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Abstract 
 

his study aims to analyze the financial feasibility of each water loss control 
program at PERUMDA Tirta Pakuan Bogor City as a solution in reducing the 
water loss. This feasibility study was conducted by calculating the NPV, Net 
B/C Ratio, IRR, and Payback Period for three different Scenarios, which are: 
(i) 100% equity, (ii) 75% equity and 25% debt, and (iii) 50% equity and 50% 
debt. According to the calculation, the best investment scenario being 
selected is the one with the highest NPV, that is Scenario 3. Not only this is 
supported by the value of IRR that is higher than the WACC 
(19.05%>17.15%), it also has the highest Net B/C Ratio. The sensitivity 
analysis also shows that the interest rate and proportion of loan do not 
have significant effects on the NPV obtained. At the same level of interest 
rate, the NPV obtained will be higher if the proportion of debt submitted is 
larger. However, for the same portion of the loan, the losses occurring will 
only appear if there is a change in interest rates of more than 600%. 
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INTRODUCTION 

Clean and healthy water are one of the most important aspects for 
supporting human’s daily activities. That is why, water utility services become 
very important in Indonesia. According to Minister for Public Works and Human 
Settlements (2018), NonRevenue Water (NRW) has now been the most critical 
problem in clean water services management or piped drinking water 
(Perusahaan Air Minum, or abbreviated as PAM). The rate of NRW in Indonesia 
ranges between 20-70% with the national average of 37% (Directorate General 
of Human Settlements, 2013). Even globally, referring to Farley et al. (2008), 
NRW volume reaches 32 billion m3 caused by leakages from distribution pipes, 
each year. Also, the non-billed water caused by embezzlements, bad metering, 
and corruptions, reaches 16 billion m3. 

NRW is not an issue that only occurs in Indonesia, but almost in the 
whole world. International Water Associations (IWA), the organization handling 
water loss, stated that water loss has become an important issue in the 21st 
century (citation). In Indonesia, the average of NRW is still considered to be quite 
high that is 33,16%. Water loss is unavoidable, but manageable or able to be 
reduced. For drinking water company, water loss really affects its revenue. Local 
Water Company (PDAM) as one of the companies should be able to manage the 
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NRW, and this should be done for the long term and with sustainable concern. 
The earlier the water loss control program is implemented and conducted, the 
earlier its revenue can be saved (El-Ahmady & Sembiring, 2014). 

PERUMDA Tirta Pakuan Bogor City, is responsible for water distribution in 
Bogor City Area. In 2018, its services reached 91,44% out of the target which was 
91,6%. Its profit grew dynamically from 2015 to 2019, and in 2019, the total 
profit obtained was IDR 42.130.975.952,10. This profit can be able to grow more 
if NRW problem is resolved. Some alternatives to the NRW control program are 
replacement of distribution pipes, installation of District Meter Area (DMA), 
replacement of master meter, and replacement of water meter and terameter.  

Since the NRW or water loss control project must be conducted, 
investment should be assessed to give sufficient financing to make sure that the 
project will not harm the company’s financial stability. This project investment 
should be analyzed by using the capital budgeting theory, which consists of 
Scenarios and Sensitivity analysis. The Scenarios analysis consists of three 
different schemes of capitals, which are: (i) 100% Equity, (ii) 75% Equity, 25% 
Debt, and (iii) 50% Equity, 50% Debt. The analyses will give the best scenario with 
the most feasibility parameters to conduct the investment. 

 
METHOD 

This study targets PERUMDA Tirta Pakuan Kota Bogor as an object in 
analyzing the financial feasibility and water loss control program alternatives. 
The company now holds seven water source zones as seen in Table 1. This 
research will focus in Zone 1, MA Tangkil, which is one of zone built in 1974, 
which is one of the oldest sources and also having the biggest water loss in 
PERUMDA Tirta Pakuan Kota Bogor. 

Table 1: PERUMDA Tirta Pakuan Water Source Zones 

 
 

Data in this research is secondary data in nature, obtained from the 
company reports. The supporting primary data obtained is from interviews with 
the Engineering Director, Engineering Planning and Supervision Manager, 
Production Manager, NRW & Transit Manager, and Manager of Public Relation 
and Customer Services. The summary of data can be seen in Table 2. 
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Table 2: Data Sources and Collections 

 
 
Quantitative study was done for this research by analyzing the pipe 

replacement project. Cashflow analysis is included to obtain the investment 
feasibility criteria which are Net Present Value (NPV), Internal Rate of Return 
(IRR), Net Benefit Cost Ratio (Net B/C Ratio), and Payback Period (PP). The 
analysis is done for a 10-year projection from 2021 to 2031, using Microsoft 
Excel, with the formula of: 

 
(Kadariah et al. 1999 in Nurmalina et al. 2009) 
For: 
Bt  = Benefit In Year-T 
Ct = Gross Cost In Year-T 
n = Age of Business 
t  = Year 
i = Discount Rate 
 

 
For : 
Bi = Yearly Benefit 
Ct = Yearly Cost 
n = Total Year 
i = Discount Rate 
 

 
For : 
i1 = Discount Rate with Positive NPV (NPV1) 
i2 = Discount Rate with Negative NPV (NPV2) 
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For I = Investment, and Ab = Profit. 
 
The first analysis will be conducted by employing scenario analysis. It 

consists of three different capital structures, which are: (i) 1st scenario -- 100% 
Equity as capital, (ii) 2nd scenario -- 75% Equity and 25% Debt, and (iii) 3rd 
scenario -- 50% Equity and 50% Debt as capital. 

Scenario Analysis is followed by Sensitivity Analysis for the best scenario 
obtained. The aim of sensitivity analysis is to identify how sensitive a decision for 
particular project is affected by its variables. This analysis is important due to the 
uncertainty of economic condition that may affect the investment for the 
project. The variables analyzed are the factors which considered significant to 
the invested project (Karanivic, 2010). 

 
RESULTS AND DISCUSSION 

The first step of this research was data collection, sourced from the 
company reports. The first step for calculating cashflow is the projection for the 
number of customers. The growth rate of the customers from 2015 to 2019 can 
be seen in Table 3. 

 
Table 3 : Number of Customers 

 
 

From Table 3, the average growth rate of 1,58% is then used for 
calculating the projection of the numbers of customers in 2020 and the following 
years. As for the production and distribution of water in 2019, the data from the 
company report can be seen in Table 4. 
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Table 4 : Production vs Distribution of Water 

 
 
From Table 4 it is known that with 25.875.789 m3 water produced, only 

17.250.526 m3 was distributed to customers. The difference of the water 
produced and distributed was considered as NRW, and the rate of the NRW is 
calculated by: 

 
 

The Full Cost Recovery in the company can be seen in Table 5. The table 
shows that NRW causes the difference between the real production of cost of 
the water, as applied presently and if calculated with the NRW. 

 
Table 5 : Full Cost Recovery PERUMDA Tirta Pakuan 

 
By assuming that the cost of production and revenue increases 3% each 

year, the 
comparison between the profit from water using the average cost of water with 
real NRW, and current average cost can be seen in Table 6, the projection of 
profit can be seen in Figure 1. 
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Table 6: Comparison between Current Profit and Real Profit (NRW Calculated) 

 
 

 
Table 6 projects that the NRW is overcome in 2022, in when the 

replacement project will be finished. The recapitulation of the needed 
replacements investment was obtained, and can be seen in Table 7. 

Table 7: Recapitulation of Replacement Project Budget 
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The investment is then modeled using three scenarios, employing flat 
annual rate of 8,85% (BJB, 2021), total Levered Beta of 3,14 (NYU Stern, 2021), 
and Risk-Free Rate of 10YYield of 6,44% (CNBC Indonesia, 2021). The weighted 
average cost of capital was firstly calculated and obtained in Table 8. 

The financial scenario including debt will be a 5-year financing from Bank, 
and the 1st installment will be paid from the 0th year (2021). The investment 
financing is projected to start on August 2021, with the project conducted 
starting in January 2022. The inflation assumed was 3±1% (BI, 2019), and the 
growth of income will be 3% referring to the target of inflation related to 
numbers of customers. The tax used in the analysis was 18% referring to the 
company report. 
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Table 8: Weighted Average Cost of Capital Calculation 

 
 

Since the project is a replacement project, the cashflow analyzed is the 
incremental cashflow; the difference is if the project being conducted (proposed 
replacement) and with the current situation. The comparison between three 
scenarios’ incremental cashflows can be seen in Table 9, and the NPV 
comparison between the three scenarios can be seen in Table 10. 

Table 9 shows the results for the first scenario that with 27,04% WACC, it 
gives NPV of IDR 45 billion, with NET B/C Ratio of 1,68 and 15,61% IRR in 3,22 
years of Payback Period. This gives unfeasible investment scenario since the 
IRR<WACC. For the 2nd scenario (WACC=22,09%) with NPV of IDR 55 billion, the 
Net B/C Ratio 1,85%, the IRR is 17,19% with 3,48 years of Payback Period. It still 
generates IRR that is lower than the WACC. Accordingly, the 3rd scenario gives 
the best investment plan, with 17,15% WACC resulting in the biggest NPV (IDR 71 
billion) and Net B/C Ratio of 2,11. The Internal Rate of Return is 19,04%, which is 
higher than the WACC, and the Payback Period is 3,80 Years.  

Referring to Nicoleta (2017), traditionally, capital structure counts on 
book leverage, which means the ratio of the debt and total assets, in which 
capital cost can be defined as opportunity cost. In order to make a feasible 
capital budget, the return of investment should be at least the same with other 
profitability alternatives of investment with the same risk. In addition, Arulvel 
(2013) stated that the Debt/Equity ratio gives positive correlation in gross profit 
obtained. This is accordance with static trade-off theory, referring to Visinescu 
(2009), stating that the use of debt will give tax shield, in which company pays 
less taxes than the company that does not have debt in their capitals. Ahmeti 
and Prenaj (2015) in their review of Modigliani and Miler (MM) theorem states 
that the debt in a company will give higher market value than the company that 
does not own any debt. 
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Table 9: Incremental Cashflow Comparison in IDR 

 
 

Table 10: NPV Comparison in IDR 

 
 

The sensitivity analysis is then done using the interest rate of 8,85% from 
Scenario 3 as the lowest rate, with the interval of 5% up to 10 (68,65%) 
repetitions and debt proportion starting from 10% to 100%. Sensitivity analysis 
shows that the higher debt portion in the same interest rate, will give higher 
NPV. On the other hand, with the same debt portion, the higher interest rate will 
result in lower NPV. The result of sensitivity analysis can be seen in Table 11.  

In the same debt portion as Scenario 3, which is 50%, NPV will be almost 
0 in the rate of 58,5% and the company will experience loss in the interest rate of 
63,85%. This shows that in the same debt portion, only if the interest rate 
reaches 621,46%, the company will get losses. This amount of difference states 
that the interest rate in the same debt portion gives no significant result.  

The biggest NPV will be gained if the company proposes 100% debt, in 
which only at 48,85% of interest rate will make the company experience losses. 
This gives 452% change in interest rate, which can be avoided if the company 
proposes debt with flat rate interest to the bank. 
 
CONCLUSION 

The amount of NRW which reached 33% in PERUMDA Tirta Pakuan can 
be managed by conducting maintenance for the facility and repairing the water 
distributions, where the project will need investment in the amount of IDR 
64.484.551.532. The investment then was brought into three capital structure 
scenarios with equity portion of each respectively 100%, 75%, and 50%. The best 
scenario yet is the 50:50 equity and debt ratio, resulting in 19,05% IRR > 17,15% 
WACC. The interest rate will not give significant effect until it reaches 600% of 
change with the same portion of loan. In the same interest rate, 100% portion of 
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debt will give the biggest NPV to the company. Yet, the decision shall be up to 
the stakeholders, making sure that the project will align with their financial 
structure.reason the company is expected to pay more attention to these four 
factors to improve efficiency in the future. 
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