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Abstract. This article describes the development of the RenPower (Renewable Power) software for sizing of renewable 
energy microgrids able to be used in academic teaching. RenPower was implemented using the graphic programming 
language LabVIEWTM, and being freely used, allows students, teachers and researchers to select a geographical location 
anywhere in the world, define a user's monthly energy demand and obtain the annual photovoltaic and wind energy to meet 
the needs. The software also allows to calculate the amount of batteries to store the energy of the microgrid, as well as the 
power of the inverter for connection to the electrical network. The sizing results obtained with the software are identical to 
those obtained by theoretical calculations. RenPower was developed by the following universities: Universidad de Bogotá 
Jorge Tadeo Lozano (Colombia), Northwestern Polytechnical University (China), The University of Oklahoma (USA), 
Universitat Politécnica de Valencia (Spain), Universidad Nacional de Colombia (Colombia) and Universidad Tecnológica del 
Chocó (Colombia). 
 

INTRODUCTION 

Nowadays, the majority of the electrical energy is supplied by nuclear or large fossil fuel power plants around 
the world and they have high reliability and capacity. However, regarding the fact that the investment cost of these 
power plants is very high, in order to draw the attention of small capitals and reducing environmental emissions, 
Renewable Energy Sources (RESs) at small scales attract a higher interest [1,2].  While conventional distribution 
grids, known as passive distribution grids, do not contribute in power generation, their main function is to provide 
consumers with the power from transmission grid [3].  

The term smart grid refers to a modernization of the electrical network consisting in the integration of various 
technologies such as dispersed generation, dispatchable loads, communication systems and storage devices which 
operates in grid-connected and islanded modes [4]. Optimal design of microgrids in distribution power systems is 
one of the major issues in planning stage for future distribution systems [5]. 

To date, AC system has been the most popular architecture, which is used for the majority of microgrid research 
projects. Since the design and modelling of AC systems are much simpler than DC ones, a large number of 
microgrids around the world have been developed based on this technology [6,7].  

Currently in the market, there are many software tools for sizing of photovoltaic systems, wind systems and 
energy storage systems; but there are few options that are freely accessible, that offer a user-friendly interface that is 
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easily understood by the user and that, in a comprehensive manner, allow the design of hybrid energy microgrids. 
The working group between six universities developed the RenPower software focused on academic teaching with 
the characteristics that allows a student to design a micro hybrid energy grid, through an intuitive interface, freely 
accessible, customizable according to the teaching needs and that can be used for any geographical position in the 
world. 

SOFTWARE INFORMATION 

Name: RenPower 
Software used: LabVIEWTM 

Size: 350 MB 
Developer: Universidad de Bogotá Jorge Tadeo Lozano 
Operating system: Windows PC 
Processor required: 2.5 GHz or higher 
RAM required: 2 GB minimums 
Cost: Free 
Meteorological data source: NASA 
Type of users: Students, teachers and researchers 
Version: 3.0 
Design results: Real time 
Connectivity: Google maps, e-mail and spread sheet files. 

SOFTWARE DESCRIPTION 

The RenPower 3.0 software was done after 3 years of work with the group of universities mentioned above and 
perfecting the 2 previous versions of the program. Virtual instrumentation technology as used through the graphic 
programming language LabVIEWTM, which was widely used in academia and industry to simulate, model, control 
and automate processes in engineering and science in general. The programs developed in LabVIEWTM are called 
Virtual Instruments (VI) and are characterized by being formed by a front panel (user interface) and a block diagram 
(source code). For the development of the program, all the aspects related to the design of photovoltaic systems [8-
11], wind power [12-14], energy storage systems [15, 16], power markets [17] and technical-economic aspects of 
micro grids [18-20] were studied in detail. The meteorological data for the use of the software: solar radiation, 
ambient temperature and wind speed are taken directly from the NASA database [21] "Prediction of Worldwide 
Energy Resources". 

USER INTERFACE 

The front panel of the VI represents the user interface that consists of different windows to configure, step by 
step, the design of the renewable energy microgrid as follows: 

 
Home 
Figure 1 shows the RenPower home window that consists of the following elements: 
 
A, B and C. The user selects the country, department or state and the city in which the micro renewable energy 

grid will be installed. This selection allows to determine the solar and wind potential of the locality to work, 
using the NASA databases. 

D. Open google maps: If the microgrid is to be installed in a rural area and not in a city, the user has the 
possibility to choose the exact coordinates of the place using the geo-location of google maps. 
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FIGURE 1: Front panel’s home window of the RenPower software. Source: Authors. 

 
 
Energy demand 
Figure 2 shows the "Energy Demand" window of the RenPower software that the user must configure once the 

previous step has been completed. 
 

 
FIGURE 2: "Energy Demand" window of the RenPower software. Source: Authors. 

 
E. Energy demand per month: The user must provide the amount of monthly energy consumed on the site 

(residential, commercial, industrial or other) in kWh. 
F.  Total monthly energy to supply: Through this numerical indicator, the software shows the user the 

maximum monthly demand of energy in kWh that must be replaced with renewable energy. 
G. Percentage of energy to supply with PV energy: In this session, the user must select the percentage of 
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energy demand to be supplied using photovoltaic solar energy in the hybrid microgrid. 
H. Percentage of energy to supply with wind energy: Through this numerical control, the user must select the 

percentage of energy demand to be supplied using wind energy. If the installation site of the microgrid does 
not have enough wind potential, the RenPower software informs the user through a pop-up window and 
gives the possibility to cover this amount of energy demand by photovoltaic panels or by the electrical grid. 

 
Irradiance – wind 
Once “Energy Demand” is finished, the user must proceed with the step shown in figure 3. 
 

 
FIGURE 3: "Irradiance - wind" window of the RenPower software. Source: Authors. 

 
I. Meteorological data: After providing the location of the site where the micro-grid will operate, the software 

displays the photovoltaic solar potential (solar radiation and the ambient temperature) and the wind 
potential (wind speed) using the NASA databases. 

J. Latitude and longitude: By means of these two numerical indicators, the latitude and longitude of the 
operation site of the micro-grid are shown. The user can verify with this information the correct location of 
the energy project. 

K. Using this graph, the software shows the annual variation of the single photovoltaic potential in kWh/m2 for 
the site. 

L. Using this graph, the software shows the annual variation of the wind potential in m/s for the site. 
 
PV – wind system 
In this window the user has the possibility to configure the photovoltaic system and the wind system of the 

microgrid. 
 
Photovoltaic system 
The first step in this window consists of sizing the photovoltaic system of the microgrid. Figure 4 shows the 

window for this procedure. 
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FIGURE 4: Window "Photovoltaic System" of the RenPower software. Source: Authors. 

 
M. This information allows the user to define: 
x Microgrid system type: The type of microgrid to work must be specified: grid-connected or stand alone. 
x Include temperature losses: using this button the user can include the losses by temperature for a more 

accurate sizing of the PV system. 
x Include dirt losses: using this button the user can include the losses by dust on the solar panels for a more 

accurate sizing of the PV system. 
N. These parameters must be selected by the user to size the photovoltaic system and the grid-connected inverter: 
x Peak power of pv module-Pmax (W): The user enters the value in W of the nominal power of the PV 

panel to be used in the design. 
x Voltage at Pmax Vmpp (V): this value is defined by the user and represents the value of the PV panel 

voltage at the point of maximum power. This value allows to design the connection of the PV panels with 
the grid connection inverter. 

x Current at Pmax Impp(A): write here the value of the electric current of the PV panel at the point of 
maximum power. 

x Open circuit voltage Voc (V): write the open-circuit voltage in V of the selected PV panel. 
x Short circuit current Isc (A): the user must enter the short-circuit current of the chosen PV panel. 
x Module efficiency (%): the electrical efficiency of the chosen PV panel must be defined. 
x DC/AC Inverter power (W): the user must specify the power in watts of the grid connection inverter.  
x Max. Recommended PV power for inverter (W): write the maximum photovoltaic power that can be 

connected to the DC input of the inverter. 
x Inverter´s MPP nominal voltage (V): the user defines here the nominal voltage of the maximum power 

point of the inverter. 
x Inverter´s AC nominal voltage (V): write the voltage value of the alternating grid with which the inverter 

will connect. 
x Inverter’s AC nominal frequency (Hz): write the value of the frequency in Hz of the alternate grid with 

which the inverter will connect. 
x Inverter´s efficiency (%): Write the value of the DC/AC conversion efficiency of the inverter. 

O. This information box allows the user to obtain the PV system design of the microgrid: 
x Total photovoltaic modules: This numerical indicator represents the total amount of solar panels that the 

user must use. 
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x Photovoltaic modules in series: It is the number of solar panels that are connected electrically in series. 
x Photovoltaic modules in parallel: It is the number of solar panels that are electrically connected in 

parallel. 
x Monthly DC PV energy (kWh): represents the monthly amount of electrical energy generated by the 

microgrid’s PV array. 
x Design photovoltaic array button: By pressing this button, the user obtains the design of the PV 

generator. 
x Use several DC/AC inverter button: By pressing this button, the user can choose to use several DC/AC 

inverters connected in chain, in order to reduce costs or commercial availability. 
x Send by email button: The user can press this button to send by email the design of the PV system 

obtained by the program. 
x Save to file button: the user can press this button to save the design of the PV generator in an .xls file. 

 
Wind system 
This window allows designing the microgrid’s wind system (see figure 5). 
 

 
FIGURE 5: Window "Wind System" of the RenPower software. Source: Authors. 

 
P. The user must enter the following information of the selected wind turbine in order to design the wind system 

and evaluate the annual energy production. This analysis is done by the Weibull probability distribution. 
x Turbine blade length (m): Enter the length of the wind turbine blade in meters. 
x Cut-in wind speed (m/s): Write the input cut speed to the wind turbine. 
x Cut-off wind speed (m/s): Write the output cut speed of the wind turbine. 
x Time active percentage (%): Write the percentage of time the wind turbine will be active. 
x Nominal air density (kg/m3): Define the air density on site. 
x Wind blowing percentage (%): write the percentage of time that the wind will be blowing in the turbine. 

Q. Using this graphical indicator, RenPower presents the Weibull probability distribution of wind energy 
production per year. 

R. Through this numerical indicator, the wind turbine's performance histogram is presented. 
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Battery bank 
Figure 6 shows the window of the RenPower software for sizing the microgrid’s battery bank. 

 
FIGURE 6: "Battery Bank" window of the RenPower software. Source: Authors. 

 
S. The user must enter this data to perform the sizing of the battery bank: 
x The number of reservation days of the battery bank.  This will be the number of days that the energy 

demand can work just with the energy stored in the batteries. 
x Nominal voltage for the battery bank (V): define the nominal voltage of the selected battery for the 

microgrid. 
x Nominal capacity for the battery bank (kAh): the user must enter the capacity of the battery bank in 

kAh. 
x Battery efficiency (%): Write the electrical efficiency for the chosen battery. 
x Depth of discharge (%): According to the specification sheet, define the battery depth of discharge. 
x Nominal voltage for the charge controller (V): The charge controller is responsible for regulating the 

state of charge of the batteries. Define the voltage of the selected controller. 
x Nominal current for the charge controller per unit (A): According to the specifications of the selected 

controller, write the nominal current. 
x Nominal power for the islanded inverters (W): define the power of the autonomous inverters responsible 

for charging the batteries. 
x AC nominal voltage for islanded inverters (V): Write the AC voltage for the operation of the 

autonomous inverters responsible for the batteries. 
x Islanded inverter’s efficiency (%): The user must specify the conversion efficiency of the autonomous 

inverters. 
T. Once the previous step has been completed, the user should proceed as follows: 
x Design battery bank button: By pressing this button, RenPower sizes the battery bank for the microgrid. 
x Total batteries: This indicator shows the number of batteries required for the microgrid. 
x Total batteries in series: Number of batteries that must be connected in series inside the battery bank. 
x Total batteries in parallel: Number of batteries that must be connected in parallel inside the battery bank. 
x Islanded inverter´s power per unit (W): RenPower shows in this indicator the power of each islanded 

inverter for the batteries. 
x Total islanded inverters: Number of microgrid’s autonomous inverters. 
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Investment analysis 
Through this window, RenPower delivers the economic analysis for the microgrid implementation (See figure 

7): 
 

 
FIGURE 7: "Investment Analysis" window of the RenPower software. Source: Authors. 

 
U. The user must initially select the following information:  
x Select country of origin button: Through this button the user must choose the equipment country of origin 

of the microgrid. 
x Select transport type: The user must select the equipments transport method to the country. 

V. In this window, the photovoltaic and wind energy that will be produced annually by the microgrid are shown.       
The RenPower software requires the definition of the following information for economic analysis: 
x PV panel cost per unit: define the cost of each PV panel. 
x Wind turbine cost per unit: Write the cost of the wind turbine of the microgrid. 
x Grid connected DC/AC inverter cost per unit: Write the price of the grid connection inverter. 
x Islanded inverter cost per unit: define the price of each autonomous inverter. 
x Battery cost per unit: Write the price of each selected battery. 
x kWh cost: write the energy consumption payment rate. 
x Transport cost: Write the cost of the transport of the equipment from the country of origin. 
x Labour cost: write the price of the installation costs for the microgrid. 
x Other costs: Write the price of other costs that the user wants to include. 

W. This section shows the result of the economic analysis of the microgrid: 
x Calculate button: allows to perform the economic analysis of the investment to be made in the microgrid. 
x PV generator cost: shows the total cost of the panels that make up the PV generator of the microgrid. 
x Wind turbine cost: shows the total cost of the wind turbine of the microgrid. 
x Battery bank cost: shows the total price of the battery bank. 
x Grid connected DC/AC inverter cost: presents the total cost of the grid connection inverter. 
x Islanded inverters cost: shows the total cost of the autonomous inverters of the batteries.  
x Annual energy savings: presents the annual economic savings for the use of the microgrid. 
x Total cost of the microgrid: shows the amount of money to invest in the microgrid. 
x Return on investment (years): shows the years in which the initial investment is recovered. 
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Microgrid sample sizing 
 
An example of sizing a microgrid is presented for the city of Riohacha, Colombia. The monthly energy demand 

of the user is presented in figure 2. The geographic location as well as the meteorological information for Riohacha 
was obtained directly from NASA [21] "Prediction of Worldwide Energy Resources" and is shown in figure 3. 
Table 1 shows the result of the sizing of the microgrid using RenPower and is compared with that obtained 
manually. Figures 5, 6 and 7 show the result of the sizing using the software. 
 

TABLE 1. Microgrid sizing example. Source: Authors. 
 

PV panel: BLUESUN 330W* 
Wind turbine: ZENIA ENERGY 10 kW* 
Grid Connected inverter: SUNNY TRIPOWER 30 kW* 
Stand-alone inverters: SUNNY ISLAND 3 KW* 
Location: Riohacha, Colombia. 
Backup time: 3 days 

Variable RenPower calculations Manual calculations 
Total PV panels 91 90,9 

Grid connected 
inverter´s power 30 kW 29,8 kW 

Annual PV generated  
energy 57565,2 kWh 57568 kWh 

Annual wind generated 
energy 24670,8 kWh 24671 kWh 

Total amount of batteries 52 51,7 

Islanded inverter´s 
power per unit 3000 W 3000 W 

Total islanded inverters 8 7,8 
 

CONCLUSIONS 

The implementation of the RenPower software allows academic users to design micro solar photovoltaic and 
wind energy grids to improve students' learning processes in the classroom, validate the designs made by researchers 
and calculate the renewable energy projects of particular users. The main features of RenPower are: i) It is possible 
to size the photovoltaic generator, the wind turbine, the battery bank, the grid inverter and the islanded inverters; ii) 
you can select any geographical position worldwide using google maps; iii) the user can choose the amount of 
energy to produce using the solar panels and the wind turbine, iv) the meteorological data used are validated by 
NASA using satellite measurements; v) The sizing of the microgrid can be sent by email or saved to a data sheet 
file; vi) The economic analysis allows you to know the user the amount of money to invest, annual savings and the 
time of recovery of the investment. 

Thanks to the use of virtual instrumentation, RenPower has an intuitive and easy-to-use user interface. It allows 
to scale projects to larger systems and is transferable between Windows and Mac OS platforms. 
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