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Развијено је детаљнo генеричко, интегрисано, симулационо окружење које укључује 
оптимизацију система са различитим изворима, како електричне тако и термалне, енергије. 
Поред различитих извора енергије симулатор укључује и складиштење, потрошњу и спрегу са 
спољашњом енергетском инфраструктуром. Стога се оптимизација врши и на страни 
производње али и потрошње енергије, чиме се постиже максималан бенефит. Окружење је 
реализовано за потребе симулатора микро-мреже (µGS) у оквиру SOFIA окружења, како би се 
омогућио развој јединствене платформе за симулацију и оптимизацију оперативног рада 
микро-мреже узимајући у обзир различите техничке, економске и  еколошке критеријуме. 
Развијено решење примењено је на Аеродрому Никола Тесла у оквиру Терминала 2, и то у 
чекаоницама А2-А6. 
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Introduction 
This document broadly describes the work carried out within the task related to the 
development of a flexible and modular simulation/optimisation tool for the analysis of energy 
hubs systems. This tool can then be exploited to formally and analytically model and 
optimise any hybrid configuration including multi-carrier sources, defined previously as 
energy hubs. 
 
The presented work deals with developing a general, flexible and modular simulation tool for 
the analysis and optimisation of multi-carrier energy systems. The prototype of the analysis 
and optimisation tool was developed in MATLAB® and subsequently implemented in Java R 
environment. The purpose is to be able to model and implement planning, operation, and 
control strategies so that an optimal use of the available assets within an energy hub can be 
achieved. Various aspects related to the notion of system operation and optimality must also 
be defined and featured in the optimisation model either in terms of the considered physical 
constraints or the objective function. This effectively enables the modelling of the 
infrastructure systems identified and characterized as multi-carrier energy hubs, elaborated in 
detail in another technical solution dealing with the modelling. The energy hub is the 
fundamental element of the modelling framework with which it is possible to formalize and 
describe such entities in a unified way. 
 
In the recent past the growing interest in energy-related issues has prompted the development 
of a number of approaches for the modelling and analysis of multi-carrier energy systems [1], 
[2], [3], [4]. The basis of the approach consists in employing a modular scheme to model 
energy hubs. One basic block is employed, consisting of sequential input, conversion and 
output stages, and in the simplest case a hub can be represented by a single block, as depicted 
in Figure 1. 

 

Figure 1: Energy hub single block schematic 

The present document is structured as follows. The related software tool development is 
briefly presented in the following section in terms of MATLAB prototype. Then, the 
description of development of the same prototype in Java® environment is represented, as the 
core result of this technical solution. Lastly, conclusions are drawn. 
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Energy Hub optimization engine as Matlab application 
A prototype of the simulation tool used for the analysis and optimisation of multi-carrier 
energy systems described as Energy Hubs has been implemented in 
MathWorks®/MATLAB® environment. The considered type of optimisation problem 
consists of a linear programming formulation. There are several available solvers dealing 
with these classes of optimisation problems, the choice was made to opt for IBM® ILOG® 
CPLEX® Optimizer as it is one of the industry standards. It requires the following input data: 

• f: vector for the definition of the linear part of the objective function 
• Aineq: matrix for inequality constraints 
• bineq: vector for inequality constraints 
• Aeq: matrix for equality constraints 
• beq: vector for equality constraints 

The major functionality of the developed MATLAB code is to define the system data in 
matrix and vector form as described in the technical solution “Simulation framework for 
optimization of energy production and consumption in multi-carrier microgrids” (2013) and 
translate this information into the input matrices and vectors required by the employed solver. 
This process can be efficiently performed by exploiting the powerful matrix and vector 
manipulation routines of the MATLAB (originally MATrix LABoratory) engine. The 
implemented MATLAB code has the following major functional sections. 
 

1. Data Input: The energy hub model of the physical system is defined by defining the 
model matrices, i.e. the input storage matrix Sqin, input dispatch matrix Fin, 
conversion matrix C, output dispatch matrix Fout, output storage matrix Sqout as 
described in Section 2. At a second stage other parameters needed for the formulation 
of the optimisation problem (such as load data, price data, etc.) are defined as time 
series or read in from corresponding files. 

2. Solution: After the matrix and vector parameters defining the optimisation problem 
have been formulated the solver routine is called to execute the optimisation. 

3. Result Processing: If an optimal solution has been found by the optimisation 
function, the optimisation results are processed for display purposes. 

 
Energy Hub optimization engine as Java application 
 
After the development of Energy Hub optimization engine prototype, which was done in 
MathWorks®/MATLAB® is environment together with IBM® ILOG® CPLEX® Optimizer, 
further activities were focused on the development of the same engine within Java™ 
environment. Having in mind that this engine represents the core functionality of the overall 
Epic Hub middleware solution, it needed to be integrated with the rest of software 
components mainly developed under the object oriented paradigm. More precisely, for the 
development of business logic of these components Java programming language was 
selected, along with the corresponding Web programming technologies for. 
 
Starting from the developed engine prototype in MATLAB, there were two alternatives for 
integration within Java environment: 
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• To generate Java classes out of the MATLAB source code using the MATLAB 
Builder™ JA - These Java classes can be integrated into Java programs and deployed 
royalty-free to desktop computers or web servers that do not have MATLAB installed 
using the MATLAB Compiler Runtime (MCR) that is provided with MATLAB 
Compiler™. 

• To develop pure Java application from scratch with the same functionalities. 
Naturally, both approaches have their advantages and disadvantages, as listed: 

• The first one takes the advantage of the implemented source code and does not require 
in-depth knowledge of the underlying algorithms. However, it requires additional pre- 
and post- processing of the information stored in the generated Java classes. Also, 
considering the fact that MATLAB prototype is using external optimizer (CPLEX), 
which is dependent on the programming environment, it would be necessary to break 
the MATLAB source into two parts, i.e. the one before the call of CPLEX functions 
and the other one after, to provide for corresponding CPLEX library for JAVA. 

However, using CPLEX in JAVA environment is quite different than in MATLAB, 
where it is required only to replace the call towards native MATLAB functions with 
call towards CPLEX functions using the same arguments. Also, to configure 
MATLAB to use CPLEX, one must first add the CPLEX connector for MATLAB 
installation folder to the corresponding MATLAB path by using the MATLAB 
addpath command. 

Using CPLEX in JAVA environment is, however, a bit more complex. ILOG CPLEX 
Java provides an API for Java applications that use CPLEX. This allows Java 
application to call CPLEX directly, through the JNI (Java Native Interface). The Java 
interface is built on top of ILOG Concert Technology for Java and supplies a rich 
functionality allowing you to use Java objects to build an optimization model. 
However, this would require additional coding to adapt both inputs and outputs 
coming from the MATALB code, in order to be able to run CPLEX optimization 
engine within Java environment. 

• On the other hand, the second approach depends on in-depth knowledge of underlying 
algorithms which is required for semantic translation, unlike the previous case where 
it was possible to perform translation solely on the syntax level.  However, since the 
use of CPLEX API for Java is inevitable in any case, developing application in pure 
Java is more favoured approach for many reasons. It represents a more streamlined 
approach with many advantages when it comes to the model scalability, easy 
maintenance of the code and, the most importantly, shorter execution times. 

Therefore, the rest of this section aims to provide insight to the implementation of Energy 
Hub optimization engine within Java environment. 

Java application 
 
The Energy Hub optimization engine is basically a Java application based on Java Enterprise 
Edition 7 (Java EE 7). For the development and implementation of this application an 
Integrated Development Environment (Eclipse Java EE IDE - Juno Service Release 2) was 
utilized. 
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Furthermore, having in mind that one of the main objectives was to visualize results of the 
optimization engine before its official integration within Epic-Hub platform, further 
developments were done in the direction of a tool easily accessible at any time or place from 
a web browser. This suggested use of a thin client and three-tier architecture, which has 
proven to be an immensely useful for enterprise application development. Therefore, an 
Application Server (Apache/Tomcat 7.0) was employed as well. 
 
As regards external components (apart from Java System Library) that are necessary for 
engine implementation, they are as following: 

• cplex.jar – represents a library which contains CPLEX Concert Technology for 
Java, thus offering API that includes modelling facilities to allow the programmer to 
embed CPLEX optimizer in Java application. 
Therefore, it provides a set of interfaces and classes that enable typical CPLEX 
features such as: 

o creating a model,  
o solving that model,  
o querying results after solving, and  
o handling error conditions.  

• cplex124.dll1 – represents implementation of CPLEX optimizer in a dynamic 
linked library which is needed to be able to run Java applications that use CPLEX. In 
other words, this represents a light weight approach where there is no need for the 
installation of the overall ILOG CPLEX Optimization Studio for running CPLEX 
applications. 

• la4j-0.4.9.jar – represents an open source, pure2 Java library that provides 
Linear Algebra primitives (matrices and vectors) and algorithms. Given the fact that 
the overall mathematical modelling and representation of Energy Hub is done using 
matrices use of Linear Algebra library was imperative. 

The first two components were used as a result of previous decision to use CPLEX for 
solving our LP and MILP problems. Although there are other open source solutions for this, 
given the fact that CPLEX was acquired through Academic Licence (the courtesy of ETH 
Zurich), it was picked as the one with best performances. 
The selection of latter component, La4J, was found as a result of a search for Java library for 
Linear Algebra that provides manipulation with huge sparse matrices. The ones that were 
investigated are as following: Commons_math, Colt, Ojalgo, JBlas, EjML, MtJ, Jeigen/Eigen 
and La4J. 
 
When it comes to the implementation of Energy Hub optimization engine as Java application, 
it was done using 7 classes as depicted in the corresponding UML diagrams Figure 2 and 
Figure 3. The first one depicts classes that were used for actual optimization whereas the 
second one represents those for post-processing of the optimization results and calculation of 
corresponding Key Performance Indicators (KPIs). 
 
                                                             
1 This is used for Windows platform whereas on Linux or Mac platforms a corresponding replacement for this 
.dll should be used. 
2 It is completely implemented in Java environment without any references towards C, C++, Fortran or other 
libraries. 
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Figure 2 depicts the following classes: 

• DesignOptimization.java – features Design Optimization as multiple concentric 
loops going over different combinations of corresponding energy asset alternatives 
(namely different energy sources and storages) which are then used to run a particular 
Operation Optimization. It also contains the main() function where all the input 
parameters are set. 

• OperationOptimization.java – implements the Operation Optimization of a 
particular Energy Hub configuration. It uses the mathematical representation of 
Energy Hub and corresponding parameters to model its behaviour over a given time 
span as LP problem. Furthermore, in order to be able to run the CPLEX optimizer, 
modelling was performed using the previously mentioned API and the corresponding 
interfaces as in following: 
 IloNumVar – modelling variables 

 IloRange – ranged constraints 

 IloObjective – optimization objective 
 IloNumExpr – expression using variables. 

• Hub.java – models the topology of Energy Hub by defining corresponding matrices 
and necessary parameters. 

• Parameters.java – used to generate dummy data for various time variable input 
parameters (production from renewables, energy pricing and load profiles). This is 
expected to be abandoned by the time integration with Middleware is performed and 
steam of data is coming from the Forecaster, which is designated component for this 
task. 
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Figure 2: Energy Hub optimization engine UML diagram 
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Figure 3 depicts the following classes: 

• KPI.java – represents an abstract class for defining Key Performance Indicators, 
used for evaluation of both different Hub design options as well as its operation 
performance. 

• KPI_TSG.java – represents inheriting class which implements the abstract class 
KPI.java for a specific Terminal San Giorgo use case. It performs all the calculations 
of appropriate KPIs. 

• OptimizationResults.java – performs the post-processing of the optimization 
results, i.e. stores the time series of all the variables used in the optimization process. 

 
 

 
Figure 3: Optimization results UML diagram 
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Conclusion 
 
This report presents the work performed to conceptually develop and implement a software 
tool for the analysis, simulation and optimisation of multi-carrier hub systems. The employed 
mathematical formalisation of the system equations allows for a modular approach which can 
be exploited at the software development stage to provide a tool that is efficient and flexible 
in its capability to model systems of different sizes and complexity. 
 
The tool has grown to a high maturity level as Java application, suitable for integration with 
existing energy management software. The tool has been furthermore employed to model the 
Airport Nikola Tesla Terminal building as pilot according to a defined use case, which take 
into account the specific requirements and peculiarities of each problem setup. The presented 
tool enables the full numerical computation of analytical results starting from the physical 
data and parameters describing the pilot and will form a key part of the functionalities 
featured in the overall energy management platform.  
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Review of technical solution 

SOFTWARE MODULE FOR REAL-TIME 
OPTIMIZATION OF ENERGY SUPPLY AND 
DEMAND AT AIRPORT INFRASTRUTURE 

 
 
 

The technical solution represents conceptual development and 
implementation of an advanced software tool for the analysis, simulation and 
optimisation of multi-carrier hub systems. The employed mathematical 
formalisation of the system equations enables for a modular approach which 
can be exploited at the software development stage to provide a tool that is 
efficient and flexible in its capability to model systems of different sizes and 
complexity. Furthermore, the presented tool enables full numerical 
computation of analytical results starting from the physical data and 
parameters describing the pilot and will form a key part of the functionalities 
featured in the overall energy management platform. 

The provided UML diagrams prove that the presented software module 
has grown to a high maturity level both as a stand-alone Java application 
and/or as module for integration with another Energy Management 
Software. Finally, since the module has been employed to model the Airport 
Nikola Tesla Terminal building as pilot, which takes into account the specific 
requirements and peculiarities of such complex building, it proved its 
robustness and readiness for industry applications. 
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