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Abstract - Power system generator effective maintenance
scheduling is very important for the economical, stable
and reliable operation of a power system. This represents
a tough scheduling problem which continues to present a
challenge for efficient optimization solution techniques.
Generator maintenance scheduling (GMS) problem
refers to finding a schedule according to which the
planned maintenance can be performed on the
generating units in a power system. To accesses safety
and reliability in a power system industry and to increase
the ability of failure identification before it occurs
inspection planning plays a vital role. Specially creating
the maintenance schedule power generator is useful for
minimizing cost function and to supply electricity with
high reliability. In this paper several optimization
methods have been discussed such as heuristic methods,
mathematical programming method and artificial
intelligent methods and also maintenance types like
preventive  maintenance, corrective  maintenance,
planned maintenance, unplanned maintenance and soon,
recap of important information from different papers
presented. After all this paper gives some indication for
future researcher by showing the gap on this area and
conclusion drawn from comparison of different authors
work.

Keywords: Artificial intelligent methods, Generator
maintenance scheduling, Optimization methods, Preventive
maintenance, Predictive maintenance

. INTRODUCTION

Electric power system maintenance scheduling
problem is very important from resource utilization
standpoint. An optimal maintenance schedule for thermal
generator units is obtained by solving a large-scale
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optimization problem several methods proposed by different
authors. Implemented fuzzy knowledge based algorithm to
determine ranked list in components according to their
criticality taking in to account multiple criteria (Amalia
2001). Methaheurstic, genetic algorithm and simulated
annealing was proposed and compared to solve generator
maintenance scheduling problem with the consideration of
reliability (Keshav P. Dahal. et al. 2006). Application of
benders decomposition in hydro-power plant considering
real problems generating companies may face in the
liberalized power systems (Igor Kuzle. et al.2010).

Calculation of criterion function, system operation
costs and unreliability costs are calculated by a special
simulator and cumulative method and application of
dynamic programming and successive approximations
method was proposed for determination of annual thermal
unit maintenance schedules (Rodoljub Tonié. et al. 2010).
Modeling System (GAMS) is the utilized for solving
optimization problem considering transmission, security
constraints as well as crew constraints and system reliability
indices such as amount of not supplied energy for
maintenance scheduling problem (Ali Badria.et al 2012).
proposed a way of identifying an optimized solution for
maintenance scheduling of the Web servers through Genetic
algorithm (Ravi Sindal et al. 2013). Optimal preventive
maintenance schedules of generating units HPSO (heuristic
particle swarm optimization) algorithm for maximizing
economic benefits and improve reliability (Obodeh. O. et al.
2013). Proposed decentralized methodology to determine
unit scheduling and reserve allocation in an interconnected
multi _ area power system under wind uncertainty (Ali
Ahmadi_Kbhatir. Etal 2014).

Energy saving generation dispatching was implemented
for energy conservation and emission reduction and design
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annual, monthly, recently and real time energy power
scheduling plans (Peng-Fei Liul. et al. 2015). Hybrid
differential evolutionary algorithm was proposed to handle
the starting period of each generating unit for carrying out
maintenance work with cooperation of lambda iteration
approach to assists DE(differential evolutionary) algorithm
in finding the accurate starting period and Numerical results
obtained by the proposed HDE method are compared with
hybrid particle swarm optimization (HPSO) algorithm(G.
Balaji.et al. 2015). Generator maintenance scheduling based
on minimization of the objective function considering the
economical and reliable operation of a power system with
the consideration of satisfying the network constraints and
detailed description of different optimization techniques
(Suraj Kumbhar. et al 2016).

For maintenance and operations scheduling problem
propose stochastic mixed integer programming approach and
introduce number of algorithmic improvements (Beste
Basciftci. et al 2017). Bacteria foraging algorithm was
presented to solve optimization problem which is dependent
on weibull scale factor, reserve cost for over estimating the
wind power, and the penalty cost for under estimation of the
wind energy (Ambarish Pandda. et al 2017). Optimal
generation scheduling of renewable distribution generation
for power loss optimization using particle swarm
optimization and the effectiveness of proposed method and
comparison were performed by DIgGSILENT program
language (Bounthanh Banhthasi. et al. 2018).

Il. OVERVIEW OF GENERATOR
MAINTENANCE SCHEDULING (GMS)

Modern power systems are experiencing increased
demand for electricity with related expansions in system
size, which has resulted in lower reserve margins making the
generator maintenance scheduling problem complicated.
Concerns for high reliability, low production cost and
energy management in electricity generation plants has
stimulated interest in automated production, operation,
transmission and schedule maintenance of various machines
in a generation plant. The reliability of system operation and
production cost in power plants are affected by the
maintenance outage of generators. Optimised maintenance
schedules could potentially defer some capital expenditure
for new plants in times of tightening reserve margins, and
allow critical maintenance work to be done which might not
otherwise be achieved. Therefore, maintenance scheduling is
a significant part of the overall operations scheduling
problem(K. P. Dahal, N. Chakpitak, 2007; C.Feng, X.Wang,
2008).

A. GMS Problem constraints

The constraints included in formulations of the GMS
problem may vary significantly, it depending on the nature

and underlying assumptions of the operations of power
utility’s. The major constraints employed in the literature
includes maintenance window constraints, reliability and
availability constraints , load constraints, service contiguity
constraints ,  resource  constraints, crew/manpower
constraints , exclusion constraints, condition of the engine,
spinning reserve, and transmission/network constraints
(Suraj K., M.Kumar, Feb-2016; Froger A. et al., 2016;
Huang CJ. et al., 1992; Ahmad A. et al., 1998).

B. Classification of Generator Maintenance

Maintenance is classified as different types according
to different authors shown in Fig 1. Before and during
World War 11 most maintenance was done in a reactive way,
i.e. breakdown maintenance. However, some low-level
preventive maintenance, e.g. checking oil levels and doing
fault-finding on critical equipment, was performed on
weapons systems to increase mission availability (Al-Turki
U, 2011; Ahmad R & Kamaruddin S, 2012; Zhan JP, Guo
CX, Wu QH, Zhang LL & Fu HJ, 2014; Patel SA &
Kamrani AK, 1996; Martin KF, 1994; Gallimore KF &
Penlesky RJ, 1988). Most of the time proacctive
maintenaces are clasified in to two pland-preventive
maintenance (PPM) and planed maintenance as shown in
Fig 2.
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Fig 1: Maintenance classification according to different
authors
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Fig 2: Proactive maintenance Classification

Additionally, it is also classified depend on its
maintenance duration, it is divided in to four categories as
shown in Fig 3: Bi-annual and annual maintenance is must
schedule maintenance which is done by certified technicians.
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Fig 3: Classification of maintenance according to its duration (All References)

C. Maintenance scheduling optimization problems

Optimization techniques for maintenance scheduling
are listed in Fig 4 below. Currently, mostly used techniques
are artificial intelligence techniques which are Genetic
Algorithm (GA) (Holland, 1975), which was inspired by
Darwin’s principle of survival of the fittest, and Particle
Swarm Optimization (PSO) (Kennedy and Eberhart, 1995),
which is based on a simplified social model. Other
algorithms that fall into this category include evolutionary
programming (Fogel, Owens and Walsh, 1966), genetic
programming (Koza, 1992), differential evolution (Storn and
Price, 1997), simulated annealing (Kirkpatrick, Gelatt and
Vecchi, 1983), tabu search (Glover, 1977), ant colony
optimization (Dorigo, Maniezzo and Colorni, 1996),
harmony search (Geem, Kim and Loganathan, 2001), and
Hybrid artificial intelligent methods.

I Maintenance Scheduling Optimization Methods
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Fig 4: Optimization Methods Used for Maintenance
Scheduling

D. Factors that affect Generator maintenance

Generator maintenance is affected by different factors as
shown in Fig 5:
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Fig 5: Factors that affect generator maintenance

E. Benefits and Challenges of Generator

maintenance scheduling

The main benefits of a maintenance scheduling is:
Increase equipment availability and reliability, Improve
overall productivity, Increase return on investment (ROI),
Reduce environmental impact, Reduce maintenance cost,
Higher productivity, Reduce lost time injuries and so on.
The drawback of GMS is time consuming and resource
intensive, It does not consider actual equipment condition
when scheduling or performing the maintenance, It can
cause problems in equipment in addition to solving them
(e.g., damaging seals, stripping threads).

I1l. OBSERVATIONS

» Fuzzy relational database model features has great flexibility
in handling and evaluation of fuzzy information and in
controlling the degree to satisfy individual conditions of a
query (Amalia Sergaki, Kostas Kalaitzakis, Aug.2011).

» GA/SA and GA/SA/heuristic approaches are more robust
and stable for solving GMS problems than a GA approach
(Keshav P. Dahal , Nopasit Chakpitak , June 2006).

» Using genetic algorithm by increasing the number of
chromosomes and generation lead to near optimized results
(Ravi Sindal, July 2013).

» Based on trial and error principle the most primitive solution
is obtained from metaheuristic method (Obodeh, O,
Ugwuoke, P. E., Nov. 2013).

» DE effectively utilizes better maintenance schedule in terms
of maximizing the profit of generation company’s present in
the market when compared to that of PSO(particle swarm
optimization) (G. Balagji, R. Balamurugan and L.
Lakshminarasimman, 2015).

» Over estimation in wind power is better than under
estimation (Ambarish Pandda, N.K.Barpanda, Dec. 2017).

> Decentralized technique is accurate when the final result is
equal to obtained by centralized procedure (Ali
Ahmadi_Kbhatir, Antonio J.conejo, Rachid Cherkaoui, July
2014).

> All power stations use time-based maintenance, condition-
based maintenance and operated- failure tactics. Other
tactics like fault-finding maintenance are used by only a few
power stations.

IV. CONCLUSIONS AND RECOMMENDATION
A. Conclusion

Generator maintenance scheduling plays a pivotal role
in ensuring uncompromising operations of power systems.
There exists a tight coupling between the condition of the
generators and corresponding operational schedules,
signicantly affecting reliability of the system. The GMS
model using the reliability objective function mostly solved
with artificial intelligent techniques is compared with the
classical reliability objective function GMS model. GMS is
improved the safety and efficiency of the system in addition
to reliability problem. In this paper overall GMS
classification with rerated to its duration, optimization
methods used for GMS, benefits and challenges of GMS,
observations from the overall references are discussed.

B. Recommendation

Note: All recommendations are drawn by considering the
references listed in shown below

» Fuzzy logic based method is flexible to accommodate a
wide range of applications related to representation and
handling of imprecise information and complex
system.

» In future work recommended creating an optimal
maintenance program, satisfying all numerous
transmission power flow and transmission maintenance
constraints.

» Recommended to consider unplanned maintenance
allowances and deferred maintenance use of heuristic
approach for future works.

» Unplanned maintenance allowances and deferred
maintenance using hybrid heuristic techniques
considering frequency based maintenance outage
formulation or multi objective modeling approach is
recommended for future works.

> It is also recommended that the design of new power
generating plants should consider the importance of
maintenance and reliability decisions at the design
stage when there is an opportunity to reduce life-cycle
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operating and maintenance costs and therefore total
cost of ownership (TCO).

> It is recommended that further research should be

conducted on closed loop GMS problems. The closed
loop approach to GMS problems should be applied in
real plant scenario to identify the real-time challenges
of implementation such as the physical limitations of
the generators.

» It is also recommended that the generator limit and rate

[1]

(2]

(3]

[4]

[5]

[6]

[7]

8]

4]

[10]

of ageing for each generator is investigated to consider
the unit commitment of the power plant.

V. REFERENCES

Ahmad A, Kothari DP. 1998. A review of recent
advances in generator maintenance scheduling.
Electric Machines & Power Systems. 26(4). pp. 373—
387.

Ahmad Almakhlafti, Joshua Knowles. 2015. Terated
local search for the generator maintenance scheduling
problem. MISTA.

Ahmad Raza. 2016. Mathematical model of corrective
maintenance based on operability chalks for safety
critical system. American Journal of Applied
Mathematics. Vol.1. pp.8_15.

Ahmad R, Kamaruddin S. 2012. An overview of time-
based and condition-based maintenance in industrial
application. Computers and Industrial Engineering.
63(1), pp. 135-149.

Ali  Ahmadi_Khatir, Antonio J.conejo, Rachid
Cherkaoui. 2014. Multi_area unit scheduling and
reserve allocation under Wind power uncertainty.
IEEE Transaction on Power system. Vol. 29. No.4.

Ali Badria, Ahmad Norozpour Niazib, Seyyed Mehdi
Hoseinic. Long term  preventive  generation
maintenance  scheduling  with  network. 2nd
International Conference on Advances in Energy
Engineering (ICAEE), Energy Procedia 14 (2012) 1889
—1895.

Al-Turki U, (2011). A framework for strategic
planning in maintenance. Journal of Quality in
Maintenance Engineering. 17(2), pp. 150-162.

Amalia Sergaki, Kostas Kalaitzakis.(2001,December).
A fuzzy knowledge based method for maintenance
planning in power system, reliability engineering and
system safety. Received 17 August 2001, accepted,29
Ambarish Pandda, N.K.Barpanda, (2017,December).
optimal generation scheduling of wind integrated
power system using bacteria foraging algorithm.
International Journal Advanced Research in science
and Engineering,Volume No. 06, Issue No.01,
B.Chindondondo, L.Nyanga, A.Van Der Merwe,
T.Mupinga, S Mhlanga,(2014,July). Analysis of a time

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

based and corrective maintenance system for a sugar
producing company. SAI26 Proceedings, 14" 16"
Muldersdrift, South Africa.

Beste Basciftci, Shabbir Ahmed, Nagi Gebraeel, Murat
Yildirim, (2017,May 22). “Integrated generator
maintenance and operations scheduling under uncertain
failure times”, .

Bounthanh Banhthasit, Chawoanan Jamroen, Sanchai
Dechanupaprittha,(2018)  “optimal  scheduling of
renewable distribution generation for operating power
loss optimization”, GMSARN International Journal,
volume 12, pp 34_40.

C.Feng, X.Wang, (November 2008). “Optimal
maintenance  scheduling of power producers
considering unexpected unit failure,” IET Generation,
Transmission & Distribution vol. 3, no.5, pp 460-471.
Csaba Horvath, Zoltan Gaal, (2008).“Operating
maintenance model for modern printing machines”,
Acta Polythechnica Hungarica, Vol 5, No.3.

Dorigo M, Maniezzo V and Colorni A. Ant system:
optimization by a colony of cooperating agents. IEEE
Transactions on Systems, Man and Cybernetics, Part B
1996; 26(1):29-41.

Froger A, Gendreau M, Mendoza JE, Pinson E* &
Rousseau L, (2016), Main- tenance scheduling in the
electricity industry: A literature review , European
Journal of Operational Research, 251(3), pp. 695-706.
Fogel LJ, Owens AJ and Walsh MJ. Artificial
Intelligence Through Simulated Evolution. John Wiley
& Sons Inc., 1966.

Gallimore KF & Penlesky RJ, (1988). A framework for
developing maintenance strategies- , Production &
Inventory Management Journal. 29(1), pp. 16-22.
Geem ZW, Kim JH and Loganathan GV. A new
heuristic optimization algorithm: Harmony search.
SIMULATION 2001; 76(2):60-68.

G. Balaji, R. Balamurugan and L.
Lakshminarasimman,(2015). “Generator maintenance
scheduling in a deregulated environment using hybrid
differential evolution algorithm”, ARPN Journal of
Engineering and Applied Sciences. Vol. 10, No 22,
ISSN 1819-6608.

Glover F. Heuristics for integer programming using
surrogate constraints.  Decision  Sciences 1977;
8(1):156-166.

Hasnida Ab_Samat, Livendran Nair Jeikumar, Ernnie
Illyani Basri, Nurul Aida Harum,(2012,July 3_6).
“Effective preventive maintenance scheduling A case
study. proceedings of the 2012 Conference on
Industrial Engineering and operations Management
Istanbul, Turkey.

Hani Albalawi, Karthikeyan Balasubramanium, Elham
Makram. Secure operation and optimal generation



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

International Journal of Engineering Applied Sciences and Technology, 2018
Vol. 3, Issue 8, ISSN No. 2455-2143, Pages 1-7
Published Online December 2018 in IJEAST (http://www.ijeast.com)

scheduling considering battery life for an isolated
northwest grid Saudi Arabia. Journal of Power and
Energy engineering, vol.5, ISSN Online:2327_5901,
ISSN print:2327_588x,2017,pp:41_62.

H.C.Sun, Y.C.Hung,K.Y.Huang,( 2008). A new
algorithm for power system scheduling problems,
Eigth International Conference on Intelligent Systems

Design and application.
Vol:1,November,page(s):36_40.
Holland JH., (1975) Adaptation in Natural and

Acrtificial Systems. University of Michigan Press.
Huang CJ, Lin CE & Huang CL, (1992). Fuzzy
approach for generator maintenance
scheduling.Electric Power Systems Research. 24(1),
pp. 31-38.

Huseyin Hakan Balci, Jorge F. Valenzuela, (2004).
Scheduling electric power generators using particle
swarm optimization combined with the lagrangian
relaxation  method”,Int.J.  Appl.Math,Comput.sci.
vol.14. No.3,. pp:411_421.

Hyeongon Park, Joonhyung Park, Jong Yong Park, Jae
haeng Heo,(2017). considering maintenance cost in
unit commitment problems. energies.volume 10. page
1917.

Igor Kuzle, Hrvoje Pandzi¢, Miljenko Brezovec,(2010)
Hydro generating units maintenance scheduling using
benders decomposition. Technical Gazette 17, 2, 145-
152, ISSN 1330-3651,UDC/UDK
621.311.21:[519.863: 658.58.

Kennedy J and Eberhart RC., (1995). Particle swarm
optimization. In Proceedings of the 1995 IEEE
International Conference on Neural Networks, Perth,
Australia, ; 1942-1948.

Keshav P. Dahal , Nopasit Chakpitak , (20086,
February).generator maintenance scheduling in power
system using metaheuristic based hybrid approach.
Electric power system research, Received 17 May
2005; received in revised form 27 ; accepted 30 June
2006.

Kirkpatrick S, Gelatt CD and Vecchi MP. Optimization
by simulated annealing. Science 1983; 220(4598):671—
680.

Koza JR., (1992). Genetic Programming: On the
Programming of Computers by Means of Natural
Selection. MIT Press.

K. P. Dahal, N. Chakpitak, (2007). “Generator
maintenance scheduling in power systems using
metaheuristic-based hybrid approaches,” Electric
Power Systems Research, vol. 77, no. 7, pp 771-779.
Manwinder Kaur, Arvind Kumar Lal, Satvinder Singh
Bhatia, (2013). Akepati Sivarami Reddy, on the use of
corrective maintenance data for performance analysis
of preventative maintained textile industry. Journal of
Reliability and Statistical studies. Vol 6.Issue 2. ISSN

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

online:2229 5666, ISSN
pp:151_163.

Martin  KF, (1994). A review by discussion of
condition monitoring and fault diagnosis in machine
tools. International Journal of Machine Tools &
Manufacture. 34(4), pp. 527—551.

Mehmet Savsar,(2013). Analysis and scheduling of
maintenance operations for a chain of gas stations.
Journal of Industrial Engineering. pages 7.

Ngnassi Djami Aslain Brisco, (2018). Nzie Wolfgang,
optimization of a maintenance policy for generator sets
of company Camlait S.A. European Journal of Applied

print:0974_8024,

Engineering and scientific research. Vol:6(3).
ISSN:2278_0041. pp :15_23.
Obodeh, O, Ugwuoke, P. E.(2013, November).

Optimal maintenance scheduling of thermal power
units in a restructured Nigerian power system. Journal
of Mechanical Engineering Research.Vol. 5(8). DOI
10.5897/JMER2013.0292. ISSN 2141-2383. pp. 145-
153.

Patel SA & Kamrani AK, (1996), Intelligent decision
support system for diagnosis and maintenance of
automated  systems, Computers & Industrial
Engineering,30(2), pp. 297— 319.

Peng-Fei Liul, Qun-tai Shen, Qiu-feng Chen, (2015).
Optimization of power plant generating capacity
scheduling based on Markov model. The Open
Electrical & Electronic Engineering Journal. Volume
9. pp :610-616.

Phuc Do Van, Alexandre Voisin, Eric Levrat, Benoit
Jung,( 2012). Condition based maintenance with both
perfect and imperfect Maintenance actions. Annual
conference of the prognostics and health management
society.

Ravi Sindal,(July 2013). Genetic Algorithm Assisted
Preventive Maintenance Scheduling for Web Servers.
International Journal of Computer Science and Mobile
Computing. Vol. 2. Issue 7. pg.333 — 343.

Rodoljub Toni¢, Milan Raki¢, (2010). Annual
preventive maintenance scheduling for thermal units in
an electric power system. Yugoslav Journal of
Operations Research. VVolume 20. Number 2. 261-273.
DOI:10.2298/YJOR1002261T.

Ruchi Solanki,Krishina Teerth Chaturvedi, Narayan
Prasad. Patidar, (Feb, 2014). hybrid neuro_fuzzy
system for optimal generation scheduling in Electrical
power systems. IOSR Journal, of electrical and
Electronics  Engineering. e _ISSN:2278|_1676.
p_ISSN:2320_3331. Vol.9,Issue 1. pp:01_13.

Storn R and Price K. Differential evolution — A simple
and efficient heuristic for global optimization over
continuous spaces. Journal of Global Optimization
1997; 11(4):341-359.



International Journal of Engineering Applied Sciences and Technology, 2018
Vol. 3, Issue 8, ISSN No. 2455-2143, Pages 1-7
Published Online December 2018 in IJEAST (http://www.ijeast.com)

[47] Suraj Kumhar, Mantosh Kumar,( Feb-2016). Generator
maintenance scheduling of power system using hybrid
technique. International Research Journal of
Engineering and Technology (IRJET). Volume: 03
Issue: 02. e-ISSN: 2395 -0056. p-ISSN: 2395-0072.

[48] S.Singh, M.Singh, S.C.Kaushik. optimal power
scheduling of renewable energy systems in microgrids
using distributed energy storage systems. IET
Renew.Power Genr.10(9):1328_1339.

[49] S.Y.Derakhshandeh, Amir S.Masoum, Sara Deilami,
Mohammad A.S.Masoum,M.E.Hamedani  Golshan,
(2013). Coordination of generation scheduling with
PEVs charging in industrial microgrids. IEEE
Transactions on power system. pp:0885_8950.

[50] Zhan JP, Guo CX, Wu QH, Zhang LL & Fu HJ,
(2014). Generation maintenance scheduling based on
multiple objectives and their relationship analysis,
Journal of Zhejiang University SCIENCE C, 15(11),
pp. 1035-1047.



