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Abstract―Power plant companies have many different 

standard interval between overhauls. The difference may be due 
to the different methods used by the company. However, these 
methods do not take into account aspects of risk, aspects of 
human error and financial aspects simultaneously. The purpose 
of this study is to determine the optimal interval overhaul by 
considering aspects of risk, human error aspects and financial 
aspects simultaneously. The propsed method to calculate 
reliability plant model using the Criticality Risk Matrix tool and 
elimination of equipment that can be overhauled at the time the 
plant under operating conditions, succeeds in reducing the 
number of equipment that needs to be analyzed, from 210 to 30 
equipment. Parameter reliability plant obtained β: 0.9755, η: 
602.0508, γ: 7.5942. The reliability plant model is combined with 
reliability constant affected by human error resulting in a 
combined reliability model. The combination of combined 
unreliability model, multiply to Economical Consequences so 
that the Total Cost model can be obtained. Genetic algorithm is 
an effective method to be used in the optimization process of a 
non linear function. The difference between net income model 
and total cost will produce profit model, so the optimal overhaul 
interval can be known by doing optimization on the model so 
that obtained top1 = 7698 hours. Optimization of total cost 
model can be done to find out the latest time the plant must be 
shutdown to do overhaul in order to avoid cost inefficiency. 
Optimal time total cost obtained top2 = 17645 hours. 
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I. INTRODUCTION1 
A power plant company in West Java, Indonesia as the 

object of this study, applies overhaul management 
standards to its power plant installations where overhaul 
intervals are set for 8000 hours of cumulative operation 
calculated from the first synchrone on grid to the next 
overhaul. The interval overhaul is stated for 4-8 months in 
the manual book and with additional notes if the equipment 
is in good condition, it can be extended gradually in order 
to optimize function and lower maintenance costs[1]. Every 
institution has different steam turbine overhaul intervals[2]. 
GE's steam turbine service official guide line recommends a 
5-year interval, while the Electric Power Research Institute 
(EPRI) says the overhaul interval time on the turbine is 
when Nett Present Value calculation method is negative. 
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Not far from GE, the power generation company in the 
USA uses a 5-6 year interval for its generating unit and the 
VGB states the interval between the turbine overhaul is 
25.000 hours of operation. The method of determining the 
inspection interval at a LNG-based processing plant based 
on risk is formulated[3]. This method assists the process of 
optimization of inspection intervals (overhaul) by 
considering the risks associated with production, safety and 
the environment and combining them with the calculation 
of system reliability by using previous operating data. The 
study was developed by adding a correction factor derived 
from the calculation of probability due to human error so 
that the calculation of the combination of risk with the 
reliability of the equipment will change[4]. This human 
error factor can be calculated using the Success Likehood 
Index Method (SLIM). The interval between overhauls is 
obtained by finding the difference between income 
potential and the level of risk, so that the quality of the 
overhaul results greatly affects the interval after[5]. 

II. METHOD  
The calculation of the optimization of the overhaul 

interval uses the following equations: 
A. Reliability equations with a 3-parameter Weibull 

distribution[6] 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡) = 𝑅𝑅𝑅𝑅𝑦𝑦𝑠𝑠(𝑡𝑡) . 𝑝𝑝 (1) 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹(𝑡𝑡) = 1 − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡) (2) 

𝑅𝑅(𝑡𝑡) = 𝑒𝑒−(𝑡𝑡−𝛾𝛾𝜂𝜂 )𝛽𝛽 (3) 
where :  

t  : mission time (h) 
T  : system life (h) 
Β : shape parameter atau slope, > 0  
η : scale parameter atau characteristic   life >0 
γ : location parameter atau failure free life, -∞<γ<∞ 
Rcomb : combination reliability model 
Fcomb : combination unreliability model 

B. Equation Human Error Probability (HEP)[7] 
SLIk = ∑𝑅𝑅𝑗𝑗𝑗𝑗 𝑥𝑥 𝑊𝑊𝑗𝑗 (4) 
LOG(HEP) = a x SLI + b (5) 
P = ∏ (1 −𝐻𝐻𝐸𝐸𝑃𝑃𝑘𝑘)𝑚𝑚

𝑘𝑘=1  (6) 
where :  

P  : human error reliability 
Rjk  : scale rating task k on PSF i 
Wj  : weight of normalization 
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SLI  : Succes Likelyhood Index task k 
HEP  : human error probability 

C. Total Cost Equation 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)𝑖𝑖 + ∑ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑛𝑛

𝑖𝑖=1 +
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (7) 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) × 𝐸𝐸𝐸𝐸𝐸𝐸 (8) 
𝐾𝐾𝐾𝐾 = 𝐾𝐾𝐾𝐾 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (9) 

where :  
ECT    : Economic Consequences of Failure (Rp) 
Fsys  : combination probability of failure  
RISKe  : Risk (Rp)  
ECAL  : Economic Consequences of Asset Lost (Rp) 
ECHHL : Economic Consequences of Human Health Loss  

(Rp) 
ECSIM : Economic Consequences of Shutdown 

Inspection and Maintenance Cost (Rp) 
ECPL : Economic Consequenes of Production Loss (Rp) 
Kr  : Total Maintenance Cost (Rp) 
Kc  : Total Cost (Rp) 

D. Profit Equation[5] 
Z = Zbrutto – Qb x CP (10) 
V” = Z” – Kc” (11) 

where :  
Z  : net income (Rp) 
Zbrutto : income brutto (Rp) 
Qb  : coal consumption (t/h) 
CP  : the price of coal (Rp/kg) 
Z”  : Z per unit time (Rp/h) 
Kc”  : Kc per unit time (Rp/h) 
V”  : profit per unit time (Rp/h)  

III. RESULT AND DISCUSSION 
Modeling is implemented in 5 modules : 

1. selection of equipment 
2. calculation of plant, human error and combined 

reliability model 
3. calculation of risk model 
4. calculation of profit model 
5. optimization of profit function and total cost 
Selection of equipment is done with the aim of 

simplifying the process of analysis by reducing equipment 
with certain categories in the next analysis process. 
Reliabilty Block Diagram (RBD) system and plant level is 
structured to facilitate the analysis of modeling. Equipment 
selection requires input data downtime equipment to be 
able to calculate probability failure. Probability failure is 
used to determine the probability value. Calculating the 
impact value if a down equipment can be done using RBD 
instructions. Determination of risk categories, based on 
Criticality Risk Matrix in the figure 1 can be implemented 
so that it can be done eleminasi on equipment that has low 
risk category. The process of elemination at this stage 
succeeded in reducing 210 to 51 equipment. 

The next process is to calculate the Mean Time Between 
Failure (MTBF) of the redundant equipment that passed the 
previous elemination. An equipment can be eliminated to 
be removed from subsequent analysis if the MTBF minus 
equipment system is greater than the duration of the 
overhaul equipment. Eliminated equipment will be 
overhauled when the plant in operating condition. The 
advanced elemination process successfully reduces 51 to 
30. RBD is revised by eliminating eliminated equipment. 

The compilation of plant reliability model is done by 
fitting data down time using final revision RBD and 
Blocksim software tool, yielding parameter β: 0.9755, η: 
602,0508, γ: 7,5942 on the equation (1)

 
Figure 1. Criticality Risk Matrix 

The calculation of human reliability model is done using 
SLIM tool. There are 6 Performace Shaping Factors (PSF) 
that have the potential to affect the quality of overhaul 
results, namely: 
1. Completeness of the tool 

2. Adequacy of work procedures 
3. Adequacy of personnel knowledge to setting standards 
4. Condition of exhausted body 
5. Work experience 
6. Satisfaction with work wages 
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PSF will affect the value of human error probability 
(HEP) on 22 overhaul activity. The result of SLIM analysis 
shows that the pump / fan realignment work has the highest 
HEP that is 0.0001595 and the total reliability value is 
0.9969. Using the equation  (3) can be compiled 
combination unreliability model as follows: 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹(𝑡𝑡) = 1 − (0,9969 . 𝑒𝑒−(𝑡𝑡−7,5942
602,0508)0,9755

) 
Risk is the multiplication of probability with impact. 

Probability can use the combination unreliability model 
(Fcomb), while the impact is derived from the calculation 
of Total Economical Consequences of Failure (ECT). ECT 
consists of 4 components, namely: ECAL, ECHHL, ECSIM 
and ECPL. Calculation of the component by using formula  
(7) obtain ECT model as follows: 

𝐸𝐸𝐸𝐸𝐸𝐸(𝑡𝑡) = �1 − 1
0,9827

𝑒𝑒−�0,2475+ 𝑡𝑡
213120

�
2,9

� 𝑥𝑥 331470577932 + 

 �1 − 1
0,9827

𝑒𝑒−�0,2475+ 𝑡𝑡
213120

�
2,9

� 𝑥𝑥 1981800000 + 

10099934727 + 5 × 1010 + 468547𝑡𝑡 + 310,26𝑡𝑡2 
From the above ECT model can be punctured risk model 

per unit time (RISKe "), as follows: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅"(𝑡𝑡) =
1
t (1 − 0,9969 . 𝑒𝑒−(𝑡𝑡−7,5942

602,0508)0,9755
) × 

(−339322659949,12𝑒𝑒−�0,2475+ 𝑡𝑡
213120�

2,9

+ 
310,26𝑡𝑡2 + 42854𝑡𝑡 + 399422594676)     

Total Maintenance Cost Model (Kr) is prepared using 
actual maintenance data from research object, and obtained 
model as follows: 

𝐾𝐾𝐾𝐾" =
1
𝑡𝑡 (32.653.877.360 + 1.102.449𝑡𝑡) 

Total Cost (Kc ") model can be obtained by summing 
RISKe" and Kr " 

Net income can be obtained from the gross income 
difference with the fuel cost. Fuel costs will change 
according to NPHR changes, so it is necessary to model 
NPHR. Based on NPHR data analysis with linear 
regression can be obtained the model as follows: 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑡𝑡) = 0,0321𝑡𝑡 + 2625,2 
Calculation of formula no (10) with data HHV = 4813 

kCal/kg with the average price of Rp. 792.632, - per ton. 
Data of March 2018 for CF is 0.88 and HPP 611.3 Rp / 
kWh can be obtained net income model (Z ") as follows: 

𝑍𝑍"(𝑡𝑡) = 45672445,16 − 1347,47𝑡𝑡 
After Kc "and Z" are known, then we can arrange profit 

model (V ") using equation no (11), with result as follows: 
𝑉𝑉"(𝑡𝑡) = (45672445,16− 1347,47𝑡𝑡) − 

1
𝑡𝑡 �1 − 0,9969 . ℯ−�

𝑡𝑡−7,5942
602,0508�

0.9755

� × 

�−339322659949,12ℯ−�0,247+ 𝑡𝑡
213120

�
2,9

+ 310,26𝑡𝑡2 +

468547 + 399422594676� − 1
𝑡𝑡

(3265387760 +

1102449𝑡𝑡)  
 Maximization optimization of profit function is done to 

get the time point (top1) on the highest profit per hour. 
Optimization of minimization of total cost function is done 
to get the time point (top2) at the lowest total cost value. Non 
linear optimization is done using Genetic Algorithm 
method, with top. 

In the graph V "can be obtained the point of intersection 
with the x axis. The A point is the time at which the plant 
starts to get an hourly profit and point B where the plant 
begins to lose. From the calculation obtained point A = 
2.449 hours and point B = 23,824 hours. Point top1 
positioning of the graph can be seen in the figure 2. 

result = 7.698 hours for maximum profit, and  
top2: 17.645 hours for lowest total cost. 

 
Figure 2. V” Graph Based On Time. 
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