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Introduction 
 
Due to the scarce reserves of the fossil fuels more and more energy supply systems are 
relying on the use of renewable energy. Apart from the large renewable energy systems such 
as hydro power plants, there is an increasing use of small-scale power-generation solutions, 
thus changing the way the traditional power systems work. Instead of a centralized power 
generation, a new emerging concept which introduces the Distributed Generation (DR) power 
systems next to the consumers forms a small power networks acting both as energy suppliers 
and consumers. These small-scale networks are often regarded as microgrids. Microgrid is a 
possible future energy system paradigm, formed by the interconnection of small, modular 
generation (micro-turbines, fuel cells, PV, etc.), together with storage devices (flywheels, 
energy capacitors and batteries) and controllable loads at low voltage distribution systems. 
Such systems can be operated interconnected to the power grid, or islanded, if disconnected 
from the grid. The operation of micro-sources in the network introduces considerable 
complexity in the operation of an LV grid, but at the same time, it can provide distinct 
benefits to the overall system performance, if managed and coordinated efficiently. 
 
One of the acknowledged approaches to the analysis of such systems is through the 
simulation of the Renewable Energy Technology (RET) devices based on the state of the art 
mathematical models. Therefore, one of the first tasks during the development of this 
software system was to define and develop the hourly-based mathematical models, thus 
providing the means for a generic simulation environment suitable for testing and validation 
of different system architectures. Furthermore, the RET models will also enable  the testing 
of various operational algorithms which would maximize the utilization of the renewable 
energy sources, thus minimizing the kWh costs, while preserving the reliability of the system 
at the same time in the grid-connected system. 
 
The developed Software simulator of micro-grid for production of energy from RETs will 
enable the building designers and engineers efficiently define the energy savings, potentially 
achieved, by RETs and enable their implementation within a web-based decision support 
system for selection of appropriate RET configuration as well as performance calculations 
and controller switching schemes for any existing configuration. 
 
Related work 
 
An exhaustive research of the state of the art in the area of RET simulators was performed 
and the most prominent were recognized. At the NREL, a computer model called HOMER 
was developed, which deals with evaluation of design options for large-scale off-grid and 
grid-connected power systems for remote, stand-alone, and distributed generation 
applications. Following is the Hybrid2 software package, developed in RERL, representing a 
tool performing long term performance and economic analysis on a wide variety of hybrid 
power systems. Furthermore, software for clean energy project analysis, called RETScreen, 
was developed serving as a decision support tool for RET deployment. Finally, a RET 
simulation and optimization software called HOGA, based on utilization of genetic 
algorithms, was also analyzed. However, neither of the aforementioned applications provides 
a Web-enabled tool able to generate almost instant evaluation of energy production, savings, 
life-cycle costs, emission reductions, financial viability and risk for various types of 
renewable energy technologies. 
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Although in the aforementioned simulators many different hybrid system architectures were 
already addressed, and discussed extensively in literature, the fact remains that the most 
common approach utilized for the analysis of such systems, was to consider the island 
operation. Since the renewable energy systems were at first utilized in the non-urban areas, 
where no power grid was available, this was natural approach to adopt. However, with recent 
increase of the governmental subsidies for the purchase of the renewable energy technology 
equipment as well as the increasing price of the electricity generated from the fossil fuels, the 
use of RET sources even in the urban areas became more and more attractive and 
economically viable. Nevertheless, maximizing the utilization of the renewable energy 
sources, and thus minimizing the kWh costs, while preserving the reliability of the system at 
the same time in the grid-connected system became the challenging task that this simulator is 
aiming to solve. 

 

Software system architecture 
 
Developed Software simulator of micro-grid for production of energy from RETs is basically 
a Java application based on Java Enterprise Edition 6 (Java EE 6) and a three-tier 
architecture. For the development and implementation of this application, an Open Source 
database (MySQL 5.5), Integrated Development Environment (NetBeans IDE 6.9.1) and 
Application Server (Apache/Tomcat 6.0) were utilized. Having in mind that one of the main 
objectives was to provide a tool easily accessible at any time or place from a web browser, a 
thin client three-tier architecture was implemented, which has previously proved to be an 
immensely useful for enterprise application development. 

This tool offers an intuitive, user-friendly interface which was implemented using Java 
Server Faces (JSF), AJAX and Adobe Flash technologies to facilitate a rich, fast and easy-to-
use application development. Moreover, one of the main open source JSF libraries used for 
the development of this application is RichfacesTM. It is an Ajax enabled component library 
for JavaServer Faces, hosted by JBoss.org. It allows easy integration of Ajax capabilities into 
enterprise application development.  

For the purposes of integration of Flash into Java server side technology, i.e. Java servlets (in 
order to provide data to Flash applications and send data to back-end data sources), Adobe 
Flex data access component was utilized. 

Apart from these, the list of following open source components was used to support the 
development of various functionalities, as described shortly: 

• GMaps4JSF - integration of Google Maps with JSF 
• iText - creation and manipulation of PDF documents within Java applications 
• Jcaptcha - captcha definition and integration into JSF 
• JfreeChart - chart library for displaying professional quality charts in Java applications 
• PrimeFaces - lightweight component suite for JSF 2.0 featuring 100+ rich set of JSF 

components 
• Dygraph - JavaScript library for production of interactive, zoomable charts of time series 
• Jersey - Sun's reference implementation for the Java API for RESTful Web Services 
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The business logic is implemented with over 150 Java classes divided into 18 packages. 
These packages and their roles in the simulator are listed below and graphically presented in 
Figure 1: 

• beans - Contains JSF backing bean and business logic classes  
• captcha - Contains classes used in the implementation of Captcha challenge-response test. 
• datatypes - Contains classes which are used to transfer the data to and from JSF pages.  
• reporting - Contains classes which are responsible for the creation of simulation reports in 

PDF format. 
• validator - Contains classes which ensure the validity of input data from JSF pages. 
• dao - Contains classes which communicate with the database and perform retrieval and 

storage operations for objects. This package communicates with the database using the 
corresponding JDBC driver. 

• transferObject - Contains classes which are used to transfer the data from the database to 
the business logic component. 

• flash - Contains classes which perform the communication between Adobe Flash and JSF 
pages. 

• gMaps - Contains classes which enable the Software simulator to use the potential of 
Google Maps. 

• controller - Contains classes used by the simulation algorithm for the optimization of 
produced and consumed energy management. 

• validator - Contains classes which validate various user input. 
• solarHeating - Contains classes which implement solar thermal models. 
• mcdm - Contains classes required for execution of the multicriteria decision making 

algorithm. 
• Entities, service, wrapper - Contains classes responsible for communication with 

designated controller using REST-full approach 
calibration – Contains classes which are used to validate and calibrate models and algorithms 
in the Software simulator. 



 

4 
 

 
 

Simulation of RET energy production 
 
The Software simulator itself manages to combine a wide range of mutually dependent 
factors, such as renewable potential of location, building space availability, user’s financial 
restrictions, etc. Furthermore, it creates a generic simulation environment for testing various 
energy dispatch strategies within both isolated and grid-connected hybrid RET system 
domain. Meteorological data can be obtained on hourly basis for almost any country in the 
world. It consists of external air temperature, global solar radiation at a horizontal plane, local 
or meteorological wind speed, wind direction, and other parameters. 
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Figure 1. Simulator Java packages and their roles 
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Figure 2. Building space availability 

 

 
Figure 3. Meteorological data 

 

The actual device installation data which have a significant impact on the performance of the 
corresponding RETs needs to be defined prior to the actual simulation run (Figure 4.). For 
example, as widely acknowledged, the azimuth and elevation of the installed photovoltaic can 
reduce its nominal power by 70 %. Therefore, submitting accurate installation data will 
generate a realistic picture of the overall RET configuration performance and therefore create 
a useful backward loop for optimizing the installation process. More precisely, installation 
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data consider wind turbine parameters, including height of the wind turbine hub as well as 
anemometer, and installation parameters related to photovoltaic panels, i.e. azimuth and 
elevation of panels. 

 
Figure 4. Actual device data 

 

The overall outcome of the simulation can be summarized in two main results, i.e. the 
dimensioning of each device type, which inherently contains the information about the 
proposed configuration as well, and the evaluation of a set of configuration performance 
parameters. Moreover, these parameters are recorded and provided to the user in the hourly 
resolution and therefore create a complete picture of the hybrid system operation. 
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Figure 8. RET configuration example 

 
Finally, since the first prototype of the Simulator involved only electrical domain, the big step 
forward in the second version is the implementation and integration of thermal domain into 
the overall system. It should be emphasized that this integration presented a challenging task 
since these two domains do not operate independently and their mutual influences must be 
taken into account. 

The following screenshots of the Software simulator illustrate some of the abovementioned 
functionalities. 
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Figure 5. Results of the simulation – Total energy production 

 

  
Figure 6. Results of the simulation – Geothermal energy production 
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Figure 7. Results of the simulation – Solar thermal energy production 

 

CONCLUSION 
This document provides a general overview of a unique Software simulator for the 
Renewable Energy Technology devices within a small-scale micro-grid that were addressed 
within the SOFIA framework. 

The tool itself manages to combine a wide range of mutually dependent factors, such as 
renewable potential of location, building space availability, user’s financial restrictions and 
energy consumption habits, existing pricing policies and etc. Furthermore, it creates a generic 
simulation environment for testing various energy dispatch strategies within both isolated and 
grid-connected hybrid RET system domain. The overall outcome of the simulation can be 
summarized in two main results, i.e. the dimensioning of each device type, which inherently 
contains the information about the proposed configuration as well, and the evaluation of a set 
of configuration performance parameters. Moreover, these parameters are recorded and 
provided to the user in the hourly resolution and therefore create a complete picture of the 
hybrid system operation.  

Finally, since the existing simulation involves only electrical domain, the near future work 
will focus on the implementation and integration of thermal domain into the overall system. 
Although, it should be emphasized that this integration present a challenging task since these 
two domains do not operate independently and their mutual influences must be taken into 
account. 



 
Review of technical solution 

SOFTWARE SIMULATOR OF MICRO-GRID FOR 
PRODUCTION OF ENERGY FROM RETs 

 
 
This technical document focuses on the software simulator of the Renewable Energy Technology 
(RET) devices within a small-scale micro-grid that will be used in the SOFIA framework. More 
specifically, the developed simulator performs the hourly-based simulations which present the 
basis of the SOFIA’s micro-grid simulator.  
 
The developed software performs simulations of processes within the two basic categories, 
depending on the type of energy they produce, i.e. electrical and thermal. The group of devices 
for production of electricity consists of photovoltaic, wind turbine and fuel-cell, whereas for 
thermal it consists of solar collector and geothermal pump. The Simulator itself manages to 
combine a wide range of mutually dependent factors, such as renewable potential of location, 
building space availability, user’s financial restrictions, existing pricing policies, etc. 
Furthermore, it creates a generic simulation environment for testing various energy dispatch 
strategies within both isolated and grid-connected hybrid RET system domain. 
 
The Simulator is capable to operate with hourly resolution, or higher, depending on the 
resolution of input meteorological data. Furthermore, the Simulator enables performance and 
behavior analysis, prediction, and optimization of energy production, facilitating both design and 
retrofit of energy sourcing in buildings, in real-time, within the SOFIA framework.  
 
 
 
 
Dr. Panayiotis Philimis  Dr. Eng Nikos Sakkas 
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