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Intelligent Control of Energy Conversion and 
Storage Systems Laboratory – S403

• The lab is dedicated for teaching and research in connection with our Master 
Program “Green Energy Technology” but can also be use by Bachelor and PhD 
students with electrical, electronics and computer science specializations. 

• The lab is equipped with state-of-the-art and new technology (software and 
hardware) regarding electric power engineering, power electronics, renewable 
power generation and Smart Grids;

• Training systems on the generation, distribution and management of electrical 
energy contains smart measuring instruments, which avail of various 
communication interfaces (e.g. LAN, RS485, USB) and control elements: SCADA 
Power Engineering Lab software tools for the intelligent control and evaluation of 
the "Smart Grid" with soft PLC. Didactically designed SCADA software permits 
investigation of dynamically alternating loads and power generation inside the 
laboratory, intelligent energy management, and modular integration of renewable 
energies into the smart grid using protective engineering, wind power plant with 
doubly-fed asynchronous/induction generator (DFIG) with mains synchronization 
and interactive multimedia training course.



Setups and trainers 
• It contains more than 10 setups/trainers with Renewable Energy Sources (PV, WT),

Storage Systems and Power Electronics Converters for Electric Drives applications,
Energy Efficiency in Smart Buildings and Smart (Micro) Grids, as it is shown in Figs
below.



Professional Photovoltaic Trainer
• This solar trainer allows the passage of the 

sun to be simulated realistically. This 
makes it possible to conduct experiments 
in the lab in practical fashion without any 
need for the sun itself. The design of 
photovoltaic systems operating in parallel 
with the electric power grid is realistic. 

• In order to stabilize the electricity grid, the 
techniques of derating the power inverter 
and controllable local transformers are 
used. 

• Knowledge and practical skills along with 
computer-based assessment of measured 
data are made possible by the professional 
photovoltaics multimedia course along 
with SCADA Power Lab software and 
MATLAB-Simulink.





Maximum Power Point Tracking Algorithms 

• Perturb & Observe (P&O)
• Incremental Conductance (IC)
• Fuzzy Logic Controller (FLC)
• Grey Wolf Optimization (GWO)
• Particle Swarm Optimization (PSO)
• Artificial Neural Network (ANN)
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Fuzzy logic MPPT

Incremental Conductance MPPT

Perturb & Observe MPPT





Conventional Phase-Locked Loop & Synchronous Rotating
Reference Frame PLL implemented in MATLAB-Simulink

PLL

SRF-PLL



Optimizing photovoltaic systems under partial shading: 
A comparative study of advanced MPPT and ANN algorithms
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Future PV 
Application 
Trends

AgriVoltaics
Building-Integrated PV (BIPV)
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Partial shading scenarios
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Small wind power plant trainer
• Small wind power plants up to approx. 5 kW 

power are being deployed today for 
decentralized power supplies. These plants 
generate DC voltage. The energy can be 
stored in accumulator batteries using charge 
controllers. Inverters are used to generate 
AC voltage for operating consumers 
requiring the standard electricity supply 
voltage. The effects of wind power and the 
mechanical design of wind power stations 
can be emulated down to the last detail 
using the servo machine test stand and the 
software packages WindSim and MATLAB-
Simulink. The corresponding Interactive Lab 
Assistant Multimedia course imparts 
knowledge, provides interactive experiment 
setup support and allows for PC-assisted 
evaluation of the measurement data.











Battery Storage System as energy efficiency solution in Interactive Buildings
• Training contents:
• Design and installation of the 

battery storage unit
• Putting the storage unit into 

operation
• Remote control of energy storage 

units using SCADA software
• Optimizing operating response 

through smart consumers (loads)
• Storage unit integration into a smart 

grid
• Investigation of battery storage 

units in conjunction with 
Photovoltaic (PV) systems, Wind 
Power Plants;



Power electronics converters topologies. AC/DC, DC/AC and DC-DC converters





Power electronics and electric drives 
setups



Electric drives with DC and AC motors. Real-time digital simulation and 
designing drive controllers using MATLAB-Simulink.



Full Electric and Hybrid Vehicles



Wireless charging systems



BEMCS Design 
and 
Development





Mathematical 

Modelling

Mathematical modelling and validation of the energy balance equation of the Høiax EWH using 

MATLAB / Simulink 

Real Time 

Interface

Sensor signals conditioning and data acquisition 

Interfacing the signals with RTI based GUI with dSPACE - ControlDesk for testing and validation

Algorithm 

Development

Development of estimating the heater parameters and execute the logical sequences for controlling 

the heating element ON / OFF

Cloud

Communication

Development of gateway-based communication between the EWH (User) and the EWH 

(DOITSMARTER-Plug in device) through cloud communication

EMS / BEMS
A smart meter for buildings will be deployed which is capable of BEMS 

Proposed to develop an add on / plug and play kind of model for the existing EWH without 

compromising more on the signal connections

Electric Water Heater/EWH-Modeling, Simulation & Testing



Modeling Approach of 
Electric Water Heater

• a) lower and upper heating 
elements
• b) hot water outlet
• c) cold water inlet 
• d) Regular disks 
• e) mixing zone disk
• f) top disk
• g) bottom disk



Dynamic Modeling Equations for Electric Water Heater

Regular disk Mixing Zone Disk

Top disk
Bottom disk



Simulation Results of Electric Water Heater



Model Validation



Experimental EWH setup / NxTech Lab



Experimental data analytics



Electric 
Water Heater

Cloud
Data Access 
Management 

Smart House User Control 

DOITSMARTER - Controller

Basic Block Diagram Representation of the planned objectives



Workflow of the proposed objectives

Plug-in Sensors 

Temperature Sensors

Status of Heating 
element

Current Sensor

Water Flow sensor

Previous data 
from the cloud

ControlDesk GUI Model 

Mathematical Model

Simulink Model 

Algorithm
Execution

Estimation

Previous data 
from the cloud



IoT Platform Overview for Building Energy Management 
and Control System’s Design and Development​



IoT Lab 
Platform 
Design and 
Development



IoT Lab Platform Components Overview



Smartphone App Design and 
Development



Smartphone App 
Demo Case



PV Simulator Setup-HIOF Lab



Realtime PV data synchronized with the APP



Smart APP developed for DOITSMARTER project



Smart APP developed for DOITSMARTER project



Lab facilities-DER components in a Smart (Micro) Grid 
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