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Начин коришћења:  
У оквиру овог техничког решења развијен је систем за оптималну контролу и управљање 
енергетским ресурсима у оквиру комплексних инфраструктура са различитим изворима, како 
електричне тако и термалне енергије, на бази претходно развијеног софтверског модула за 
интегралну оптимизацију. Поред различитих извора енергије систем укључује и управљање 
постојећим складиштима енергије, као и потрошњом енергије и спрегу са спољашњом 
енергетском инфраструктуром. Систем је реализован у оквиру модула за управљање 
микромрежом у реалном времену у оквиру SOFIA окружења (µGM - microgrid manager) и има за 
циљ максимално искоришћење доступних енергетских ресурса уз минималне трошкове 
експлоатације енергетске инфраструктуре. Развијено решење примењено је на Аеродрому 
Никола Тесла у оквиру Терминала 2, и то у чекаоницама А2-А6, узимајући у обзир постојећи 
систем за КГХ на бази roof-top јединица. 
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Introduction	
Global trends in energy policies have fostered the development and adoption of novel 
technologies, control paradigms and management techniques for improving general system 
performance and attaining long-term objectives set forth in terms of environmental targets and 
economic constraints. Combining the features borne by typically large, dispatchable and 
conventional energy sources with those of relatively small, intermittent renewables to run the 
system in the most effective way has become an issue of increasing relevance, not only at a 
grid level but also on the scale of industrial, commercial and even residential installations. Such 
issues are further complicated by the fact energy networks for different carriers (e.g. electricity 
and gas) will foreseeably be more closely interconnected in the future due to the presence of 
novel conversion units, and storage devices will also be commonly deployed and operated. 

The problem of how to deal with such an assorted set of components, technologies and 
boundary conditions is often referred to as the energy dispatch problem in the literature, and 
novel formulations have been derived over the course of the last decade in order to adapt it to 
the requirements of distributed generation units. One such solution was proposed in terms of 
the concept of Energy Hub modelling [1], which leverages the potential of a specific, 
constrained set of energy assets – referred to as a Hub - to provide the optimal energy dispatch 
for a given demand.  It takes information related to the price and availability of external energy 
carriers, the forecast of expected renewable energy contribution, the physical characteristics of 
conversion units and storage devices present on-site and the load prediction as input to solve 
the problem of determining the optimal energy procurement and technology utilization. 

In parallel, recent research work has also focussed on removing the assumption that the load is 
given and fixed and on investigating viable demand side management (DSM) approaches that 
dynamically adjust the load, within given bounds, in order to fulfil or improve a specified 
performance requirement. These methods yield additional flexibility and introduce new 
degrees of freedoms in novel energy management approaches, since the load had otherwise 
been assumed to be passive and static in classic formulations. 

The approach proposed in this technical solution aims to provide a holistic approach integrating 
both energy supply side optimization and demand side management to attain an improved 
degree of operation of the facility within the given constraints. Such an approach has in general 
received somewhat less attention in the literature, but was already proposed in [2] for 
application within a local energy utility. Work done in [3] employs an integrated energy hub 
and DSM scheme for the valuation of infrastructure and asset investment, whereas [4] models 
a demand response approach in terms of heat storage units. In [5] the interaction among “smart” 
energy hubs operating within the framework of an integrated DSM program is formulated as a 
non-cooperative game, and [6] illustrates a comprehensive modelling approach focussed on 
residential loads. 

With respect to the foregoing references the present work employs a conceptually similar 
approach by jointly optimizing both the supply and demand-side of a chosen energy system, 
where the latter is represented by an existing building complex equipped with operational on-
site hardware and measuring devices. The heating dynamics of the building are explicitly 
modelled and employed to derive a suitable DSM constraint formulation in terms of admissible 
thermodynamical requirements. A predictive optimal control algorithm is employed to 
minimize operating costs, and by using data and measurements from real-life operating 
conditions it is shown that simultaneously acting on both supply and demand can lead to a more 
advantageous operating profile over the selected temporal horizon. The overarching objective 
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of the presented work is to show the quantifiable energy cost savings potential of a real world 
use-case that can be achieved with the proposed approach. 

Energy	infrastructure	modelling	
The framework for modelling of energy infrastructure is based on energy hub concept, which 
is a form that is amenable to and suitable for the formulation and solution of generic 
optimization problems, by accounting for available energy carriers, power conversion potential 
and installed storage units. The chosen approach, which was adapted from [6] , and used in [7] 
for the purpose of energy hub investment analysis, can be schematized as depicted in Figure 2. 

The basic modelling block consists of sequential input, conversion and output stages. Energy 
flows enter the hub as Pin, and power can be either stored at the input stage (if storage facilities 
are available) as Qin or immediately dispatched (through the dispatch element Fcin) to the 
converter stage C as Pcin. The converter output Pcout  can then be exported as Pexp, and the 
net remaining output Pout is forwarded (via the dispatch element Fout) to the output stage 
where it is either stored as Qout or immediately employed to meet the load demand L. 

Furthermore, the above description refers to a single block, as depicted in Figure 2, which 
already allows for the modelling of several and diverse energy assets. In order to account for 
other, possibly more complex or elaborate topologies, it is also possible to place several such 
blocks in sequence, as shown in Figure 1. The input to a successive block is taken to be equal 
to the output of the preceding block, so that for two consecutive blocks the first sees the second 

as a load. 

 

Energy	management	system	implementation	
Among the applications of generic SOFIA platform a deployment of a holistic Energy 
Management System (EMS) (aka SOFIA µGM platform) is found. A generic infrastructure 
was instantiated to support the needs of the specific domain of application, i.e. energy 
management in this case. Hence, the EMS was implemented according to a comprehensive 
architecture depicted in Figure 3. It consists of three main parts, starting with a “Pre-
processing” stage, the key component of which is the Forecaster module which takes into 
account the weather forecast, historical energy demand data, models of different renewable 
energy sources and applicable pricing schemes to produce all input data required by the energy 
dispatch optimization. The following stage is labelled “Scheduling/ Optimization” and contains 
an overall mathematical model for the given energy infrastructure together with routines for 

Figure 2: Block schematic of energy hub 
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simultaneous numerical optimization of supply and demand side variables, as described in 
previous sub-section. Lastly, the “Management and Control” block assesses the optimization 
outputs and performs the desired control actions by acting on the automation and control system 
(i.e. SCADA). 

For the data acquisition and control, the existing, proprietary, SCADA system developed by 
the Institute Mihajlo Pupin was used. The SCADA system collects the data from a wide range 
of low level devices, starting from mini RTU pAtlas (custom-made by IMP) placed in DC and 
AC cabinets, ATLAS MAX PLC units (custom-made by IMP) placed inside the cabinet for 
heat source selection, sensors for meteorological parameters (solar irradiation, wind speed and 
velocity, temperature of solar panels), wireless power meters electricity consumption 
monitoring, ultrasonic level meters for mazut consumption monitoring, ultrasonic calorimeters 
for heat consumption monitoring, communication busses for the inverters (supporting 
ModBus) and finally a main electric meter (supporting DLMS protocol). Furthermore, SCADA 
system communicates with all aforementioned devices, acquires the data and acts on the 
switches, thus allowing for the remote control of actuators. 

 

Furthermore, the developed EMS called for development of appropriate software interfaces 
between heterogeneous measurement equipment, existing data middleware and 
Scheduling/Optimization module. These interfaces were developed as independent software 
artefacts and support wide range of communication protocols and frameworks. Owing to their 
generic implementation they offer high flexibility and a wide range of applications, beyond the 
scope of the developed EMS. 

The main feature of this technical solution, however, lies in the development of Scheduling and 
Optimization module, responsible for deriving control actions and offering decision support 
for planning activities. This module contains a custom designed optimization engine which is 
intended for both energy infrastructure operation optimization, focusing on minimization of 
energy costs, as well as for planning optimization aiming at discovering optimal sizing of units 
in a given infrastructure topology. It allows user to design an energy infrastructure topology, 
with available energy carriers and conversion units, and add information about the applicable 
pricing and user’s energy consumption habits. 
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Figure 3: Integrated multi-carrier EMS 
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The module was first prototyped in Matlab® environment by defining a linear program aiming 
at minimization of hub’s operation costs. The optimization problem itself is solved by porting 
the model to IBM ILOG CPLEX®. Having in mind that this engine offers the core functionality 
of the overall technical solution, a seamless integration with the rest of software components 
was required. Since the rest of the system was designed with respect to the object oriented 
paradigm, the development of business logic of Scheduling and Optimization module was 
based on Java Enterprise Applications (EAR). 

Without going into further technical details related to the EMS implementation, the following 
sections will focus on the use case where the overall solution was deployed and tested, followed 
by the EMS performance validation results. 

Use	Case	
The developed technical solution was foreseen for implementation within a specific, targeted, 
areas of Nikola Tesla Airport – NTA (Terminal 2, gate area A2-A3) and corresponding 
technical systems with intensive energy consumption (namely, the roof-top units of the central 
HVAC system serving the gate area A2-A3). Given the fact that NTA represents a critical 
transportation infrastructure which operates 24/7 and is subjected to numerous rigorous 
comfort, safety and security regulations, it is mandatory that any interventions on its plants 
have to be previously tested and approved by the corresponding authority. This means that 
before installing any new equipment (SOFIA µGM platform in this case) in the airport, it is 
first required to have the proposed solution tested and validated and finally approved by the 
airport authorities. Therefore, a test-bed platform was first set-up within the premises of 
Institute Mihajlo Pupin (IMP). The rationale for adopting IMP as test-bed platform lies in the 
fact that NTA and IMP have quite similar energy infrastructure (i.e. same energy carriers, both 
use fuel oil-mazut for heating and electricity from the same provider). Even more, the IMP 
represents even more comprehensive pilot having in mind the 50kWp Photovoltaic Power Plant 
(PVPP) installed at the IMP roof-top thus allowing for even more complex energy dispatch 
optimization. 

The focus for the deployment of the presented approach is one of the representative buildings 
within the campus (commonly referred to as the “Blue building”), featuring a number of offices 
and a workshop. This building was selected because it allows for the unambiguous assessment 
and validation of the impact of the applied control/operation strategies. The heating 
requirements of the Blue building are primarily served by hot water radiators or, alternatively, 
by existing A/C units. Hot water is delivered either from the common thermal plant or from the 
local electric boilers. In case of the former, the water is heated by two Djuro Djakovic boilers 
(2x1MWt) that burn the fuel oil (mazut) to deliver steam which is then fed to the APV Baker 
AS - K34 heat exchanger (1MWt), by means of which consequently the water is heated. The 
latter option directly employs three Ei ETK-24 electric boilers (24kWe each) to generate the 
hot water. Switching between the two heat sources is an automated process performed by two 
remotely controlled servo motors which operate the designated valves and open/close the 
appropriate branch. Concerning cooling, there is no centralized system/plant (e.g. chiller unit) 
due to the old age of the buildings and associated infrastructure. Therefore, the cooling 
requirements are served by the six Midea MEH-30LiH2 (30kBTU) A/C units distributed 
throughout the building.  

In addition to energy drawn from the power grid electricity is also supplied by a local PVPP 
consisting of 180 Suntech STP280-24/Vd panels with a rated power of 280W each, yielding a 
total peak power of around 50kWp. The produced DC electricity is transformed to AC using 
three inverters, two REFUsol (15kW) and one Schneider Electric (20kW). The total supplied 
electricity is then employed for satisfaction of the electrical load or also for cooling and heating 
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purposes. Both locally produced and imported electricity can either be employed for immediate 
load fulfilment or temporarily stored. The layout of the Blue building, together with the shared 
on-campus energy infrastructure, is represented in the form of an energy hub, as depicted in 
Figure 4. The figure contains photos from the actual plants and equipment present on site. 

 

System	performance	validation	
For the sake of validation of the proposed SOFIA µGM platform an offline scenario based on 
actual measurements was selected. Although the system while in operation typically relies on 
forecasted data, to derive control strategies for next day(s), the aim was to objectively evaluate 
the system performance by avoiding interferences or uncertainties resulting from forecast 
errors (e.g. meteorological conditions, energy demand) and thus historical measurements from 
a common winter day were used.  

The optimization results are depicted in Figure 5 while the performance comparison between 
the baseline operation strategy, where no optimization was conducted, and strategies obtained 
from SOFIA µGM is summarized in Table 1. The proposed EMS approach achieves quite 
significant cost savings considering that no capital investment was included (e.g. retrofit of 
boilers, installation of new equipment etc.). However, the actual performance of proposed EMS 
is strongly influenced by the availability of energy supply carriers, dynamic pricing scheme 
and the corresponding energy demand profile. 

 

Figure 4: IMP test-bed platform 

Table 1: Optimisation results – Actual scenario (IMP test-bed platform) 

Operation strategy Baseline SOFIA µGM 

Cost [c€] 358.82 319.96 

Saved [%] 0.00 10.83 
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Conclusion	
This technical solution represents a holistic energy management system, known as µGM, which 
was developed on top of a generic SOFIA platform. The solution combines various software 
developments throughout the course of SOFIA project by integrating them into a 
comprehensive software system that is able to operate energy infrastructure in an optimal way. 
Using its own set of S/W interfaces, the system relies on the hardware already available on site 
and the existing SCADA system used for data collection, supervision and control of terminal 
units. On one hand, the core objective of the system was to ensure optimal management of 
energy resources in operational scenarios while in the other the system aims at offering decision 
support for energy infrastructure retrofit and planning. 

By leveraging on the state of the art energy infrastructure modelling approaches, such as 
Energy Hub, the developed system offers a generic and flexible tool for optimal management 
of energy resources. The applicability and cost saving potential of the proposed solution was 
demonstrated in a real world setting, in one of the buildings of the IMP campus. The deployed 
solution achieved almost 11% of cost saving and showed high flexibility in the integration with 
onsite SCADA system. 

 

 

Figure 5: Optimization results for SOFIA µGM operation strategy (IMP test-bed platform)
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The revised technical solution represents a holistic energy 
management system (called µGM) developed under the existing SOFIA 
platform. The presented developments indicate the existence of a mature 
prototype of EMS capable of managing energy resources in an arbitrary 
infrastructure in an optimal way. Furthermore, the solution is able not only 
to improve the operational efficiency, by decreasing energy costs, but also to 
serve as decision support in cases of retrofit and investment appraisal in 
energy assets. 

The maturity of the developed prototype is further proved by a real 
world demonstration and achieved cost savings of almost 11%. Although the 
authors indicated that this figure may vary depending on the actual energy 
infrastructure topology and applicable pricing, it is nevertheless an 
impressive result given that no capital investments were considered and that 
the entire benefit came as a result of smart energy management decisions. 
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