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ABSTRACT

This paper studied the evaluation of water price at Wonorejo dam. Wonorejo dam was located at East Java
Province, Indonesia. The water price was analyzed for drinking water and hydro electrical power. Checking
water price was due to benefit-cost ratio as an important evaluation of economical engineering. Result was used
as an evaluation of capability Wonorejo dam economically. This analysis was not only due to benefit-cist ratio,
but it was carried out by analyzed the difference between benefit and cost based on Internal Rate of Return
(IRR). Cost was included the operation and maintenance of the dam.    
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Introduction

The challenge of how to plan and manage common pool water resources is one of the greatest of our time.
Increasing demand for water from multiple users, and recognition of environmental flow requirements and a
range of other values are adding in challenge (Straton, Anna et al., 2011). Water managers are increasingly
consulting community and stakeholders groups to incorporate preferences and work through the tensions
between users. A range of tools that combine deliberative and analytical capacities are being used for this
purpose in water planning processes in various parts of the world.

The daily loves of million people in the world directly on functioning watersheds providing drinking water,
irrigation, energy, groundwater recharge and inland fisheries. Mistakes in watershed prioritization and planning
can have serious local ramifications. When such mistakes were institutionalized on a national scale, the result
can be tragic. Watershed restoration efforts have sought to balance poverty alleviation against conservations
and local governance versus technical expertise.  Poverty alleviation is often central to any effort and watershed
development is no exception Bhalla et al., (2011).

Drought indices have been developed during the last century as tools to detect, monitor and evaluate
drought events Vangelis et al., (2011). Drought indices are usually categorized according to the domain that
they are referring to. Several reviews and classifications of indices have been proposed by various researchers,
providing a good overview mainly in the domain of meteorology, hydrology, and agriculture. Furthermore, a
number of indices have been also developed recently in the domains of remote sensing and water resources
management.

Water distribution models can be developed using either an optimization or a simulation approach. Many
systems dynamics studies on water resource management focus on the global policy results of large-scale
systems However, the tendency of current research is to model systems in detail, with more emphasis on
quantitative results Liang et al., (2011). Some researchers formulated an appropriate strategy that strikes a
balance between mitigating water shortages and limit total financial costs

Materials and methods

This study was carried out at Wonorejo dam. The dam was located at Tulungagung regency, East Java
Province, Indonesia. Wonorejo dam had active capacity of 10,000,000 m3 and intended to supply drinking
water and hydro electrical power of 1.70 Gwh/year. Map of location was as Figure 1. Scheme of Wonorejo
Flow System was as Figure 2.
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Fig. 1: Location of Wonorejo Dam

Fig. 2: Scheme of Woniorejo Flow System

The steps was used to carry out this study was 1) To collect data outflow discharge of Wonorejo dam for
hydro electrical power and drinking water, technical data of Wonorejo dam,  initial construction cost, cost of
hydro electrical power, and operational cost; 2) To analyze water requirement for hydro electrical power and
drinking water; 3) To analyze cost; 4) To analyze benefit and total cost; and then 5) To analyze Benefit (b)
– Cost (C), B/C, Internal Rate of Return (IRR), break event point, and sensitivity analysis. 

Hydro electrical power:

Hydro electrical power was built by using turbine and generator. Power of hydro electrical power was
formulated as follow Arismunandar and Kuwahara, (1991):
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With
P = power (MW)
H = effective head (m)
Q = flow discharge
E = efficiency power plant

Time value of money

Future value factor

F =Po (1+ i) n   (2)

Note: (1+ i) n = compounding factor (F/P), so the formula was written as:
F = Po (F/P, i%, n)

Annual payment
F = A (F/A, i%, n)   (3)

Sinking Fund Factor
A = F (P/F, i%, n)   (4)

Present Value Factor
P = F (P/F, i%, n)   (5)

Present value of annuity Factor
P = A (P/A, i%, n)   (6)

Capital Recovery Factor
A = P (A/P, i%, n)   (7)

Feasibility indictor of economy:

Feasibility indicator of economy was for,ulated as follow Kuiper, Edward, (1971)

Net Preaent Value (NPV)
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With
P : present value 
F : value at n year 
I : value of interest

Benefit Cost  Ratio (BCR)

  (9)
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With
PV : present value

BCR : benefit cost ratio
Internal Rate of Return
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With :
I’ : interest with NPV > 0
I” : interest with NPV < 0
NPV : benefit minus present value and cost minus present value 
NPV’ : NPV >0

NPV” : NPV <0

Break even poit (BEP):

Break event poit was the same as cost minus benefit equel to zero. In this study, BEP was intended to
know how long the model would be returned.

Results and discussions

Capital cost was included direct cost and indirect cost. Direct cost was included 4 items such as cost of
preparation, tuberous plants and heap, material, working. Indirect cost was included 3 items such as
contingencies of direct cost, engineering cost, and interest. Yearly cost was included constant cost and gradient
series cost. Cost of operation and maintenance was included in yearly cost.

Wonorejo dam was produced 31.70 Giga-watt-hour power per-year. Benefit of hydro electrical power at
the year of 2004 was about 24.70 rupiah per-kilo-watt-hour and at the year of 2009 was 72.60 rupiah per-kilo-
watt-hour. Before the operation of Wonorejo dam, water supply for drinking water for Surabaya was
discontinuous and the price was 45.00 rupiah per-m3 (2004) and 84.50 rupiah per-m3 (2009). After operation
of the dam, continuous water supply for drinking water was 8.02 m3 per-second and the price was 125.00
rupiah per-m3 (2004) and 233.50 rupiah per-m3 (2009). Relation between benefit and cost at the year of 2009
after operation dam was described as Figure 3. Recapitulation of sensitivity analysis was as Table 1.

Fig. 3: Relation between interest of net present value total benefit and cost at the year of 2009 (benefit dan
cost = benefit and cost, tingkat bunga (%) = interest (%))

Table 1: Recapitulation of sensitivity analysis at the year of 2009
No Condition B-C B/C IRR
1. Cost up 10%, benefit constant Rp.        7.593.097.750 0.99 10.876%
2. Cost down 10%, benefit constant Rp.      80.496.990.703 1.18 12.829%
3. Cost constant, benefit up 10% Rp.      42.283.298,569 1.09 11.967%
4. Cost constant, benefit down 10% Rp.      30.620.694,383 1.06 11.702%

Conclusion:

Economic evaluation of water price for drinking water and hydro electrical power with the interest of 11%
at Wonorejo dam was as follow: water price for drinking water was 233.50 rupiah per-m3 and hydro electrical
power was 160.20 rupiah per-kilo-watt-hour, B/C ratio = 1.17.
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