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Abstract— In the past decades, open pit mines have 

tremendously increased their production to many folds by 

employing larger equipments which require huge capital 

investment. In recent time low commodity prices compelled 

companies to decrease their operating cost by improving 

productivity. Utilization of capital intensive equipments is of 

paramount importance as effectively as possible to improve 

productivity. Therefore, the accurate estimation of equipment 

effectiveness is very important so that its performance can be 

increased. Overall Equipment Effectiveness (OEE) is a well-

known measurement method used in manufacturing industry 

which combines availability, performance and quality, for the 

evaluation of equipment effectiveness. This evaluation 

method can be extended for major open pit mining 

equipments such as shovels and trucks. This paper will deal 

with the application of OEE to measure effectiveness of 

mining equipment so that availability and utilization can be 

matched. It identifies the causes of time losses for shovel and 

truck operations and introduces procedure to record time 

losses. A field study is undertaken to estimate OEE of shovels 

and trucks in an open pit mine. From analysis of the results, 

suitable conclusions are drawn to improve OEE. 
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I. INTRODUCTION 

Mining industry produces minerals which are the backbone 

of the national economy and centre for development of the 

nation. Day by day demand for mineral is growing at very fast 

rate. To meet the demand, mining companies are increasing 

their production by deploying giant machines, especially in 

surface mines. Particularly in underground coal mines 

drudgery in production has led to focus production from 

surface mines. These capital intensive equipments are assets 

for mining companies and supposed to deliver and perform 

the task effectively for recovery of return on investment and 

earn profit. Prevailing global competition, economic 

slowdown, tough environmental challenges with more safety 

in operating conditions has led the mine operators to rethink 

innovative and proven method to evaluate effectiveness of the 

major production equipment in open pit mines. Nearly 97% 

of the total coal produced comes from open pit mines 

employing shovel and trucks. The equipment utilization is the 

key to success of mining industry. Thus accurate estimation 

of availability and utilization is of foremost consideration for 

mine managers to keep pace with high values of production, 

productivity and profitability in quick time. Therefore it has 

become the need of hour to assess the effectiveness of the 

open pit mine equipment considering availability and 

utilization. Many studies have proposed measures to increase 

availability by adopting proper maintenance and repair 

policy. Utilization can be enhanced by strategic production 

planning. [1-3] Therefore, motive of this study is to introduce 

a performance assessment method which is popular in 

manufacturing industry to measure Overall Equipment 

Effectiveness (OEE). This method of measurement is 

extended to open pit mine to assess their effectiveness 

operating in an open pit coal mine considering time based 

approach. Till now, Total Preventive Maintenance (TPM) is 

considered as a major tool for performance measurement in 

manufacturing and allied industries. Later on, researchers 

Proposed OEE to verify the progress of TPM. Since then, 

many studies were undertaken in this area except for mining 

equipment beside one or two as exceptions. [4-6] This paper 

mainly addresses the issues of performance assessment based 

on OEE for shovel loading in trucks operating in a case study 

mine producing coal with real time field data collection. 

II. UNDERSTANDING OEE 

OEE was significantly proposed by Nakajima [7] to evaluate 

the effectiveness of TPM. OEE is suggested as the multiplier 

of availability, performance and quality. OEE is a simple tool 

that will help managers to measure the effectiveness of their 

equipment. It takes into account the most prevalent and 

common sources causing production and productivity loss, 

which are identified as six big losses and mentioned in Table 

I. These main losses occurring during operation are quantified 

and classified as availability, performance and quality in 

order to estimate OEE as given in equation (1). 

OEE = Availability x Performance x Quality       (1) 

Sl. 

No. 

Category OEE  

Factor Six Big Losses OEE Losses 

1 Equipment Failure 
Downtime 

Losses 

Availability 

(A) 2 
Setup and 

Adjustment 

3 
Idling and Minor 

Stoppages Speed Losses 
Performance 

(P) 
4 Reduced Speed 

5 Reduced Yield Defect 

Losses 
Quality(Q) 

6 Quality Defects 

Table 1: Big Loss Category 

The factors given in equation (1) are derived and 

generally calculated as shown in Table II. It is apparent that 

to achieve high levels of performance against all three of 

these parameters, the equipments must operate effectively. 

[8-9]. 
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Table 2: OEE Estimation Parameters 

A. Availability 

Availability takes into consideration “lost time” which 

includes any event that stops planned production for an 

appreciable length of time. This is usually because of 

equipment failures, idle times, etc. Then, availability is 

determined as follows by equation (2), 

   (2) 

B. Performance 

Performance takes into account “speed loss”, which includes 

any factor that causes the equipment to operate at less than 

the maximum possible speed that is capacity when operating. 

Reasons for that can be adverse geo-mining conditions, 

operator inefficiency, and job conditions. Then performance 

is determined as follows by equation (3), 

       (3) 

C. Quality 

Quality here depicts “production loss” which is mainly fall in 

output provided by the equipment for which it is set. This is 

because of failure of equipment and other operational delays. 

Quality takes into account “product loss”, which is 

determined as follows by equation (4), 

   (4) 

D. Total Time 

Total time is the available time for production in a given 

period which is the sum of net available time and scheduled 

downtime. 

E. Net available time 

Net available time is the time or period for which the machine 

is actually available for production. 

F. Net operating time 

Net operating time is the time or period for which the machine 

is involved in production i.e., loading in trucks. 

III. METHODOLOGY 

The above mentioned method for estimation of OEE is based 

on the total time in which production is obtained in the given 

period. This type of total time estimation is known as loading 

time-based approach which is most commonly used. 

However, this approach results in over estimation of OEE of 

mining equipment which reflect higher equipment utilization 

instead of actual.  The production capacity of such 

equipments may be much more or real utilization of 

equipment is not arrived. 

Another method for calculation of OEE is calendar 

time based approach is more acceptable over loading time 

based approach because it considers the total time period for 

which the equipment is owned by company. The calendar 

time based approach gives the real utilization of such high 

capital intensive equipments as this is a serious matter of 

concern to justify huge investment and its timely return.   

It is evident from the fact that performance 

assessment by OEE mainly depends on the collection of 

necessary real time data from the field. Thus it is very 

important to identify each loss and to be classified 

corresponding to an equipment state and condition. 

Therefore, it is necessary to develop equipment’s own 

classification framework for the losses, which should be 

associated with the components of availability, performance 

and quality [10-12]. 

The necessary data collected requires classification 

and will vary from equipment to equipment. In addition to 

that, careful and real data is a challenge due to following 

reasons: 

1) Mining operation is serial consisting of drilling and 

blasting, loading, hauling and dumping. Therefore, each 

operation is inter related and the performance of 

equipments greatly depends on the performance of 

previous equipment. The utilization of equipments 

affects the others. 

2) The size and capacity of mining equipment is huge. 

Therefore the effect of utilization on total production is 

very high. 

3) The environmental condition under which mining 

equipment operates is variable and vulnerable. 

4) The operating environment of the mine is dynamic with 

many unknowns and sometimes beyond control. 

5) Overall success of open pit mine operation is centered on 

men-machine-material interaction. 

Most of the Open Pit Mines are employing shovels 

and trucks as majority of the mining activity mainly depends 

on these equipments. The OEE of each equipment is 

estimated and compared it with the benchmark values. If the 

estimated OEE is below the benchmark value, then system 

should be evaluated for improvement. [13] During the shovel 

operation the following time losses may occur. It should also 

be noted that quality loss indicated in Table III is not actual 

loss time instead it is just to represent the amount of material 

which shovel is supposed to load. In applications quality is 

assumed to equal to filling factor. Table 3 & 4 shows loss 

classification and OEE parameters of shovel. 

S. 

No. 

Loss 

Classification 
Description 

1 
Non-scheduled 

time 

Time duration for which 

equipment not scheduled to 

operate 

2 

Scheduled 

maintenance 

time 

Time spent for periodic 

maintenance of shovel. 

3 

Unscheduled 

maintenance 

time 

Time spent for breakdown 

4 
Setup and 

adjustment time 

Time spent for setup and 

adjustment 

5 

Idle time 

without 

operator 

Equipment is ready but no 

operator (such as lunch break) 

6 
Truck waiting 

time 

Time duration for which shovel 

waits for truck to load 
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7 Propel time 
Time duration for which shovel 

moves to another loading point 

8 

Time losses due 

to job 

conditions 

Since working environment is 

dynamic, time loss due to 

management, climate and job 

conditions. 

9 Speed loss 

Time loss due to the equipment 

that is operating under the 

standard speed (Swing time, 

loading time, etc.). 

10 Quality loss 

Due to fragmentation size and 

operator ability, shovel bucket 

cannot be loaded to its full 

capacity. That is equivalent to 

unqualified products known as 

filling factor. 

Table 3: Loss Classification of Shovel 

 
Table 4: OEE Parameters of Shovel 

Table 5 & 6 shows loss classification and OEE 

parameters of shovel. 

S. 

No. 

Loss 

Classification 
Description 

1 
Non-scheduled 

time 

Time duration for which 

equipment not scheduled to 

operate 

2 

Scheduled 

maintenance 

time 

Time spent for periodic 

maintenance of truck. 

3 

Unscheduled 

maintenance 

time 

Time spent for breakdown 

4 
Setup and 

adjustment time 

Time spent for setup and 

adjustment 

5 
Idle time without 

operator 

Equipment is ready but no 

operator (such as lunch break) 

6 
Shovel waiting 

time 

Time duration for which truck 

waits to get in position  to be 

loaded 

7 Loading time 
Time duration for which truck 

loaded 

8 
Time losses due 

to job conditions 

Since working environment is 

dynamic, loss of time due to 

management, climate and job 

conditions. 

9 Speed loss 

Time loss due to the 

equipment that is operating 

under the standard speed 

10 Quality loss 

That is equivalent to 

unqualified products depends 

on filling factor of shovel. 

Table 5: Loss Classification of Truck 

 
Table 6: OEE Parameters of Truck. 

IV. OEE ESTIMATION 

A. For Shovel 

Shovels are used in open pit mining as primary loading 

equipment. Their performance and production controls the 

total output of operation. Therefore any production loss in 

shovel causes an increase in total production cost. Therefore 

the trend for those equipments require that the manager 

consider every possibility to make sure the equipment 

producing 24 hours a day, seven days per week. In order to 

provide that every steps of equipment should be recorded so 

that time losses can be determined. The Table 7 contains 

hypothetical data, to be used for OEE calculation of a shovel. 

These data represent time lengths of items during one month 

period of shovel operation. 

S. 

No. 
Item Description 

Time 

(Hours/Month) 

1 Total time 
24 hours/day x 

30 days/month 
720 

2 
Nonscheduled 

time 

4 

Sundays/month 
96 

3 
Scheduled 

maintenance 

3 hrs/ days, 26 

Working 

days/month 

78 

4 
Breakdowns 

& Repairs 

Downtime, 5 

nos. in month 
87 

5 
Setup and 

adjustment 
1.5  hrs/day 45 

6 Idle time 1.0 hrs/day 30 

7 
Truck waiting 

time 
1.5 hrs/day 45 

8 Job conditions 

Adverse 

climatic 

condition 

15 

9 Speed loss 1.0 hr/day 30 

10 Propel time 
4 moves/month, 

1.5 hrs/move 
6 

11 Quality loss 
Fill Factor. 

(85%) 
- 

12 
Shovel Bucket 

Capacity 
10 m3 - 

13 
Ideal 

production 

1.5 

bucket/minute 
- 

Table 7: Time Lengths for a Shovel Operation 
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By using data given in Table VII and relations given 

in Table 4, OEE of shovel has been estimated as shown in 

Table 7. 

Item Calendar time-based approach Loading time-based approach 

Total time 720 hrs 720-(96+78)=546 hrs 

Availability AAT/TT = 720-(96+78+87+45+30+45)/720 = 0.47 (47%) 
AAT/TT = 546-(87+45+30+45)/546 

= 0.62 (62%) 

Performance NPT/AAT = 381-(15+30+6)/381 = 0.86 (86%) 0.86 (86%) 

Quality Bucket Fill Factor = 0.85 (85%) 0.85 (85%) 

OEE 
OEE = Availability x Performance x Quality = 0.47 x 0.86 x 

0.85 = 0.3435 (34.35%) 

OEE = 0.62 x 0.86 x 0.85 = 0.4532 

(45.32%) 

Total 

Production 
= 720 x 60 x 1.5 x 10 x 0.3435 = 222588 m3 

= 546 x 60 x 1.5 x 10 x 0.4532 = 

222702 m3 

Table 8: OEE Estimation of Shovel

B. For Truck 

Trucks are used in open pit mining as primary hauling 

equipment. Their performance and production controls the 

total output of operation as well as shovels. These data 

represent time lengths of items during one month of truck 

operation. As it is said before that the time losses 

classification for truck is also different. It should be noted that 

quality loss in Table V is not actual loss time. It is just to 

represent the amount of material which truck is supposed to 

haul, but it is not hauled due to shovel filling factor. 

Therefore, quality loss is considered as shovel filling factor. 

Therefore, the possible time losses causes for truck operation 

are defined in Table 9. 

S. 

No. 
Item Description 

Time 

(Hours/Month) 

1 Total time 
24 hours/day x 

30 days/month 
720 

2 
Nonscheduled 

time 

4 

Sundays/month 
96 

3 
Scheduled 

maintenance 

3 hrs/ days, 26 

Working 

days/month 

78 

4 
Breakdowns 

& Repairs 

Downtime, 4 

nos. in month 
54 

5 
Setup and 

adjustment 
1.5 hrs/day 45 

6 Idle time 1.5 hrs/day 45 

7 
Shovel 

waiting time 
1.0  hrs/day 30 

8 
Loading time 

loss 
0.5 hrs/day 15 

9 Job conditions 

Adverse 

climatic 

condition 

15 

10 Speed loss 2.0 hr/day 60 

11 Quality loss 
Fill Factor. 

(85%) 
- 

12 
Truck 

Capacity 
85 ton - 

13 
Ideal 

production 
14 minute/trip - 

Table 9: Time Lengths for a Truck Operation 

By using data given in Table 9 and relations given 

in Table VI, OEE of truck has been estimated as shown Table 

10. 

Item 
Calendar time-based 

approach 

Loading time-

based approach 

Total time 720 hrs 
720-

(96+78)=546 hrs 

Availabilit

y 

AAT/TT = 720-

(96+78+54+45+45+30)

/720 = 0.52 (52%) 

AAT/TT = 546-

(54+45+45+30)/

546 = 0.68(68%) 

Performan

ce 

NPT/AAT = 348-

(15+15+60)/348 = 0.74 

(74%) 

0.74 (74%) 

Quality 
Bucket Fill Factor = 

0.85 (85%) 
0.85 (85%) 

OEE 

OEE = Availability x 

Performance x Quality 

= 0.52 x 0.74 x 0.85 

= 0.3207 (32%) 

OEE 

= 0.68 x 0.74 x 

0.85 

= 0.4277 (42%) 

Total 

Production 

= (720 x 60)/14 x 85 x 

0.3207 

= 84115 m3 

= (546 x 60)/14 

x 85 x 0.4277 

= 85069 m3 

Table 10: OEE Estimation of Truck 

V. DISCUSSION 

In the case of shovel operation, it can be seen in Table VII 

that the OEE of shovel for calendar time-based approach is 

34.35 % whereas for loading time-based approach, it is 45.32 

%, which is more by almost 11% but there is no significant 

increase in production. From Table X, it can be seen that the 

OEE of truck for calendar time-based approach is 32.07 % 

and for loading time-based approach it is 42.77 % which is 

also more by nearly 11%. The output difference is 954 m3. It 

is clear that loading time-based approach results in 

overestimation of OEE. The question arises is that what 

should be the criteria for the determination of value OEE of 

trucks. This is an important issue to set up benchmark value 

for shovel and truck operation in open pit mine. It should be 

desirable to have OEE of 75% or more as a benchmark value 

to achieve more production target especially for shovels 

which is highly capital intensive. 

VI. CONCLUSIONS 

OEE is a known method and can be effectively adapted to 

measure performance of production equipment mining 

industry is established. Utilization of equipment can only be 

improved and controlled successfully if an appropriate 

performance assessment system tool is used. It is identified 

that three time loss such as non-scheduled time, machine 
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downtime and idle time within the system are main 

contributors for lowering OEE.  

This paper reveals the possible time losses for open 

pit mining equipments, more specifically shovel and trucks, 

and how they can be used in the calculation of OEE. Calendar 

time-based approach proves to be more appropriate than 

loading time-based approach because it provides real OEE 

values. The study also highlights importance of proper data 

collection and their classification to estimate OEE. The mine 

managers can reduce unscheduled time to increase net 

production time by deferring maintenance time to uplift 

availability and performance of these machines.  
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