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Abstract 

In this paper, the problem to be resolved is how to choose a strategy to supply additional heavy equipment needs to 
meet the needs of limestone by considering economic aspects. The company recently have conducted limestone 
mining in three locations:  A, B and C. It is estimated that by the end of 2020 limestone reserves in the Area A will be 
exhausted, and hence all limestone must be gotten from Area B and Area C. The transport distance from the blasting 
area to the crusher area is getting further away. The impact is that the needs for heavy equipment, particularly dump 
trucks and excavators, are increasing. The alternative for fulfilling heavy equipment that can be identified are 
explained as follows: doing investment for the need of additional heavy equipment, rent of additional heavy 
equipment, choosing mining services contract. Based on the lowest Net Present Value or Present Worth of Cost 
calculation, it can be concluded that the alternative chosen to supply additional heavy equipment is through a mining 
service contract.  The company will get another benefit, namely not needing to provide a large investment cost up 
front. The company can distribute the burden of investment cost into operational cost. 
 
Keywords 
Present Worth Analysis, Net Present Value, Facility Planning 

 
1.   Introduction 
PT X is an industry engaged in cement production with a production capacity of 8.9 million tons per year. Limestone 
is a mining material which is the main raw material for cement production. It reaches 80% of all raw material 
requirements. The mining process takes place in three locations. It is estimated that by the end of 2020 the limestone 
reserves in the Area A will be exhausted, and hence all limestone must be met from the Area B and Area C. 
 
The distance of limestone transportation from the blasting area to the crusher area is getting further away while the 
volume moved is the same. Consequently, the need for heavy equipment, particularly dump trucks and excavators, 
increases. If the increase in heavy equipment needs is not fulfilled, the volume of limestone transported will be lower 
than before because the previous average distance was less than 1.5 km, but it changes to an average of 2.2 km. 
Increased demand for heavy equipment must be fulfilled. Otherwise, the need for limestone cannot be met, and 
production target of cement cannot be achieved because the main raw material for cement production is limestone. 
The initial alternatives for fulfilling machines that can be identified are as follows: 

1. Do investment for getting additional heavy equipment. 
2. Rent additional heavy equipment with permanent operational controls at PT X. 
3. Contract some mining services. 

 
Regarded to those alternatives, it is necessary to do an economic analysis to get the best solution that has the lowest 
cost. Based on the background of the study, it can be formulated that the problem is how to choose a strategy related 
to heavy equipment supplies to meet the needs of limestone raw materials by considering economic aspects. 
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2.   Literature Review 

2.1.   Determination of Heavy Equipment Needs 
In general, the important factors which are the main problems in heavy equipment management include equipment 
selection, equipment ownership, operation/use of equipment, equipment maintenance and repair plan and equipment 
component replacement. 

2.1.1.   Cycle Time 
Cycle time is the amount of time required by mechanical equipment both loading and transporting equipment to carry 
out a cycle of production activities from beginning to end and ready to start again. 
 
The cycle time of loading and transporting equipment is very influential on the production capability of the equipment. 
If the cycle time of each equipment is large, the production capability will be lower. Cycle time can be affected by 
road conditions, distances, mechanical conditions of a device, operator skills and others. 

2.1.2.   The capability of Loading Equipment Production  
Production of loading equipment in loading material on to the conveyance is affected by several factors, including 
uniformity in the size of the material particle to be loaded, the ability of the operator, and the availability of the material 
to be loaded. These factors directly influence the cycle time of the loading equipment in carrying out a loading cycle 
and also the amount of material taken into the bucket of the loading equipment. Hence, to obtain the amount of material 
produced, it needs to be corrected by calculating the number of filling factors for each loading bucket. To calculate 
the production capacity of the loading equipment, the following formula is used: 
 

𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐾𝐾𝐾𝐾×𝐵𝐵𝐵𝐵×3600×𝐵𝐵𝐾𝐾
𝐶𝐶𝐶𝐶

                                                          (1) 
with: 
TPE   = Estimated Production of Excavators (m3/hour) 
KB  = Bucket capacity (m3) 
BF   = Bucket factor (%) 
FK = Correction factor (%) 
CT = Cycle time (seconds) 

2.1.3.   The Capability of Transporting Equipment Production 
To calculate the amount of material transportation production using a dump truck, the following formula is used: 

  𝑇𝑇𝑇𝑇𝑇𝑇 =  𝐶𝐶×3600×𝐵𝐵𝐾𝐾
𝐶𝐶𝐶𝐶

                                                                  (2) 
with: 
TPD = Estimated Production of Dump Truck (m3/hour) 
C = Bucket capacity (m3) 
FK = Correction factor  
CT = Cycle time (seconds) 

 
To get the value of the bucket capacity, it can be done by looking at the specification data of each type of equipment 
or being determined by the following formula: 

𝐶𝐶 = 𝑛𝑛 × 𝐾𝐾𝐾𝐾 × 𝐵𝐵𝐵𝐵                                                                 (3) 
with: 
n = Number of cycle (travel back and forth) for fulfilling 
KB = Bucket capacity (m3) 
BF = Bucket factor (%) 

2.1.4.   The Need of Loading Equipment and Transporting Equipment  
Determination of the number of mechanical devices is closely related to the production target that the company wants 
to achieve. If the production target is higher, the number of equipment needed is also greater. In addition, if the 
production target is lower, then the number of equipment needed is fewer. The equation applied to calculate how many 
heavy equipment are needed to achieve production targets, namely: 
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𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 𝒐𝒐𝒐𝒐 𝑯𝑯𝑵𝑵𝑯𝑯𝑯𝑯𝑯𝑯 𝑬𝑬𝑬𝑬𝑵𝑵𝑬𝑬𝑬𝑬𝑵𝑵𝑵𝑵𝑬𝑬𝑬𝑬 = 𝑷𝑷𝑵𝑵𝒐𝒐𝑷𝑷𝑵𝑵𝑷𝑷𝑬𝑬𝑬𝑬𝒐𝒐𝑬𝑬 𝑬𝑬𝑯𝑯𝑵𝑵𝒕𝒕𝑵𝑵𝑬𝑬/𝑷𝑷𝑯𝑯𝑯𝑯
𝑬𝑬𝑬𝑬𝑵𝑵𝑬𝑬𝑬𝑬𝑵𝑵𝑵𝑵𝑬𝑬𝑬𝑬 𝑬𝑬𝑵𝑵𝒐𝒐𝑷𝑷𝑵𝑵𝑷𝑷𝑬𝑬𝑬𝑬𝒐𝒐𝑬𝑬 𝑬𝑬𝑯𝑯𝑵𝑵𝒕𝒕𝑵𝑵𝑬𝑬/𝑷𝑷𝑯𝑯𝑯𝑯

                                   (4) 

2.2.    Costs of Owning and Operating 
In general, the costs of owning and operating a heavy equipment can be described as follows: 

1. Ownership costs: depreciation cost, interest, tax and insurance 
2. Operation costs: fuel, lubricant/grease/filter, tire, maintenance, wage and others 

2.3.   Net Present Value (NPV) Analysis  
The Net Present Value rule is a pillar of modern finance theory (Magni 2002)0. The most popular and most 
sophisticated economic valuation technique is the Net Present Value approach. It consists in discounting all future 
cash flows (both in- and out-flow) (Žižlavský 2014)0. NPV is the equivalent value at the present time. NPV analysis 
is based on the concept of equivalence which all cash inflows and cash outflows are calculated towards the present 
time. Typically, the NPV method can be applied in making a decision and relevant conditions are assumed to be static 
and certain (Kirkwood et al. 2015)0.  Often this analysis has to use uncertain information and be aware of the cost-
risk factors that can influence the analysis (Lin 2009)0. In the analysis of present value, a careful consideration must 
be given to the time period covered by the analysis.  
 
In the case of cost analysis which only cash outflows consist, an equation is obtained. The alternative taken is the 
alternative that has the lower value of Net Present Value or Net Present Worth of Cost. 
 

 𝑁𝑁𝑁𝑁𝑁𝑁 𝑇𝑇𝑃𝑃𝑁𝑁𝑃𝑃𝑁𝑁𝑛𝑛𝑁𝑁 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁 𝑇𝑇𝑃𝑃𝑁𝑁𝑃𝑃𝑁𝑁𝑛𝑛𝑁𝑁 𝑊𝑊𝑊𝑊𝑃𝑃𝑁𝑁ℎ 𝑊𝑊𝑜𝑜 𝐶𝐶𝑊𝑊𝑃𝑃𝑁𝑁                                       (5) 
 

The basic formula related to determination of the Present Worth value used is 
a. Single Payment Compound Amount 

                                          𝐵𝐵 = 𝑇𝑇(1 + 𝑖𝑖)𝑛𝑛 = 𝑇𝑇(𝐵𝐵|𝑇𝑇, 𝑖𝑖,𝑛𝑛)                                                    (6) 
b. Single Payment Present Worth 

                                      𝑇𝑇 = 𝐵𝐵(1 + 𝑖𝑖)−𝑛𝑛 = 𝐵𝐵(𝑇𝑇|𝐵𝐵, 𝑖𝑖,𝑛𝑛)                                                        (7) 
with: 
i = interest rate per time period 
n = time period 
P = the amount of money in the present (Rp)                                                                                                                                                                                                                                  
F = the amount of money in the future (Rp) 

2.4.   Weighted Average Cost of Capital 
To discount the company’s net cash flow annually, the relevant discount rate is Weighted Average Cost of Capital 
(WACC) which reflects the weighted average cost of overall capital used within the company to generate the net cash 
flow. WACC is determined by using equation as follows: 

𝑊𝑊𝑊𝑊𝐶𝐶𝐶𝐶 = (𝑘𝑘𝑒𝑒 × 𝑊𝑊𝑒𝑒) + (𝑘𝑘𝑑𝑑[1 − 𝑇𝑇] × 𝑊𝑊𝑑𝑑)                                              (8) 
With: 
ke  : cost of equity capital 
kd  : cost of debt capital  
We  : weight of equity in capital structure  
Wd  : weight of debt in capital structure  
T  : corporate income tax 

3.   Research Methodology 
In this research methodology, there are six steps taken to resolve the problems in this research. The first step is to 
calculate the need for limestone. The data needed is limestone which will be supplied within 1 year, especially those 
from additional heavy equipment. The second step is to calculate the need for additional heavy equipment in 
accordance with the needs of limestone in 1 year. The data required is cycle time, estimated production and production 
targets per unit time. The third step is to develop alternative supply of additional heavy equipment. The fourth step is 
to conduct economic analysis. The data needed is the cost of ownership and operational costs for each alternative. The 
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fifth step is alternative selection. The alternative taken is the alternative that has the lower value of Net Present Worth 
of Cost. The sixth step is to conduct a sensitivity analysis of changes in operating costs, investment and WACC. 

4.   Results and Discussions 

4.1.   Analysis of Limestone Need 
The data of 2020 work plan is used as a reference for the data of limestone need. The number of work plan in 2020 
for limestone need is 10,837,078 tons. Based on PT. X mining department, limestone source will be divided to two: 
Area B and Area C. Area C will supply plant 2, 3, 4 and part of plant 5. Area B will supply part of plant 5 and plant 
6. Old heavy equipment, owned by PT.X, will operate in Area B. New equipment from mining service 
investment/rent/contract will operate in Area C with production quantity 5400000 tons. 

4.2.   Cycle Time Calculation 
Cycle time calculation uses stopwatch time study method. Test of data uniformity and sufficiency is also conducted.  

4.3.   Analysis of Heavy Equipment Needs 
There are 2 alternative types of heavy equipment supplied as follows: 
a. Dump truck class 35-ton and 4.3-m3 Excavator: excavator is needed as the excavator available in PT. X is not 

suitable because its class is > 13 m3. The calculation of excavator needs can be seen in Table 1. The calculation 
for dump truck needs can be seen in Table 2. 
 

Table 1.  Calculation of excavator needs. 

Description Excavator 4.3 m3 
Bucket Capacity m3              4.30  
   ton              6.84  
Excavator cycle time minute              0.38  
Excavator cycle time second            22.87  
Correction Factor  85% 
Bucket fill factor  85% 
Swell factor  60% 
Specific Gravity ton/lcm              1.59  
   ton/bcm              2.65  

Productivity lcm/hou
r               489  

    ton/hour               778  
Working hours hour                 14  
The number of excavators needed unit              1.38  
Round Up   unit              2.00  

 
  

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Sao Paulo, Brazil, April 5 - 8, 2021

© IEOM Society International 2184



Table 2.  Calculation of 35-ton dump truck needs. 

Description Dump truck 35 ton 
Bucket Capacity ton            35.00  
Number of cycle for fulfilling                6.02  
Round Up                 6.00  
Dump truck cycle time minute            18.76  
Dump truck cycle time second        1125.70  
Loading time second          139.16  
Transported time second          526.71  
Spotting & Dumping time second            58.60  
Return time second          401.23  
Correction Factor     85% 
Productivity ton/hour            94.78  
Working hours hour                 14  
Production target ton/day           15000 
The number of dump trucks needed unit            11.30  
Round Up   unit            12.00  

 
b. Dump truck class 100-ton: excavator is not needed as it can be met by the old heavy equipment owned by PT. 

X. The calculation of dump truck needs can be seen in Table 3.  

Table 3.  Calculation of 100-ton dump truck needs. 

Description Dump truck 100 ton 

Bucket Capacity ton           100.00  
Number of cycle for fulfilling                 5.69  
Round Up                  5.00  
Dump truck cycle time minute             21.83  
Dump truck cycle time second        1309.64  
Loading time second           117.50  
Transported time second           662.78  
Spotting & Dumping time second           469.01  
Return time second             60.34  
Correction Factor     85% 
Productivity ton/hour           205.26  
Working hours hour                   14  
Production target ton/day           15000  
The number of dump trucks needed unit               5.22  
Round Up unit               6.00  

 
Recapitulation of heavy equipment needs for each alternative can be seen in Table 4. 

Table 4.  Recapitulation of heavy equipment needs for each alternative. 

No Alternative Excavator Dump Truck 
a Excavator 4.3 m3 and Dump truck 35 ton 2 12 
b Dump truck 100 ton 0 6 

4.4.   Development of Additional Heavy Equipment Fulfillment Alternative 
Based on the types, there are two alternatives. There are three alternatives based on the way of fulfilling additional 
heavy equipment, namely: 

a. Do investment for getting additional heavy equipment: In this alternative, heavy equipment is purchased by 
PT. X investment. The types of heavy equipment can be analysed for both types of the equipment:  

i.  Dump truck class 100-ton 
ii. Dump truck class 35-ton and 4.3-m3 excavator  
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b.  Rent heavy equipment with control operational: In this alternative, PT. X rents 4.3-m3 excavator and dump 
truck class 35-ton that are available in market. The payment method is Rp/hour for renting heavy equipment. 

c. Mining Service Contract: In this alternative, PT. X contracts some limestone mining services for loading and 
transporting equipment. Excavator class 4.3-m3 and dump truck class 35-ton available in market is used. 
Payment method is Rp/ton of loaded and transported limestone. 

 
Based on the explanation above, four development alternatives of heavy equipment additional supply can be extended 
as follows: 

1. Additional investment of 100-ton dump truck  
2. Additional investment of 4.3-m3 excavator and 35-ton dump truck  
3. Additional rent of 4.3-m3 excavator and 35-ton dump truck  
4. Mining Service Contract 

4.5.   Cost Analysis 

4.5.1.   Alternative of Additional Investment of 100-ton Dump Truck  
Investment cost can be seen in Table 5 below. 

Table 5. Additional investment cost of 100-ton dump truck. 

Description Amount Price/unit 
(USD) 

Exchange rate 
(Rp/USD) 

Price/unit 
(Rp. million) 

Total Price 
(Rp. million) 

Excavator           
Dump truck     6.00         959,037            16,448.84           15,775             94,650  
Total                    94,650  

Assumptions for operational costs can be seen in Table 6 below. 

Table 6. Assumptions for operational costs of additional 100-ton dump truck. 

Cost 
Component Description 1 Description 

2 Description 3 Description 4 

Depreciation 
straight line 

method 
5 years   

Insurance acquisition value 0.20%   
Tax acquisition value 0.20%   
Labor 7 people/shift 2 Shift/day Total 21 people  

Maintenance 
Dump truck 1,404,507 Rp/hour/equipmen

t 
5040 

hours/year 

Fuel 
Dump truck 382,500 Rp/hour/equipmen

t 
5040 

hours/year 
Cost increases 3.10% per year   

To analyse the cost of limestone acquisition in the alternative of additional investment of 100-ton dump truck, the sum 
of total production cost with limestone production from Pit Limit area is needed. The total cost of limestone acquisition 
can be seen in Table 7 below. 
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Table 7.  Total cost of PT X limestone acquisition in alternative of additional investment of 100-ton dump truck. 

Description Year (Rp. Million) 
2021 2022 2023 2024 2025 

Detonator           3,313            3,415            3,521            3,630            3,743  
Ammonium Nitrate         22,514          23,212          23,931          24,673          25,438  
Wire               80                83                85                88                90  
Dynamite           1,374            1,417            1,461            1,506            1,553  
Fuel         43,914          45,275          46,679          48,126          49,618  
Cost of Material         71,194          73,401          75,677          78,023          80,442  
Labor         31,752          32,737          33,751          34,798          35,876  
Maintenance       121,709        125,482        129,372        133,383        137,518  
Depreciation         44,060          44,839          45,642          46,470          47,324  
Raw Material 
Handling           6,497            6,699            6,906            7,121            7,341  
Overhead           7,802            8,032            8,269            8,514            8,766  
Mining Tax         42,000          43,302          44,645          46,029          47,455  
Cost of Activity       253,821        261,091        268,586        276,313        284,281  
Total Cost       325,015        334,492        344,263        354,336        364,722  
Production (ton)  10,900,000   10,900,000   10,900,000   10,900,000   10,900,000  
Total Cost (Rp/ton)         29,818          30,687          31,584          32,508          33,461  

4.5.2.   Alternative of Additional Investment of 4.3-m3 Excavator and 35-ton Dump Truck  
Investment cost can be seen in Table 8 below. 

Table 8. Additional investment cost of 4.3-m3 excavator and 35-ton dump truck. 

Description Amount Price/unit 
(USD) 

Exchange 
rate 

(Rp/USD) 

Price/unit 
(Rp. million) 

Total Price 
(Rp. million) 

Excavator            2  695,000               16,449  11,432         22,864  
Dump truck          12  195,000          16,449  3,208  38,490  
Total         61,354  

 
Assumptions for operational costs can be seen in Table 9 below. 

Table 9. Assumptions for operational costs of additional 4.3-m3 excavator and 35-ton dump truck. 

Cost Component Description 1 Description 2 Description 3 Description 4 
Depreciation straight line method 5 years     
Insurance acquisition value 0.20%     
Tax acquisition value 0.20%     
Labor 15 people/shift 2 Shift/day Total 45 people   
Maintenance Excavator    339,552  Rp/hour/equipment 5040 hours/year 
  Dump truck    410,845  Rp/hour/equipment 5040 hours/year 
Fuel Excavator    272,850  Rp/hour/equipment 5040 hours/year 
  Dump truck    127,500  Rp/hour/equipment 5040 hours/year 
Cost increases 3.10% per year     
 

To analyse the cost of limestone acquisition in the alternative of additional 4.3-m3 excavator and 35-ton dump truck, 
the sum of total production cost with limestone production from Pit Limit area is needed. The total cost of limestone 
acquisition can be seen in Table 10 below. 
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Table 10.  Total cost of PT X limestone acquisition in alternative of additional 4.3-m3 excavator and 35-ton 
dump truck. 

Description Year (Rp. Million) 
2021 2022 2023 2024 2025 

Detonator           3,313            3,415            3,521  3,630           3,743  
Ammonium Nitrate          22,514          23,212          23,931         24,673         25,438  
Wire               80                83                85                88           90  
Dynamite           1,374            1,417            1,461  1,506  1,553  
Fuel         42,774          44,100          45,467  46,877  48,330  
Cost of Material         70,055          72,227          74,466  76,774  79,154  
Labor         34,722          35,798          36,908  38,052  39,231  
Maintenance       107,067        110,387        113,809  117,337  120,974  
Depreciation         37,400          38,179          38,983  39,811  40,664  
Raw Material 
Handling           6,497            6,699            6,906  7,121  7,341  
Overhead           7,669            7,899            8,136  8,381  8,633  
Mining Tax         42,000          43,302          44,645  46,029  47,455  
Cost of Activity       235,356        242,264        249,386  256,729  264,299  
Total Cost       305,411        314,490        323,851  333,503  343,453  
Production (ton)  10,900,000   10,900,000   10,900,000  10,900,000  10,900,000  
Total Cost (Rp/ton)         28,019          28,852          29,711  30,597  31,509  

4.5.3.   Alternative of Additional Rent of 4.3-m3 Excavator and 35-ton Dump Truck  
Assumptions for operational costs can be seen in Table 11 below. 

Table 11. Assumptions for operational costs of additional rent of 4.3-m3 excavator and 35-ton dump truck 

Cost Component Description 1 Description 2 Description 3 Description 4 
Rental costs Excavator 1,066,925 Rp/hour/equipment  
  Dump truck 659,554 Rp/hour/equipment  
Fuel Excavator 272,850 Rp/hour/equipment 5040 hours/year 
  Dump truck 127,500 Rp/hour/equipment 5040 hours/year 
Cost increases 3.10% per year   

 
To analyse the cost of limestone acquisition in the alternative of additional rent of 4.3-m3 excavator and 35-ton dump 
truck, the sum of total production cost with limestone production from Pit Limit area is needed. The total cost of 
limestone acquisition can be seen in table 12 below. 

Table 12.  Total cost of PT.X limestone acquisition in alternative of additional rent of 4.3-m3 excavator and 35-
ton dump truck. 

Description Year (Rp. Million) 
2021 2022 2023 2024 2025 

Detonator           3,313            3,415            3,521            3,630            3,743  
Ammonium Nitrate         22,514          23,212          23,931          24,673          25,438  
Wire               80                83                85                88                90  
Dynamite           1,374            1,417            1,461            1,506            1,553  
Fuel         42,774          44,100          45,467          46,877          48,330  
Cost of Material         70,055          72,227          74,466          76,774          79,154  
Labor         29,154          30,058          30,990          31,950          32,941  
Maintenance         77,920          80,336          82,826          85,394          88,041  
Depreciation         25,130          25,909          26,712          27,540          28,394  
Raw Material Handling           6,497            6,699            6,906            7,121            7,341  
Overhead           7,423            7,653            7,891            8,135            8,387  
Mining Tax         42,000          43,302          44,645          46,029          47,455  
Rental Cost         52,214          53,833          55,502          57,222          58,996  
Cost of Activity       240,339        247,790        255,471        263,391        271,556  
Total Cost       310,394        320,017        329,937        340,165        350,710  
Production (ton)  10,900,000   10,900,000   10,900,000   10,900,000   10,900,000  
Total Cost (Rp/ton)         28,477          29,359          30,269          31,208          32,175  
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4.5.4.   Alternative of Mining Service Contract 
Assumptions for operational costs can be seen in Table 13 below. 

Table 13. Assumptions for operational costs of mining service contract. 

Cost Component Description 1 Description 2 Description 3 Description 4 
Fuel Excavator     272,850  Rp/hour/equipment 5040 hours/year 
  Dump truck     127,500  Rp/hour/equipment 5040 hours/year 
Cost increases 3.10% per year     
 

To analyse the cost of limestone acquisition in the alternative of Mining Service Contract, the sum of total production 
cost with limestone production from Pit Limit area is needed. The total cost of limestone acquisition can be seen in 
Table 14 below. 

Table 14.  Total cost of PT.X limestone acquisition in alternative of mining service contract. 

Description Year (Rp. Million) 
2021 2022 2023 2024 2025 

Detonator 3,313 3,415 3,521 3,630 3,743 
Ammonium Nitrate 22,514 23,212 23,931 24,673 25,438 
Wire 80 83 85 88 90 
Dynamite 1,374 1,417 1,461 1,506 1,553 
Fuel 42,774 44,100 45,467 46,877 48,330 
Cost of Material 70,055 72,227 74,466 76,774 79,154 
Labor 29,154 30,058 30,990 31,950 32,941 
Maintenance 77,920 80,336 82,826 85,394 88,041 
Depreciation 25,130 25,909 26,712 27,540 28,394 
Raw Material 
Handling 6,497 6,699 6,906 7,121 7,341 
Overhead 7,423 7,653 7,891 8,135 8,387 
Mining Tax 42,000 43,302 44,645 46,029 47,455 
Mining Services 
Contract 49,550 51,086 52,670 54,302 55,986 
Cost of Activity 237,675 245,043 252,639 260,471 268,546 
Total Cost 307,730 317,269 327,105 337,245 347,700 

Production (ton) 
10,900,00

0 
10,900,00

0 
10,900,00

0 
10,900,00

0 
10,900,00

0 
Total Cost 
(Rp/Ton) 28,232 29,107 30,010 30,940 31,899 

 

4.6.   Calculation of Weighted Average Cost of Capital (WACC) 
 
4.6.1.   Cost of Debt 
PT. X has a parent company, PT. Y, also engaged in cement production. For debt or interest-bearing loan, PT. X loans 
from the parent company which has values as follows: 

a. Working Capital Credit  : 7-day repo rate of Bank Indonesia + 1.7% 
b. Investment Credit   : 3-month JIBOR (Jakarta Interbank Offered Rate) + 1.5% 

 
For investment-related matters, number two is used. The value of 3-month JIBOR from 
https://www.bi.go.id/id/moneter/jibor/data-historis/Default.aspx as of April 14, 2020 is 4.89904%, therefore:  

𝑘𝑘𝑑𝑑 = 4.89904% + 1.5% = 6.39904% 
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4.6.2.   Cost of Equity 
For Cost of Equity (ke) calculation, the data is as follows: 

a. Beta = 1.0286 in accordance to the calculation of Beta from PT. Y 
b. Rf value = 8.2771% comes from government bond yield FR0083 series with 20.02-year time to 

maturity as of April 14, 2020 from http://www.ibpa.co.id/DataPasarSuratUtang/ 
HargadanYieldHarian/tabid/84/Default.aspx 

c. Rm value = 14.5532% comes from Compound Annual Growth Rate (CAGR) IHSG from January 1, 2009- 
January 1, 2020. 

d. According to point 1,2 and 3, equation 2.11 is used and thus ke value = 14.7326% is obtained as shown in 
Table 15 below. 

Table 15.  Calculation of ke value. 

Rf Beta Rm ke 
8.2771

% 
1.499

4 
14.5532

% 
17.6875

% 

4.6.3.   Weighted Average Cost of Capital (WACC) 
For WACC calculation, the data is as follows: 

a. kd value = 6.39904%, ke =14.7326% according to the calculation above. 
b. Tax (T) = 22% 
c. Debt (D) = 873.505 (million); Equity (E) = 5.943.540 (million) 
d. According to point a, b and c, so WACC value is obtained as shown in Table 16 below. 

 
Table 16. Calculation of WACC Value 

Debt (D) Equity ( E ) D+E ke We kd Tax Wd WACC 
 873.505   5.943.540  6.817.04

5  
17.687% 0.872  6.39904% 22% 0.128  16.06% 

4.7.   Calculation of Net Present Value 
According to the calculation in 4.5 and 4.6, Present Worth of Cost or Net Present Value can be calculated for each 
alternative as in Table 17. 

Table 17.  Calculation of present worth value.  

Total Cash Out  
(Rp. Million) 

Additional 
investment of 

100-ton 
dump truck 

Additional 
investment of 4.3-m3 

excavator and 35-
ton dump truck 

Additional rent of 
4.3-m3 excavator 
and 35-ton dump 

truck 

Mining 
Service 

Contract 

2020 94,650 61,354 - - 
2021 306,085 293,140 310,394 307,730 
2022 315,562 302,219 320,017 317,269 
2023 325,333 311,581 329,937 327,105 
2024 335,406 321,232 340,165 337,245 
2025 345,792 331,183 350,710 347,700 
2026 356,500 341,442 361,582 358,478 
2027 367,540 352,019 372,791 369,591 
2028 378,922 362,924 384,348 381,048 
WACC 16.06% 16.06% 16.06% 16.06% 
NPV (Rp. Million) 990,697 923,576 922,003 914,088 

 
From the calculation in Table 17, it is concluded that the alternative giving the lowest value of Present Worth of Cost 
or Net Present Value is the fourth alternative, that is, Mining Service Contract. Low Net Present Value is contributed 
by lower labour and maintenance costs. The company also does not need to provide investment costs. The company 
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will get another benefit, namely not needing to provide a large investment cost up front. The company can distribute 
the burden of investment cost into operational cost.  

4.8.   Sensitivity Analysis 
Most firms undertake projects with the goal of making profit, and profitability is often measured as the discounted 
value of a project’s cash flows. It is very important to use precise data in calculating NPV, for the feasibility of a 
project may change by fluctuation of the data (Hanafizadeh and Latif 2011)0. When firms deal with investment 
projects, many factors are uncertain (Borgonovo and Peccati 2006)0. 

4.8.1.    WACC Changes 
From Table 18 below, it can be seen that on the basis of WACC = 16.06%, the alternative chosen is alternative 4 
(Mining Service Contract); it will change to alternative 2 (Additional investment of 4.3-m3 excavator and 35-ton dump 
truck) if WACC is < 9% 

Table 18.  Sensitivity to WACC changes. 

Δ WACC 
Net Present Value (Rp. Million) 

Alternative 1 Alternative 2 Alternative 3 Alternative 
4 

7,00%  1.331.148   1.247.499   1.260.273   1.249.454  
8,00%  1.285.870   1.204.388   1.215.184   1.204.752  
9,00%  1.242.782   1.163.371   1.172.301   1.162.237  
10,00%  1.201.753   1.124.320   1.131.491   1.121.778  
11,00%  1.162.661   1.087.120   1.092.632   1.083.252  
12,00%  1.125.392   1.051.662   1.055.606   1.046.545  
13,00%  1.089.839   1.017.844   1.020.309   1.011.550  
14,00%  1.055.905   985.571   986.640   978.170  
15,00%  1.023.498   954.757   954.505   946.311  
16,00%  992.531   925.319   923.819   915.889  
16,06%  990.697   923.576   922.003   914.088  
17,00%  962.924   897.179   894.501   886.822  

4.8.2.   Annual Cost Changes  
Table 19 shows that on the basis of annual cost increase = 3.10%, the alternative chosen is alternative 4 (Mining 
Service Contract); it will change to alternative 2 (Additional investment of 4.3-m3 excavator and 35-ton dump truck) 
if the annual cost increase is > 8%. 

Table 19.  Sensitivity to annual cost changes. 

Δ Annual Cost Net Present Value (Rp. Million) 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 

2.00%  956,651   891,305   889,175   879,867  
3.00%  987,554   920,596   918,973   910,929  
3.10%  990,697   923,576   922,003   914,088  
4.00%  1,019,422   950,814   949,692   942,959  
5.00%  1,052,279   981,986   981,358   975,984  
6.00%  1,086,155   1,014,138   1,013,997   1,010,030  
7.00%  1,121,074   1,047,296   1,047,634   1,045,124  
8.00%  1,157,067   1,081,487   1,082,296   1,081,295  
9.00%  1,194,160   1,116,740   1,118,010   1,118,572  

10.00% 
 1,232,383   1,153,083   1,154,804  1.156.983  

4.8.3.   Investment Changes 
Table 20 shows that on the basis of investment = 100%, the alternative chosen is alternative 4 (Mining Service 
Contract); it will change to alternative 2 (Additional investment of 4.3-m3 excavator and 35-ton dump truck) if the 
investment is < 80%. 
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The sensitivity of the study is quite good, from the 3 parameters used in the sensitivity analysis, the subjects studied 
still have room before the alternatives change. 

Table 20.  Sensitivity to investment changes. 

Δ Investment 
cost 

Net Present Value (Rp. Million) 
Alternative 1 Alternative 2 Alternative 3 Alternative 4 

110%  998,959   928,931   922,003   914,088  
105%  994,828   926,253   922,003   914,088  
100%  990,697   923,576   922,003   914,088  

95%  986,566   920,898   922,003   914,088  
90%  982,435   918,220   922,003   914,088  
85%  978,304   915,542   922,003   914,088  
80%  974,173   912,865   922,003   914,088  

5.   Conclusion 
The recapitulation of the net present value for each alternative can be seen in Table 21 below. 

Table 21.  Recapitulation of present worth value. 

 
Additional 

investment of 100-
ton dump truck 

Additional 
investment of 4.3-m3 
excavator and 35-ton 

dump truck 

Additional rent of 
4.3-m3 excavator and 
35-ton dump truck 

Mining 
Service 
Contrac

t 
NPV (Rp. Million) 990,697 923,576 922,003 914,088 

 
Based on the lowest Net Present Value or Present Worth of Cost calculation, it can be concluded that the alternative 
chosen to supply additional PT. X heavy equipment is through a mining service contract. Low Net Present Value 
is contributed by lower labour and maintenance costs. The company also does not need to provide investment costs. 
The company will get another benefit, namely not needing to provide a large investment cost up front. The company 
can distribute the burden of investment cost into operational cost. The sensitivity of the selected alternatives can be 
summarized in Table 22 below. 

Table 22.  Recapitulation of sensitivity analysis. 

Sensitivity to WACC 
Changes 

Sensitivity to Annual Cost 
Changes 

Sensitivity to Investment 
Changes 

Additional investment of 
4.3-m3 excavator and 35-ton 
dump truck selected if 
WACC ≤ 8% 

Additional rent of 4.3-m3 
excavator and 35-ton dump 
truck selected if Annual 
Cost Changes ≥ 9% 

Additional investment of 4.3-
m3 excavator and 35-ton dump 
truck selected if Investment 
Changes ≤ 80% 

 
This research is limited to the topics and companies studied, but the general principles used can be applied to other 
studies with the topic of economic analysis in alternative selection. 
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