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The Food and Agriculture Organization (FAO) released a communiqué in
March 2020 cautioning about the possibility of a worldwide food emergency
due to coronavirus disease (COVID-19). As a response to the food shortages
brought on by the COVID-19 outbreak, the authorities of Indonesia initiated
a nationwide program aimed at improving the country's food supply known
as the food estate (FE), which was later incorporated into national strategic
programs. The climate and availability of surface water sources in this
region make establishing an FE area in the Central Sumba Regency difficult.
Sumba, on the other hand, possesses wind energy resources that can be
transformed into electrical energy and used to pump underground water for
agricultural purposes. A wind-powered water pump (WPW) is being
developed in this study to provide water for maize plantations in the FE
region in Central Sumba District, Indonesia. The study on the levelized cost
of energy (LCOE) for water pumping indicates that the wind-powered
system is more economically viable than the diesel-powered alternative. The
LCOE for a WPW pumping system is 6,994 IDR/kWh, whereas the LCOE
for a diesel-powered system is 16,667 IDR/kWh. The overall net present
value of WPW and diesel-powered systems is 708,667,200 IDR and
2,158,349,000 IDR, respectively. This study contributes significantly to
informed decision-making for enhancing the performance viability of the
wind water pumping system for the food estate program in Indonesia.
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1. INTRODUCTION

In response to the Food and Agriculture Organization's (FAO) 2020 warning of a potential global
food crisis due to the COVID-19 pandemic, Indonesia established the food estate (FE) program as part of its
National Strategic Programs [1], [2]. This initiative addresses the interconnection between pandemic threats
and food security risks. Indonesia should focus more on enhancing agriculture intensification for limited
farmland, encouraging young people to work in agriculture, and consolidating agriculture to boost farmers'
incomes [3]. Improving distribution mechanisms was necessary to ensure equitable access to food and
prevent hoarding by specific consumer groups, which can cause scarcity for others [4], [5]. The program is
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positioned as a strategic solution to potential food shortages by emphasizing measurable efforts and
incorporating sustainability considerations. Other important variables to consider are policy assistance and
the ability of business-oriented farmers to identify market opportunities. Choosing different commaodities can
maximize the social, ecological, and economic advantages [6]. The Indonesian government has decided to
roll out the FE program in numerous regions, including Kalimantan [7]-[9], Papua [10], Riau [11], South
Sumatra [10], North Sumatra [12], [13], and East Nusa Tenggara [14].

Central Sumba Regency, East Nusa Tenggara, one of the areas selected as the FE program area [14],
was established in February 2021 on 11,000 hectares, consisting of 5,400 hectares of rice and 5,600 hectares
of corn and other crops. The success of the program has prompted the local authority to consider further
expansion to encompass 20,000 hectares. To ensure water security for the FE program, authorities
implemented a plan for dams, water catchment, irrigation, and sustainable groundwater management [15].
Accurate irrigation water demand prediction is crucial for effective water resource management and optimal
system design, especially during droughts when insufficient water supply can significantly impact crop yields.
The optimal crop water requirement mainly depends upon the accurate estimation of evapotranspiration and
crop coefficients [16], [17] and climate change [17]. The importance of considering crop-specific water
requirements and irrigation methods has been highlighted by [18], [19]. Furthermore, the water requirements
of several crops such as wheat, oat, carrot, and maize at different growth stages were estimated using non-
weighing Lysimeters [20] and remote sensing technology has the potential to improve water management in
maize agriculture [21]. Table 1 outlines the expected water requirements for maize plants, as per a proposal
from the Ministry of Public Works of the Republic of Indonesia.

Table 1. Estimated water needs for corn plants from the Ministry of Public Works

Plant Water needed (ton/ha) Watering interval
Phase I: 9.5-13 Phase I: 2 twice/day (morning and noon)
Phase II: 15-20 Phase IlI: Furrow irrigation (for generative phase)
Corn Phase I1I: 5-10 Phase Ill: 2 twice/day (morning and noon)
Phase 1V: 2-3.5 Phase 1V: 3 times/3 days (noon) no Irrigation a week before harvest
Phase I: 9.5-13 Phase I: 2 twice/day (morning and noon)

The conveyance of water between the water source and the irrigated land is the primary technique of
providing water for irrigation. Water flow necessitates the expenditure of energy. The pumping plant
comprises all the mechanical tools and equipment necessary to transport water from the source to the field.
Important engineering difficulties are involved in the architecture, selection, installation, operation, and
maintenance of the pumping plant. Various renewable energy-powered water pumping systems for agricultural
applications have been investigated by researchers across the world [22]-[24]. Additionally, there has been a
rapid decrease in the costs of renewable energy conversion technologies in the recent years [25], [26]. The use
of hybrid renewable energy for water pumping (e.g., photovoltaic solar and wind) for agriculture is particularly
advantageous because there are no operational greenhouse gases (GHG) emissions, which have been mainly
attributed to climate change and have produced unprecedented consequences in recent times. The most popular
renewable energy sources for water pumping applications are wind and solar. Wind turbines can gather energy
from the wind [27]. The wind-powered water pumping (WPW) systems present a cost-effective, flexible, and
secure water supply solution using clean energy [28]. Wind power decreases energy expenses to zero and
saves on energy infrastructure expenditures wherever the application is put [28].

While existing research has explored WPW systems for agricultural applications, a knowledge gap
exists regarding their design and implementation within the specific context of the FE program in Central
Sumba, Indonesia. This study proposes a novel and potentially sustainable solution for water pumping in the
FE program by developing a WPW system for corn corps. It conducts a comparative analysis of the
economic viability of the WPW system against the conventional diesel-powered system, demonstrating the
potential economic benefits of adopting wind energy for irrigation. The findings could contribute to
informing policy decisions and promoting the adoption of renewable energy solutions for agricultural water
management in Indonesia and other regions facing similar challenges.

2. METHOD
2.1. Site selection and pump system

The Central Sumba District has been chosen as an FE program area. It is located in the center of
Sumba Island, 9°20°-9°50" S, 119°22°-119°55 E [29]. The pilot project of a 10-ha WPW pumping system
was selected in the Central Sumba District of East Nusa Tenggara province of Indonesia, located on
9°24°24.952” S, 119°51°5.137” E. Figure 1(a) shows the wind speed map of Sumba Island [30]. Most of the
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wind potential sites are located in the East Sumba District, and some are in the Central Sumba District. The
wind speed in some areas, especially in the northern part and some in the Southeastern part of Sumba, can be
more than 7.5 m/s. Figure 1(b) shows the wind speed map of Central Sumba District. There are some wind
potential areas in the northern part, even though the wind speed in this district is slower than in the East
Sumba District.

Figure 2(a) shows the slope map class 1 that indicates flat areas, and it can be interpreted as a
plantation or rice field area. A slope map is a visual depiction of the inclination of a surface, providing
insight into the degree of steepness or gentleness at specific locations. These maps are valuable tools for
recognizing potential risks, devising construction initiatives, determining suitable locations for planting
fields, and various other applications. The slope is the rise or fall of the ground surface. The wind speed
potential map must be overlaid with the slope map to determine the probable placement of WPW pumping
systems. Figure 2(b) depicts the intersection area between the slope map, and the wind speed map, denoted
by gray-colored areas. These localities can be explored or chosen as locations for WPW pumping systems.
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Figure 1. Wind speed map of (a) Sumba Island and (b) Central Sumba District

760004
[

8942000

LOCATION OF
WATER PUMPING

3
©

XAk
e

WIND SPEED at 50 meters

& S R
N e s

i 4 i
3 :
R A 7
eHE | LEcEND
& ROAD
N SETTLEMENT

892559
'
8925940

" (mis)

LEG::Z) . 2 50-55
§ A . SETTLEMENT = 25-20 L5-60
\ N F ~ - : /\WORIVER 30-35 50.65
/‘\ Wm - FSWE:.RP E(0-8% % [\ | L POTENSIALFOR 35-40 I 65-7.0
osakis | SL (0-8%) L WATER PUMPING 40.45 [ 70-75
R T T TR < | [ICENTRAL SUMBA DISTRICT BOUNDARY Kiaunesers [ICENTRAL SUMBA i

= e 285 9 g » 0}, DISTRICT BOUNDARY 4s-50 M

76007 780 800 820004 840004 78000 8007 820000 840

Figure 2. Map of Central Sumba District (a) slope map and (b) overlay of wind speed map and slope map

The land's economic value and suitability must be considered when selecting a location to develop
corn plants. The slope was one of the dominant factors in this area that influenced the most suitable locations
for corn production [31]. The exploitation land class shows that the highest level of farming efficiency is in
the very suitable class 1 (S1) [32]. Based on these criteria, Figure 3(a) depicts the area to be piloted in this
study, approximately 10 hectares in the northern section of the Central Sumba District. A wind turbine is
installed at the highest point on the plantation's perimeter. The piping layout is shown in Figure 3(b). The
four-inch-high density polyethylene (HDPE) pipe is used to deliver water from the pump to two water tanks.
The pipe will end at a T-junction and branch out of the two tanks. The pipe that goes to the first tank (the
farthest tank) from the junction point is 195 meters long horizontally with a diameter of 4 inches. After the
horizontal pipe goes to the water tank tower, there is an elbow leading upwards so that there is a horizontal
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pipe with the same diameter. Meanwhile, the pipe that goes to the second tank (nearest tank) from the
junction point uses a polyvinyl chloride (PVC) pipe with a diameter of 3 inches and a length of 39 meters
horizontally. On this line, there is a reducer to change the pipe diameter from 4 inches to 3 inches. This
difference in pipes aims to get the same water discharge at the output end of the pipe. The submersible pump
is built 20 meters underground and pumps water into two tanks within the plantation. The energy from the
wind is extracted into electricity and stored in a battery bank, or it is directly used to pump underground
water and store it in a storage tank. Wind energy water pumping systems use existing wind energy in the
region to pump water to specific heights and store the pumped water.
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Figure 3. WPW pumping system (a) pilot location and (b) piping layout

2.2. Water pumping system sizing
2.2.1. Calculation of the total dynamic head
The total dynamic head of the pump (HP) can be calculated using the formula (1) [33], [34].

_ (Pa—ps) w§ —v¥)
HP—T;+HS+Hd+Hf+T; (1)

where p, and p; are discharge pressure and suction pressure, respectively, p; = ps = atmosphere pressure, Hg
and H, are suction head and discharge head, respectively, and then Hy denotes the total pressure friction
losses caused by the friction of the water as it flows through the pipeline. Total friction losses will be
calculated by (2) for each length of straight pipe, filter, fittings, valve, bands, sudden contraction, and nozzle,
where f is the friction constant, v is the velocity of water through the pipe, and g is gravity. The friction
constant is affected by flow type (laminar or turbulent), pipe material, pipe roughness, and pipe diameter
[28], [34], [35]. Friction losses through every length of straight pipe (H,,) across the system were calculated
using the Darcy-Weisbach formula in (3), where f is Darcy’s friction constant, and D and L are the diameter
and length of the pipe, respectively [34], [35]. K is the resistance coefficient of the filter, valve, fittings,
bands, and sudden contraction [34], [35].

2
L, v?
Hop =fx5x 0= ®3)

The hydraulic power [36], [37] and total efficiency of the pump [34], [38] are respectively calculated by (4)
and (5) where P, is electric power input [39].

P,=pXgXxQxH 4)
__ PXgXQXHp
P =T 4 ®)
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Figure 3(b) illustrates a pump supplying two branch lines that terminate at different elevations in an
open-ended manner [34]. The approach in (6) to (9) are used to calculate total system resistance, total pump
flow, and individual branch flows. Initially, it is noticed that i) the total flow must be equal to the sum of the
branch flows; ii) the combined frictional resistance and elevation head for each branch, relative to junction 1,
are the same [34], [35]; and iii) the flow divides to generate these identical total branch heads. As a result, the
flow of each branch is added at multiple head points to generate curves CD. Supply line A is in series with
branches C and D, and their system heads are algebraically combined for various flow conditions to obtain
the total head. Let a main branch at B into two pipes of different sizes and different local features and let the
elevation heads Z, and Z, at the end sections and the pressures pc and pp are the same as the atmospheric
pressure.

pp:g _ZC+pATM+ZhLOSSES (6)
P8 = 7o+ PADL fo x o x PN 3 G x 2 x 2 )
%=Zb+p::;+zhwssm 8
28— 7+ I f ) B D) 5, x 0 x XS ©)

Application of the continuity principle shows that the discharge in the main line is equal to the sum of the
discharge in the branches. Thus, the following simultaneous equations may be written as (10) and (11),

Qa=Qc+0p (10)
Qc=0p =05x%xQ, (11)

From (7) and (9), if Z, = Z), it could be written in (1).

L¢ 8%(Qc)? D¢ 8x(Qc)?_ Lp 8><(QD)2 Dp 8x(Qp)?
Je X Goos X g T L Ke X G g X e o X G X e T 2K X 5 X7 a) (12)

From (11), Q¢ = Qp, the (12) could be written in (13).
fC (Dc )5+E C (D )5 _fD (Dp )5+Z DX(D )5) (13)

If fo, L¢, XK¢, D¢, fp, Lp, 2Kp, Q¢, and Qp are known, the diameter of pipe D (Dp) is determined by the
iteration processes, as shown in Figure 4.

2.2.2. Calculation of the water tank

According to Table 1, the watering interval of corn plants is twice a day. Therefore, the size of the
tank should be designed to be able to hold the water according to the corn plantation's needs. The formula for
calculating the size of the water tank (WT) with the safety factor (Sr) considered can be expressed as (14).

SF X WTmmlmum SWT < SF X WTmameum (14)

WT is the size of the water tank, Sy is the safety factor (in this case, 1.25, as it represents a 25% increase
from the minimum, and the maximum water capacity), max WT is the maximum capacity of the water tank,
and min WT is the minimum water that must be preserved for the corn plantation's needs. Using this formula,
we can ensure that the water tank can accommodate the necessary water supply even in adverse conditions,
as the safety factor accounts for potential contingencies like energy failure, additional water requirements, or
water leakage.

2.2.3. Calculation of the wind turbine

A wind turbine is a device that converts the kinetic energy of the wind into electrical energy. The
theoretical wind power production from wind flowing through the swept area A of a rotor during time t is
shown in (15) [39], [40].
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PWTG=%><p><A><v3 (15)

Pyre. p, 4, and v are the power output of the wind turbine in watts, air density in kg/m?, wind turbine rotor
swept area in m?, and wind speed in m/s, respectively. However, wind speed exhibits randomness, volatility,
and intermittent features, resulting in significant fluctuations in the output power of a wind turbine.
Therefore, the formula (15) can be reformulated into (16).

P = [ Pyre X f(v) X dv (16)

where f(v) is the probability density function of wind speed [41], [42]. The Weibull probability distribution
has been widely used in wind analysis, planning, design, construction, and operation [30], [39].

k-1 K
f@) =5x(2) xe @ k> 0us0c>1 (17)
The Weibull probability density function characterizing observed wind speed v (m/s) is denoted as
f () [39], [40]. The Weibull scale parameter, C, is defined in meters per second, while the dimensionless
Weibull shape parameter is represented as k, typically falls between 1 and 3, delineating wind behavior by its
velocity. Lower k values indicate variability in wind attributes, while higher k values signify relatively
constant wind speeds.

2.3. Simulation procedure

The complete design process for the WPW pumping system for irrigation requires some basic steps
to be taken: i) determine wind direction and resources, ii) calculate the water demand, iii) calculating the total
dynamic head, iv) selecting a pump that will cover the electrical power requirements, v) wind turbine
selection (sizing, number, and layout) to power the required pump electric load, vi) estimating wind energy
production, and vii) estimating the levelized cost of energy [26], [27]. A simulation program is constructed
based on the mathematical modelling of the system components and as per the algorithm shown in the flow
chart presented in Figure 4.
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Figure 4. Flow chart of the present simulation model for a WPW pumping system design

3. RESULTS AND DISCUSSION
3.1. Design of the water pump system

The diameter of pipes BC and BD is determined using an iterative process as depicted in Figure 4.
Once the pipe diameters BC and BD are obtained, minor losses and major losses can be calculated. Then the
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total dynamic height of the pump can be calculated. If the capacity of each branch pipe is given, the hydraulic
power of the pump can be calculated by using (4). The result of the iteration process for a 10-ha maize crop
that uses 200 metric tons of water per day can be seen in Table 2. In Table 3, the WPW pumping system
parameters and performance are shown. For a total head of 28.355 m and a capacity of 0.002894 m?/s, the
hydraulic power and electric power are 804.869 W and 1073.872 W, respectively. The duration for filling the
tank can be determined by considering the water requirements as listed in Table 2, the tank's capacity
ensuring a desired level of safety, as indicated by (14), and the effectiveness of the pump engine's capacity.
The findings, including the capacity of the tank and the time taken to fill the tank, are presented in Table 4.

Table 2. Characteristic of piping system
. D inside L Q Q actual D5 hrotal
PIPE “(m)  (m)  (onday)  (m%) (m°) F K Mwwor(m) R ()
AB 00972 110 200 000289351 8.67624E-06 002 13  0.175273 001006  0.18534
BC 00972 206 100  0.00144675 8.67624E-06 002 09  0.082059 000174  0.08480
BD 00737 494 100 000144675 217439E-06 002 125  0.078520 000732  0.08584

Table 3. Parameter performance of WPW pumping system

Parameter Unit Value
Total dynamic head (Hp) m 28.355
Capacity (Q) m/s 0.002894
Hydraulic power (Puyprautic) W 804.868
Pump efficiency 0.75
Electric power (PeLectric) W 1073.872

Table 4. Capacity of the water tank

Parameter Unit Value
Water requirements ton/day 200
Water requirements with safety factor 1.25  ton/day 250
Conversion to L mé/day 250
Optimum water tank capacity mé/day 200
Tank capacity (in one time watering) m? 100
Pump capacity md/s 0,0029
Working assumption 80% of capacity mé/s 0,0023
m®/hour 8,33
Time to fill the tank hours 12,00

3.2. Wind turbine selection

Since there is no wind measurement installed in the location, the global wind atlas data is used to
assess the wind energy potential at the location. The time series graph in Figures 5(a) and (b) for the year
2021 shows the wind speed at two different heights, 30 meters (left, blue) and 50 meters (right, red). The
peak wind speeds occur from May through September, while the lowest values are typically observed in
November, December, and March.
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Figure 5. Wind speed at (a) 30 m and (b) 50 m

Int J Elec & Comp Eng, Vol. 14, No. 5, October 2024: 4940-4955



Int J Elec & Comp Eng ISSN: 2088-8708 O 4947

Figure 6 shows the Weibull parameter and the wind power density (WPD). The Weibull parameters
k =2.37 and ¢ = 5.68 in wind speed distribution indicates that distribution is right-skewed with a wide range.
It means that there are more days with high wind speeds than days with low wind speeds, and there is a
chance of getting wind speeds that are higher and lower than the mean. The monthly Weibull parameters k is
similar, ranging from 1.93 to 4.83, showing that the wind power distribution is right-skewed and consistent
throughout the year. It means that there are more days with high wind power than days with low wind power
and that the shape of the distribution is similar from month to month. The highest WPD occurs in August,
with a value of 218 W/m?2, while the lowest wind occurs in November, with 24 W/m?2. On average, the
location has a WPD of 127 W/m?.

20 Annual

Frequency (%)
o o

w

4 8 12 16
Wind speed (m/s)
-Actual data -Best-fit Weibull distribution (k=2.37, ¢=5.68 m/s)

Figure 6. Weibull's distribution and WPD at 33 m

The wind rose diagram in Figure 7(a) shows that the prevailing wind direction at the location is from
the southeast (SE). It means that the wind blows from the southwest (SW) more often than from any other
direction. The wind also frequently blows from the west (W) and northwest (NW) relatively. The most
common wind speeds are in the range of 4-8 m/s. However, the wind can also blow up to 12-16 m/s during
the strong wind. From December through March, the dominant wind direction is from the NW. In April
through November, the dominant wind direction is from the SE, consistent with the dry season. During the dry
season, the prevailing winds come from the SE, known as the SE monsoon. These winds carry warm, moist air
from the Awustralian continent and the Pacific Ocean towards Indonesia. As a result, the summer months in
Indonesia are characterized by higher temperatures and increased humidity. The diurnal wind speed graph in
Figure 7(b) shows that the average wind speed is generally higher in the afternoon than in the morning. It is
likely due to the heating of the land surface during the day, which creates thermal updrafts that draw in cooler
air from the surrounding area. The average wind speed also varies throughout the year, with higher average
wind speeds in May through September and lower average wind speeds in October through April.

Figure 8 shows the power curves of the four selected turbines with data extracted from the
producers’ data-sheet for the following turbine models: the Endurance S-250, Enair 160, Bergey Excel-S
10 kW, and Proven 15 kW. It can be seen that the higher the rated power and cut-in speed, the more power
the wind turbine can generate. The Endurance S-250 is a compact wind turbine with a rated power capacity
of 5 kW. The power curve for the Endurance S-250 resembles a curve. It means that the Endurance S-250
produces more power at higher wind speeds. Meanwhile, the power curve for the Enair 160, the Bergey
Excel-S 10 kW and Proven 15 kW have similar power curves. The Windographer software is used to
simulate the capacity factor and energy production of some wind turbines ranging from 5 to 15 kW in order
to meet the energy required by the water pumping system. Table 5 shows the monthly net capacity factor and
net energy of wind turbines with varying capacities. The energy production of the 7.5 kW Enair 160 wind
turbine is higher than the 10 kW Bergey Excell-S due to it is better power curve than the Bergey at the lowest
wind speed (<10 m/s).

Based on the data in Table 5, a 1.07-kW submersible pump load can be supplied by a 15 kW Proven
wind turbine. The total energy production is about 35,637.88 kWh per year. Even though the capacity of a
wind turbine is quite large compared to the pump load, the power output, especially in November, is quite
small due to the low wind speed. For the rest of the months, the excess energy production is quite large,
around 32,887 kWh/year. However, there is still an unmet load of around 2,045 kWh/year because of no
wind at certain hours. The net capacity factor for all the wind turbines in this study is below 28%. It indicates
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that the wind turbines are operating at a partial capacity for a significant portion of the time, suggesting that
the wind turbines are not consistently generating electricity at their maximum potential, possibly due to wind
speed fluctuations. Another tool (Homer) is used to simulate the energy production of a particular wind turbine
at a certain location. The summary energy output of a 15 kW Proven wind turbine is shown in Table 6.
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Table 5. Monthly net capacity factor and net energy
Endurance S-250 5KW  Enair 160 7.5 KW (24m) Bergey Excel-S 10 KW Proven 15 kW (25m)
Month Net Net Net Net Net Net Net

Capacity Energy Capacity Energy Capacity NetEnergy ~ Capacity Energy

Factor (%) (kWh) Factor (%) (kWh) Factor (%) (kWh) Factor (kWh)
Jan 8.87 329.84 17.74 989.99 9.3 691.72 23.9 2,667.47
Feb 10.02 336.82 21.66 1,091.85 11.21 753.31 30.26 3,050.53
Mar 3.42 127.13 10.57 589.87 4.58 340.83 13.83 154,397
Apr 10.94 393.74 20.26 1,093.94 11.93 858.68 25.54 2,758.82
May 15.31 569.64 28.55 1,592.86 15.58 1,159.09 40.75 4,547.54
Jun 9.81 353.11 226 1,220.65 11.36 817.64 32.93 3,555.96
Jul 13.67 508.56 27.3 1,523.42 14.43 1,073.26 39.2 4,374.34
Aug 19.13 7116 34.03 1,898.63 18.66 1,388.66 48.14 5,372.45
Sep 14.57 524.36 28.33 1,529.80 15.42 1,110.04 38.99 4,211.01
Oct 1.09 40.68 8.06 449.99 2.79 207.35 10.2 1,138.74
Nov 0.65 2331 5.28 285.04 1.67 120.41 5.95 642.38
Dec 3.9 144.92 11.76 655.97 5.19 386.31 15.9 1,774.66

Overall 9.28 4,063.71 19.67 12,922.01 10.17 8,907.29 2712 35,637.88
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Table 6. The summary of financial analysis in IDR (Indonesian Rupiah)

No Item Unit 15 kW Wind Turbine 2 kW Diesel Generator
1  Capital cost total: IDR 222,000,000 75,300,000
- Power generator IDR 150,000,000 3,000,000
- Rectifier, MPPT and Pump (lifetime 10 years) IDR 46,900,000 47,300,000
- Piping IDR 25,000,000 25,000,000
2 Operation and maintenance cost (per year): IDR 33,000,000 73,000,000
- Fuel Oil IDR 0 43,800,000
- Maintenance IDR 33,000,000 30,000,000
- Labor IDR 30,000,000 30,000,000
3 Total net present cost IDR 708,667,200 2,158,349,000
4 Levelized cost of energy IDR/kWh 6,994 16,667
5 Lifetime Year 20 20
6 Discount rate % 8 8
“) Fuel price 20,000 IDR/liter

The Homer software predicted the annual energy production of a 15 kW Proven wind turbine is
around 40,629 kWh/year, higher than the prediction by Windographer software, i.e. 35,637.88 kWh/year.
Since the load energy consumption is quite small (7,355 kWh/year), there is a substantial excess energy,
around 32,887 kWh/year. This is due to Homer tried to meet the energy consumption in November even
though the wind speed is quite low. Figure 9 illustrates how the Homer software predicts the performance
parameters of a 15 kW wind turbine. Figure 9(a) shows the annual prediction of power output, excess power,
and load, while Figure 9(b) shows the daily operation of performance prediction.
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Figure 9. Power output, excess power and load served by a Proven 15 kW wind turbine (a) annually and
(b) daily profile
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3.3. Performance analysis of the wind-powered water pump system

The monthly water flow rates produced by various designed capacities of WPW pumping in Central
Sumba are depicted in Figure 10. For each month, the water flow rate produced by the 15 kW wind turbine
generator (WTG) is the highest of all WTG capacities. From Table 5, the highest WPD occurs in August at
218 W/m?. The maximum flow rate for a 15 kW capacity wind turbine in August is 52.156 metric tons per
month, while the other WTG is 13.481 metric tons per month, 18.432 metric tons per month, and
6.903 metric tons per month for turbines with capacities of 10 kW, 7.5 kW, and 5 kW, respectively. Even
though the water flow rate produced by a WTG with a capacity of 5 kW is only 6.903 metric tons per month,
the flow rate is still within the maximum capacity range of 7.5 tons per month and a minimum capacity of
5.625 tons per month. Only a WTG with a capacity of 15 kW can deliver a monthly water flow rate within
the planned value range in November. Due to the low WPD of 24 W/m? in November, the WTG, with a
capacity of 15 kW, produces only 6.236 tons of water each month, less than the maximum planned value.
Despite being the lowest value of the 15 kW WTG, it can provide a water flow rate greater than the minimum
permitted quantity. A wind turbine with a 5-kW capacity can generate water flow rates in the range of
maximum and minimum values in August, while in other months, the 5 kW WTG produces water flow rates
below the minimum value, so a WTG with a capacity of 5 kW does not meet the requirements to be selected
in this study. Except in March, October, November, and December, a WTG with a capacity of 10 kW
delivers a monthly water flow rate of more than 5.625 metric tons. Meanwhile, a WTG with a capacity of
7.5 kW delivers a monthly water flow rate greater than 5.625 metric tons except in March, October, and
November.
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Figure 10. The monthly water flow rates are produced by various designed capacities of the wind-turbines

3.4. Levelized cost of energy analysis

To understand the feasibility of the wind-powered water pump (WPW) to be applied as water
pumping system, this study compared the designed system with a diesel generator-powered water pumping
power system (DPW) as shown in Figure 11. The power supply of the water pumping system using a wind
turbine is depicted in Figure 11(a), and Figure 11(b) shows the power supply of the water pumping system
using a diesel generator. Table 6 highlights the financial analysis of a 15 kW wind turbine power and a 2-kW
diesel generator power. Meanwhile, Figure 12 depicts the cash flow graphs for both water pumping systems:
a wind turbine water pumping system, as shown in Figure 12(a) and a diesel generator water pumping
system, as shown in Figure 12(b). It can be seen that a wind turbine has a higher initial investment than a
diesel engine for the power source of water pumping system. However, the operational cost of a wind turbine
is lower than that of a diesel engine. Hence, the optimum alternative is chosen based on the total present cost
and the levelized cost of energy (LCOE) as shown in Table 7. It can be concluded that the WPW pumping
system is the best option for watering the corn plantation compared to DPW system. This finding is in
agreement with previous study by Girma et al. [36].
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Figure 12. Cash flow of (a) WPW pumping system and (b) diesel-powered water pumping system

4. CONCLUSION

Due to the vast demand for sustainability, wind water pumping systems are seen as one of the
feasible solutions for use in the food estate program in Central Sumba, Indonesia, where wind resources are
available. The most common range of wind speeds in this area are 4-8 m/s. During the strong winds, the
wind speeds can reach up to 12-16 m/s. The monthly water flow rate produced by various WPW pumping
design capacities in Central Sumba indicates that only a 15 kW WTG is capable in producing a water flow
rate greater than the minimum permitted limit of 5.625 metric tons per month. For the worst conditions due to
low WPD of 24 W/m? in November, a WTG with a capacity of 15 kW is able to produce 6,236 tons of water
per month, which is greater than the planned minimum value of 5,625 tons per month, so a WTG with a
capacity of 15 kW is chosen in this research, and then a financial analysis is performed in comparison with
diesel-powered water pumping system. The LCOE study found that that the wind-powered system is more
economically viable than the diesel-powered alternative. The LCOE for a WPW pumping system is
6,994 IDR/kWh, whereas the LCOE for a diesel-powered system is 16,667 IDR/kWh. The overall net present
value of wind-powered pumping systems and diesel-powered systems is 708,667,200 IDR and 2,158,349,000
IDR, respectively. This study contributes significantly in giving information about using wind energy as
power source to the decision-maker. Therefore, the performance viability of the wind water pumping system
of the FE program in Indonesia can be enhanced.
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