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AEL-PHVGC
COMPUTER CONTROLLED PHOTOVOLTAIC POWER PLANTS APPLICATION, WITH SCADA

TENDER SPECIFICATIONS (for main items)
1 AEL-PHVGC Unit: 

 • N-ALI01. Industrial Main Power Supply Module.

       Supply voltage: 400 VAC, 3PH + N.

       ON / OFF removable key.

       Output voltage connections:

           Three-phase + Neutral: 400 VAC.

           Single-phase: 230 VAC.

       Three-phase supply hose with IP44 3PN + E 32 A 400 V connecting plug.

       Differential magnetothermal, 4 poles, 25 A, 30 mA AC 6 KA.

       Emergency stop push-button.

Required elements (at least one is required) (Not included):  

  PHVGC-K1. Photovoltaic Modules Analysis Kit. 

    • PESS. Photovoltaic Module with Solar Path Simulation. 

           Photovoltaic panel: 

               Nominal power: 20 W.

               Voltage at maximum power: 17.8 V.

               Open circuit voltage: 22.25 V.

               Nominal current: 1.12 A.

               These values may vary according to manufacturer.

           Halogen lamp: 500 W.

    • N-EAL-DC. DC Network Analyzer Unit.

           DC analyzer. 

           DC voltage measurement: 0 – 100 VDC.

           DC current measurement: 0 – 10 A.

           ON / OFF switch. 

           Connection terminals.

    • N-REV01. Single-Phase Variable Resistor Module 0-700 Ohm. 

           Variable resistor of 0 – 700 Ohm.  

           Maximum power: 500 W. 

           Potentiometer. 

           Fuses: 2 x 6.3 A. 

           Terminals: 

               Three terminals to choose maximum resistance or variable resistance. 

  PHVGC-K2.Three-Phase Photovoltaic Power Plants Kit in Parallel with the Grid.  

    • N-EALD. Electrical Network Analyzer Module with Oscilloscope and Data Acquisition.

The network analyzer module allows fulfilling measurements, displaying and analyzing all the parameters of the AC electrical networks. It has an LCD screen and push-buttons for the navigation through the different menus. It includes specific software for monitoring current and voltage curves, harmonics display, tariffs programming, alarms programming and electrical parameters storage. 

           Features: 

               Multifunctional three-phase power meter:

                   Three-phase and single-phase voltage. Up to 690 VAC L-L.

                   Line and neutral nominal current: 10 A.

                   Active, reactive and apparent power.

                   Suitable frequencies: 25 Hz, 50 Hz, 60 Hz and 400 Hz.

                   Display of the V-I vector diagram. 

                   Supply voltage: 85 – 265 VAC.

               Energy quality control:   

                   Current and voltage individual harmonics measurement. Up to the 40th harmonic. 

                   Voltage and current THD, TDD and K-Factor.

                   Maximums and minimums display.

                   Waveforms display, 128 samples/sec.

           Events and data storage: 

               Harmonics analyzer:

                   Voltage and current THD, current TDD and K-Factor, up to the 40th harmonic. 

                   Current and voltage harmonic spectrum and angles.

               Tariff programming: 

                   Class 0.5S IEC 62053 – 22, active and reactive power in four quadrants. 

                     Measurement of the total and per phase three-phase active, reactive and apparent powers.

                   Usage time, four energy/demand records of total tariffs.

                   Eight tariffs, four seasons and four types of days.     

                   Automatic daily report of energy consumption maximums and minimums. 

               Communications:

                   RS – 485 communication port.
    • PSPS/A. Advanced Panel Simulator Power Supply.

           This power source allows carry out the programming of characteristics curves of photovoltaic panels.

           Open circuit voltage: 500 V.

           Closed circuit current: 10 A.

           Power output: 1500 W.

    • N-REVT/1K. 1kW Three-Phase Variable Resistors Module.

           Three banks with three-phase variable resistances of 150 – 500 Ohm.

           Supply voltage: 3 x 150 – 500 Ohm. 

           Fuses: 3 x 2 A. 

           Fan forced cooling.

    • N-ZIS. Z-WAVE Zero Injection Smart Meter Module. 

           Nominal voltage: 400 VAC. 

           Maximum current: 3 x 10 A.

           Self-consumption: 2.5 W.

           Starting current: 40 mA.

           Accuracy class: 1.

           Active energy accuracy: Class B (UNE-EN50470).

           Reactive energy accuracy: Class 2 (EN/IEC 62053-23).

           Eight digits LCD display.

           IP51 (front frame) and IP52 (terminals) protections. 

           Modbus RTU communication.

    • N-INV05. Three-Phase Grid Inverter Module 5.

           DC circuit switch.

           Ground voltage protection for bus terminals and photovoltaic. 

           Output DC voltage range: 25 – 100 V.

           Ouput voltage: 3 x 400 V/50 Hz.

           Output power: 3000 W.

           Integrated web server.

    Additional recommended elements (Not included):

    PHVGC-K3. Voltage Regulation in Local Power Grids Kit.  

     • N-PST/1K. 1 kVA Phase Shifting Transformer. 

           Input voltages: 3 x 400 V. 

           Output voltage 1: 3 x 400 V + N, 2 A. 

           Output voltage 2: 3 x 30 V, 1.25 A.

           Nominal power: 1 kVA.

           Vector group: Dyn5. 

     • N-TRANS3R/1K. Three-phase Transformer with Motor Voltage Regulator.

           Primary: 3 x 400 VAC.

           Secondary: 3 x 0 … 450 V.

           Nominal voltage: 1 kVA.

           Frequency: 50/60 Hz.

           25 V input/”increase voltage” button.

           25 V input/”decrease voltage” button. 

    PHVGC-K4. Energy Storage Analysis Kit with Batteries. 

     • N-INV/HY. Hybrid Inverter Module.

           DC circuit breaker.

           Overload voltage protection for photovoltaic and bus terminals.

           DC input voltage range: 174 – 800 V.

           Output voltage: 3 x 400 V/50 Hz.

           Power output: 3000 W.

           I DC battery maximum: 22 A.

           VDC battery minimum/maximum: 160 V – 700 V.
     • BAT3. Lithium-Phosphate Battery.

           Long battery life. 

           Battery capacity: 2000 Wh. 

     • N-ZIS. Z-WAVE Zero Injection Smart Meter Module. 

           Nominal voltage: 400 VAC. 

           Maximum current: 3 x 10 A.

           Self-consumption: 2.5 W.

           Starting current: 40 mA.

           Accuracy class: 1.

           Active energy accuracy: Class B (UNE-EN50470).

           Reactive energy accuracy: Class 2 (EN/IEC 62053-23).

           Eight digits LCD display.

           IP51 (front frame) and IP52 (terminals) protections. 

           Modbus RTU communication.

Required elements (Not included):  

• AEL-PC. Touch Screen and Computer.

        Touch screen:

           Energy efficiency class: A.

           Screen diagonal: 68.6 cm (27 inch (s)).

           Power consumption (operating): 26 W.

           Annual energy consumption: 38 kWh.

           Power consumption (standby / off): 0.49 W.

           Screen resolution: 1920 x 1080 pixels.

        Computer:

           Processor number: Intel Core i7-6600U processor (4M cache, up to 3.40 GHz).

           Cache: 4 MB Intel smart cache.

           Clock speed: 2.6 GHz.

           # Of cores / # of threads: 2/4.

           Maximum TDP / power: 15 W.

           Memory types: DDR4-2133, LPDDDR3-1866, DDR3L-1600.

           Graphics: Intel HD graphic 530.

           Slot for PCI Express. 
Additional recommended elements (Not included):
    • TPEL/1800W. Single-phase AC/DC Electronic Load of 1800W (3 units).

The TPEL/1800W electrical load stands out for its versatility in operating in both AC and DC. With a wide power range from 0 to 1800VA and an adjustable frequency from 45 Hz to 450 Hz, this electronic source offers exceptional capabilities.

With its advanced measurement capabilities, 7-inch LCD display, and features such as the built-in oscilloscope, the TPEL/1800W is the ideal solution for laboratory testing of most of EDIBON’s unit such as UPS, inverters, AC power supplies, electrical generators and AC electronic components. In addition, its connectivity via LAN and USB interfaces ensures reliable and fast control, adding an additional level of efficiency to its capabilities.

           Technical Features:

               Frequency Range: 45 Hz~450 Hz.

               Power Range: 0~1.8 kVA

               Voltage Range: 50-420 Vrms, 15-260 Vrms

               Parallel Connection/Three Phase Control: Capacity can be extended up to 43.2 kVA

               7 Inch LCD Display: Provides a clear and accessible interface.

               Oscilloscope Function: Allows display of voltage and current waveforms.

               High Speed AD Sampling: Captures real-time waveforms.

               Measurement Modes: Includes Vrms, Vpk, Vdc, Irms, Ipk, Idc, W, VA, VAR, CF, PF and FREQ.

               Harmonic Measurement: Up to harmonic 50 (THD-V).

               AC Electronic Load: DC/CR/CP modes.

               DC Electronic Load: DC/CR/CP/CV modes.

               External Analog Control: 0~10 V analog input, with voltage and current monitoring functions.

               Protection Functions: OTP, OCP, OVP, UVP and OPP.

               Communication Interfaces: LAN and USB, plus external interface for USB flash disk. 

 • All necessary cables to realize the practical exercises are included.

The complete unit includes as well:
Advanced Real-Time SCADA.

Open Control + Multicontrol + Real-Time Control.

Specialized EDIBON Control Software based on LabVIEW.

National Instruments Data Acquisition board (250 KS/s, kilo samples per second).

Calibration exercises, which are included, teach the user how to calibrate a sensor and the importance of checking the accuracy of the sensors before taking measurements.

Projector and/or electronic whiteboard compatibility allows the unit to be explained and demonstrated to an entire class at one time.

Capable of doing applied research, real industrial simulation, training courses, etc.

Remote operation and control by the user and remote control for EDIBON technical support, are always included.

Totally safe, utilizing 4 safety systems (Mechanical, Electrical, Electronic & Software).

Designed and manufactured under several quality standards.

Optional ICAI software to create, edit and carry out practical exercises, tests, exams, calculations, etc. Apart from monitoring user's knowledge and progress reached.

This unit has been designed for future expansion and integration. A common expansion is the EDIBON Scada-Net (ESN) System which enables multiple students to simultaneously operate many units in a network.
2 AEL-PHVGC/CIB. Control Interface Box:

The Control Interface Box is part of the SCADA system.

Control interface box with process diagram in the front panel.

The unit control elements are permanently computer controlled.

Simultaneous visualization in the computer of all parameters involved in the process.

Calibration of all sensors involved in the process.

Real time curves representation about system responses.

All the actuators’ values can be changed at any time from the keyboard allowing the analysis about curves and responses of the whole process.

Shield and filtered signals to avoid external interferences.

Real time computer control with flexibility of modifications from the computer keyboard of the parameters, at any moment during the process.

Real time computer control for parameters involved in the process simultaneously.

Open control allowing modifications, at any moment and in real time, of parameters involved in the process simultaneously.

Three safety levels, one mechanical in the unit, another electronic in the control interface and the third one in the control software.
3 DAB. Data Acquisition Board:

The Data Acquisition board is part of the SCADA system.

PCI Express Data acquisition board (National Instruments) to be placed in a computer slot.

Analog input: Channels= 16 single-ended or 8 differential. Resolution=16 bits, 1 in 65536. Sampling rate up to: 250 KS/s (kilo samples per second).

Analog output: Channels=2. Resolution=16 bits, 1 in 65536.

Digital Input/Output: Channels=24 inputs/outputs.

The Data Acquisition board model may change at any moment, providing the same or better features than those required for the unit. 

4 AEL-PHVGC/CCSOF. Computer Control + Data Acquisition + Data Management Software:
The three softwares are part of the SCADA system.

Compatible with the industry standards.

Flexible, open and multicontrol software, developed with actual windows graphic systems, acting simultaneously on all process parameters.

Management, processing, comparison and storage of data.

Sampling velocity up to 250 KS/s (kilo samples per second).

Calibration system for the sensors involved in the process.

It allows the registration of the alarms state and the graphic representation in real time.

Open software, allowing the teacher to modify texts, instructions. Teacher’s and student’s passwords to facilitate the teacher’s control on the student, and allowing the access to different work levels.

This unit allows the 30 students of the classroom to visualize simultaneously all the results and the manipulation of the unit, during the process, by using a projector or an electronic whiteboard.:
5 Cables and Accessories, for normal operation.
6 Manuals: 

This unit is supplied with 7 manuals: Required Services, Assembly and Installation, Control Software, Starting-up, Safety, Maintenance, Calibration & Practices Manuals.
*
References 1 to 6 are the main items: AEL-PHVGC + AEL-PHVGC/CIB + DAB + AEL-PHVGC/CCSOF + Cables and Accessories + Manuals are included in the minimum supply for enabling normal and full operation.
EXERCISES AND PRACTICAL POSSIBILITIES TO BE DONE WITH THE MAIN ITEMS
Practical possibilities with the PHVGC-K1 kit:

  1.- Daily and yearly curves display.

  2.- Calculation of the photovoltaic modules optimal position.

  3.- Display of the photovoltaic modules characteristic curves.

Practical possibilities with the PHVGC-K2 kit:

  4.- Installation of photovoltaic power plants. 

  5.- Grid-connection of photovoltaic plants. 

  6.- Measuring the electrical parameters of the photovoltaic plant.

  7.- Maximum power point tracking (MPPT).

  8.- Limiting the inversor power (derating).

  9.- Measurement and calculation of the active power consumed by a three-phase variable resistive load.

10.- Measurement and calculation of the total power consumed by a three-phase R-L load.

11.- Maximum production of photovoltaic power with grid injection thorugh the grid inverter. 

12.- Maximum production of photovoltaic power with grid injection and local energy consumption.

13.- Dynamic control of active power with the photovoltaic inverter. Zero injection control.

14.- Dynamic control of active power with the photovoltaic inverter. Grid injection control.

15.- Static control of active power with the photovoltaic power. Configuration of control conditions with digital signals. 

Some practical exercises with the recommended modules:

16.- Experimental calculation of I-V curve of a photovoltaic panel.

17.- Variation of solar radiation with the halogen lamps panel. Measurement of I-V characteristics.

Practical possibilities with the PHVGC-K2 and PHVGC-K4: 

18.- Installation process for energy accumulation systems based on the combination of batteries with the charge controller inverter. 

19.- Start-up of the photovoltaic system.

20.- Interaction among the photovoltaic system and the battery.

21.- Efficiency improvement through self-consumption. 

Practical possibilities with the PHVGC-K3 and PHVGC-K4:

22.- Study of the local grid transformer. 

23.- Programming the limit of the inverter power of the photovoltaic power plant (derating). 

24.- Manual and automatic regulation of the local grid voltage.

25.- Parameters display from the SCADA software.

Other possibilities to be done with this Unit:

26.- Many students view results simultaneously.

       To view all results in real time in the classroom by means of a projector or an electronic whiteboard.

27.- Open Control, Multicontrol and Real Time Control.

        This unit allows intrinsically and/or extrinsically to change the span, gains; proportional, integral, derivative parameters; etc, in real time.

28.- The Computer Control System with SCADA allows a real industrial simulation.

29.- This unit is totally safe as uses mechanical, electrical/electronic, and software safety devices. 

30.- This unit can be used for doing applied research.

31.- This unit can be used for giving training courses to Industries even to other Technical Education Institutions. 

32.- Control of the AEL-PHVGC unit process through the control interface box without the computer.
- Several other exercises can be done and designed by the user.

TENDER SPECIFICATIONS (for optional items)
a) Technical and Vocational Education configuration
7 AEL-PHVGC/ICAI. Interactive Computer Aided Instruction Software. 

This complete software package consists of an Instructor Software (EDIBON Classroom Manager - ECM-SOF) totally integrated with the Student Software (EDIBON Student Labsoft - ESL-SOF). Both are interconnected so that the teacher knows at any moment what is the theoretical and practical knowledge of the students.

- ECM-SOF. EDIBON Classroom Manager (Instructor Software).

ECM-SOF is the application that allows the Instructor to register students, manage and assign tasks for workgroups, create own content to carry out Practical Exercises, choose one of the evaluation methods to check the Student knowledge and monitor the progression related to the planned tasks for individual students, workgroups, units, etc...so the teacher can know in real time the level of understanding of any student in the classroom.

Innovative features:

• User Data Base Management.

• Administration and assignment of Workgroup, Task and Training sessions.

• Creation and Integration of Practical Exercises and Multimedia Resources.

• Custom Design of Evaluation Methods.

• Creation and assignment of Formulas & Equations.

• Equation System Solver Engine.

• Updatable Contents.

• Report generation, User Progression Monitoring and Statistics.

- ESL-SOF. EDIBON Student Labsoft (Student Software).

ESL-SOF is the application addressed to the Students that helps them to understand theoretical concepts by means of practical exercises and to prove their knowledge and progression by performing tests and calculations in addition to Multimedia Resources. Default planned tasks and an Open workgroup are provided by EDIBON to allow the students start working from the first session. Reports and statistics are available to know their progression at any time, as well as explanations for every exercise to reinforce the theoretically acquired technical knowledge.

Innovative features:

• Student Log-In & Self-Registration.

• Existing Tasks checking & Monitoring.

• Default contents & scheduled tasks available to be used from the first session.

• Practical Exercises accomplishment by following the Manual provided by EDIBON.

• Evaluation Methods to prove your knowledge and progression.

• Test self-correction.

• Calculations computing and plotting.

• Equation System Solver Engine. 

• User Monitoring Learning & Printable Reports.

• Multimedia-Supported auxiliary resources.
b) Multipost Expansions options
8 MINI ESN. EDIBON Mini Scada-Net System for being used with EDIBON Teaching Units. 

MINI ESN. EDIBON Mini Scada-Net System allows up to 30 students to work with a Teaching Unit in any laboratory, simultaneously.

The MINI ESN system consists of the adaptation of any EDIBON Computer Controlled Unit with SCADA integrated in a local network.

This system allows to view/control the unit remotely, from any computer integrated in the local net (in the classroom), through the main computer connected to the unit.

Main characteristics:

- It allows up to 30 students to work simultaneously with the EDIBON Computer Controlled Unit with SCADA, connected in a local net.

- Open Control + Multicontrol + Real Time Control + Multi Student Post.

- Instructor controls and explains to all students at the same time.

- Any user/student can work doing "real time" control/multicontrol and visualisation.

- Instructor can see in the computer what any user/student is doing in the unit.

- Continuous communication between the instructor and all the users/students connected.

Main advantages:

- It allows an easier and quicker understanding.

- This system allows you can save time and cost.

- Future expansions with more EDIBON Units.

The system basically will consist of:

This system is used with a Computer Controlled Unit.

- Instructor’s computer.

- Students’ computers.

- Local Network.

- Unit-Control Interface adaptation. 

- Unit Software adaptation.

- Webcam.

- MINI ESN Software to control the whole system.

- Cables and accessories required for a normal operation.
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