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ABSTRACT 

Clean water is a basic human needs and the access to it is a basic human right. As the general 
problem in many cities with dense population such as Jakarta and Surabaya is limitation of clean 
water supply. However, the government as the authority has rule to control household and 
commercial wells since groundwater surface happens to be deeper as time goes by. On the other 
side, to get clean water from groundwater uses water pump, the motor in water pump consumes a 
lot of electricity. It is one of main electricity devices beside lighting and air conditioning. 
According to Indonesian government’s projection, the average electricity demand growth rates of 
the household and commercial sectors in Java-Madura-Bali (Jamali) area are predicted to be 12.6% 
and 11.3% respectively. Due to this fact, the renewable energy application by applying solar water 
pump is one of solutions to reduce electricity demand in those sectors. This paper analyses the solar 
water pump application in the household and commercial sectors to reduce the electricity 
dependency on national grid. The economic and environment analysis will be presented in order to 
show the feasibility of its technology. 
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1 INTRODUCTION 

Two of the most essential natural resources for all life on the earth and for human’s survival 
are sunlight and water. Water is more precious than the rarest of diamonds [1]. Moreover, clean 
water is a basic human needs and the access to it is a basic human right. Experts believe that the 
world population has increased by a factor of about three during the 20th century, whereas water 
consumption has increased by a factor of about seven. Despite the controversy surrounding the 
human’s basic right to access water, and the pro-poor water governance, the growing water scarcity 
has transformed water from traditional public good to a commodity that has an economic value. 
This paradigm shift has gained international acceptance by governments and water industry a like 
[2].  

In Indonesia, in the urban areas and a little part of non urban areas, the major water supply is 
serviced by local public enterprise or PDAM (Perusahaan Daerah Air Minum). However, the 
service quality is unsatisfied for many people in terms of supply consistency and price, thus lead 
most of people and commercial sector to fulfill their own water supply through using individual 
water pump. As the long effect of underground water exploitation, groundwater surface happens to 



be deeper as time goes by. Therefore, the land surface of some big cities in Indonesia such as 
Jakarta, Surabaya and Semarang is becoming lower time by time. 

On the other hand, the rapid population growth in Indonesia leads to high electricity demand. 
Java Island, the densest population in the country faces electricity crisis. In 2007, the electrification 
ratio in Java Island was 76.4% [3], it was declining as compared in 2005 with 79.8% [4]. The 
electricity network in Java Island is the most advanced system in Indonesia. The electricity network 
has been interconnected with Bali and Madura Islands, it well known as Jamali (Java-Madura-Bali) 
interconnection network. Jamali system, in 2006, consumed electricity around 79% from total 
electricity consumption. The electricity demand composition of Jamali area is still dominated by the 
industrial sector and followed by the household sector. The industrial sector consumed about 39 
GWh or 43% of total electricity consumption, while the household sector consumed around 32 
GWh [5]. 

The average population growth in Indonesia from 2004 to 2008 was 1.36%, while in total 
population in 2008 was 228 million people [6]. Therefore, those make the household and 
commercial sectors as one of attractive sectors to promote renewable energy utilization. This paper 
analyses electricity saving in the household and commercial sectors by applying solar water pump. 
The technical issues of solar water pump as well as the long-term analysis of solar water pump 
application in the electricity sector are discussed. However, the scope of analysis in this paper will 
only be limited in Jamali area.  

2 METHODOLOGY 

This paper will be discussing into two parts: 
1. Solar water pumps application in the household and commercial sectors 

The technical issues related to solar water pump application will be discussed clearly 
in this section to give overview on how solar water pump works and its application. 

2. Energy planning and modeling 
The solar water pumps applications will be carried out into national electricity policy. 

The long-term electricity planning will be investigated by employing Long-range 
Alternatives Energy Planning (LEAP) model. The LEAP is a scenario-based energy-
environment modelling tool which is developed by the Stockholm Environment Institute. 
The main concept of LEAP is the end-use driven scenario based analysis. Its scenarios are 
based on comprehensive accounting of how energy is consumed, converted, and produced in 
a given region or economy under a range of alternative assumptions on population, 
economic development, technology and so on [5]. 

 

3 SOLAR WATER PUMP 

System of solar water pumping have special characteristics, i.e the power generated is not 
constant and is highly dependent on energy from the radiation emanating sun. In addition, the 
topographic conditions and the atmosphere are also very influential in the power generated. The 
formation of clouds in the atmosphere of the earth and the placement of solar panels that are not 
ideal (depending on the structure of topographic) will greatly affect the amount of radiation 
Therefore, the puping system as well as the electrical system need to be specially designed to fit the 
existing nature condition. In addition to the electrical system, pump and pipeline design should also 
consider the condition of water resources (well) and its surrounding sosial constraint. 

In this model and design, we take some assumptions as follows : 
1. The model is limited for 4 families living in a house. The family contains 4 people. 
2. For city area (we take Yogyakarta for this case), usually a person need 150 litters/day. 
3. The system will operate in 4 hours/day. 

 
 

 



3.1 Pump Design 
 

In the solar pumping system, types of motor will be very decisive. Nowadays, AC motor is the 
most familiar type because it is easy to find. By using the AC motor, we need an inverter to convert 
DC current (current type that is generated by solar panels) to AC current (see Figure 1) [7]. In 
general, AC motor has several advantages. Those are cheap, reliable, less maintenance and easy to 
find or widely available in the market. Even though, for a solar pumping system purpose, AC motor 
has low efficiency and requires a stable power, which difficult to obtain from solar power systems. 
It is, why battery is necessity in the operation of AC motor. In DC motor, rotary motor can adjust 
the amount of power supply from solar panels. So, if the power supply down, the motor will adapt 
to lower the speed of motor. 

 

 
Figure 1. Inverter on solar Pumping system [7] 

 
Given the current generated by the solar cells is DC current, the use of the AC motor is less 

profitable. At low power (<2 kW), AC motor efficiency is very low. The presence of the inverter in 
the system would also reduce the efficiency because of the occurrence loses. DC motor seemed to 
appropriate to this design.  
 
3.2 Total Head and the Design of PV 

 
Figure 2. Design of pumping system 

 
 
 

 



The amount of the total head of each pump could be calculated with the equation below [8]:  
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with H is pump total head (m), ha is pump static head(m), and ∆hp is the high difference 
between the inlet and the outlet (m). After having the total head and pump capacity, determination 
of the type of pump could be accomplished. Based on [9], type of pump with a total head (H) = 6 m, 
type of pump with a total head (H) = 6 m, the minimum total capacity (Q) = 0,16 liter/s obtained. 
Submersible centrifugal pump seemed the best choice from this calculation. Details of pumping 
design are shown in Figure 2. Specifically, we use Lorentz PS150 submersible pump. The 
specifications of the pump can be seen as in Table 1. 

 
Table 1 Specification of Lorentz PS150 water pump 

Variable Specification 
Solar generator 65 Wp 
Nominal voltage 12 V 
Head 7 m 
Debit 13 litters/min 
Current type DC 

  
The amount of the strings in parallel and series of the PV module can be calculated with the 

equation below [10]: 
 
Strings in parallel = total current load / design current load   (2) 
Strings in series = system voltage / each module voltage   (3) 
 
The current total load is 21.67 Ah/day. From [11], we get that the best PV module from some 

samples is Kyocera KC120. For our case, we will use this PV module for calculation. Thus, we will 
have 1 string in parallel and 1 string in series. It means that only one module is needed. The design 
of PV module is presented in Figure 3. 
 

 
Figure 3. Design of PV module and its installation 

 
3.3 Economic Perspective 

The cost is so important that it should be clearly defined. Table 2 presents the components of 
cost to develop solar water pump. However, it does not include cost of tank, technician and other 
miscellaneous. Total cost of all components is 1,484 USD. Furthermore, the cost is represented for 
4 households, so the cost of each household is 371 USD. 

 
 
 
 

 



Table 2 Components of solar water pump’s cost 
Component Cost (USD) 
PV module Kyocera KC120 536 
Lorentz PS150 water pump 948  

 

4 LONG-TERM ELECTRICITY PLANNING 

4.1 Business as Usual (BAU) Scenario 
 

The baseline scenario or business as usual (BAU) scenario is the scenario following the 
government’s electricity plan. In this study, the BAU scenario starts from 2006 as the base year. 
The population growth rate is assumed to be 1% per year and the electrification ratio expected is 
assumed to be 93% in 2026. The demand sector was divided into four categories; household, 
commercial, public and industry. The electricity demand in 2006 and expected growth rate per 5 
years are given in Table 3. The efficiency of transformation and distribution branches will 
calculated by using losses. In 2006, the losses were 15% and assumed to be reduced by 1% per five 
year.  

 
Table 3 Expected electricity growth rates in Jamali system 

Growth rate/year (%) Sector Electricity 
demand 2006 (GWh) 2006-2010 2011-2015 2015-2020 2021-2025

Household 32,334 8.9 8.2 7.1 6.2
Commercial 14,595 9.6 8.5 7.8 7.2
Public 4,932 10.7 11.1 10.7 10.7
Industry 39,661 4.0 3.5 3.6 3.8
 
In Jamali system the current total installed capacity is 19,615 MW. Due to lack of data, the 

total installed capacity in the study is only 19,531 MW. The difference is caused by unavailability 
data of small scale power plants. All power plants are operated base on their ascending merit 
order1. Table 4 shows the operation of power plant based on merit order. Merit order 1 indicates 
power plant for base load, merit order 2 indicates power plant for middle load, and merit order 3 
indicates power plant for peak load. 

 
Table 4 Dispatch of power plants 

Type of power plant Merit order 
Coal Steam, Geothermal, and Combined Cycle  1 
Hydro and Gas Turbine  2 
Diesel  3 

 
Several incidents concerning to gas pipeline projects on other island outside Java make the 

natural gas supplies are not available continuously. Thus, most power plants which are using natural 
gas as their main fuel have to change the fuel into oil. In the BAU scenario it is assumed that by 
2010 the natural gas production will be able to meet at least 75% of demand for electricity 
generation, while some 25% are still covered by fuel oil. 

Indonesian government in July 2006 assigned PLN to accelerate coal power plant 
development by the Presidential regulation no. 71/2006. This effort is required to accelerate the 
energy diversification for electricity generation from oil to other resources. The power plant type is 

                                                 

 

1 The merit order of a process indicates the order in which it will dispatched. Plants will be dispatched according 
to their specified merit orders as defined in the merit order variables. Each plant will be run (if necessary) up to the limit 
of its maximum capacity factor in each dispatch period [12]. 



the coal steam power plant with total capacity of 10,000 MW, where in Jamali system it would be 
installed by 6,650 MW. The second acceleration program in electricity supply was decided to be 
started in 2012. Table 5 and 6 shows committed power plants in Jamali system. The supply 
planning was based on required reserve margin. For Jamali, the projected reserve margin is 35% 
until 2019, and then from 2020 onwards the reserve margin is reduced to 30%. 

 
Table 5 Committed power plants in Jamali system from 2006-2011 

Type of power plant Capacity(MW)
Gas Turbine  790
Geothermal  470
Coal Steam  9,810

 
Table 6 Committed power plants in Jamali system from 2012 to 2014 

Type of power plant Capacity (MW)
Gas Turbine  1,200
Geothermal 1,145
Coal Steam 5,000

 
In order to fulfil the electricity demand, to maintain planning reserve margins and to develop 

clean power generation, the additional power plants are also included as additional capacity. Table 
7 presents the additional power plants. 

 
Table 7 Additional power plants during 2014-2025 

Additional order2 Type Additional size 
(MW) 

1 Geothermal  100 
2 Combined Cycle 150 
3 Gas Turbine  100 
4 Coal Steam  100 

  

4.2 Demand Side Management through Solar Water Pump Application (SWP) Scenario 
 
One solar water pump in the household sector can be used for 4 households. It will be 

operated in 4 hours/day with total output 777 litters/hour. Assumed that the minimum human need 
on clean water is 150 litters/day/person, while total person in each household is 4 persons.  The 
penetration rates of the solar water pump utilization are assumed to be linear (see details in Table 
8). The average electricity saving from solar water pump utilization to replace electricity from grid 
is calculated to be 4.74 kWh/household/year, 18.98 kWh/household/year, 37.96 
kWh/household/year and 56.4 kWh/household/year in the period of 2006-2010, 2011-2015, 2016-
2020 and 2021-2025 respectively due to increasing of people welfare. Those actions will reduce 
energy intensity from the base year, which is 1,369 kWh/household/year. However, lowering 
energy intensity does not necessarily lead to an overall decline in physical consumption, as 
increasing the level of activity (population growth and house size) can result in an increase in 
consumption despite a decrease in intensity [13]. 

 
 
 
 
                                                 

 

2 The LEAP calculates the additional power plants based on the additional order entered by the user. Should 
further additions be required in any given year to maintain the reserve margin, then an additional 150 MW of new steam 
power plants will be built, followed by an additional 100 MW of combined cycle power plants and so on [12]. 



Table 8 Penetration rate in the household and commercial sectors  
Period Penetration in 

the household 
sector 

Penetration in 
the commercial 

sector  
2006 – 2010 5% 8% 
2011 – 2015 20% 25% 
2016 – 2020 40% 45% 
2021 – 2025 60% 70% 

 
In the commercial sector, is assumed to install 4 solar water pumps to fulfill their water 

consumption. Similarly, the solar water pumps will be operated in 4 hours/day. The average 
electricity saving is estimated to be 30.39 kWh/commercial/year, 94.98 kWh/commercial/year, 
170.96 kWh/commercial/year and 265.93 kWh/commercial/year in the period of 2006-2010, 2011-
2015, 2016-2020 and 2021-2025 respectively. The current energy intensity is 13,773 
kWh/commercial/year. Details of penetration rate are given in Table 8. 

 
4.3 Results and Discussion 
 
4.3.1 Business as Usual (BAU) Scenario 
 

Figure 4 shows the electricity demand in the BAU scenario. At the end of the period, demand 
increased over three times as compared to the base year. The household sector takes the largest 
share of electricity consumption by consuming 131.6 TWh or about 42% of total electricity 
consumption. The industrial sector takes the next place by consuming about 79.4 TWh. The change 
of the demand composition is an indicator of good opportunity to put effort into energy efficiency 
improvement in the household sector. On supply side, in order to meet electricity demand, total 
electricity generation in the BAU scenario is nearly 66 GW in 2025, increasing from 19.5 GW in 
2006. 
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Figure 4. Electricity demand in Jamali system in the BAU scenario 

 
4.3.2 Demand Side Management through Solar Water Pump Application (SWP) Scenario 
 

In 2025, the SWP scenario reduces electricity demand in the household sector, from 131.6 
TWh in the BAU scenario to 124 TWh in the EEI scenario, as well as reduces electricity demand in 
the commercial sector by 8.2 TWh. Total electricity demand reduction in the SWP scenario is about 
15.6 TWh from the BAU scenario. Figure 5 shows electricity demand projection in the EEI 
scenario. Meanwhile, since the electricity demand is reducing in the future, in 2025, the Jamali 

 



system needs an installed capacity of 62.5 GW, or it saves about 5.4% from the BAU scenario. 
Details of installed capacity of each scenario are shown in Table 9.  
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Figure 5. Projection of electricity demand in the SWP scenario 

 
Table 9 Generation capacity in the SWP scenario 

Total capacity (GW) Scenario 
2006 2010 2015 2020 2025

BAU 19.5 28.6 37.7 49.2 65.9 
SWP  19.5 28.5 39.8 47.5 62.5 

 
4.3.3 Environmental Emissions Perspective 

Global warming issue has been becoming one of critical issues in the world. The power sector 
is the main contributor of global warming through releasing CO2 emissions into atmosphere. 
Therefore, reducing emissions from the power sector is important key to reduce global warming 
potential. By applying the SWP scenario, in 2025, the emissions from power plants related to 
greenhouses gases have successfully reduced by 9.5 million tonnes of CO2 equivalent. Details of 
emissions of each scenario are presented in Table 10. 

 
Table 10 Total emissions in all scenarios 

Total emissions  
(million tonnes of CO2 equivalent) Scenario 
2010 2015 2020 2025 

BAU 106.0 106.6 150.6 201.5 
SWP 104.7 103.1 145.6 191.9 

 

5 CONCLUSION 

Renewable energy applications in the household and commercial sectors are urgently needed 
for helping society to take part in reducing greenhouse gases, which is normally releasing to the 
atmosphere through their daily energy consumption unconsciously. Our findings show that in 2025 
the electricity demand is increasing over three times from 2006. The electricity demand 
composition also changes. In 2006, the industrial sector became the largest electricity consumer. 
Meanwhile, in 2025, the largest electricity consumer is turning to the household sector.   

This study applied solar water pump in the household and commercial sectors to reduce 
dependency on electricity grid as well as to reduce emissions from the power sector. The results 
show that by applying solar water pump, the electricity demand is reducing 15.6 TWh from the 

 



BAU scenario. Meanwhile, on the supply side, the electricity demand reduction successfully saves 
3.4 GW of installed capacity. This study also found that the installed capacity reduction could 
reduce about 9.5 million tonnes of CO2 equivalent.  

However, success of solar water pump application does not completely depend on Indonesian 
society to implement that technology to their live, but also depend on Indonesian government 
through their policy on how to stimulate the renewable energy sector, such as reducing taxes of 
imported technology, stimulating local industry and giving incentive to people who want to use 
renewable energy. 
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