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ABSTRACT 

In addition to the obvious environmental benefits, the use of renewable energy is likely to benefit the economy 

by generating new businesses, new economic activities and, ultimately, creating jobs, considering that many 

renewable energy initiatives are on a large scale. Applied renewable energy is also suitable for rural areas where 

there is no power grid. In this context, this work was carried out with the main objective of developing a proposal 

for the creation of a mobile water pump, in water cisterns, that meets the needs of the population and is as 

economical as possible, in the Northeast region of Brazil. 

The water pump is fitted with a battery, including a charging station powered by the solar panel. 

This work develops a proposal to create a mobile water pump, in existing cisterns for the population of the 

northeast of Brazil, using renewable and non-polluting energies that supply a battery charging system. 

European and Asian market studies were analysed, the latter being particularly important in the definition of 

comparison criteria used mainly in price matters. This study was complemented by the adaptation of the model 

for European countries. 
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1. INTRODUCTION 

 

It is intended to carry out throughout this work a proposal to create a solar water pump in water tanks for rural 

areas in the states of northeastern Brazil. Its realization, besides allowing a deepening of specific knowledge on 

this subject, constitutes an opportunity for reflection on the importance of access to water as a relevant factor 

of development, and, therefore, how the deprivation of its access represents one of the main causes of poverty 

that prevails in the state of Ceará as well as many other places in northeastern Brazil.  

 

1.1.  PROBLEM 

The northeastern states of Brazil suffer from water scarcity. To solve this problem, the state started a program 

called “Programa 1 Milhão de Cisternas” (Program 1 Million Cisterns or P1MC) in 1999, which only took effect 

in 2003[1]. As its name implies, the program aims to install 1 million water cisterns in northeastern Brazil to 

lessen the impact of drought on the lives of families living in rural areas. [2]. 

However, there is no aid for extracting water from them, which hinders the process of collecting water from 

the cistern. With an aging population, access to water becomes difficult due to the high effort required to 

remove water from the cisterns using buckets. 

 

 

 



1.2. RELATED WORK 

In modal analysis, one can find several books and papers which can be useful to understand the problems [1]–

[3] and the general concepts behind the components used (like solar cell, diodes, etc) and the concepts of 

electronics and physics necessary for a better understanding of the model [4]–[6]. 

We can read to improve our understand the better about batteries, how they work [7]–[9], the connections 

between them [10] and the different chemicals of batteries that are used nowadays and their pros and cons 

[11], [12]. 

 

1.3. PROPOSAL  

The proposal consists of the creation of a battery-coupled water pump in a mobile system, and the existence of 

a charging station with the solar panel for recharging the batteries. 

The option of the pump being mobile is because there are several tanks for the various families living in the 

community. This would make it possible not only to share water pumps, but also to transport them to cisterns 

that are far from the power grid, thereby reducing the number of water pumps needed per community. 

The use of the solar panel derives from the solar potential existing in the vast majority of communities in Brazil, 

thus providing water extraction without being dependent on the local grid and without adding costs, also 

contributing to preserving the environment using renewable energy. 

This system aims to suppress water needs, being used as a method of extracting water from existing cisterns on 

site and being independent of the local network using renewable and non-polluting energy. 

 

2. APPROACH 

2.1. MARKET DIFFERENCE  

In order to have a real comparison, both financial and of the system’s performance, two models were created 

based on actual and current costs, one economic and one robust. To achieve this objective, several analyzes, and 

contacts were made with real companies, suppliers of the necessary components for the creation of the 

proposed system. 

However, Asian companies were separated from European companies due to the large price difference due to 

both markets [13], thus making a real comparison of the cost difference that exists for this particular model. 

 

2.2. ECONIMIC MODEL  

This model is aimed at communities with economic difficulties, as such it aims to have the lowest possible cost. 

The components required for the model consist of a water pump, a battery or battery pack, a solar panel, and a 

charge controller for the solar panel. 

For the water pump a 12V pump was chosen. Despite being low power, it can extract 4 liters per minute, or 240 

liters per hour. 

To provide power for the water pump to operate during a useful period, 18650 cylindrical batteries were chosen. 

This type of battery is one of the most common for sale and at the lowest cost per Wh. 

With two sets of batteries in parallel, each set of 4 batteries in series, it is possible to achieve the required 

operating voltage for the water pump and provide power to run it for about 9 hours, thus extracting over 2000 

liters per recharge. 



Regarding the solar panel, due to the low power of the system and the great solar potential of Brazil, a 20wp 

panel meets the needs of the system. With this panel, the batteries would be charged in just a few hours of 

sunshine. 

Finally, a PWM solar controller was chosen because it is the cheapest technology and the one that best fits the 

purpose of this model. 

The choice of components was made through analysis, after contacting a few companies, and comparing costs 

with product specifications. 

 

Table 1 - Table 13 - Comparison of economic models (* for an average annual irradiance of 1600 kWh/m2). 

 Description 
Economic Model 

(China) 
Economic Model (EU) 

Water pump 

Power 4,8 W 6,0 W 

Maximum flow 240 L/H 240 L/H 

Maximum head 3 m 4 m 

Cost 2,29 € 51,00 € 

Battery 

Capacity 5200 mAh 5200 mAh 

Chemistry LiFePO4 (18650) LiFePO4 (18650) 

Cost 10,48 € 19,17 € 

Solar panel 

Maximum Power 20 Wp 20 Wp 

Technology Polycrystalline Polycrystalline 

Daily output * 67 wh/day 67 wh/day 

Cost 10,59 € 12,57 

Other costs 

Battery controller 1,15 € 1,15 

Charge controller 3,55 € 9,98 € 

Model 

Liters per charge <2160 Liters <2160 Liters 

Hours of use per 

charge 
< 9 Hours < 9 Hours 

Recharge time >1 day >1 day 

weight (pump + 

battery) 
>0,5 Kg >0,5 Kg 

Total Cost 28,06 € 93,87 € 

 

The difference in total cost is significant due to the difference in markets, as we can see in Table 1. The 

component where the greatest discrepancy can be seen is the water pump. Since the water pump in the 

European model costs about 22 time more than the water pump in the Asian model, it is also the most 

expensive component. 



2.3. VARIANT MODEL FOR EUROPEAN COUNTRIES 

At present, in European countries, wells still are used; In fact, it is estimated that 1 in 10 citizens of Europe uses 

water from small systems such as water wells[14]. 

Using the previous model, and adapting to the conditions of European countries, a new model is created focused 

on developed countries, not only to provide water in areas of greatest need, but also with the financial 

component. 

This model would have to have more power due to the water holes being deeper than the water tanks for which 

the previous model was designed. 

A 24v water pump with the capacity to extract water up to 16 meters deep and a maximum flow of 23 liters per 

minute or 1380 liters per hour was chosen. 

To power the chosen water pump, the battery pack has been increased to 4 sets in parallel, and each set now 

has 7 18650 cylindrical batteries connected in series with each other. Thus managed to feed the water pump for 

about 10 hours with a single recharge. 

To charge the batteries the solar panel needs to operate at 24v, and because the solar potential in several 

European countries is very small compared to the northeast of Brazil, a solar panel of 270w was chosen. 

With the robust model defined, the cost of water and electricity was surveyed in 10 European countries as well 

as their solar potential. With these data it was possible to calculate the annual water and electricity savings for 

each country (Figure 1). 

 

  

Figure 1 - Annual savings of 200 litres per day per country. 

 

It was also possible to calculate the return time of the model for each country, always being less than 1 year 

(Figure 2). 
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Figure 2 - Return on Investment in years per country. 

 

3. SIMULATION MODEL  

To simulate the batteries used in the proposed model, a generic SIMULINK battery model was used. The model 

simulates the charging and discharging dynamics of four different battery types: Lead Acid, Nickel Cadmium 

(NiCd), Nickel Metal Hydride (NiMH) and Lithium Ions. 

The model chosen is user-friendly and demonstrates that it can accurately represent the dynamic behavior of 

the battery[15].  

Being the behavior of lead acid batteries [16] given by: 

Discharge Model (𝑖∗ > 0) 

𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

𝑄−𝑖𝑡
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐿−1 (

𝐸𝑥𝑝(𝑠)

𝑆𝑒𝑙(𝑠)
∙ 0)       (1.1) 

 

Charge Model (𝑖∗ < 0) 

𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

𝑖𝑡+0.1∙𝑄
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐿−1 (

𝐸𝑥𝑝(𝑠)

𝑆𝑒𝑙(𝑠)
∙

1

𝑠
)        (1.2) 

 

The behavior of lithium-ion batteries [16] is given by: 

Discharge Model (𝑖∗ > 0) 

𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

𝑄−𝑖𝑡
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐴 ∙ 𝑒𝑥𝑝(−𝐵 ∙ 𝑖𝑡)     (2.1) 

Charge Model(𝑖∗ > 0) 
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𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

𝑖𝑡+0.1∙𝑄
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐴 ∙ 𝑒𝑥𝑝(−𝐵 ∙ 𝑖𝑡)     (2.2) 

The behavior of Nickel Cadmium and Nickel Metal Hydride batteries [16] is given by: 

Discharge Model (𝑖∗ > 0) 

𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

𝑄−𝑖𝑡
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐿−1 (

𝐸𝑥𝑝(𝑠)

𝑆𝑒𝑙(𝑠)
∙ 0)     (3.1) 

 

Charge Model(𝑖∗ < 0) 

𝐸Bat𝑡  =  𝐸0 − 𝐾 ∙
𝑄

|𝑖𝑡|+0.1∙𝑄
∙ 𝑖∗ − 𝐾.

𝑄

𝑄−𝑖𝑡
∙ 𝑖𝑡 + 𝐿−1 (

𝐸𝑥𝑝(𝑠)

𝑆𝑒𝑙(𝑠)
∙

1

𝑠
)     (3.2) 

Where 𝐸Bat𝑡   is the nonlinear voltage, 𝐸0 the constant voltage, 𝐸𝑥𝑝(𝑠), the dynamic exponential zone  

𝑆𝑒𝑙(𝑠) the battery mode being that when 𝑆𝑒𝑙(𝑠) = 0  is discharge mode and when 𝑆𝑒𝑙(𝑠) = 1  is charge mode. 

𝐾1  is the polarization constant, 𝐾2  the polariation resistance, 𝑖∗  the low frequency dynamic current, 𝑖  the 

battery current, 𝑖𝑡  the extracted capacity, 𝑄  maximum battery capacity, 𝐴 the exponential voltage, and B the 

exponential capacity. 

To simulate the solar panel in the proposed model was also used a generic model of a solar array. This allows to 

simulate several panels connected in series and / or parallel forming an array. In the case of the proposed 

model, only one solar panel was simulated, as defined above. 

The characteristic for a single module can be defined by: 

 

𝐼𝑑 = 𝐼0 [𝑒𝑥𝑝 (
𝑉𝑑

𝑉𝑇
) − 1]      (4.10) 

 

𝑉𝑇 =
𝑘𝑇

𝑞
∙ 𝑛𝐼 ∙ 𝑁𝑐𝑒𝑙𝑙      (4.11) 

 

Where  𝐼𝑑   is the diode current, 𝑉𝑑   the diode voltage, 𝐼0   the saturation current of the diode, 𝑛𝐼 the ideal diode 

factor, 𝑘 Boltzmann's constant, 𝑞  the electron’s charge, 𝑇  the cell’s temperature and 𝑁𝑐𝑒𝑙𝑙  the number of 

cells serially linked in the module. 

For the water pump model, because a low power DC water pump model could not be obtained and the 

simulation focused on pump consumption, a load was used to simulate pump consumption. 

Putting together all the previous models, we get a complete model of the proposed solution (Figure 3). 



 

Figure 3 - Model used in the simulation of the proposed solution. 

 

4. SIMULATION  

4.1 MODEL SIMULATION 

This demonstration simulated the previously proposed solution, focusing on the reliability of the 

proposed system. That is, the capacity of the battery to power the water pump, and the ability of the 

solar panel to charge the battery. The program used to run the simulation was SIMULINK. 

After configuring the models to match the characteristics of the selected components, the solar 

irradiance was also set to 1600 kwh / m2, an average value for northeastern Brazil. 

Several tests were performed to simulate different conditions, such as load simulation (Figure 4(a)), 

discharge simulation (Figure 4(b) and real conditions simulation (Figure 5). 

 

Figure 4 - Simulation of (a) model discharge, (b) model load simulation (SOC per second). 



By analyzing the Figure 5, we can conclude that at full charge, the system has a capacity of over 10 

hours and only requiring 3 hours to recharge. 

 

Figure 5 - Simulation of actual model usage (SOC per second). 

In this last test, the battery was limited to between 20 and 80% of its capacity to try to simulate real 

conditions, ie not letting the battery fully charge or a complete discharge. 

 

By analyzing the results, we can conclude that under these conditions the system is still capable of 

operating for over 6 hours and only needs 2 hours to charge, thus demonstrating its reliability for 

daily use. 

 

4.2 BATTERY SIMULATION 

In this simulation the focus is on batteries and their behavior. The program used to run the simulation 

is COMSOL 5.4 Multiphysics. This simulation serves as a starting point for future battery studies and 

can be used to study the performance of lithium batteries under different operating conditions, for 

different electrode, material and chemical configurations. 

To demonstrate the potential of this program a simulation was performed with a lithium manganese 

nickel oxide (LMO) type lithium battery and a predefined geometry. 

A discharge test was simulated to analyze the battery behavior, such as cell voltage during discharge 

(Figure 6), surface lithium concentration on the positive electrode, among others. 

 



 

Figure 6 - Graphs taken from the simulation, (a) voltage during discharge, (b) - concentration of lithium on the surface of the 
positive electrode. 

This simple model serves as a demonstration of the elaboration of a battery simulation. 

Demonstrating some examples of results that are possible to obtain. 

6. CONCLUSIONS  

When comparing the proposed model using the European and Asian markets, the difference in costs 

between them is remarkable. Having the same characteristics and practically identical theoretical 

performance, the cost of the European market model is 3 times higher than the Asian market model. 

In the financial analysis of the adaptation of the model to developed countries, the robust model 

demonstrated on 10 countries in europe that the return on investment time would be less than one 

year, not counting the cost of drilling the water hole. 

Through the simulation it was further demonstrated that the proposed solution had the capacity to 

extract about 2400 liters of water with a single battery charge, and it was also demonstrated that it 

required less than 3 hours to fully recharge. 

With this it can be concluded that the proposed solution has the capacity to meet the basic needs, 

stipulated by the UN, for a small community, thus fulfilling its purpose. 

7. Future Perspectives 

The first step to continue this work would be to improve the water pump model to allow the study of 

water flow in relation to consumption. 

After this step, the elaboration of a functional prototype would also be valued so that it could be 

demonstrated and proved its reliability. 

With the elaboration of the prototype, it would be possible to demonstrate the operation to a non-

governmental organization that had some kind of presence in Brazil and that had availability or interest 

to support a pilot project in a needy community and under the conditions described in the problem for 

which the solution was implemented. Thus, achieving the main objective of this work. 
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