hydroelectric power plants that transfer
energy from low-use hours to high-use hours with the help of a motor, as a result of which the
excess electricity produced and not consumed in non-peak hours is converted into potential energy
(Khodaparast & Ghezelbash, 2016).
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Methodology

In this research, according to the discrete and quasi-scenario nature of the data, Mulvey's stable
formulation has been used for the stable approach. This is because Mulvey's model has a better
analysis compared to other stability methods for the mathematical formulation of evaluation
noises. Mulvey's approach is presented in two areas: model stability and solution stability.

To formulate the problem based on the robust optimization method, model symbols are introduced.
The X-axis represents the design parameters while the Y-axis represents the proof parameters. A,
B, and C are parameter coefficients, b and e are parameter vectors (values on the right). A and B
are certain values, while B, C, and e have an indeterminate nature. A specific understanding of
uncertainty parameters is called a scenario, which is assigned the symbol s and its probability is
denoted by Ps.

Discussion and Results

Based on the results obtained from the correlation coefficients of the factors for the SN ratios, it
was observed that at the 95% confidence level, the factors P.=0.6, Pn=0.10, Pm=0.12, Gmax=300
and had a significant effect on the responses. have Also, for the tested factors, an analysis of
variance was performed with respect to the SN coefficient and the average of the responses.
According to the analysis of variance, as expected, the factors P ), Pc, and Gmax with P value less
than 0.05 have a significant effect on the answers. Based on the results of the correlation
coefficients of the factors for SN ratios, it was observed that at the 95% confidence level, the
factors Popica=400, decade=300, P\ca=1 have a significant effect on the answers. Also, for the
tested factors, an analysis of variance was done concerning the SN coefficient and the average of
the responses. According to the analysis of variance, as expected, the decade, Pica, and Popica
factors with a P value of less than 0.05 have an effect. They are meaningful in the answers. The
results show that the Popica factor has the highest rank, followed by the P ca factor. The ranking
of the decade factor is also the same for the average responses and SN coefficients.

Conclusion

Today, in order to face the fierce competition of the ruler, many production organizations
have invested in fully automatic production system with modern equipment. In order to
be sustainable from the economic point of view, these expensive equipments should be
used until the last moment of their generator life. When an unwanted breakdown, caused
by a failure, happens; It causes a decrease in productivity of the system and violates the
current production plan. Revision of the production plan in emergency conditions is
usually very expensive and often causes changes in the organizational and executive
structures of companies. On the other hand, the use of storage pump power plants as one
of the ways to adjust the amount of loss in the supply and demand of electric energy, long-
term energy storage, etc. is one of the advantages of this system. The operation of these
power plants improves the state of energy production at the national level in advanced and
developing countries. Therefore, dealing with the issues of production, maintenance and
repairs together will increase the efficiency of pumped power plants, and in this research,
the mathematical model of planning in this area was presented. According to the results
of the research, it was shown that a stable planning is considered the most important
functional area of energy plants.
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Distribution Smmary

Distribution: [Triangular
Expression: TRIA(78, 90.2, 117)
Square Brror:  0.000137
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Distribution Summary

Distribution: Triangular
Expression: TRIA(4, 4.35, 8)
Square Error: 0.001412
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Distribution Summary

Distribution: Triangular
Expression:  [RIA(1Z, 12.3, 12.9)
Square Error:  0.000658
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Distribution Summary

Distribution: Triangular
Expression:  TRIA(122, 179, 419)
Square Error: 0.000181
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Distribution Summary

Distribution: Triangular
Exprassion: TRIA(55, 64.5, 98)
Square Error: 0.000209
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Dastribution Smmmary

Distribution: Triangular
Expression:  TRIA(34, 27.3, 28.7)
Square Error:  (0.0015%6
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Sl 00

Pop,, P, P, P Goax Solution (s)cpu
200 0.6 0.10 0.10 200 164.00 6.56
200 0.6 0.10 0.10 300 42.00 11.80
200 0.6 0.10 0.10 400 46.70 13.73
200 0.7 0.12 0.15 200 40.00 8.50
200 0.7 0.12 0.15 300 13.67 12.60
200 0.7 0.12 0.15 400 32.33 13.75
200 0.8 0.15 0.20 200 66.33 12.45
200 0.8 0.15 0.20 300 26.33 16.58
200 0.8 0.15 0.20 400 27.00 20.70
300 0.6 0.12 0.20 200 20.67 14.17
300 0.6 0.12 0.20 300 14.33 23.07
300 0.6 0.12 0.20 400 48.33 12.80
300 0.7 0.15 0.10 200 20.33 16.21
300 0.7 0.15 0.10 300 21.67 22.89
300 0.7 0.15 0.10 400 44.67 13.21
300 0.8 0.10 0.15 200 18.67 22.58
300 0.8 0.10 0.15 300 22.33 23.54
300 0.8 0.10 0.15 400 49.10 1251
400 0.6 0.15 0.15 200 15.00 28.12
400 0.6 0.15 0.15 300 45.20 14.30
400 0.6 0.15 0.15 400 26.57 20.01
400 0.7 0.10 0.20 200 14.87 27.95
400 0.7 0.10 0.20 300 14.65 27.80
400 0.7 0.10 0.20 400 13.00 29.14
400 0.8 0.12 0.10 200 8.60 34.00
400 0.8 0.12 0.10 300 9.20 31.23
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(s)crpu

400

0.8

0.12

0.10

400 7.60

31.46
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Pop., P, P, P.. Goax normalized 1/normalized
200 0.6 0.10 0.10 200 0.200401 4.99
200 0.6 0.10 0.10 300 0.070722 14.14
200 0.6 0.10 0.10 400 0.079804 12.53
200 0.7 0.12 0.15 200 0.062105 16.10
200 0.7 0.12 0.15 300 0.039810 25.12
200 0.7 0.12 0.15 400 0.063385 15.78
200 0.8 0.15 0.20 200 0.099832 10.02
200 0.8 0.15 0.20 300 0.061938 16.15
200 0.8 0.15 0.20 400 0.070604 14.16
300 0.6 0.12 0.20 200 0.050836 19.67
300 0.6 0.12 0.20 300 0.060636 16.49
300 0.6 0.12 0.20 400 0.079888 12.52
300 0.7 0.15 0.10 200 0.054357 18.40
300 0.7 0.15 0.10 300 0.068697 14.56
300 0.7 0.15 0.10 400 0.076483 13.07
300 0.8 0.10 0.15 200 0.064667 15.46
300 0.8 0.10 0.15 300 0.070699 14.14
300 0.8 0.10 0.15 400 0.080214 12.47
400 0.6 0.15 0.15 200 0.071084 14.07
400 0.6 0.15 0.15 300 0.079179 12.63
400 0.6 0.15 0.15 400 0.068788 14.54
400 0.7 0.10 0.20 200 0.070609 14.16
400 0.7 0.10 0.20 300 0.070070 14.27
400 0.7 0.10 0.20 400 0.070749 14.13
400 0.8 0.12 0.10 200 0.075026 13.33
400 0.8 0.12 0.10 300 0.070403 14.20
400 0.8 0.12 0.10 400 0.069012 14.49
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L8 5y ol (i 5 SN o & e ol fy 5T e 8,90 (51,5556 (sl rimad
1205l eSS P 55,1k Gaxy P Bn slo 5551 <) o laml oS jshailen b 5 00 il g 5T 4 4 g5
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(Source:By author) SN gbvcams gl Jous .0 Jouo

level Pop,, . P, P, P Gax

1 22.47 22.15 21.86 22.06 22.40

2 23.53 24.01 24.12 23.67 23.77

3 22.90 22.74 22.93 23.17 22.73

Delta 1.06 1.86 2.25 1.61 1.38
Rank 5 2 1 3 4

a3 Py T 5l e g 005 4, (YL hls Jsaz 95 12 50 By 5535 w00 5 e sualive a5 jhailen

(Source:By author) b Kl wly Jgua .# Jgoo

el Sy SN gl 5 gy el sl asls 6l 505 Lo ygiShs ylo (samsad, o s 5,5 pgs

level Pop_ . P, P, P Gmax
1 33.14 51.13 9212 30.13 14.02
2 20.15 18.16 41.16 59.15 15.74
3 98.13 82.13 18.14 62.14 13.74

Delta 221 67.2 493 292 2.00

Rank 5 2 1 3 4

5 A 9550 Lo )sSl 5 5 (soleiday SGES (oS Nl a8 sla il il polie oS S
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Tobw S
300 Popga
0.7 P
0.12 Py
0.15 P
300 Gmax
BT ol g o g5
ok ST
300, 400, 500 Popica
200 300 . 400 decade
0.08.0.10.0.12 Pica
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RU PR
(Source:By author) eleass clivbo;l o fwl Zakuw g byguSlh abgs o SluS y5.A Jgaz
Pop, ., decade Pica Solution (s)cpu
300 200 0.08 85.2 0.66
300 200 0.08 40.6 0.82
300 200 0.08 40.2 1.13
300 300 0.10 36.0 0.65
300 300 0.10 23.0 0.83
300 300 0.10 27.8 1.14
300 400 0.12 46.2 0.65
300 400 0.12 31.4 0.80
300 400 0.12 30.8 1.15
400 200 0.10 19.0 1.29
400 200 0.10 19.0 1.86
400 200 0.10 25.6 0.98
400 300 0.12 30.6 1.27

400 300 0.12 37.8 1.87
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Pop,., decade Pica Solution (s)cpu
400 300 0.12 36.2 0.99
400 400 0.08 19.0 1.28
400 400 0.08 21.8 1.92
400 400 0.08 23.0 0.98
500 200 0.12 214 2.55
500 200 0.12 24.6 1.25
500 200 0.12 19.0 1.77
500 300 0.08 22.6 2.59
500 300 0.08 26.0 1.24
500 300 0.08 234 1.66
500 400 0.10 32.2 2.60
500 400 0.10 28.2 1.30
500 400 0.10 22.6 1.74

(Slale slagle 5 Bolyz polie (glslre Gloj 5 Ol CeieS 1,56 136 Glajer (g sl
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Pop,., decade Pica normalized 1/normalized
300 200 0.08 0.122624 8.16
300 200 0.08 0.072106 13.87
300 200 0.08 0.080000 12.50
300 300 0.10 0.061851 16.17
300 300 0.10 0.050734 19.71
300 300 0.10 0.065022 15.38
300 400 0.12 0.074394 13.44
300 400 0.12 0.060252 16.60
300 400 0.12 0.068981 14.50
400 200 0.10 0.058258 17.17
400 200 0.10 0.073676 13.57
400 200 0.10 0.057989 17.24
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Pop, ., decade Pica normalized 1/normalized
400 300 0.12 0.071981 13.89
400 300 0.12 0.097065 10.30
400 300 0.12 0.071294 14.03
400 400 0.08 0.057987 17.25
400 400 0.08 0.078742 12.70
400 400 0.08 0.054791 18.25
500 200 0.12 0.095291 10.49
500 200 0.12 0.064062 15.61
500 200 0.12 0.071241 14.04
500 300 0.08 0.097848 10.22
500 300 0.08 0.065513 15.26
500 300 0.08 0.073676 13.57
500 400 0.10 0.109924 9.10
500 400 0.10 0.069841 14.32
500 400 0.10 0.074857 13.36

6l ,53513 720 ylcebsl prbans 15 45 0l salive « SN glacans sl b 9351 Stucon ol o zulis olul 5
5,90 61,935 (6l pmiman 5,1 bagewls (55, 5 (5,0 sime 3G « Py = 1idecade = 300 Pop;cy = 400
28,5 O ygo agealy 5nSile 9 SN g 50 4 S byl 5T (ol

P o5, L Popicas decade Prpy slo, 551 «od, o il a5 jshailon s 5 & jg0 uilsly 5Ll @ am g5 b
Ao, g5 5l plas o Cosnl az )0 b Coglsl i jglaie 4y 0ill o bgwly 53 2 6 losxe ST glylos /40 5l S
gl go gy B ygiS g ool cwy SN slacess 5 bizwly (xSl Gloasls & azgi b auly zokaw
W g Ve oyled slagur wdlioe j556 jo 5l s s 6l Gl (aPS ja Lawgie caiasLis bzl Jour
i3 oo haled LapnSilie 9 SN Culpd 4 Cond Gl Jolow @ a2 55 L) Loy g5 (uivas)

(Source:By author) SN slecaww gawly Jouz 3¢ Jauz

level Pop, ., decade Pica
1 22.79 22.20 22.07
2 23.17 22.75 23.17
3 21.77 22.78 21.77

Delta 1.40 0.59 1.15

Rank 1 3 2

)QPICA)}'ZSB L)" )‘ U™ 9 099 M) uJ)JYL: (_g‘)‘é de.‘> 9o ;@ 4O POpICA)}'ISlé sbb)f‘_s.o oddliwe 4 )5.’4.!@

el LSy a3 SN (sl 5 bl (eSles slo aslis sl 5 decade S as, ol 3 g 4,
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(Source:By author) b il fwly Jgaz V) Jaus

level Pop,., decade Pica
1 14.48 13.63 13.53
2 14.93 14.28 15.11
3 12.89 14.39 13.66
Delta 2.05 0.76 1.58
Rank 1 3 2
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Dl oo
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