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The ever-increasing use of fossil fuels causes the climate to become unbalanced due to the resulting pollution. 
Renewable energy is gaining widespread adoption because it is more cost-effective and eco-friendly. Using 
water as micro-hydro power plants or PLTMH can be a viable alternative to non-renewable fuel sources. Indo-
nesia is one of the countries with the greatest application potential for micro-hydro power plants or PLTMH, 
particularly in Batang Regency, Central Java Province. This study focused on reducing the use of fossil fuels 
as a source of electricity in Batang Regency by utilizing water resources. Environmental approaches and hyd-
rological analysis were employed in this study to achieve precise and optimal PLTMH planning outcomes. The 
results of the analysis indicated that the total discharge required to operate the PLTMH turbine is 2.22 m3/s 
with an 80% mainstay discharge, while the design flood discharge is 113,679 m3/s (Q100year). Implementing 
micro-hydro power plants or PLTMH in Batang Regency could be the first step in Indonesia’s transition from 
fossil fuels to renewable energy sources.
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Fig. 1. Global cumulative power consumption in Indonesia (Source: Handbook of Energy and Economic Statistics of Indonesia (HEESI) 2015–2022)

Introduction
Electricity is distributed throughout Indonesia by a 
single company, the State Electricity Company (PLN) 
(Arafah et al., 2018; Novianti, 2019). This company gets 
85% of its electricity from fossil fuels (Thomas, 2020). 
This percentage of fossil fuel consumption continues 
to rise annually, but the increase is inversely propor-
tional to the available resource supply (Menéndez et 
al., 2020). This increase will impact the price of fossil 
fuels, which is on the rise as the existing supply dwin-
dles (Laan and Maino, 2022; Yasinta and Karuniasa, 
2021). Additionally, continued reliance on fossil fuels 
will result in rising carbon emissions that will pollute 
the atmosphere and cause a significant rise in harmful 
gases (Tan et al., 2022). Fig. 1 depicts the total amount 
of energy consumed in Indonesia. The graph demon-
strates that non-renewable energy sources such as 
coal, crude oil, and natural gas account for the majori-
ty of energy consumption. The annual consumption of 
this energy will continue to increase until 2019 when it 
will surpass 1.4 billion. Using renewable energy, such 
as biomass and biofuels, gained only 107.3 million 

over the same time periods (Perusahaan Listrik Ne-
gara (PLN), 2021; Thomas, 2020).

With strict environmental regulations now in place, 
renewable energy sources are gaining ground (Yonar-
iza et al., 2019). It is anticipated that renewable ener-
gy sources will account for more than 70% of global 
power generation growth (Gielen et al., 2019). Renew-
able energy sources, such as water, solar, geothermal, 
wind, and biomass, tend to produce a more environ-
mentally-friendly energy supply (Syahputra and Soe-
santi, 2020; Tao et al., 2019). With the availability of 
renewable energy that is less harmful to the environ-
ment, it is hoped that it will supplant conventional fos-
sil energy sources like coal and natural gas and reduce 
greenhouse gas emissions (Dwiyanto et al., 2016).

The water energy potential of Indonesia is approxi-
mately 75 GW, or 16.98% of the total NRE potential  
(Langer et al., 2021; Warjito et al., 2019). Indonesia 
ranks fourth in Asia in terms of its enormous hydro-
electric potential, behind China, the former Soviet 
Union, and India (Yonariza et al., 2019). Nonetheless, 
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only 5%, or 3,584.07 MW, of the country’s installed 
electricity capacity is derived from the existing 16.98% 
of water energy potential (Cahyono Adi and Lasnawa-
tin, 2021; Thomas, 2020). In Central Java, water en-
ergy potential of 75,926 kW has been realized with 
69,832 kW, or 92%, of hydroelectric power plant po-
tential (Syahputra and Soesanti, 2020). However, an 
additional 8% must be optimized in order for it to be 
fully utilized in the province of Central Java.

Batang Regency is among the regions with signifi-
cant water energy potential, due to the fact that Ba-
tang Regency extends from the coast to the highlands 
bordering the Dieng region (Pemerintah Kabupaten 
Batang, n.d.). This district’s average annual rainfall 
of 621.40 mm makes it highly suitable for the con-
struction of a micro-hydro power plant or PLTMH (Pe-
merintah Kabupaten Batang, 2021). This power plant 
is the best option for electrification because its costs 
are relatively low compared to those of fossil energy. 
It is hoped that the construction of PLTMH in Batang 
Regency will improve the potential for hydroelectric 
power plants in Central Java province.

This study aims to provide answers to the following 
questions concerning the planning prospects of mi-
cro-hydro power plants in Batang Regency, Central 
Java, Indonesia:

a What is the potential of water resources in the Lojah-
an watershed as a planning location for micro-hydro 
power plants?

b How is the method for analyzing the power potential 
generated by micro-hydro power plants compared us-
ing related software analysis?

This study generally discusses the planning poten-
tial of micro-hydro power plants in the Lojahan wa-
tershed, Batang Regency, Indonesia, with the goal of 
obtaining great potential for the power generated as 
a replacement for non-renewable natural resources.

Data and Methods

Study site

This research was conducted in Batang Regency, 
Province of Central Java, Indonesia. Batang Regency 

is positioned on the northern coastline of Java Island, 
between 60° 51’46” and 70° 11’ 47” south latitude and 
109° 40’ 19” and 110° 03’ 06” east longitude (Pemer-
intah Kabupaten Batang, n.d., 2021). The Lojahan wa-
tershed, with a catchment area of 29.55 km2, is de-
picted in Fig. 2 as the location for PLTMH planning. 
In the study area, a location survey was conducted to 
gather topographic data based on the location of the 
pool, which was attached to a polygon point with a 
height difference of 10 meters drawn from the con-
tour line. The Lojahan watershed’s topographical con-
ditions require an average slope.

Hydrological approaches

In this study, hydrological analysis calculated the 
monthly discharge on the Lojahan River by simply 
displaying rational discharge calculations and water 
balances to get the best results possible. 

Furthermore, an analysis of flood discharge with 
return periods of 25, 50, and 100 years was obliged 
(Prastica et al., 2018). The results of the calculations 
were then used in simulation to determine the num-
ber of turbines needed for the PLTMH and their re-
quirements.

Rational method

Estimating the peak discharge of Q in the watershed 
area is required in a planning analysis of water build-
ing facilities, and is reviewed using logical methods 
(Marelianda et al., 2021). 

Peak discharge or Q is influenced by a number of 
factors, including rainfall information and a physical 
model of the channel’s cross-section at the planning 
site (Utama et al., 2022). Equation 1 shows the for-
mulation used to calculate the rational method using 
these parameters. 
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Where: Q – river discharge (m3/s); C – coefficient 
runoff; I – rain intensity (mm/hour); A – catchment 
area (km2).
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Fig. 2. Micro-hydro power plant location

Water balance method

This study utilized the application of the mainstay 
discharge to estimate the annual discharge at the 
PLTMH planning site in Batang Regency. NASA’s 
Earth Data Application for Extracting and Exploring 
Analysis Ready Samples provided data on the Loja-
han watershed catchment’s evapotranspiration (Ap-
pEEARS) (NASA, n.d.). The PLTMH planning study’s 
location coordinates were put through the ArcGIS 
program to find watersheds that affect planning. The 
parameters were then applied to extract watersheds 
from the DEM Map of the State of Indonesia (Kumoro 
et al., 2022). The obtained results of the watershed 
geometry were then utilized as parameters for cal-
culating evapotranspiration data. 

The geometry of the watershed catchment was en-
tered into AppEEARS to collect evapotranspiration 
data, which was then processed to obtain potential 

evapotranspiration values (Negm et al., 2018). The 
flow duration curve, or the FDC method, was used to 
determine the mainstay discharge using this evapo-
transpiration as one of the main discharges. An FDC 
is a cumulative frequency graph that shows historical 
stream variation over a specified time period with a 
percentage of time resolution as a gauge of how long 
it will take the discharge to match or exceed the his-
torical variation (Marelianda et al., 2021). The follow-
ing is Equation 2 used in this FDC:
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(2)

Where: x – expedience probability; R – ranked position 
on the listing, starting with 1 for the considerable daily 
discharge value; n – number of events for the period 
of the record (taken as 365 in this study).
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Frequency distribution of rainfall
Rainfall frequency distribution tests rainfall data with 
a certain re-period (Ophiyandri et al., 2021; Soehardi 
and Dinata, 2018). This test is used to find out which 
rainfall calculation methods can be applied to study 
planning. The re-periods calculated in this test are 
25, 50, and 100 years, with the distribution methods 
being the Normal, Gumbel, and Log Pearson III 
distribution methods. The results of the three ways 
were then tested using the Chi-Square and Smirnov-
Kolmogorov frequency distributions to obtain rainfall-
compatible plans to apply to the study. 

Flood discharge planned

A flood discharge design plan was required for the de-
sign of the weir tower’s flood spillway and flooding at 
the location of the micro-hydro power plant (Yoose-
fDoost and Lubitz, 2020). Floods are designed using 
Nakayasu’s HSS method by estimating floods in the 
return period. Equation 3 shows the formulation used 
in this technique:
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(3)

Where: Qp – peak of flood discharge (m3/s); C – coef-
ficient of drainage; Ro– effective rain (mm); Tp – the 
period from the beginning of the rain; T0.3 – the time 
required for a decreased discharge of the peak dis-
charge (hours).

Potential power energy production

By using the topographic, geological, and hydrologi-
cal data that is currently available, micro-hydro po-
wer plants can produce as much power as they are 
capable of. The formula used in this study’s PLTMH 
planning to calculate the power generated is shown 
in equation 4:

P = Q.H.g.ηT.ηG.kW (4)

Results and Discussion

The calculation results of a frequency 
distribution of rainfall using the Normal 
method, Gumbel method, and Log 
Pearson type III method
In each method, the theoretical requirements for 
passing the frequency distribution test are the va-
lues of the skewness coefficient (Cs) and the coeffi-
cient of kurtosis (Ck) (Besançon et al., 2021; Serago 
and Vogel, 2018). The Normal method test results 
showed a value of Cs = 1.3443 and a value of Ck = 
0.2484, where the theoretical conditions required to 
pass this method are Cs = 0 and Ck = 3. The calcula-
tion results using the Gumbel method, on the other 
hand, showed the significance of Cs = 1.3443 and the 
value of Ck = 5.2184, with the theoretical conditions 
that must be met to pass this method having a value 
of Cs 1.1396 and a value of Ck 5.4002. Meanwhile, the 
theoretical requirements for passing the Log Pearson 
type III method test had flexible Cs and Ck values. Cs 
= 0.9015 and Ck = 4.2398 were the test results in this 
method. The Pearson Log type III method met the the-
oretical conditions of Cs and Ck values based on the 
Cs and Ck results on the three methods. As shown in 
Table 1, the rainfall plan applied to this study used Log 
Pearson type III method with return periods of 2, 5, 10, 
25, 50, and 100 years.

Return period
Plan for rainfall (mm)

Log Pearson III

2 107.61

5 124.84

10 136.92

25 152.84

50 165.20

100 177.96

Table 1. Calculation of the average rainfall in Batang Regency

The obtained rainfall of the plan was then used as a 
parameter in subsequent calculations.
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Main discharge analysis

Fig. 3 depicts the flow duration curve (FDC) results. 
The FDC represents the relationship between dis-
charge and confidence intervals. The application of 
the FDC in a specific location is critical for the distri-
bution and characteristics of the planning site (Yonar-
iza et al., 2019). The best mainstay discharge is used 
by turbines with a certain amount of intervals. Ac-
cording to SNI 6738-2015, the required percentage 

of mainstay discharge utilized in micro-power plant 
planning is Q80 (SNI 6738:2015, 2015). As seen in 
Fig. 3, it was found that the discharge in Q80 was 
2.99 m3/s. 

Fig. 4 shows the relationship between the mainstay 
Q80 discharge and the average monthly rainfall. The 
total discharge generated was 6.99 m3/s, with the 
minimum discharge in September being 0.29 m3/s 
and the maximum discharge in March being 6.99 
m3/s.

Fig. 3. Flow duration curve of mainstay discharge

Fig. 4. The relationship between average monthly rainfall and mainstay discharge Q80
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Fig. 5. Relationship between discharge requirement and availability volume

Discharge analysis of turbine mobilizer

The analyzed water balance method was used to de-
termine the discharge requirement for a micro-hydro 
power plant’s turbine to rotate and generate electrici-
ty. The result of the Q80 mainstay discharge was re-
quired to calculate the monthly accumulated volume 
and the turbine discharge required to generate ener-
gy. Table 2 displays the discharge requirement based 
on the monthly accumulation of volume. 

The availability volume in the Lojahan watershed 
was 68,993,511 m3/month, as shown in Table 2. This 
value was determined by accumulating the monthly 
availability volume using the mainstay discharge Q80. 
The acquired availability volume was then used to 
calculate the discharge value of the PLTMH’s power 
generation demands, which is 2.22 m3/s.

Fig. 5 represents a graph of available volume ver-
sus discharge requirement. The graph represents 
that the need for discharge was closely related to 
volume availability because volume availability de-
termined how the turbine could rotate each month. 
Volumes accumulated for power needs occurred from 
January to August, and volume shortages occurred 
from September to December. The graph illustrates 
that there was a shortage of volumes used to rotate 
turbines from the middle of the 8th month to the end 
of the 12th month, whereas the volume of needs to 
spin turbines was sufficient from the first month to 
the beginning of the middle of the 8th month. As a re-
sult, storage of water volumes from the months that 
produce large water volumes was carried out. From 
January to August, the volume overflow was stored in 
a pond to ensure that when the PLTMH condition lacks 
the volume of water to rotate the turbine, it can use 
the water storage in the pond. As the required volume 
is met, the turbine will rotate throughout the year. Us-
ing this discharge requirement, the power obtained 
from the potential power energy production result 
calculation at the planned PLTMH was 83.63 kWh with 
a head of 1.5 m and a turbine efficiency of 0.80. 

Month
Q80%

Volume of 
accumulation

Discharge 
requirement

(m3/s) (m3/month) (m3/s)

January 2.99 6458373.152

2.22

February 6.09 19082019.64

March 6.99 31771523.94

April 4.98 38653931.17

May 4.00 43141221.28

June 3.72 46352936.7

July 1.12 46739291.15

August 1.73 48687651.85

September 0.29 48985650.6

October 2.92 53274653.93

November 3.97 58760390.73

December 5.64 68993511.85

Σ Availability volume 68993511.85

Table 2. Calculation of turbine mobilizer discharge requirement



87Environmental Research, Engineering and Management 2023/79/1

Fig. 6. Batang micro-hydro powerplant schematic design using 
HOMER PRO

Fig. 7. Annual total electrical load served

Fig. 8. Batang micro-hydro powerplant nominal capacity

Hydroelectric design analysis using 
HOMER software

A comparison between the calculated results and those 
of the software-based analysis was done to obtain a 
more ideal PLTMH planning design. The Hybrid Optimi-
zation Model for Electric Renewables, or HOMER, was 
the program used in this study. Using the software, a 

power plant design with more optimal power was ob-
tained (Uddin and Joy, 2018; Yap et al., 2022). The data 
required for HOMER design analysis was the same as 
that required for previous calculations.

Fig. 6 depicts the hydroelectric power planning sche-
matic design in Batang Regency created with the 
HOMER PRO software. Fig. 6 shows that the Batang 
PLTMH scheme used a residential plan, produced 87 
kWh/day, had a peak of 16 kW, and used 245 kWh of 
battery capacity for power storage. The graph of the 
total electrical load served yearly in the proposed sys-
tem is presented in Fig. 7.

According to the chart, the average electrical load peak 
result from January 1 to December 31 was 16.17 kW, 
which did not exceed 20 kW. Meanwhile, the electrical 
load produced by the Batang PLTMH design was in-
vestigated through turbine analysis and inputted into 
the HOMER software, yielding 87.1 kWh/d of power, 
as shown in Fig. 8. The difference in power generated 
by the PLTMH planning was 3.47 kWh, or 3.99%, of the 
author’s calculation result, according to the analysis 
using HOMER PRO results.
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Conclusions
Micro-hydropower plants are one of the best options 
for Indonesia, one of the nations with a lot of water 
resources, to replace non-renewable energy sources. 
Planning for a micro-hydro power plant could be im-
plemented at the Lojahan watershed in Batang Re-
gency, Central Java. The discharge available to mobi-
lize the turbine was 2.22 m3/s, with a power output of 
83.63 kWh, according to hydrological analysis using 
21 years of data. The PLTMH Batang planning design 
was also analyzed using HOMER software to obtain 
a percentage of the energy generated from the au-
thor’s calculation results with the software applica-
tion. The software-generated PLTMH design yielded 
a power output value of 87.1 kWh, which differed by 
3.99% from the researcher’s calculations. It is antici-
pated that the results of research on the potential of 
renewable energy from water resources in the form 
of hydroelectric power plants will be implemented 
globally by analyzing the topographic and hydrologi-
cal conditions of each location with a high probability 
of having abundant water resources. This study can 
be applied to regions with abundant water resource 

potential by calculating and analyzing the discharge 
produced in a watershed that needs to be planned and 
the appropriate type of turbine.  

It is essential to review the developments that took 
place at the study site for the PLTMH Planning study 
at the Batang Regency. One of the reasons why an as-
sessment must be completed within a specific time 
frame (this study is completed every two years) is the 
annual existence of climate changes. The potential 
power produced by the micro-hydro power plant using 
the calculation outcomes from the topographic and 
hydrological data of the study location is the limitation 
of the PLTMH planning study. In order to achieve 
more ideal results, it is hoped that the scope of the 
subsequent study can be expanded by generating 
power output at the costs associated with designing 
a micro-hydro power plant in each study area. The 
community is encouraged to take part in raising the 
value of natural resources through PLTMH. In order 
for it to continue to be renewable energy on its own, 
there is a good balance between environmental 
protection and public awareness. The construction of 
PLTMH is anticipated to increase regional income and 
provide the neighborhood with electricity.

References 
Arafah, W., Nugroho, L., Takaya, R., and Soekapdjo, S. (2018). 
Marketing strategy for renewable energy development in Indo-
nesia context today. International Journal of Energy Economics 
and Policy, 8(5), 181-186.

Besançon, M., Papamarkou, T., Anthoff, D., Arslan, A., Byrne, 
S., Lin, D., and Pearson, J. (2021). Distributions.jl: Definition and 
modeling of probability distributions in the JuliaStats ecosys-
tem. Journal of Statistical Software, 98(2017), 1-30. https://doi.
org/10.18637/jss.v098.i16

Cahyono Adi, A., and Lasnawatin, F. (2021). Team Handbook 
Energy and Economic Statistics Indonesia. Ministry of Energy 
and Mineral Resources Republic of Indonesia, 23-26. https://
www.esdm.go.id/en/publication/handbook-of-energy-eco-
nomic-statistics-of-indonesia-heesi

Dwiyanto, V., Kusumastuti, D. I., and Tugiono, S. (2016). Anal-
isis Pembangkit Listrik Tenaga Mikro Hidro (PLTMH). Jurnal 
Rekayasa Sipil Dan Desain, 4(3), 407-422.

Gielen, D., Boshell, F., Saygin, D., Bazilian, M. D., Wagner, N., 
and Gorini, R. (2019). The role of renewable energy in the glob-
al energy transformation. Energy Strategy Reviews, 24(Janu-
ary), 38-50. https://doi.org/10.1016/j.esr.2019.01.006

Kumoro, Y., Susilowati, Y., Irasari, P., Nur, W. H., and Yunart. 
(2022). Geological aspect analysis for micro hydro power plant 
site selection based on remote sensing data. International 
Journal of Electrical and Computer Engineering, 12(3), 2300-
2312. https://doi.org/10.11591/ijece.v12i3.pp2300-2312

Laan, T., and Maino, A. G. (2022). Boom and Bust: The fiscal im-
plications of fossil fuel phase-out in six large emerging econo-
mies. July. www.iisd.org/gsi

Langer, J., Quist, J., and Blok, K. (2021). Review of renewable 
energy potentials in indonesia and their contribution to a 100% 
renewable electricity system. In Energies (Vol. 14, Issue 21). 
https://doi.org/10.3390/en14217033

Marelianda, A. D., Fathurahman, R., Putuhena, F. J., Arbaningrum, 
R., and Helwani, Z. (2021). Integrated Engineering, Environmen-
tal, and Economical Modelling of Micro Hydro Plant (MHP) Pro-
duction. IOP Conference Series: Earth and Environmental Sci-
ence, 945(1). https://doi.org/10.1088/1755-1315/945/1/012033

Menéndez, J., Fernández-Oro, J. M., Galdo, M., and Loredo, J. 
(2020). Efficiency analysis of underground pumped storage 
hydropower plants. Journal of Energy Storage, 28, 101234. 
https://doi.org/10.1016/j.est.2020.101234



89Environmental Research, Engineering and Management 2023/79/1

NASA. (n.d.). Application for Extracting and Exploring Analysis 
Ready Samples (AρρEEARS). Retrieved October 9, 2022, from 
https://appeears.earthdatacloud.nasa.gov/

Negm, A., Minacapilli, M., and Provenzano, G. (2018). Down-
scaling of American National Aeronautics and Space Adminis-
tration (NASA) daily air temperature in Sicily, Italy, and effects 
on crop reference evapotranspiration. Agricultural Water Man-
agement, 209(February), 151-162. https://doi.org/10.1016/j.
agwat.2018.07.016

Novianti, K. R. (2019). Achieving Competitive Advantage 
through Knowledge Management Practices: Knowledge-Based 
View (KBV) Strategy on Indonesia Electricity Sector. Asia Pa-
cific Management and Business Application, 007(03), 163-176. 
https://doi.org/10.21776/ub.apmba.2019.007.03.3

Ophiyandri, T., Istijono, B., Gromiko, A., Hidayat, B., Junaidi, 
and Nulrajabmil. (2021). Study of retention and infiltration 
wells as a result of resettlement of the Batang Kuranji upper 
watershed. IOP Conference Series: Materials Science and En-
gineering, 1041(1), 012002. https://doi.org/10.1088/1757-
899X/1041/1/012002

Pemerintah Kabupaten Batang. (n.d.). Profil Kabupaten Batang. 
https://profil.batangkab.go.id/?p=2andid=5

Pemerintah Kabupaten Batang. (2021). Kabupaten Batang Da-
lam Angka.

Perusahaan Listrik Negara (PLN). (2021). Statistik Tenaga Lis-
trik Negara Indonesia. 104.

Prastica, R. M. S., Maitri, C., Hermawan, A., Nugroho, P. C., Sutjin-
ingsih, D., and Anggraheni, E. (2018). Estimating design flood and 
HEC-RAS modelling approach for flood analysis in Bojonegoro 
city. IOP Conference Series: Materials Science and Engineering, 
316(1). https://doi.org/10.1088/1757-899X/316/1/012042

Serago, J. M., and Vogel, R. M. (2018). Parsimonious non-
stationary flood frequency analysis. Advances in Water Re-
sources, 112(May 2017), 1-16. https://doi.org/10.1016/j.ad-
vwatres.2017.11.026

SNI 6738:2015. (2015). Perhitungan debit andalan sungai den-
gan kurva durasi debit. Bsn. http://sispk.bsn.go.id/SNI/Detail-
SNI/10264

Soehardi, F., and Dinata, M. (2018). Recent analysis of maximum 
rain period. International Journal of Engineering and Technolo-
gy(UAE), 7(September), 63-67. https://doi.org/10.14419/ijet.
v7i2.3.12323

Syahputra, R., and Soesanti, I. (2020). Planning of hybrid mi-
cro-hydro and solar photovoltaic systems for rural areas of 
central Java, Indonesia. Journal of Electrical and Computer En-
gineering, 2020. https://doi.org/10.1155/2020/5972342

Tan, H., Iqbal, N., and Wu, Z. (2022). Evaluating the impact 
of stakeholder engagement for renewable energy sourc-
es and economic growth for CO2 emission. Renewable En-
ergy, 198(February), 999-1007. https://doi.org/10.1016/j.
renene.2022.08.039

Tao, R., Zhou, X., Xu, B., and Wang, Z. (2019). Numerical investi-
gation of the flow regime and cavitation in the vanes of reversible 
pump-turbine during pump mode’s starting up. Renewable En-
ergy, 141, 9-19. https://doi.org/10.1016/j.renene.2019.03.108

Thomas, V. F. (2020). Energi Fosil Sumbang 85% Listrik RI per 
Mei 2020, Terbanyak PLTU. https://tirto.id/energi-fosil-sum-
bang-85-listrik-ri-per-mei-2020-terbanyak-pltu-fU1K

Uddin, N., and Joy, J. S. (2018). Design and Optimization of Hy-
brid Renewable Energy Management System Based on HOMER 
and FLC google scholar View project SCADA for Modunaghat 
Water Treatment Plant Project View project NCETIA2018-PI-000 
NCETIA 2018. January. https://www.researchgate.net/publica-
tion/348630718

Utama, W., Hafiizh Immaduddin, M., and Indriani, R. F. (2022). 
Physiographic Study for Hydrology of Embung Hendrosa-
ri Region, Gresik Regency. IOP Conference Series: Earth 
and Environmental Science, 1095(1), 012004. https://doi.
org/10.1088/1755-1315/1095/1/012004

Warjito, Adanta, D., Budiarso, Nasution, S. B. S., and Kurnianto, 
M. A. F. (2019). The effect of blade height and inlet height in a 
straight-blade undershot waterwheel turbine by computational 
method. CFD Letters, 11(12), 66-73.

Yap, C. M. F., Caballa, L. G. C., and Pe, R. A. S. (2022). Feasibility 
Study of a Hybrid Renewable Energy System for a Remote Rural 
Community Using HOMER Pro. 30-35. https://doi.org/10.1109/
PECon54459.2022.9988815

Yasinta, T., and Karuniasa, M. (2021). Palm oil-based biofuels 
and sustainability in Indonesia: Assess social, environmental 
and economic aspects. IOP Conference Series: Earth and En-
vironmental Science, 716(1). https://doi.org/10.1088/1755-
1315/716/1/012113

Yonariza, Andini, B. A., Mahdi, and Maynard, S. (2019). Addressing 
knowledge gaps between stakeholders in payments for water-
shed services: Case of Koto Panjang hydropower plant catch-
ment area, Sumatra, Indonesia. Ecosystem Services, 39(August), 
100995. https://doi.org/10.1016/j.ecoser.2019.100995

YoosefDoost, A., and Lubitz, W. D. (2020). Archimedes screw 
turbines: A sustainable development solution for green and 
renewable energy generation-a review of potential and design 
procedures. Sustainability (Switzerland), 12(18). https://doi.
org/10.3390/su12187352

This article is an Open Access article distributed under the terms and conditions of the Creative 
Commons Attribution 4.0 (CC BY 4.0) License (http://creativecommons.org/licenses/by/4.0/).




