
 Solar Automated Greenhouse  

 F.Rabago
*
, E. de Santiago

**
 and J.I. Moncada

** 

*
Physics Institute, 

**
Science Faculty, Autonomous University San Luis Potosi, San Luis Potosi, Mexico 

Email: rabago@ifisica.uaslp.mx 

 

 

ABSTRACT 
 

     This paper describes the design and implementation of a 

solar powered automated greenhouse. The objectives are to 

automatically control the environment, irrigation, and 

fertilizer to plants in the greenhouse. Another aspect is that 

its operation is suitable for anyone without knowledge in 

greenhouses, computers, electronics, etc. Specific 

objectives are: Control the gain of the low temperature by 

means of a sensor and actuators that extract fans as hot air 

and introduce fresh air, and a lamp to increase the 

temperature if necessary. Control the relative humidity by 

means of a sensor and valves that open to introduce water 

and fertilize if necessary. Control the charge and discharge 

of the battery to avoid prejudicing its life. Develop a 

modular, user-friendly and simple to operate. Battery is 

charged by solar cells. This greenhouse can be installed in 

remote towns where electricity is not available. 

 

Keywords: sensors, control engineering, sustainable 

energy, solar cells. 

 

 

1 INTRODUCTION 
 

Greenhouse is a close space in a transparent structure 

where it exists a partial or total control over the 

environment conditions in order to provide the appropriate 

parameters for the optimums   development of the crops. 

The greenhouse effect means retention of heat by the 

transparent cover so in the interior the temperature is 

increased during the day because of the sunlight, but also 

the humidity is increased.  

With today technologies and better expertise in farming. 

farmers, in many  places, are emigrated to  use  greenhouses 

in instead of crops in outdoor.   

In addition to the growth in production greenhouses 

have many other advantages like: 

- Crop out of season and better precocity. 

- Crop in adverse places. 

- Reduction of vegetative cycles. 

- Increase the quality. 

- Better control of plagues and illness. 

- Save water. 

- Climate changes. 

 

Our greenhouse was designed to operate as simple as 

using a microwave oven, which inspired the idea to include 

a numeric keypad to enter the different parameters and a 

display to visualize what is happening inside. 

 

 
 

Figure 1:  Photograph of the greenhouse. 

 

     Fig. 1 shows a photograph of the greenhouse, where we 

can appreciate the different components such as: the solar 

panels, automotive batteries, electronic circuits and the 

board with the valves. The greenhouse dimensions are 

2x1.5x2 meters. 

The automation was done by some electronic circuits, 

home-made. Sensors receive orders from a microcontroller 

who is programmed in C
++

 code. The parameters are 

introduced in a keyboard and visualized in a optical display. 

 

2 OPERATION 
 

The power supply system takes place by means of two 

solar panels providing 12 volts each when they receive 

sunlight. Through a voltage regulator, which was built in 

this work, a vehicle battery is loaded. This voltage regulator 

takes care of not to exceed the load to the battery and do not 

go to take all the battery charge because both things are bad 

for his life.  

The following aspect of the project was to monitor the 

amount of water for moisture control, it is essential to help 

optimize production, conserve water, reduce environmental 

impact and keep a low cost budget. The soil mixture 

monitoring helps to make better decisions in irrigation 

scheduling, such as, determining how much water to apply 

and when it has to be applied. The most advisable way to 

irrigate the greenhouse is through an automatic system. 

In our case we have placed a system with three valves. 

The specifications are: Normally closed Solenoid 12V with 
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connection ¼ inch specially built for reverse osmosis 

systems and water lines. Maximum operation pressure 7 

Kg. /cm. 2 hole 2.5 mm. Figure 2 shows a photograph of 

the valves used. The use of these valves was: one for 

fertilization, another for irrigation and the third one was 

connected to a wet wall. Figure 3 shows the distribution of 

the valves. 

 

 
 

Figure 2: A photograph of the valve 

 

. 

 

Figure 3. - Distribution of the valves. 

 

 

2.1 Humidity Sensors 

     To monitor the quantity of water in the plants is essential 

because it helps to optimize the production, save water, 

reduce the climate impacts and the most important thing to 

save money. 

     Today, the most recommended system to irrigate is by 

the meant of automate way. 

     To check the mixture in the soil around the plants and to 

make sure they have enough water, humidity sensors were 

installed. They are controlled with a electronic circuit. The 

electronic circuit measures the resistance from the sensors 

installed directly into the plants (fig. 4.) and it acts over the 

valve to add water if it is the case. 

 

 

 
 

Figure 4. - Humidity sensors. 

 

 

2.2 Relative Humidy Sensors 

     Relative humidity is related to the water vapor present in 

the air. Relative means a rate between the humidity in a 

mass air to the absolute humidity acceptable before 

condensation.  

     Most of the plants prefer a relative humidity between 45 

to 60%. Low humidity would dry the plants and high 

humidity benefits plagues and illness propagation.  

     Based on a unique capacitive cell, this humidity sensor 

was designed for high volume and low cost applications 

such as small office automation, aircraft cabins, control 

systems for industrial processes, it is also used in 

applications where humidity compensation is needed like 

our greenhouse. 

     It is very important in greenhouses have a regulated 

temperature control, for which this circuit was designed, 

and has the function to regulate the interior temperature of 

the greenhouse.  

     Ventilation is a crucial issue with essential influence on 

crops results. Two ventilation extractors were placed on the 

top of the back wall of the greenhouse. 

Depending on the plants site it can be necessary to add a 

heat source to compensate the solar generation radiation 

and to extend the sowing season. For this reason we have 

used a 100Watts lamp heating system as an additional heat 

source.. 
 

2.3 Temperature Control 

     Generally, the temperature in a greenhouse has to be in 

the range of 15
o
C and 30

o
C. and a difference of 5

o
C to 7

o
C 

between day and night is good. Highest temperatures are 

difficult to regulate specially in summer, so it is a high 

recommendation to install fans. 

     Ventilation is very important to extract hot air and to 

circulate air to prevent plagues and illness. 

     In our work we installed two fans at the back wall in the 

superior part and two in the front wall in the inferior part. In 

that way we provoke circulation. 

     An integrated circuit was used to control the 

temperature. 

     Depending of the place may be it is necessary a hot 

source. We used an halogen lamp of 100 W. A cylinder in 

metal helps to radiate heat. 

 

CTSI-Cleantech 2013, www.ct-si.org, ISBN 978-1-4822-0594-732



2.4  Control System 

 
     Two microcontrollers were used, dsPIC4013 and 

dsPIC3013, connected in between by a serial port, 

      DsPIC4013 microcontroller is responsible to make a 

survey of all the sensors and the corresponding actuators; it 

is also responsible to control a keyboard.  In figure 5 is 

shown the keyboard used. It is a 4x4 matrix type. 

      DsPIC3013 microcontroller configures and initializes 

the display (Fig. 6) and displays information arriving from 

the other microcontroller. 

     Commands are sent to a display (fig. 6) to keep the user 

informed of what is happening in the greenhouse all the 

time, and to communicate about system failures. The 

display is an output data device built with a two rows 

screen of 16 columns provided with an ASCII code. 

  

 
 

Figure 5. - Matrix keyboard. 

 

 
Figure 6. - Display. 

 

 

To activate the electrovalves was necessary the use of a 

system of optocouplers. Optocoupler is one device which 

combine in a integrated circuit photoemission and 

photoreception and they are optically connected. 

 

2.4 Control Program 

     Here we describe some steps given by the algorithm of 

programming: 

     1.- It measures the battery load with three levels, 

optimal, media and low charge. In optimal situation all 

actuators work, in media, heater is deactivated because it 

consumes many energy and in low charge, no body works 

and wait to charge the battery. 

     2.- It measures the humidity  and fertilizer level and 

according to data obtained activate the actuators to provide 

water and fertilizer. 

     3.- It measures the environment temperature, if it is low 

and battery is charged, it activates the heater. If it is high it 

activates the fans.  

     4.- It measures the relative humidity and it actives the 

fans if it is the case. 

     5.- It storages the data obtained to be used or to 

statistical manipulation. 

     6.- A delay takes place to continue to the next survey. 

 

3 RESULTS 
 

This system is capable to do the following control 

measurements:  

1. Measures and controls the load on the battery. 

2. The plants’ level of humidity is measured and if it 

is drier than a given level of the irrigation, the 

solenoid turns on. 

3. Actives a solenoid to add fertilizer if required. 

4. Measures and control the temperature of the 

greenhouse and actives fans or heaters. 

  

4 CONCLUSIONS 
 

     We have used two microcontrollers, one to display 

information and the other to automate the greenhouse 

because they offer several advantages over other control 

devices. Some of these advantages are: Low cost, small 

size, and modular programming. It turns out useful 

functions that are required as drip irrigation, temperature 

and humidity control, in addition all of these tasks are made 

in friendly and intelligent interface with the end user.  

    In order to make a greenhouse in large scale is due to 

make a thorough study of the requirements and features of 

the actuators to be used, although this would likely increase 

the number of batteries and solar cells, thus also increase 

the cost.  
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