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1. INTRODUCTION 
 

1.1. Problem and Solution Overview 
 

Sola Gratia Farm is a charity organization that donates at least 10% of its production 
to hunger programs. The farm does not invest a lot of money on improving their items, they 
depend on major cases from external donations. In the case of the electricity the get it from 
the Ameren Line which comes from the church. This line has a capacity of 75A, however, an 
electrician that talk with the farmers told them to not overload the line above 70A to avoid 
tearing up the breakers. Currently, they have on their facilities two coolers, one greenhouse 
and one high-tunnel, a wellhead and a shed. Inside these places, there are located heaters, 
lights, fans and compressors which take power from the line. During a full test of use, it was 
found that the line was running at 37-38 A, those numbers could increase during the items’ 
start-up, the moment in which they demand the greater amount of energy. 

 
The problem arises at the moment they want to add a new third cooler and new heaters 

and fans. The heaters and fans won’t be a problem as the amount of energy they demand are 
much smaller in comparison with the energy demanded by the cooler. The electrician that 
talked with the farmers estimated that adding these new items to the farm will cause an 
overload on the line being above the 70A of maximum capacity. Again, our field of study is the 
start-up period. 

 
The solution we suggest is trying to reorganize the electrical installation of the farm 

making it more efficient and less dependent on the Ameren Line. To achieve that we have 
thought of adding solar panels and batteries to supply extra energy to the farm’s items. 
Moreover, we plan to include a current limiter to avoid exceeding the maximum capacity of the 
line. The batteries and solar panels will be monitor by a microcontroller which, with the help of 
a Hall Effect current sensor, can measure the current over the line, the one supply by the solar 
panels and by the batteries. With this, the microcontroller will be able to activate/deactivate 
MOSFETs to reduce the current through the line and take the needed current from the 
batteries and the solar panels. 
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1.2. Visual Aid 
 

 
Figure 1: Visual Aid Schematic 
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1.3. High-level requirement list 
 

● Remaining the line at a maximum of 70A without overloading it. Being able the third 
cooler they need. 

● Make the installation efficient reducing the amount of current through the line if the 
solar panels and batteries are able to supply part of the demanded energy. The 
microcontroller should take care of this. 

● Efficient choice of the solar panels making the installation cheaper and useful. 
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2. DESIGN 
 

2.1. Block Diagram 
 

 
 
 

2.2. Subsystems 
 

2.2.1. POWER SUPPLY 
 

2.2.1.1. CURRENT LIMITER:  
 
The current limiter will be placed just before the breakers’ panel to avoid exceeding the 
maximum capacity of the line, 70A. The input will be connected to the current supply, in this 
case, the Ameren Line, and the output to the breakers’ panel. For this, we are using some 
capacitors and resistors from where we can adjust the current limit. One of the resistors it is 
going to be a digital potentiometer that will be monitor by the microcontroller to reduce the 
amount of current demanded from the Ameren Line. We will use a voltage regulator in the 
input of the limiter, L7805, and an IC LM358. The IC also will tell the microcontroller when 
we are reaching the maximum current we have to adjust. 
 
The pins from the IC follow the image on the right, not the numeric pins printed on the circuit 
diagram (Kicad does not have this type of IC) 

Figure 2: Block Diagram 
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Table 1 

Requirement Verification 

Avoid overloading the line over the current 
limit set by the microcontroller 

Checking the LCD and/or using a digital 
ammeter during the demo. 

 
 
 

  

Figure 3: Current Limiter Schematic 

Figure 4: Pin-Planner of the LM358 
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2.2.1.2. PHOTOVOLTAIC SOLAR PANELS: 
 

Depending on the electric power consumption we will choose the panels that fit better. 
There are three types of silicon solar panels, monocrystalline, polycrystalline and thin-film 
amorphous.  

 

 
 
 

Although the monocrystalline one seems to be the most efficient one we will choose 
the polycrystalline because of its price as it is cheaper than the monocrystalline and it still 
works well. 

 
 

Table 2 

Requirement Verification 

Produce energy to reduce the current that 
comes from the line 

Discharging the batteries and checking in the 
multimeter the current that will only be 
produced by the solar panel 

 
 

2.2.1.3. BATTERIES: 
 

Depending on the electric power consumption we will choose a bigger set of batteries 
or if the consumption is relatively low we will choose smaller ones. There are 3 types of 
batteries:  

 

Figure 5: Photovoltaic Solar Panels Types' Comparison 
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● Lead Acid: These batteries are the cheapest ones and have been used for off-grid 
energy systems for decades. they have also a small Depth of discharge and are heavy 

 
● Lithium-Ion: They are commonly used in energy storage devices at home. the have 

longer lifespan and bigger Depth of discharge than the Lead acid ones. As a 
disadvantage, they are more expensive than the Lead acid ones. 

 
● Saltwater. These batteries don’t contain heavy metal relying instead on saltwater 

electrolytes. Their recycling process is easier than the one of the lithium and lead acid 
batteries. 

 
As we can see in the next image this is the comparison of the cost, the lifespan, and 

the DoD. 
 

 
 
 

 
We are planning to use Lithium Ion batteries because, as we can see in the previous 

image, they offer the best characteristics. 
 
 

Table 3 

Requirement Verification 

Help solar panels supplying the load Covering the solar panel so that all the current 
that we will check in the multimeter will be 
produced by the batteries 

Be able to be charged by the solar panel Disconnecting the load, all the current will be 
dedicated to charge the batteries, so checking 
the voltmeter we will see the batteries’ levels 
increase 

Figure 6: Batteries Types' Comparison 
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2.2.2. SENSORS 
 

2.2.2.1. BMS:  
 

Battery Management System is an electronic device that allows you to protect the 
batteries when charging them. Batteries don’t discharge at the same rate, because of that we 
can not assume to charge them at the same rate, here is when the bms acts protecting those 
batteries that are already fully charged. 
  
  
Table 4 

Requirement Verification 

Protect the batteries while the charging 
cycle 

Charge the batteries and see how they first 
start charging fast and when they are getting 
full they get charged slower, not getting 
overloaded 

Send a signal to the microcontroller when 
the batteries are fully charged 

Check in the microcontroller if the data has 
been received via SPI. 

 

 
2.2.2.2. MULTIMETER: 

 
We will use an ACS712 module working with the PIC microcontroller. This sensor will 

be placed right after the inverter to measure the amount of current we are drawing from solar 
panels and batteries. We have to distinguish in a day when we have the maximum supply 
(usually at midday) and when we are not producing energy form the solar panels. Moreover, 
to monitor how much energy are we producing on those cloudy days. The sensor will provide 
information to the microcontroller that will use to decide whether to take the energy from the 
batteries or the solar panels and how much. We can include an LCD to display the current 
flowing at the moment, to make it easier for future new changes on installation or just for 
checking how much we are drawing. 
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Figure 7: Multimeter Schematic 

 
 
 
Table 5 

Requirement Verification 

Being able to measure accurately current 
after the inverter 

Checking with a digital ammeter during the 
demo 

 
 

2.2.2.3. VOLTAGE CIRCUIT SCALER FOR VOLTMETER:  
 

We are using a voltmeter to know the battery levels. The microcontroller will read the 
input voltage through one of its analog pins and convert it to a 10-bit digital number with his 
internal ADC. The microcontroller can work only with voltages under 5V, that’s why we need 
this circuit to scale down the voltage input. With this measure, the microcontroller will decide 
when drawing current from both solar panels and batteries or only from solar panels. 
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Figure 8: Voltmeter Pin Conections 

 
  
 
Table 6 

Requirement Verification 

Being able to measure the batteries’ levels Checking with a digital voltmeter during the 
demo 

 
 

2.2.3. CONTROL UNIT 
 

2.2.3.1. MAIN MICROCONTROLLER:  
 

The microcontroller will be handling all the possible states of the line, the solar panels, 
and the batteries. The microcontroller will receive information from the BMS in a data bus, to 
avoid overcharging those batteries that are already fully charged. Moreover, it will receive data 
from the multimeter and decide then how much current to draw from the line by sending this 
data to another microcontroller located near the current limiter in the breakers’ panel. We are 
planning on using as microcontroller a PIC32 or a PIC16, we will be more accurate when 
designing hardware. 
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Table 7 

Requirement Verification 

Implement an FSM to control the whole 
device 

Checking the multimeter and voltmeter 
when are we drawing current from. 

Receive data from the BMS to control if the 
batteries are fully charged or not 

Checking in the microcontroller the received 
data and during the demo with a digital 
voltmeter/ammeter the results are correct 

Receive data from the multimeter about the 
current drawn after the inverter 

Receive data from the voltmeter about the 
batteries’ levels 

Send the current limit we want to establish 
to the secondary microcontroller via 
Bluetooth 

Check in the secondary microcontroller the 
data has been received 

Send to the LCD all the data gathered and 
calculated 

See in the LCD the data is correct. 

 

 
2.2.3.2. SECONDARY MICROCONTROLLER:  

 
The reason for using this microcontroller is to avoid connecting the current limiter, 

which is located in the breakers’ panel, with the main microcontroller that will be located 
somewhere near the solar panels. To communicate both microcontrollers we are planning to 
use an UART module that will connect them via Bluetooth. This microcontroller will receive 
from the main one data related to the current limit and it will be placed on the digital 
potentiometer of the current limiter. 
 
 
Table 8 

Requirement Verification 

Receive the current limit from the main 
microcontroller via Bluetooth 

Check in the microcontroller the received 
data and in the demo with a digital ammeter 
that the data is correct  

 
 

2.2.4. OTHERS 
 

2.2.4.1. DC TO AC INVERTER:  
 

Batteries and solar panels produce energy in DC, while coolers, heaters, and 
compressors demand energy in AC. That’s why we need to include an inverter to join both 
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parts of the circuit. The DC-AC converter will be structured in three parts. Firstly, a rectifier 
circuit, then places a fixed voltage and thirdly an inverter circuit made of MOSFETs. The 
suggested diagram has been taken from Power Electronics class. 

 

 
 
Table 9 

Requirement Verification 

Transform the DC current from the batteries 
and solar panel into AC current 

Check the multimeter and see if its 
measuring AC current 

Transform 20V from DC part into 120V for 
the AC part 

Check if the load works correctly or by 
checking with a voltmeter during the demo 

 
 

2.2.4.2. LCD:  
 

We are using some LCDs to display the current we are drawing from Ameren Line that 
the microcontrollers are setting, as well as the current drawn from the batteries and solar 
panels. Moreover, we can display battery levels. 
 
  

Figure 9: Inverter Schematic 
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Table 10 

Requirement Verification 

Display correctly the data received from the 
microcontroller 

See on the screen the data and in the 
microcontroller check if the data displayed 
is correct 

  
 

2.2.4.3. UART MODULE:  
 

This module will be connected to both the main microcontroller and the secondary 
microcontroller to make connections possible between them. Both devices will receive and 
transfer data via BlueTooth. 
 

 
Figure 10: UART Schematic 
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Figure 11: UART Schematic(2) 

 
 
Table 11 

Requirement Verification 

Being able to transfer/receive data via 
bluetooth 

Check in both microcontrollers we are 
receiving the data 
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2.3. Flow Chart 
 

 
 

  

Figure 12: FSM Flowchart For Microcontroller 
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3. TOLERANCE ANALYSIS 
 

The critical device of our project is the multimeter placed right after the batteries. This 
module is giving critical information to the microcontroller that then will be used to decide how 
much current are we limiting on the input of the breakers’ panel. For that reason, we need to 
know that the current is flowing is exactly the one the multimeter is measuring. 
 

● Case 1: We are measuring less current than the one actually flowing. 
○ Let’s say we need 90A demanded from the farm devices, we have batteries 

fully charge and the multimeter is measuring 40A after the inverter. The 
microcontroller is going to set the current limit in the breakers’ panel at 50A 
which is the difference between both data. In fact, let’s say the real current 
flowing after the inverter is 60A instead of 40A as the multimeter has measured. 
At this point, we are supplying the farm line with 110A, 20A over the demanded 
one which will lead to potential damage all the connected devices to the line 

 
● Case 2: We are measuring more current than the one actually flowing. 

○ This is the opposite side. At this point we will think we are handling the 
demanded current while, indeed, we are drawing less current than the one 
needed. This leads to devices not working properly which is a critical issue for 
the farm that can not afford heaters or fans stop working because this will lead 
to rotten food and having lots of losses. 

 
The ACS712 module has some characteristics that affect the total error of the sensor.  
 

● The product of the linear IC amplifier gain (mV/G) and the noise floor for the Allegro 
Hall-effect linear IC leads to voltage noise that makes appear some errors. Typical 
peak to peak noise voltage at standard sensitivity and 25ºC is 7mV. 

● The degree to which the voltage output from the sensor varies in direct proportion to 
the primary current through its full-scale amplitude. Non-linearity appears when we 
reach the limits of the multimeter, which lead to imprecisions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 13: Non-linearity vs. Temperature (ACS712 Module) 
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● Resolution or radiometric sensitivity refers to the number of digital levels used to 

express the data collected by the sensor. The ratiometric change in sensitivity is 
defined as: 

 
 
 
 
 
 
 
 
 
Accuracy is divided into four areas: 

1. 0 A at 25°C. Accuracy of sensing zero current flow at 25°C, without the effects of 
temperature. 

2. 0 A over Δ temperature. Accuracy of sensing zero current flow including temperature 
effects. 

3. Full-scale current at 25°C. Accuracy of sensing the full-scale current at 25°C, without 
the effects of temperature. 

4. Full-scale current over Δ temperature. Accuracy of sensing full-scale current flow 
including temperature effects. 
 

Figure 14: Resolution formula by change in sensitivity 
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Figure 15: Output Voltage vs. Sensed Current 

 
 
This sensor has an optimized accuracy range from -30 to +30A. Sensitivity depends, as I said 
before, on the ambient temperature and the sensed current, as a standard over a full range of 
current at 25ºC the sensor has a sensitivity between 64 and 68 mV/A. Overall, has an output 
total error of +-1.5% in the sensing current. 
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Figure 16: Sensitivity vs. Ambient Temperature 

 

 
Figure 17: Mean Total Output Error vs. Ambient Temperature 

 

 
Figure 18: Sensitivity vs. Sensed Current 
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Trying to improve the sensitivity of the sensor and deleting as much as we can the total output 
error, it could be advantageous to add a simple RC filter to the output of the sensor. Such a 
lowpass filter improves the signal-to-noise ratio, and therefore the resolution, of the sensor 
output signal. The ACS712 contains an internal resistor, a filter pin connection to the printed 
circuit board, and an internal buffer amplifier. With this circuit architecture, we can implement 
a simple RC filter via the addition of a capacitor from the filter pin to the ground. 
  



23 
 

4. COST ANALYSIS & SCHEDULE 
 
4.1. PHYSICAL COMPONENTS 

 
 

Table 12 

Component Model Cost 

Solar Panel ECO-WORTHY 10W 
12V 

$38.50 

Battery Ugood_ 2019 DC 12V 
6800-18000mAh Super 
recargable Li-ion batería 
de litio Pack + US Plug 
 

$23.00 

BMS LTC6810HG  $28.58 

Inverter Peaks 4000W 12V TO 
110/220V AC Inverter 
Solar Power Inverters - 
220V 

$29.44 

Circuits for measure voltage 
and current 

Resistors: 1K Ω,100Ω 
Capacitors: 1µF 

$1.62 

Multimeter ACS712 $7.19 

Main microcontroller Raspberry Pi 3A+ $38.33 

Secondary Microcontroller Pic32MX $6.28 

UART Module HC-08 Bluetooth UART 
Communication Module 
V2.4 

$7.99 

LCD Geekcreit® IIC / I2C 
1602 

$2.44*2=$4.88 
 

TOTAL  $185.81 
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4.2. LABOR HOURS 
 
Table 13 

Function Estimated hours(h) Cost($) 

PCB Design 25 750 

Battery design 25 750 

Bluetooth Calibration of 
UART module 

30 900 

Solar panel study 25 750 

Charger study 20 600 

Programing the FSM of the 
Control Unit 

25 750 

Building the system 35 1050 

SUBTOTAL 185 5550 

TOTAL 185 13875 

 
 
 
 

4.3. TOTAL COSTS 
 

Table 14 

SUBTOTAL: COMPONENTS $185.81 

SUBTOTAL: LABOR HOURS $13875 

TOTAL $14060.81 
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4.4. SCHEDULE 
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5. ETHICS AND SAFETY 

A potential unethical issue could be the misuse of the extra power supplied by either the 
batteries or the solar panels. The objective of these devices is to supply power to the third 
cooler and not to make a profit from it making at the same time an overload of the line. Since 
we have said before we can sell the extra power that solar panels produce but only in the case 
there is enough to feed the cooler. 

Another threat could be selling the project to a third person/company and again make a profit 
of it. Or even take advantage of this project by realizing the profitable issue of the project, 
stopping using all of this to charity and profiting themselves. 

The main risk of the project could have failures during the implementation and development 
of the design that could make the near areas to the cooler a dangerous place. We have to 
control every detail to avoid this to happen. 

Apart from the implementation, there are other external risks that we can not handle but we 
can control as the batteries behavior, which can have unforeseen failures. 
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