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1. Introduction
To integrate the practical cooperation with industry and to enable the students getting to real
cases, at each HEI in South Africa an immobile “Open Lab” and “Mobile Lab” which reflects
the special competence in one or more renewable energy topics will be designed. Each
European HEI’s will bring in their special expertise in the different fields of renewables and
their experience in “Open Labs”. The project will enable the remote use of the “Open Lab”.
Students from one HEI can use the special laboratory of one of the other HEIs. They can plan
the experiment, follow the experiment and analyse the results. With this method even
common experiments with students from two or three HEIs can work commonly on
experiments. Even the European students can access the “Open Labs” for experiments.
Defining the remote labs in a manner which address the identified GAPs and other use-cases,
the following aspects and requirements are briefly introduced.
It is planned to have:
•

•

•

One renewable “Off-Grid Lab” where students can do research on demanding off-grid
systems as Solar-Home-Systems of Mini-Grid-Systems. The students learn based on
real case studies e.g. how to design a mini-grid system for rural areas.
One renewable “Smart-Grid Lab” where smart energy systems can be analysed and
developed. The students can learn based on the real case problem of power cuts, how
a smart system with can minimize or avoid power cuts.
One “Renewable Energy Sources Lab” to analyse different renewable sources under
different conditions. The students will learn how available technologies can be
analysed for application in SA. E.g. solar cells behaviour strongly depend on
environmental conditions as temperature, not all technologies are suitable for SA
conditions. To keep the efficiency of a system, solar modules have to be cleaned from
dust. Different technologies and methods will be analysed.

1.1. Accessibility
Key factors controlling accessibility are the Internet connection bandwidth and the client
software/hardware prerequisites. These issues will be addressed through the use of a
standardized, platform, i.e. Texas Instruments LabVIEW software and hardware.
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1.2. User interface design (web-access)
The remote infrastructure should interfere as little as possible with the user’s interaction with
the apparatus, i.e. the user must feel that the interaction is genuine. Building the interface in
LabVIEW solidifies the scientific approach and poses a familiar platform to students and
industry alike.
1.3. Interactive (on-site)
To engage the public and create awareness in terms of basic energy conservation interaction
with a digital twin can strengthen the experience. This aspect will be delivered by creating a
digital twin of the open lab which will be loaded on a number of tablets for
education/awareness campaigns.
1.4. Reliability
Refers to the remote laboratory infrastructure which should be designed to have fault
tolerance so that a failure or malfunction of a single component will not inhibit the
experimental results. The systems, which will facilitate teaching, research and industry
testing, will be equipped with local (on-site) data logging capabilities.
1.5. Maintainability
The use of off-the-shelf hardware and standardized, well-supported software technologies
will help ensure a maximum operating life of the laboratory. Both of the labs are modular in
design in terms of their hardware. The systems will be governed by the developed software
and algorithms.
1.6. Sustainability (power)
The laboratories will be capable of maintaining their operational status through power disturbances.
The Open lab will have a limited power-cut operational duration of at least 2 hours. It is expected this
may be significantly longer. The Open lab will typically apply multiple state-of-the-art battery
technologies.
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2. Off-Grid lab
The lab identified for remote access by all partners, i.e. educational and industrial is lab.135 in the
CUT engineering building. It contains micro-grid system which is powered by a combination of solar,
wind and battery power. Figure 1 shows the basic system layout with the following specifications,
•
•
•

5kW stand-alone inverter;
1.3kW Solar PV grid-tie inverter;
1.0kW Wind turbine with grid-tie inverter;

•
•

1.8kW Solar PV battery charging system;
24V/200Ah GEL battery storage.

It is proposed to enhance the laboratory by including test and measurement equipment on all
circuits in the micro-grid and allow for the remote access and monitoring of the system. For safety
reasons administrative rights will only be granted on request for higher level
users/researchers/industry partners. A summary of the use-cases and corresponding requirements
for the remote lab is as follow:
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Table 1 Technical requirements and use-cases for the off-grid lab
Technical requirements

Remote Lab use-cases

Accessibility User interface Interactive
Mobility
(remote)
(web)
(on-site) (X-terrain) Reliability Maintainability Sustainability

Academic teaching - Off-grid
systems, mini-grid systems and
1 energy flow management

X

Research - Reaction to grid
2 disturbances

X

Industry: Test and evaluation of "Any
3 Grid" technologies

X

Industry open laboratory - training
customers, simulation of systems
4 and technology testing

X

X

X

X

X

X

X

X

X

X

X

X

2.1. Preliminary budget
A preliminary cost estimation for the majority of hardware components is as follow:
Table 2 Component list and prices for the off-grid lab

CUT open Lab
Qt
y

Price

Total

1

R16.000,00

R16.000,00

R16.000,00

€ 913,24

1

R16.741,50

R16.741,50

R16.741,50

€ 955,57

GEL battery 12V/240Ah
Lithium3.55kWh battery
48V

4

R6.000,00

R24.000,00 € 1.369,86

4

R26.000,00

R104.000,00 € 5.936,07

2

R81.650,00

6

Super capacitor core
Insullation transformer (1:1
/ 5kVA)

R24.000,00
R104.000,0
0
R163.300,0
0

1

R23.500,00

R23.500,00

R23.500,00 € 1.341,32

7

Protection & metering

2

R22.000,00

R44.000,00

R44.000,00 € 2.511,42

8

Connectors & cabinets

3

R7.500,00

R22.500,00

R22.500,00 € 1.284,25

9

IoT hardware

R2.500,00

R5.000,00

10

Cabelling & trunking

2
20
0

R250,00

R50.000,00

Item
1
2
3
4
5

Component list
Lab 135 upgrade
(ventilation)
Phocos 5kW Anygrid
inverter (La

IT
equipment

Hardware

R163.300,00 € 9.320,78

R5.000,00

€ 285,39

R50.000,00 € 2.853,88
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11

Touch screen 65"
(Hisense)
Multimedia camera &
interface

1

R38.500,00

R38.500,00

1

R2.600,00

R2.600,00

R2.600,00

€ 148,40

1

R25.900,00

R25.900,00

R25.900,00

€ 1.478,31

1

R15.000,00

R15.000,00

R15.000,00

€ 856,16

15

PC server for Remote lab
Software app. (IoT data
aquisition)
Software app. (data
integration - LabView)

1

R25.000,00

R25.000,00

R25.000,00

€ 1.426,94

16

Wifi router/extender

1

R5.500,00

R5.500,00

R5.500,00

€ 313,93

17

RS485 transmitter/receiver

2

R3.500,00

R7.000,00

R7.000,00

€ 399,54

18

Certification

2

R9.000,00

R18.000,00

R18.000,00 € 1.027,40

19

Delivery of components

10

R1.000,00

R10.000,00

R10.000,00

12
13
14

R38.500,00 € 2.197,49

€ 570,78

20
21

Miscellaneous
R81.000,00

R535.541,50

This is well within the allocated budget of €2900 for IT infrastructure and €90,000 for laboratory
equipment. An additional €20000 is estimated for sub-contracting construction and development.

35.190,72
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3. Smart Grid lab
The use case allows doing real-life tests of a smart grid using renewable energy sources, a real grid
infrastructure, energy storage systems and a number of loads like a heat pump or an electric vehicle
charging station. Comparative research on a real smart grid
•
•
•
•
•
•
•

Balancing power generation and consumption
Voltage control
Interactions between electrical devices
Demand Side management
Energy and Efficiency analysis
Simulation of different grid condition
Given the generic nature of the used software, this assembly will be ready for the
integration of further research configuration. Main principles of modelling and
communication using IEC-61850 with MMS could be easily integrated and used for a
first outlook into the world of future grid integration according to the results of the
work at EU M/490 (CEN-CENELEC-ETSI SGCG 2012a, b, c).

•

Figure 2 Design of the Smart Grid lab
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A multi-step implementation of a remote lab will provide a
Operative smart grid lab which is equipped with photovoltaic systems, an entry-level fuel cell system,
battery storage, a DC distribution grid including all measurement and control functionalities realized
in LabVIEW, and a range of DC loads. The basic package will be accessible via VPN-tunnels / Remote
Desktop applications amongst project partners. The execution of the tests have to be done together
with staff of FHTW.
Technical requirements are listed below:

Table 3 Technical requirements and use-cases for the smart grids lab
Technical Requirements
Remote Lab use cases
Academic activities( teaching &
learning, research )
Research- Reaction to grid
disturbances
Industry: Test and evaluation of
"Any Grid" technologies
Industry open laboratory training customers, simulation
of systems and technology
testing

User
Accessibility
interface
(remote)
(Web)

Interactive
(on-site)

Mobility
(XReliability
terrain)

X

X

X

X

X

X

X

X

X

X

X

X

x

x

x

x

x

x

x

x

x

x

x

x

Maintainability Sustainability

DUT open Lab
Component
PV array (5 kW peak power, large area high efficiency
panels)
[Include facility for roof-mounting in the S8 Block, above 5th
floor]
5 kW grid-tied inverter
MPPT and battery balancing units
Smart grid control interface including desktop computer
5 kWh, 48 V Lithium ion battery bank
DC-DC programmable converter
Multiple technology battery optimization testbed
Overcurrent and overvoltage protection unit
DC appliances (typical home/office)
DC E-drive loads

Qty

Hardware (Euro)
4 000.00

1
1
1
1
1
1
1
1
3
3

2 200.00
1 400.00
1 100.00
2 700.00
730.00
6 000.00
250.00
1 000.00
3 000.00

Smart loads

3

2 000.00

Real time digital simulator for smart grids

1

22 180.00

IT
Equipment
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Grid quality measurement data acquisition
LabVIEW software (with hardware sensors & actuators/IoT
sensors)
IT infrastructure (include router and server)
Cabling
Touchscreen tablets* (for knowledge dissemination and
training)
TOTAL

1
1
1
1
10

4 000.00
1 500.00
900.00
500.00
3 350.00
54 560.00

4. Renewable Energy Sources Lab
Electrical power engineering lab will be used for Virtual lab. At the moment it is equipped with the
following:
•
•
•

Solar PV training modules, with a deep cycle batteries, smart charger, inverter and a fixed
solar panel array
Solar/wind energy modular trainers
Smart grid with Transformers

It is proposed to improve our lab by including PV, wind, Hydro to the existing smart grid to make it a
Renewable energy lab. This smart grid is equipped with SCADA system for monitoring and control, it
also supports internet interface, this will give the students access to the virtual lab. To install a web
camera for students to be able to see the lecturer when he/she is doing physical connections during
lab sessions. Data will be collected and stored on the server and the users will be able to access it.
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This Smart Grid is a system for an "intelligent distribution" of electricity, able to know the
consumption of the various end users and to manage the generation and distribution of electricity
according to demand.

It is a perfect system for teaching and involving students in experimental engineering problems.
Besides, the student can deal with ecological and economic problems. It supports remote access,
with SCADA systems to supervise, control, optimize and manage the systems for the generation and
transmission of electrical energy as well as the distribution networks.
They allow collecting, storing and analysing data from multiple data points in national or regional
networks, to model networks, to simulate operations, highlight faults, prevent them and finally
participate in the energy markets.
Technical requirements are listed below:
Table 4 Technical requirements and use-cases for the renewable energy source lab
Technical Requirements
Remote Lab use cases

Accessibility User
(remote)
interface
(Web)

Interactive Mobility
(on-site)
(Xterrain)

Reliability Maintainability Sustainability

Academic activities( teaching
& learning, research )

X

X

X

X

X

X

Research- Reaction to grid
disturbances
Industry: Test and evaluation
of "Any Grid" technologies

X

X

X

X

X

X

X

X

X

X

X

X

Industry open labaoratory training customers, simulation
of systems and technology
testing

X

X

X

X

X

X

TUT is also looking into Solar simulator with a module that simulates different cell configurations and
defects. Both the module configurations and the simulator are controlled online. Control software is
LabVIEW-based.
Including:
-

computer controllable LED-based solar simulator 30 x 30 cm, solar modules with switchable
defects, temperature sensors in the module (approx. 4000 EUR)
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-

Ethernet capable and computer controlled power supply for the solar simulator (1,5 kW,
approx. 3300 EUR, not necessary if available)

Not included:
Curve tracer or source meter to make measurement and acquire solar cell I-V characteristics.
Possible types: Keithley 2460, or similar. To be discussed. Range from 2500-7000 EUR. Not necessary
if available. Very versatile measurement instrument, can be used also for a wide variety of other
purposes.

Figure 5: 30 x 30 cm LED based solar simulator sketch
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Figure 6: PCB plan of LED based solar simulator lighting panel

Figure 7: 3D-view of a 4 cell module with switchable configurations (series, parallel connection, bypass diodes) used in our
lab courses. Design can be adjusted to the specific requirements.
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4.1. Preliminary budget
A preliminary cost estimation for the majority of hardware components is as follow:

Table 5 Component list and prices for the renewable energy source lab

TUT open Lab
Hydro Electrical System
Smart grid Interface and SCADA modular
system
Photo Voltaic modular system
Web camera and interface
IP230 60V 40 A 2400 programmable supply
LED based solar simulator 30x 30cm
Keithley 2460 source meter
Digital module for power measurement and
waveform acquisition
IT infrastructure Routers
laptop server
PC server
Cables, connectors and Cabinets
handheld thermal camera

Qty
1
1
1
2
1
1
1
1
2
1
1
2
1

Hardware Price
IT Equipment Price
R356 500.00
R241 753.00 R4 998.00
R281 750.00
R1 999.00 R 1 998.00
R30 000.00 R1 999.00
R67 000.00
R40 000.00
R95 470.70
R13 384.00
R16 500.00
R17 000.00
R5 000.00
10 995.00
Total value in Rands
R 1 148 667.
Total €
€ 66 422.50

Total value in Rands
R 22 379.00
Total €
€ 1292.27

5. Summary
The technical requirements and the component list of each South African and European HEI for
“Open Lab” are described. The project will enable the remote use of the “Open Lab”. Students
from one HEI can use the special laboratory of one of the other HEIs. They can plan the
experiment, follow the experiment and analyse the results. With this method even common
experiments with students from two or three HEIs can work commonly on experiments. Even
the European students can access the “Open Labs” for experiments. The costs are well within
the allocated budget of €2900 for IT infrastructure and €90,000 for laboratory equipment
(mobile and open lab) of each University.
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6. Contacts

Project coordinator
THU Ulm University of Applied Sciences (UUAS)
Address: Prittwitzstr. 10, 89075 Ulm, Germany

Work Package Leader
P4 Central University of Technology, Free State (CUT)
Raath, J.H., Lecturer
Address: Pres. Brand Street, City central, Bloemfontein, 9300
Email: jraath@cut.ac.za
Phone: +27824603817

7. Appendix A
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Hydro Electrical System

Photo Voltaic Modular System
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Internet interface & SCADA Modular System

