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h lage is very abundant compared to a few decades ago after forest fires that cause water shortages
Cpdater during the dry season. Forest spring water sources are able to produce an average discharge of 71.78

liters/s. The discharge can generate electrical energy with a Micro-hydro Power Plant of 4.5668 kW,

which can generate a cash flow of IDR 57.7 million/year. The Net Present Value (NPV) obtained is
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tal services in the form of water resources has significant economic value, and this value is obtained
only from the use of electrical energy.

1. Introduction

The introduction an effort to meet the needs of electrical energy intended as a means to improve people's welfare,
there are often impacts that are not in favor of the environment. Therefore, another perspective is needed to look at the
economic, water, energy, and forest aspects as a whole that is inseparable from each other. So that in fulfilling one
aspect, it does not sacrifice the other. According to McNabola et al. (2022), water, energy, and food should no longer be
viewed as three separate sectors but as an interdependent and closely connected system. Interventions in any one do-
main—for example, changes in land and water management practices —will have cascading effects on energy availabil-
ity and food security.

Forests as natural reservoirs and filters can store, release, and purify water through their interactions with hydro-
logical processes. For humans, a clean, stable, and predictable water supply is one of the most valuable ecosystem ser-
vices provided by forests (Zhang & Wei, 2021).

Research by Srivastava et al. (2023) shows that areas implemented by conservation programs have better water
quality and higher water availability than areas without conservation programs. Soil and vegetation conservation can
reduce erosion and increase water infiltration into the soil (Du et al., 2022). The results of the study will certainly em-
phasize that the existence of forests can maintain water stability in its ideal condition, abundant during the dry season
and not excessive during the rainy season. Forest degradation not only causes a water crisis but also threatens agricul-
tural productivity and eliminates the potential of renewable energy sources (Babu et al., 2025; Deka, 2023).

The government continues to strive to increase electrification of new and renewable energy sources (NRE) every
year and national energy needs continue to increase annually. From 2019 to 2028, the increase in electricity demand is
estimated to increase by 42% (Maharani et al., 2024). The national goal in energy management is to achieve the energy
mix of the four pillars of primary energy sources (coal, oil, natural gas, and new and renewable energy (NRE)) namely
the role of new and renewable energy exceeding 23%, the role of petroleum less than 25%, the role of coal at least 30%,
and the role of natural gas at 22%, the role of renewable energy is targeted to reach 150 MW with the hydro is 12 MW
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(Directorate General of EBTKE, 2024; Erinofiardi et al., 2017). In the process of realization, solar power plants (PLTS)
and hydroelectric power plants (PLTB) still need system readiness because these types of power plants produce elec-
tricity intermittently, while electricity needs must be obtained continuously (Khodijah et al., 2023).

Although the contribution of micro-hydro power generation energy to national capacity is quite small, it has a
significant impact locally, as village electrification, diesel substitute and fuel substitute, and fulfilling the right of the
Indonesian people to feel the benefits of electrical energy. The development of PLTMH is very important in helping the
government provide access to electrical energy for the community, especially to increase the electricity ratio in areas
that cannot be reached by the PLN electricity network (Kasmoro et al., 2024). In this case, PLTMH is part of the program
to provide renewable energy power plants run by the government as a form of targeted utilization of the state budget.
In addition to obtaining electrical energy, with the presence of PLTMH, forest conditions will be more sustainable so
that the water supply to the river is maintained and does not interfere with PLTMH.

Furthermore, renewable energy with continuous sources and low costs such as micro-hydro power plants are often
in areas that are difficult to reach, so it takes relatively long in the development process, from administration to forced
labor (Yudiartono et al., 2023).

The maintenance of natural vegetation in the forest will maximize the function of the forest as water management,
and the condition of the forest is an important factor in maintaining water stability, which is a key factor in access to
renewable energy so that energy independence can be realized and turning the community's economy much faster
(Zakariazadeh et al., 2024). We often encounter these conditions in remote areas, but with the condition of abundant
water sources and vegetation, the value of water as a vital source of life is often overlooked. One example is located in
Central Java, Indonesia, a small village situated at the foot of Mount Gendol. In previous decades, the residents of
Geneng Village faced water shortages every dry season. However, the situation began to change after a local figure
named Mbah Sadiman initiated conservation efforts in the Gendol hill forest. Although he was initially considered
eccentric for exchanging his goats for banyan Ficus Benjamina tree seedlings —trees with no commercial value, he plants
in the forested area surrounding the village, his efforts eventually paid off. Even during the dry season, the village no
longer experienced water scarcity.

Mbah Sadiman's hydrological conservation efforts have kept the water flow in Geneng Village relatively stable
throughout the year. This is due to increased infiltration, which increases groundwater recharge and extends the water
release time to the spring. This allows the system to operate 24/7.

In depth, this study aims to appreciate forest environmental services in the form of water availability, which often
forest environmental services are often invisible and appreciated in conventional economic calculations.

2. Method
2.1. Area of Research

This research was conducted in Geneng Village, Bulukerto, Wonogiri, Central Java in water flow areas in the type
of open channel with the classification of natural channels, namely channels with irregular geometry and basic materials
and currents. The water that is formed is a variated flow and the water flow body has various depths.

2.2. Measurement of Flow Speed and Water Discharge

Water velocity measurement using the floating method uses the help of a light object (float) which is determined
by the size of the displacement which is then measured the total time needed so that the speed of water flow can be
known. Data were taken from 5 locations upstream of the water flow selected at the location before the reduction of the
pipe for household needs. The 5 data annals points were selected on a straight flow and engineered to have a more

homogeneous flow path and base.

p=9 p==2 1
Tu VT D

Where s is displacement, v shows speed, t shows time.

Each point is measured in the width and average depth of the river to determine the cross-sectional area through
which the water passes, so that the water discharge can be measured. The method used to measure the cross-sectional
area of water flow is the mean section method,

dijy1+d;
A = (55 X (X1 — x0) )

A=3r0 A 3)
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Where A; shows the cross-sectional area of the ith segment, A shows the total cross- sectional area of the water
flow, in shows the width of the river of the i segment and (x;;; — x;) shows the distance between the points of the
segment.

Based on the law of fluid continuity, the discharge value is the same at each fluid flow point, under ideal conditions
5 measurement points have the same discharge value. The discharge amount of a fluid measured by the floated method
can be calculated by,

Q= k% atau Q = kvA (4)

k=1-0116x ((VI—a) - 0,1) ()

Where Q is the discharge, v refers to the speed of water flow, A refers to the cross- sectional area of water flow, V
indicates the volume of water, t indicates time (Putra, 2016). The k-index depends on the shape of the vertical velocity
profile, which is influenced by the aspect ratio of the flow, the Froude and Reynolds numbers, micro- and macro-bed
roughness, and the relative submergence of large-scale roughness elements. Efforts to articulate this complex depend-
ency were carried out by Polatel (2005) through a series of laboratory experiments with varying flow velocities over
smooth beds and roughened beds with dunes and ribs. For these experimental conditions, the velocity index ranged
between 0.789 and 0.928. The results indicate that the velocity index is higher for smooth beds and greater flow depths.
(Muste et al., 2008).

2.3. Energy Measurement and Economic Valuation of Micro-Hydro Power Plant

Correlation of discharge into electrical energy generated from Micro-Hydro Power Plant and the economic benefits
of environmental services in the form of water resources in the form of electrical energy, this study uses the method
(Guo et al., 2023) which uses the equation,

E =i 2%1n;pgQiH;; ©
R =i, Y}-1npgQiH;; x P;
R = E X Pi (7)

Where i is time, j is the type of power plant, p shows the density of water, Q;; shows the discharge of water
flow, H;; shows the difference in the head of the water level for the power plant, P; shows the price of energy, and 7;
is the efficiency of the power plant. According to Missmail (1992) the efficiency of generators generally ranges from 85%
-90%.

2.4. Net Present Value

Net Present Value (NPV) is a method to measure how much value a project adds a project generates in today’s
monetary value, helping determine whether the investment is feasible or not,

1-(1+r)™"

PVannuity factor = r (8)
Pch = Cashflow x PVannuity factor (9)
NPV = —CAPEX + PV, (10)

Where NPV is Net Present Value, PVynnyity ractor isthe present value of annuity factor for, PV, is Present value

of cashflow, r is discount rate, n is project life.

3. Result and Discussion

Data analysis based on direct measurements produced the values shown in Tables 1 to 5. Based on the area data
obtained, the units were then converted to m?. This secondary data will then be used to determine the discharge at
each study point.
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Table 1. Cross-Section Area of the 1st Point

Segment Distance Segment Area
Segment Depth (d;)

(Xi+1 — X;) (4)

1 10 cm 18 cm 162 cm?
2 8 cm 18 cm 171 cm?
3 11 cm 18 cm 198 cm?
4 11 cm 18 cm 252 cm?
5 17 cm 18 cm 279 cm?
6 14 cm 18 cm 126 cm?

Total Cross-Section Area 1188 cm?

Table 2. Cross-Section Area of the 2nd Point

Segment Distance = Segment Area
Segment Depth (d;)

(Xi+1 — X;) (4;)

1 15 cm 14 cm 238 cm?
2 19 cm 14 cm 329 cm?
3 28 cm 14 cm 406 cm?
4 30 cm 14 cm 385 cm?
5 25 cm 14 cm 343 cm?
6 24 cm 14 cm 168 cm?

Total Cross-Section Area 1869 cm?

Table 3. Cross-Section Area of the 3nd Point

Segment Distance = Segment Area
Segment Depth (d;)

(Xiv1 — X;) (4;)

1 22 cm 14 cm 343 cm?
2 27 cm 14 cm 378 cm?
3 27 cm 14 cm 371 cm?
4 26 cm 14 cm 350 cm?
5 24 cm 14 cm 280 cm?
6 16 cm 14 cm 112 cm?

Total Cross-Section Area 1834 cm?

Table 4. Cross-Section Area of the 4th Point

Segment Distance Segment Area
Segment Depth (d;
(Xir1 — %) (4;)

1 13 cm 16 cm 216 cm?
2 14 cm 16 cm 240 cm?
3 16 cm 16 cm 288 cm?
4 20 cm 16 cm 280 cm?
5 15 cm 16 cm 232 cm?
6 14 cm 16 cm 112 cm?

Total Cross-Section Area 1368 cm?
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Table 5. Cross-Section Area of the 5th Point

Segment Distance =~ Segment Area
Segment Depth (d;

(Xiv1 — X3) (4)

1 8 cm 22 cm 187 cm?
2 9 cm 22 cm 297 cm?
3 18 cm 22 cm 440 cm?
4 22 ¢cm 22 cm 473 cm?
5 21 cm 22 cm 484 cm?
6 23 cm 22 cm 407 cm?
7 14 cm 22 cm 154 cm?

Total Cross-Section Area 2442 cm?

The average velocity and floating coefficient for each study point are shown in Table 6. Where k is the float
coefficient and a represents the submerged depth of the float relative to the average depth at each measurement point
(Putra, 2016). Points 1 to 5 show k values below 0.8, indicating that the water flow is occurring over a rough surface.

Based on the secondary data obtained, the debit value was obtained as shown Table 7.

Table 6. Flow speed and cross-sectional surface area

. . Average Time . Floating
Location Distance (As) Velocity (v) .
® Coefficient (k)
Poin 1 1.5m 1.28 s 82.81 m/s 0.7180
Poin 2 1.0 m 0.96 s 52.52101 m/s 0.7514
Poin 3 0.97 m 1.35s 51.85185 m/s 0.7516
Poin 4 1.1m 1.79 s 71.25082 m/s 0.7335
Poin 5 1.73 m 251s 39.76143 m/s 0.7370
Table 7. Flow Cross-Section Area
i Floating ) Debit (@)
Location . Velocity (v) Area (4) -
Coefficient (k) m3/s Liter/s
Poin 1 0.7180 82.81 m/s 0.1188 m? 0.07064 70.64
Poin 2 0.7514 52.52101 m/s 0.1869 m? 0.07376 73.76
Poin 3 0.7516 51.85185 m/s 0.1834 m? 0.07148 71.48
Poin 4 0.7335 71.25082 m/s 0.1368 cm? 0.07150 715
Poin 5 0.7370 39.76143 m/s 0.2442 cm? 0.07156 71.56
Average Debit 0.071788 71.78

Based on the results of the discharge calculation obtained, the potential for electricity that can be generated with
Micro-hydro Power Plant can be calculated using the Guo et al. (2023) method, And the model used only uses 1 gener-
ator, with the assumption of the general condition of PTLMH is used, namely with an efficiency of 65%, the height or
difference of the water surface is 10 m, the density of water at a room temperature of 22°C which is 997.77 kg/m? and
the acceleration of the earth's gravity is 9.81 m/s?, the amount of power that can be generated is 4.57 kW. Analysis of the
benefits of water resources as a form of forest environmental services in the Geneng Village area, Bulukerto, Wonogiri
on the potential of electrical energy using Micro-hydro Power Plant with a discharge of 71.78 liter/s and a head of 10 m
provides a comprehensive overview related to the use of water as a source of electrical energy for rural communities.
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This power contributes to the total annual energy production, which is around 40,005 kWh if the system operates for 24
hours per day.

Based on the determination of the electricity price of PT PLN (PERSERO) for the fourth quarter (October-Decem-
ber) in 2025, for non-subsidize the cost per kWh is IDR 1,4470.00, and with a 24-hour operating equipment scheme, then
based on the acquisition of potential power that can be generated from Micro-Hydro Power Plant, the gross revenue
per year is IDR 57,796,034 /year.

Assuming a Capital Expenditure (CAPEX) of IDR 50,000,000/kW —which is higher than the national CAPEX bench-
mark for the Java region with an EPC index of 1.10, corresponding to a CAPEX of IDR 42.43 billion per MW or IDR
46,673,000 per kW for installation —along with an Operation and Maintenance (O&M) cost of 2% of CAPEX per year, a
project lifetime of 20 years, and a discount rate of 10%, the calculated total CAPEX is IDR 228,342,244, with annual O&M
costs of IDR 4,566,845 and an annual net cash flow of IDR 53,229,189 (Fiscal Policy Agency of the Ministry of Finance,
2018).

With the present value of annuity factor (PVannuity factor) for discount rate (r) 10%, and project life 20 year is
8.5136 and present value of cashflow (PVcf) IDR 453,170,094 the NPV value can be calculated. Assuming that changes
in flow rate occur due to weather variations, the sensitivity of NPV to reductions in the average flow rate of 10% and
20% can be shown in Table 8.

Table 8. Sensitivity of NPV to reductions in the average flow

. Gross O0&M CF_net NPV
Skenario . Power CAPEX NPV
. Debit Revenue /year lyear lyear Changes vs
Debit (kW) (IDR) (IDR) )
(IDR) (IDR) (IDR) Baseline

Baseline

0%) 0.07178  4.5668 228,342,244 57,796,034 4,566,845 53,229,189 224,827,851 -

0

—-10% 0.064602  4.1102 205,508,019 52,016,431 4,110,160 47,906,270 202,345,066 —9.96%
—20% 0.057424  3.6535 182,673,795 46,236,827 3,653,476 42,583,351 179,862,281 —19.96%

Scenario analysis shows that variations in discharge have a consistent and measurable impact on the technical and
economic performance of the micro-hydro system (Boroomandnia et al., 2022). When the debit is reduced by 10% and
20% from the baseline condition, the turbine output power decreases proportionally, as seen from the decrease in in-
stalled capacity from 4.57 kW (baseline) to 4.11 kW (-10%) and 3.65 kW (-20%). This power reduction directly implies
a reduction in annual energy production, which then reduces the project's gross and net income.

The decreasing trend in discharge also results in a nearly linear pattern of decreasing NPV values. In the -10%
discharge scenario, the NPV value decreases by approximately 9.96% compared to the baseline condition, and in the
—20% scenario, the NPV decline reaches 19.96%. This pattern indicates that the NPV sensitivity to discharge is very high,
considering that income from electrical energy depends directly on the magnitude of discharge as the main driver of
the turbine. The decrease in discharge not only reduces the energy generated but also reduces the optimal capacity that
can be installed, thus affecting the investment cost structure (CAPEX) calculated per kW. Therefore, the relationship
between discharge and economic feasibility is linear in the context of capacity-based MHP design (Widiarti et al., 2024).

Economically, energy production from environmental services has a significant value if converted into rupiah
value for non-subsidized PLN electricity price, which is IDR 1,444.70 /kWh. The economic value of this energy pro-
duction generates an annual revenue of IDR 57.79 million. After operational and maintenance costs are taken into ac-
count, which is 2% of the initial investment, the annual net cash flow reaches IDR 53,229,189/year. The net cash flow
value is used as the basis for calculating NPV for projects with a 20-year age and a discount rate of 10%.

The results of the NPV calculation show that this Micro-Hydro Power Plant project produced a positive value of
IDR 224 million. This value indicates that the project is not only able to cover its investment costs, but also provides a
large economic surplus during its operational life. Financially, this condition illustrates that environmental services in
the form of water resources maintained by the forests of Geneng Village, Bulukerto, Wonogiri produce very decent
economic value in the context of providing electrical energy for the village.

The high NPV value obtained in this study was obtained thanks to a combination of several key factors. First, the
availability of relatively large and continuous water discharge throughout the year. Second, PLN's electricity price is
used as an economic reference based on non-subsidized costs so that the economic value of the electrical energy that
can be produced has a significant value. Third, the initial investment cost is still in the general range used in the con-
struction of small-scale Micro-Hydro Power Plant in Indonesia, which is IDR 50 million per kWh,
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The results of this study still need to be critically examined. The calculation is based on the assumption of contin-
uous discharge throughout the year, a condition that does not necessarily occur entirely in the field given the influence
of seasons that affect hydrological variability. The sensitivity analysis shows that a reduction in the average annual
discharge directly decreases the NPV: a 10% decrease in discharge results in approximately a 10% reduction in NPV,
and a 20% decrease leads to about a 20% reduction. This phenomenon is nearly linear because the CAPEX is assumed
to be proportional to the installed capacity (IDR/kW)—thus, a lower discharge reduces both the required capacity and
the CAPEX while simultaneously lowering annual revenue. Although the project remains feasible under the decreasing
debit scenarios, the economic margin becomes narrower. Therefore, it is essential to incorporate seasonal hydrological
data into the feasibility assessment and to evaluate conservative scenarios, as well as to consider mitigation strategies
such as catchment conservation, modular system design, or hybridization to enhance the project’s economic resilience
against hydrological variability.

Overall results of the analysis show that forest environmental services in the form of water resources have strong
economic feasibility and have the potential to become cheap, clean, and sustainable renewable energy solutions for rural
communities. In addition, projects like this not only provide economic benefits, but can also strengthen local energy
security and have a positive impact on people's environmental conservation awareness and behavior. These findings
support that the environmental services of the forest of Geneng Village, Bulukerto, Wonogiri in the form of water re-
sources can be an energy investment with high economic value and can be an effective strategy in improving commu-
nity welfare and maintaining environmental sustainability

4. Conclusion

The discharge obtained from environmental services is 71.78 liter/s (0.07178 m?3/s) with a water density at a tem-
perature of 20°C of 997.77 kg/m3 shows that the spring water in Geneng Village has stable and reliable energy potential
for the construction of Micro-Hydro Power Plant. This condition reflects the success of conservation efforts in the catch-
ment area carried out by the community, through intensive reforestation efforts. Based on the variation in height of 10
m and efficiency 65%, the water source is able to generate an electrical power of 4.918 kW. This value has enough
power to support the needs of household-scale electricity and public facilities in rural areas. These findings show that
micro-hydro can be an effective electrical energy solution in areas with limited access to electricity. Economic calcula-
tions with an investment cost of IDR 50 million, an annual operating cost of 2%, and a non-subsidized electricity tariff
show that the NPV has a positive value during the 20-year operating life, which is IDR 224 million. This shows that
micro-hydro plants are not only technically feasible but also economically feasible. The environmental condition of the
forest in Geneng village produces environmental services in the form of the availability of water resources that can be
a renewable electrical energy solution and makes the village have independence in meeting the needs of electrical en-
ergy. The economic value generated by forest environmental services in the form of water resources has an economic
value of IDR 57 million/year and this value is obtained only from the use of electrical energy.
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