
1 
 

Lab Experiments on Renewable Energy using Microsoft Visio and Inexpensive 
Apparatus 

 
Faruk Yildiz 

Industrial Technology 
Department of Agricultural and Industrial Sciences 

Sam Houston State University 
 

Abstract 

Energy is one of the major building blocks of modern society. To understand energy we must 

understand energy resources and their limitations, as well as the environmental consequences of 

their use. In our era, due to the increase of electricity use and depletion of traditional fuel 

resources, nations talk about the opportunities for clean and renewable energy technologies. 

Most of us pay attention to the new resources available without the knowledge of how those 

systems work. For the upcoming generations, real world training is a plus when preparing 

students for their future careers. Renewable energy training units are very important for the 

hands-on laboratory sections of energy education, because they help the students understand the 

concepts and applications of this type of energy. Due to the high costs of the training units, it 

becomes a budget concern to purchase training units for laboratory sections of renewable energy 

classes. Some of the pre-built training units already on the market have a price range from ten 

thousand to fifty thousand dollars per unit. If there are budget concerns for the program, the only 

option that remains is to teach theory without the benefit of hands-on training. Taking these 

issues into consideration, several experiments were created using Microsoft Visio and 

inexpensive apparatus. In these experiments, students were required to create renewable energy 

systems such as solar and wind power energy system using Microsoft Visio design software. 

After creating the system using the software, the student can build the system using equipment 

and materials to test it, if the hardware is available in the lab. The experiments described in this 
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paper were designed to be used for hands-on activities which provide opportunities for students 

to engage in experiments that will reinforce the material covered. If equipment is not available, 

the exercises can help to teach the renewable energy systems by using only the software.  

1. Introduction 

In order to prepare students for their future careers, real-world training is imperative for their 

education. University campuses in the United States are taking important steps to establish 

alternative energy research and education. For example, undergraduate engineering and 

engineering technology programs are now including laboratory-based curriculum in alternative 

energy [1-8]. Hands-on laboratory experiments using educational training units offer enhanced 

learning experiences. These units provide a real time display of key system properties as well as 

surrounding conditions through a data acquisition system. 

The majority of alternative energy educational training units are built and sold by companies that 

offer systems custom-made to the customers’ needs; this increases the cost of the training units 

[9-13]. Alternative energy teaching tools help students to fully comprehend complex concepts with 

interactive educational training equipment and are very important for the hands-on laboratory 

sections of energy education. Due to the high costs of educational training units, it becomes a 

budget concern when purchasing training equipment for the laboratory sections of the courses. 

The costs of such equipment range from ten thousand to fifty thousand dollars per unit [14-17]. If 

there is a budget concern for a department, the only option is for an instructor to teach only the 

associated theory of the course. In this module, several experiments were developed using 

Microsoft Visio for those who have no access to equipment to educate students in lab 

environment. These experiments can be used with or without equipment available. In the case of 

unavailability of the equipment, students are required to draw the assigned task of the renewable 

energy systems using Microsoft Visio.   
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Laboratory Experiments 

Laboratory experiments are written to explain general renewable energy systems (solar and 

wind) connections and teach basic wiring. There are two laboratory experiments covered in this 

module. These experiments include Experiment 1 (Photovoltaic Systems) and Experiment 2 

(Wind Energy Systems). 

Experiment 1: Photovoltaic Systems 

Learning Objectives: Upon completion of this lab the student will: 

• Learn to determine the characteristics of a single solar panel 

• Learn to measure solar irradiation and predict power output of the solar panel 

• Get acquainted with basic electrical components (circuit breaker, fuse, lightening 

arrestor), tools, and how to wire basic electrical circuits with solar panels 

• Learn to measure solar irradiation, temperature, voltage, current, and resistance of the 

solar panel 

• Compare measured values and draw conclusions 

• Determine voltage and current output changes of the solar panels between series and 

parallel connection 

• Determine power characteristics of two solar panels connected in series and parallel 

• Determine load vs. efficiency relationship 

• Learn the relation between tilt angle of the solar panels and power output 

• Learn and compare open circuit voltage, current, and power with short circuit voltage, 

current and power 

• Learn battery and charge controller power characteristics 

• Determine the most efficient location for placing solar panels 
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• Learn shading analysis of solar panels before installation on site 

Summary:  

In a photovoltaic (solar) module, light energy converts into electricity. A photovoltaic module is 

the basic element of each photovoltaic system and consists of many jointly connected solar cells. 

According to the solar cell technology, we distinguish between monocrystalline, polycrystalline 

and amorphous solar modules. Most commercial crystalline modules consist of 36 or of 72 cells. 

Solar cells are connected and placed between a tedlar plate on the bottom and tempered glass on 

the top. Placed between the solar cells and the glass there is a thin foil, usually EVA (ethylene-

vinyl-acetate) . Solar cells are interconnected with thin contacts on the upper side of the 

semiconductor material, which can be seen as a metal net on the solar cells. The net must be as 

thin as possible to allow for a disturbance free incidence photon stream. Usually a module is 

framed in aluminium, or occasionally with a stainless steel or a plastic frame. The typical 

crystalline modules power ranges from several W to up to 200 W/module. Some producers 

produce preassembled panels with several 100 Wp. Over its estimated life, a photovoltaic 

module will produce much more electricity than used in its production, and a 100 W module will 

prevent the emission of over two tones of CO2. 

The most important module parameters include a short circuit current, an open circuit voltage, 

and a nominal voltage, solar radiation, open circuit current, and rated power. Module 

parameters are measured at standard test conditions (STC) - solar radiation in W/m2, air mass 

(AM) 1,5 and temperature in oC or oF. The following parameters can usualy be found in 

module datasheets: 
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Peak power – Wp Open circuit voltage – Voc 
Short circuit current – Isc Voltage at maximum power – Vmp  
Current at maximum power – Imp Current at battery operating voltage – I 
Nominal operating cell temperature 
(NOCT) – oC 

Wind loading of surface pressure -       
N/m2 (km/h) 

Impact resistance - mm  at km/h Maximum system voltage – Vmax 
Storage and operating temperature - oC  

 
Lab Procedure: 
 
Draw the following basic photovoltaic system using Microsoft Visio. If solar modules are 
available, take the measurements using the following drawing. If equipment is not available, 
refer to the solar module manual for the specifications. 

 

+      -

Solar Panel

+      -

Solar Panel

Voltage 
Measurement

Current 
Measurement

 
 

Figure 1. Photovoltaic system wiring diagram for voltage and current measurements 
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Table 1 
Photovoltaic 

System 
Measure Measure Calculate 

Tilt Angle of 
Photovoltaic 

Module 
(Facing 
South) 

V = Output 
Voltage of 

Photovoltaic 
Module 

(V) 

I= Output 
Current of 

Photovoltaic 
Module  

(A) 

P = Power 
Generation of 

Photovoltaic Module 
P=V*I 

(W) 

0° (Flat) 
 

   

30° 
 

   

45° 
 

   

60° 
 

   

90° 
 

   

Shading Analysis (applied only when solar modules are available):  
 
Cover one-half of a single solar module (either of the two panels) with construction paper to test 
the shading effects and efficiency of a PV module power output. Fill out Table 2 according to 
test results of the photovoltaic system of the renewable energy training unit (refer to Figure 2 for 
connections and measurements). 
 

+      -

Solar Panel

+      -

Solar Panel

Voltage 
Measurement

Current 
Measurement

 
 
Figure 2. Covered PV modules for shading analysis 

Cover PV 
for shading 

analysis 
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Table 2 

 
Photovoltaic System Measure Measure Calculate 

Tilt Angle of 
Photovoltaic Module 

(Facing South) 

V = Output Voltage of 
Photovoltaic Module 

(V) 

A= Output Current of 
Photovoltaic Module  

(I) 

P = Power Generation of 
Photovoltaic Module 

P=V*I (W) 

0° (Flat) 
 

   

30° 
 

   

45° 
 

   

60° 
 

   

90° 
 

   

 
Series Connection of Solar Modules:  
 
Draw the following series connection of a photovoltaic system using Microsoft Visio. If solar 
modules are available, take the measurements using the following drawing. If equipment is not 
available, refer to the solar module manual for the specifications. Fill out the Table 3 according 
to test results of the photovoltaic system of the renewable energy training unit (refer to Figure 3 
for connections and measurements). The first connection is a series connection, and it will add 
up voltage outputs of the solar modules. The generated current stays the same. 
 

+      -

Solar Panel
12V
65W

+      -

Voltage 
Measurement

Current 
Measurement

Series Connection of 
Solar Modules

+      - +      -

Adjust Digital Multimeter (DMM) knob to 
measure DC Voltage (200VDC)

Adjust Digital Multimeter (DMM) knob to 
measure DC Current (10ADC)

Solar Panel
12V
65W

+ - + -

 
 
Figure 3. Photovoltaic System Wiring Diagram for Series Connection 
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Table 3 

 
Photovoltaic System Measure Measure Calculate 

Tilt Angle of 
Photovoltaic Module 

(Facing South) 

V = Output Voltage 
of Photovoltaic 

Module 
(V) 

I= Output Current of 
Photovoltaic Module  

(A) 

P = Power Generation 
of Photovoltaic Module 

P=V*I 
(W) 

0° (Flat) 
 

   

30° 
 

   

45° 
 

   

60° 
 

   

90° 
 

   

Parallel Connection of Solar Modules:  
 
Draw the following parallel connection of photovoltaic system using Microsoft Visio. If solar 
modules are available, take the measurements using the following drawing. If equipment is not 
available, refer the solar module manual for the specifications. Fill out the Table 4 according to 
test results of photovoltaic system of the renewable energy training unit. (Refer Figure 4 for 
connections and measurements).  The second connection is a parallel connection and it will 
add up current outputs of the solar modules. Generated voltage stays same. 
 

+      -

Solar Panel
12V
65W

+      -

Voltage 
Measurement

Current 
Measurement

Parallel Connection of 
Solar Modules

+      - +      -

Adjust Digital Multimeter (DMM) knob to 
measure DC Voltage (200VDC)

Adjust Digital Multimeter (DMM) knob to 
measure DC Current (10ADC)

Solar Panel
12V
65W

+ - + -

 
Figure 4. Photovoltaic system wiring diagram for parallel connection 
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Table 4 

 
Photovoltaic System Measure Measure Calculate 

Tilt Angle of 
Photovoltaic Module 

(Facing South) 

V = Output Voltage 
of Photovoltaic 

Module 
(V) 

I= Output Current of 
Photovoltaic 

Module  
(A) 

P = Power Generation of 
Photovoltaic Module 

P=V*I 
(W) 

0° (Flat) 
 

   

30° 
 

   

45° 
 

   

60° 
 

   

90° 
 

   

Complete Photovoltaic System:  
 
Draw the following complete connection of the photovoltaic system using Microsoft Visio. If 
solar modules are available, take the measurements using the following drawing. If equipment is 
not available, refer to the solar module manual for the specifications. Fill out Table 5 according 
to test results of the photovoltaic system of the renewable energy training unit. In order to 
conduct this lab, solar models should be connected in parallel to keep the voltage output 12V. A 
series connection increases the voltage output and may damage the charge controller due to high 
voltage. No series connection is allowed for this experiment (refer to Figure 5 for connections 
and measurements). 
 

Table 5 
 

Photovoltaic 
System 

Measure Measure Measure Measure Measure Calculate 

Tilt Angle of 
Photovoltaic 

Module 
(Facing 
South) 

E = Solar 
Irradiation 

(W/m2) 

V= 
Battery 
Voltage 

(V) 

T = 
Temperature 
of the Solar 

Modules 
(F) 

V = Output 
Voltage of 

Photovoltaic 
Modules 

(V) 

I= Output 
Current of 

Photovoltaic 
Modules  

(A) 

P = Power 
Generation of 
Photovoltaic 

Modules 
P=V*I 

(W) 

0° (Flat)       
30°       
45°       
60°       
90°       

1 1 2 3 
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Breaker

6A

+      -

Lighting / Charge 
Controller

12V 
Battery

Solar Panel 
grounded w/ 

Grounding clip

Grounding 
rod

6A

+   -

DC 
Breaker 

Box

DC Light controlled 
by light controller

DMM

Voltage 
Measurement

+      
-

Ammeter

Current 
Measurement

+      
-

Irradiation and 
Temperature Measurement

Digital Solar Meter 
(Pyranometer)

Temperature 
Sensor

Photovoltaic 
System Lab 2

3

1

Actual System

+      -

Parallel Connection of Solar Modules

65 Watt
65 Watt

12V
12V

 
 
Figure 5. Photovoltaic system wiring diagram for connections and measurements. 
 
 
Conclusion and Brief Report: Summarize what you have learned in this lab experiment: 
 
 
Experiment 2: Wind Energy Systems 
 
Learning Objectives: Upon completion of this lab the student will: 
 

• Learn power characteristics of a wind turbine 
• Learn internal components of a typical wind turbine 
• Measure wind speed and direction using an anemometer and a wind vane 
• Get acquainted with basic electrical components (circuit breaker, fuse, start and stop 

switch, lightning arrester), tools, and how to wire basic electrical circuits with wind 
turbines 

• Learn to measure temperature, voltage, current, and resistance of a wind turbine 
• Compare measured values and draw conclusions 
• Determine voltage and current output changes of the wind turbines between series and 

parallel connection 
• Determine load vs. efficiency relationship 
• Learn and compare open circuit voltage, current, and power with short circuit voltage, 

current and power 
• Learn battery and charge controller power characteristics 
• Determine most efficient location for placing a wind turbine 
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Summary:  
 
A wind turbine is a device designed to extract the energy stored in the wind in order to convert it 
to electricity. The wind speed is variable and coming from different directions as time passes. 
Once a location with a good wind potential has been found, a wind turbine or an array of turbines 
can be installed to harness that energy. The wind will propel the aerodynamically-designed 
blades of the rotor to some angular speed, thus driving a power generator inside the nacelle of the 
wind turbine to produce electricity. 
 
Lab Procedure: 
 
Wind Turbine and Anemometer (wind speed sensor) Assembly and Setup 
 
Draw the following complete connection of the wind energy system using Microsoft Visio 
(Figure 1). If the wind turbine and related peripherals are not available, refer to the wind 
turbine manual for the specifications. If all the components are available then follow the steps to 
assemble the wind turbine. 
 
1.  Assemble the Wind Turbine provided by the instructor (Southwest Wind Power Air Breeze 

Wind Turbine Land 200W & 12V). Refer to Appendix A for further information. 
 

Air Breeze Applications (remote homes and cabins, water pumping, recreational 
vehicles, battery charging, science and education projects) 

 Specifications: Rotor Diameter:46" (1.14 meters), Weight:13 lbs (6 kg), Start up wind 
 speed:6 mph (2.68 m/s)2, Voltage:12 VDC, Output:200 watts at 28 mph (12.5 m/s) 

 
2.  After the assembly process, place the wind turbine on the top of the provided stand for 

further measurements (Figure 2).  
 
3.  Carefully connect the wires to the insulated terminal blocks and wires (Red, Green, Black 

with 10 AWG - American wire gauge size wire) provided by the instructor. Make sure the 
wires coming from wind turbine go through a Panduit loom tubing at the stand (this protects 
the wires from getting stripped accidently through aluminum stand - Figure 3) 

 
4.  Assemble the Anemometer provided by the instructor (Nor’Easter). For further installation 

directions, request an installation manual from the instructor (Figure 4). 
 

“A 2-digit wind speed instrument powered by AC or by 9V battery, and housed in a light 
wood block.  Displays wind speed from 0-99 MPH and can be factory calibrated to read 
in km/h, m/s or Knots.  The back is key-holed for wall mounting. Includes 60' cable, wind 
speed sensor, AC adapter and mounting hardware.9V battery is not included” 

 
5. After the assembly process, place the anemometer on the top of the provided stand for further 

measurements (Figure 5).  
 
6.  Refer to Figure 1 for connections and measurements of wind energy system (use only 

insulated banana plugs with patch cords for connections). 
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7.  Fill out Table 1 according to test results of the wind energy system of the renewable energy 

training unit. 
 

• Measure the output voltage of a single wind turbine and record in Table 1 (Column two 
circled number 1) 

• Measure the output current of a single wind turbine and record in Table 1 (Column three 
circled number 2) 

• Measure the wind speed using anemometer and record in the Table 1 (Column one 
circled number 3) 

• Calculate the output power of a single wind turbine and record in the Table  1 (Column 4 
circled number 4) 

 
Note: Circled numbers in the table are corresponding individual measurements indicted on the 
drawing (Figure 1) to ease understanding of connections. 
 
8. After completion of individual measurements setup, complete the wind energy system 

experiment by referring to the main drawing (Complete Wind Energy System) in Figure 1. 
 
9. Fill out Table 2 according to the test results of the wind energy system of the renewable 

energy training unit. 
 

• Measure the output voltage of a single wind turbine and record in the Table 2 (Column 
two circled number 5) 

• Measure the output current of a single wind turbine and record in the Table 2(Column 
three circled number 6) 

• Measure the battery voltage and record in the Table 2 (Column one circled number 7) 
• Calculate the output power of a single wind turbine and record in the Table 2 (Column 4 

circled number 8) 
 
Note: Circled numbers in the table are corresponding individual measurements indicated on the 
drawing (Figure 1) to ease understanding of connections. 

 
10. Plot findings of voltages, current, and power in Plots 5, 6, 7, and 8 respectively for 

comparison purposes of measured values depending on wind speed. 
 

Note: After measurements and completion of the lab experiment, do not dismantle the wind 
turbines. Wind turbines will be assembled to specially designed and built turbine towers under 
the supervision of course instructor. 
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Table 1 – Individual Variable Measurements for Wind Turbine 
 

Wind Speed Measure Measure Measure Calculate 
V = Wind 

Speed 
(mph) 

V = Output 
Voltage of 

Wind 
Turbine 

(V) 

I= Output 
Current of 

Wind 
Turbine (A) 

P= Power Generation of 
Wind Turbine 

P=V*I 
(W) 

Low Speed (Use Fan 
to Blow - LS) 

    

Moderate Speed (Use 
Fan to Blow - MS) 

    

High Speed (Use Fan 
to Blow - HS) 

    

 
Table 2 –Measurements for Complete Wind System 

 
Wind Speed Measure Measure Measure Calculate 

V = Battery 
Voltage 

(V) 

V = Output 
Voltage of 

Wind 
Turbine 

(V) 

I= Output 
Current of 

Wind 
Turbine (A) 

P= Power Generation of 
Wind Turbine 

P=V*I 
(W) 

Low Speed (Use Fan 
to Blow - LS) 

    

Moderate Speed (Use 
Fan to Blow - MS) 

    

High Speed (Use Fan 
to Blow - HS) 

    

 

3
 

1 2 4 

7
 

5 6 8 
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Lightening 
Arrestor Wind Turbine 

(built-in charge 
controller)

12V 
Battery

Grounding 
rod

Stop 
Switch

50A 
Breaker

+   -

DMM

Ammeter

1Ω Precision 
Resistor

Current 
Measurement

Voltage 
Measurement Wind System Lab Experiment

Wind Speed 
Measurement

Anemometer
Display Anemometer

1

2

3

Complete Wind Energy System

Grounding 
rod

Grounding 
rod

Ammeter

110A 
Battery Fuse

45

Take extra caution when 
you connect the battery 

terminals to training unit. 
Do not touch any 

terminals at the battery 
side. Do not connect 

battery to training unit 
before instructor approval 

for the connections.

DMM

6
Deep Cycle 

Battery Monitor

 
Figure 1. Wind systems wiring diagram for connections and measurements 

 
 
Conclusion: Summarize what you have learned in this lab experiments: 
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Appendix A: Major Part & Equipment List 
 

Photovoltaic Unit 
 
Component Manufacturer Model 
Photovoltaic Panel 
with J-Box 

Kyocera KC65T 65W 12V 

Ground/Roof Fixed 
Tilt Legs 

Unirac 990006 

Sunlight Light 
Controller 

Morningstar 10-12 10A, 12V 

Breaker Panel 
Breakers 

Midnite Solar BabyBox 4 Slot AC 
or DC  

6A Din Rail Mount 
Breaker 

Midnite OBB-6-150VDC-DIN 

20 Amp Din Rail 
Mount Breaker 

Midnite OBB-20-125VDC-
DIN 

73 AH Sealed Gel 
Cell Dual Terminal 
Battery 

MK Battery 8G24DT-DEKA 

Inverter Exeltec XP 125-12 
AC LED C. Crane Vivid PAR 20 LED 

Floodlight 
120VAC 

Solar Pathfinder Solar Pathfinder With Case & Tripod 
Analog Amp Meter 
Kit 

Southwest Wind 
Power 

2-ARAC-102 

DC Lightning 
Arrestor 

Delta Lightning 
Arrestors 

LA302 

110A Fuse & Holder 
for Battery 

Xantrex TFB110C 

Solar Pathfinder 
Assistant Software 
(PV Only) 

Solar Pathfinder Assistant Software PV 

DC LED C. Crane 12P Vivid+ LED 
Light Bulb, DC 
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Wind Turbine Unit 
 

Component Manufacturer Model 
Wind Turbine Soutwest Wind Power 1-ARBL-10-12 
2-Position Stop 
Switch 

Air-X 2-ARAC-101 

Circuit Breaker Soutwest Wind Power 3-ELOT-1147-05 
Circuit Breaker Box Soutwest Wind Power CBBOOT-30/50 
DC Lightning 
Arrestor 

Delta Lightning 
Arrestors 

LA302 

Analog Amp Meter 
Kit 

Southwest Wind 
Power 

2-ARAC-102 

12V 135Ah (20Hr) 
Sealed AGM Battery 

Universal Battery UB121350 

110A Fuse & Holder 
for Battery 

Xantrex TFB110C 

Inverter Morningstar Suresine 300W 12V 
 

Data Acquisition Monitoring Unit 
 
Component Manufacturer 
GreenMeter Hybrid 
Energy Monitor 

ICP Solar 

AC-DC Adapter 
(120V) 

ICP Solar 

DC Sensor Dual ICP Solar 
Irradiation Sensor ICP Solar 
Temperature Sensor ICP Solar 
Wind Speed Sensor ICP Solar 
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Additional Parts 
 

• Barrier Terminal Blocks (Variety of terminals depends on part input/output) 
• Screw type Banana Plug Receptacles (Red, Green, White, Black) 
• Banana Plugs for Patching (Red, Green, Black, White) 
• Screws (Metal Machine Screws #6 - 3/4') 
• Ring Terminals (for 10AWG, 12AWG, and 14 AWG) 
• Wiremold wall-mount pvc receptacles 
• Wiremold wall-mount pvc light switches 
• Toggle Switches (Standard) 
• 8'' Cable Ties 
• Connector Housings for solar, wind, and human power inputs (Red, black, Green) 
• Contacts LP-LD 30A 12/14 AWG 
• Roll Pins for 15,30 & 45 Amp Housing 
• Powerpole Mounting Wings 
• PP75 Loose Piece Colored Housing 75A (Green, Black, Red) 
• PP75/SB50 Loose Piece Contact - 75A (10/12 AWG) 
• Roll Pins for 75 Amp Housings - 5 pins 
• SB50 Loose Piece Colored Housing 50A – Gray 
• PP75/SB50 Loose Piece Contact - 50A (10 AWG) 
• Digital Multi Meters 
• Stranded Hookup Wire (12 and 14AWG - Red, Green, White, Black) 
• Red/Black Zip Cord 10AWG 
• Newmar Battery/Charger Monitor - PT Series Charger Accessory 
• 12V DC Heater 
• 12V DC Motor 
• 12V DC Brushless Motor - 15,000 rpm 
• AC/DC Standard Light Bulb Sockets 
• High Quality Surface Mount Socket - Copper Components 
• Metal Tubing for Training Stand 
• 10,12,14,16AWG Stranded Wires 

 


