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Abstract

Photovoltaic and diesel generator are two types of small generator often used in remote areas in Indonesia. One of remote area in
Indonesia that has ever used both systems in water pumping system is Purwodadi Village, Tepus district located at karsts area of
Gunungkidul. The economical comparison between both technologies will be analyzed using lifecycle cost calculation and
HOMER simulation. The analysis shows that using photovoltaic for water pumping system only spend 3/4 times of diesel
generator cost. On the other hand, HOMER analysis shows that the cost of energy value for photovoltaic usage is 0.312 $/kWh,
and cost of energy value for diesel generator is 0.390 $/kWh.
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Nomenclature

A annual cost ($)

AosamS the total cost for maintenance for diesel ($)

Ciesel total diesel system capital cost ($)

Ce the cost incurred for each specific purpose of maintenance ($)
Cwm the cost of maintenance for each specific purpose ($)

Cwm.air annual cost of diesel engine air filter changes ($)

Cw.cool annual cost of diesel engine coolant ($)

Chiesel fuel net present value of lifetime diesel fuel costs ($)

Cwmoil annual cost of diesel engine oil changes ($)

Cwm,oil filt annual cost of diesel engine oil filter changes ($)

Coampv total lifecycle operating and maintenance cost for photovoltaic (PV) system ($)
CPV capital cost for solar array ($)

F load factor
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Fe the components replacement frequency

Fu the frequency of maintenance in a year

FV future value ($)

Gd the time of diesel operation for a year (h)

Hd the total amount of time during the operational hours of diesel in a year (h)
Hp the number of days in a year -yr

i annual discount rate (%/yr)

Pcleaning net present value of solar panel cleaning cost ($)
Pinv net present value of inverter replacement cost ($)
Pgen rate power rating for diesel generator (kW)

Pp pump power (W)

PV present Value ($)

Uinv unit cost of the electronics ($/W)

Unpv diesel price of subsidized diesel fuel ($)

Upy unit cost ($/W)

\% the number of litres of fuel needed in one day (L)
Wp rated power of the solar array calculated (W)

1. Introduction

Currently, the need for clean water is fundamental to life. However, getting clean water is not an easy thing in
some areas. Sureng village is a village located in Gunung Kidul, Yogyakarta, which is still experiencing drought.
Drought in this region is due to the structure made of karst soil, making it difficult for the supply of water taken from
groundwater. Some of the ways in which local communities to get water is by the rainwater harvesting, or taking
water from a nearby river, Kali Sureng, which is about two km away from the settlement.

In 2007, the Department of Public Works conducted water pumping program that works to pump water from the
Kali Sureng to a shelter within 100 m of a residential community [1]. This was done by pumping water using a pump
that was powered by diesel. In that year, with the addition of a pump, water was pumped up to the farthest point in
Sureng Village. However, diesel-powered water pumping has significant operational cost. In addition, diesel
generator used to generate electricity also does not have a long life. This causes the water pumping system to stop
operating and community re-experiencing water shortages.

In 2010 and 2011, a team from the Department of Engineering Physics, Universitas Gadjah Mada and supported
by the Ministry of Education and Culture conducted a study to replace the diesel pump with a pump that was
powered by solar panels [1]. The design called Solar Water Pumping System is then realized in 2012 through the
Ministry of Research and Technology. The system is still running to this day, spend less operational costs compared
to the use of diesel in the previous system. In this paper, the analysis will be conducted to compare the diesel-
powered water pumping systems with water pumping system powered solar panel from an economic standpoint,
which aims to determine which system is better, reliable, and inexpensive.

2. Material and method
e Determined measurement parameters
The economical comparison between photovoltaic system and diesel system needs some parameters such as

initial cost, operation cost, maintenance cost, and power generated by those systems.
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o Lifecycle cost calculation analysis

Using parameters that has been determined before, it can be estimated the total amount of cost that should be
spent during operation named the lifecycle cost [1]. The lowest lifecycle cost between these systems will be
acknowledged as the best system.

e Analysis using HOMER simulation

The other method to compare both systems is calculation using HOMER software. This method will show the
ratio of initial capital cost to the energy (kwWh) generated by both systems.

3. Results and discussions
3.1. Lifecycle cost calculation

3.1.1. Assumption

In the calculations to be performed, water pumping systems with solar cells (PV) is feasible if the lifecycle cost
is lower than the other power supply system, which is diesel. Although wind turbines and electricity on the grid
could also be an alternative power suppliers but these are beyond the limits of research conducted.

Lifecycle cost consists of capital costs, maintenance costs, operational costs, fuel costs and equipment salvage
value [2]. This calculation method approximated by using a discounted cash flow ratio (DCF) [3]. By using DCF, all
future costs such as maintenance after two years will be converted to the equivalent present value with a discount
rate, it is assumed that the interest rate is constant. The discount rate assumes that the difference between inflation
and the interest rate on bank charges is constant. Future costs will be converted to present value using the following
formula:

PV = 1)

PV is the Present Value ($), FV is the Future Value ($), i shows the discount rate (%l/yr), and x is the number of
years which is expected to take place expenditures. Keep in mind that the pump is assumed to be the same so there
is no cost replacement of pumps, the difference is only in the power supply system. Therefore, the financing is not
included in this calculation is the cost of construction of reservoirs and water distribution systems. Both types of
power supply, diesel and solar cells, are also assumed to both work independently of each other. All of the value
technical solar array parameters and load are based on source [2].

3.1.2. Capital cost
Capital cost of PV arrangement, the cable network, supporting structure, installation, inverters and associated
electronic components can be calculated using the following formula [2]:

Cov = We Upir @)
Cpv : Capital costs of the composition of solar panels ($)
Wp : Power of each arrangement (W)
Upy : Costs per watt unit (%)
Power rating between the generator and the diesel pump is calculated using the following formula [2]:
%E‘i’!_i"cfe = Tp 3

F

Pgenrae  : POwer rating of the diesel (kW)
Py : Pump power (W)
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F : Load Factor

Capital Cost of diesel was calculated using the following approach:
Coen = $234.23P 0 areg + $3400 (4)

This formula refers to the source [2]. This value includes the costs assumed for electronic components, and
installation costs 10% of the retail price. Thus, the total of capital costs for diesel, Cgieser, Will be the same as the
formula above with Cggp.

3.1.3. Operating and maintenance cost
Annual operation and maintenance costs as well as the value of the net present value of each component is

calculated using the following formula [2]:
[1-iy™-1
e ®)
A is the annual cost (3$), i is the annual discount rate (%/yr) and n is the lifetime of the system (yr). Operation and
maintenance costs for PV systems called C,empv, Which is a function of the cost of cleaning the panel, and inverter
replacement. The correlation is illustrated in the following equation [2]:
Cu&m_FV = Priecr!ir!g + P:.'r!l: (6)
Peleaning 1S the NPV (net present value) of the cost of cleaning the panel, Pi,, is the NPV of the cost of replacing
the inverter. It is assumed that the entire panel be manually cleaned once a month. Wages of workers in accordance
with the minimum wage in the district of Gunung Kidul.
Pinv calculated using the following formula [2]:
Py = Uir!l:ll"i":*:l QA+ (7)
P;.v is the NPV of the cost of electronics, Uj,, is a unit cost of electronics in the $/WHt, i is the annual discount
rate, and y is the difference between the present time and date on which the electronic components to be replaced,
and Wp is the power of the solar cell.
Diesel system has several components that must be replaced periodically as water, fuel, lubricants and water
separator filters. Lubricating and cooling fluid should be replaced periodically with a certain frequency. Based on
data from the source [2] obtained the following data:

PV =A

Table 1. Calculation of maintenance cost for diesel system.

. Price per unit Replacement . Total cost per event
Diesel system component (USD) frequency Duration (h) Labor cost (USD) (USD)
Air filter ( Cwair) 80/filter 600 2 61.12 114.12
Oil/fuel/water separator ]
filter.( C!\A,oilfil}) 50/filter 300 2 61.12 111.12
é“b“)ca“"” oil change ( 8.32/L 250 0.67 20.37 Coil (8.32)+20.37
M,oil
E”g'”‘)* coolant change ( 1.65/L 12 000 0.67 20.37 Cool (1.65) + 20.3
M,cool

Where C,, is the capacity of the engine coolant tank and C,; is a lubricating oil tank capacity.
The equation for the amount of time during the hours of operation of the diesel in the year are as follows:
Hy=Gy4H, (8)
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Hq is the total amount of time during the operational hours of diesel in a year (hours), Gy is the time in hours of
diesel operation for a year. H, is the number of days in a year [2].

The frequency of maintenance in a year, Fy described in the following formula
—_Ha

By == ©)

FE

Fe is the replacement frequency which can be seen in the table. The cost of maintenance for each specific
purpose Cy,, is shown by the following equation;
Cor = Cphy (10)
Ce is the cost incurred for each specific purpose of maintenance, such as in Table 1.
From data presented in Table 1, the total cost for maintenance is :
Agzar 2 = Carcoot + Corair + Coroit site + Coronn (11)
This equation is then converted to a formula for the calculation of PV for 20 years.

3.1.4. Fuel cost
In calculating the cost of this course, the Photovoltaic does not require any fuel. The calculation of the cost of
fuel consumption based on the following formula
Cdiese[ Fusl = U.‘.’Fl«'_diesei xVx Da}’ (12)
Unpv diesel Price of subsidized diesel fuel ($), and V is the number of litres of fuel needed in a day (L), and the day
is the number of days in a year in which diesel operated.

3.1.5. Total lifetime cost

The total lifetime cost of each system is the sum of each of the adjustments described. Data of costs in Table 2 is
converted to Indonesian Rupiah (IDR) to get better understanding.

Table 2. Cost for PV system.

Cost of panels

Cost of maintenance labor

Cost of electronics replacement
Annual maintenance cost
Lifetime maintenance cost
Total system cost

Rp 192 000 000
Rp145 406 085
Rp352 062 349.85
Rp145 406 085
Rp497 468 435
Rp689 468 434.76

Table 3. Cost for diesel system.

Cost of diesel engine/generator
Installation

Maintenance and operating cost
Lifetime fuel costs

Total lifecycle cost

Rp38 136 151.43
Rp4 785 000
Rp92 071 124.14
Rp738 470 743.41
Rp873 463 018.98

From the above data we can take the conclusion that the construction of the diesel system is still more expensive
than the construction of the PV system. Based on these data shows that the ratio of the total cost of PV systems with
a diesel system is equal to 3 : 4. Fig.1 shows the total cost of both technologies for 20 years operating time.
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Fig.1 Comparison dynamics cost for 20 years chart of PV system and diesel system.

3.2. Analysis using HOMER simulation

HOMER software is used to optimize and analyze the system in terms of economic sustainability. For the
simulation using HOMER, required input data such as hourly load profile, solar radiation per month throughout the
year, the value of the initial capital for each component (PV, battery, inverter, generator), the price of diesel fuel,
and the cost of managing each year. Solar radiation data obtained from NASA. The initial cost of the prices of the
components are mounted on the SWPS system in Tepus village. Load profile obtained from a number of electricity
needs in the location system.

HOMER simulates the operation of the system by calculating the balance of energy every hour from 8760 hours
total throughout the year. The simulation results in the form of total Net Present Cost (NPC) will be displayed. NPC
is the life cycle cost of the system. Calculation required to estimate all costs during the lifetime of the project,
including initial cost, replacement parts, repairs, and fuel costs.

Simulations were performed to analyze the energy source which is more optimally used to drive pumps for water
removal. Two types of plants were simulated PV is now being used as well as the previously used diesel generators.
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Fig.2 (a) Schematic of PV power system; (b) simulation result of PV power system.

Fig.2.(a) shows the scheme of the PV power plant sourced. In this system, the electricity generated is used as a
pump drive directly without using the battery due to the efficiency of the system only works during the day.
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Fig.2.(b) simulation results show the total value of the PV power system for NPC $17,809 and cost of energy (COE)
$0.312/kWh.
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Fig.3 (a) Schematic of diesel generator power system; (b) simulation result of diesel generator power system.

Fig.3.(a) schematic shows the generation of electricity by diesel generators. The simulation results shown in
Fig.3.(b). From the simulation results obtained total value of $30.488 NPC and the cost of energy (COE) of
$0.390/kWh.

Although the initial capital installation of diesel is much cheaper than PV, both simulation results indicate that
the source of power generation in terms of the economy, the overall PV system power is cheaper than diesel
generator power system. It can be shown from the total value of the NPC and the cost of energy for every kWh.

3.3. Analysis from community perspective

This analysis is done to measure the satisfaction felt by the public to the existence of the two systems. The
analysis was carried out on the terms of the conditions that occur in Sureng village, as the village had ever used both
systems.

Before the construction of Solar Water Pumping System (SWPS), people use diesel pumps to lift the water into
their village. During the use of diesel systems, to obtain 40 litres of water residents must pay $1 500, equivalent to
$37.5/L. Meanwhile, after the construction of SWPS, residents only need to pay $500 to get 40 L of water,
equivalent to $12.5/L.

However, the existence of the two systems is still not able to help the community to meet the needs of water in
his house. This is because people have to take their own water from reservoirs, so it is quite difficult to get a large
volume of water. Some people who do not want the hassle of taking water from the reservoir would prefer to buy
water from the water truck services for 150 000 L to 5 000 L of water, equivalent to $30/L.

Table 4. Selling price of Solar Water Pumping System (SWPS) and diesel pump.

SWPS Diesel pump Water truck service
Price $12.5/L $37.5/L $30/L
Minimum purchase amount (L) 40L 40L 5000 L

From the description above, we can see that the SWPS is the water system with the lowest selling price by
$12.5/L. Meanwhile, the diesel pump is the most expensive system with water selling price $37.5/L. However, in
reality, people still tend to buy water from the water truck service that sells the water at $30/L, because people do
not need to take water from the reservoir.
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Furthermore, all parties involved in the development of this SWPS will strive to enhance the SWPS system into
direct water connections to houses, so that people can use the water immediately at home without having to take out
of the shelter.

4. Conclusions

The economical comparison between solar PV and diesel pump were analyzed using lifecycle cost calculation
and HOMER simulation. The analysis provided that using photovoltaic for water pumping system only spend 2/3
times of diesel generator cost. On the other hand, HOMER analysis shows that the COE value for photovoltaic
usage is 0.312 $/kWh, and COE value for diesel generator is 0.390 $/kWh.

Photovoltaic technology is the appropriate technology for water pumping energy source that can be implemented
in rural area as Tepus district, Gunung Kidul, DIY. This analysis use subsidized fuel price in Indonesia, it points out
that the chance of renewable energy development could be cheaper than conventional energy.
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