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Generalities on photovoltaic (PV) plants

1.1 Operating principle
A photovoltaic (PV) plant transforms directly and instantaneously solar energy into electrical
energy without using any fuels.

The main advantages of photovoltaic (PV) plants can be summarized as follows:

— distributed generation where needed ;

— no emission of polluting materials;

— saving of fossil fuels;

— reliability of the plants since they do not have moving parts (useful life usually
over 20 years);

— reduced operating and maintenance costs;

— system modularity (to increase the plant power it is sufficient to raise the number
of panels) according to the real requirements of users.

The annual electrical power output of a PV plant depends on different factors. Among them:

— solar radiation incident on the installation site;

— inclination and orientation of the panels;

— presence or not of shading;

— technical performances of the plant components (mainly modules and inverters).

The main applications of PV plants are:
1. installations (with storage systems) for users isolated from the grid;
2. installations for users connected to the LV grid;
3. solar PV power plants, usually connected to the MV grid. Feed-in Tariff
incentives are granted only for the applications of type 2 and 3, in plants
with rated power not lower than 1 kW .

A PV plant is essentially constituted by a generator (PV panels), by a supporting frame to
mount the panels on the ground, on a building or on any building structure, by a system
for power control and conditioning, by a possible energy storage system, and by electrical
switchboards.

2 Twya Tunn
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The following table represents the balance of incident solar energy:

refection losses and shading of the front contacts 3%
30 | photons with high wavelength, with insufficient energy to free 23%
electrons: heat is generated
photons with short wavelength, with excess energy (transmission) | 32%
recombination of the free charge carriers 8.5%
electric gradient in the cell, above all in the transition regions 20%
35 | resistance in series, representing the conduction losses 0.5%
usable electric energy 13%
total of the incident solar energy 100%
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Programmable Logic Controller — PL.C
Principles of Operation

A programmable controller consists of two basic sections:
— the central processing unit

— the input/output interface system
The central processing unit (CPU) contains three components:

— the processor
— the memory system

— the system power supply

During its operation, the CPU completes three processes: (1) it reads, or accepts, the input
data from the field devices via the input interfaces, (2) it executes, or performs, the control
program stored in the memory system, and (3) it writes, or updates, the output devices via

the output interfaces.

The basic function of a programmable controller is to read all of the field input devices and
then execute the control program, which according to the logic programmed, will turn the
field output devices ON or OFF. In reality, this last process of turning the output devices

ON or OFF occurs in two steps. First, as the processor executes the internal programmed
logic, it will turn each of its programmed internal output coils ON or OFF. The energizing
or de-energizing of these internal outputs will not, however, turn the output devices ON or
OFF. Next, when the processor has finished evaluating all of the control logic program that
turns the internal coils ON or OFF, it will perform an update to the output interface modules,
thereby turning the field devices connected to each interface terminal ON or OFF. This
process of reading the inputs, executing the program, and updating the outputs is known as

the scan.

The time it takes to implement a scan is called the scan time. The scan time is the total

time the PLC takes to complete the program and I/O update scans. The program scan time
generally depends on two factors: (1) the amount of memory taken by the control program
and (2) the type of instructions used in the program (which affects the time needed to
execute the instructions). The time required to make a single scan vary from a few tenths of a

millisecond to 50 milliseconds.
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The following table lists some of the many features and benefits obtained with a

30 programmable controller.

Inherent Features Benefits

Microprocessor-based — Communication capability
— Higher level of performance
— Higher quality products

35 — Multifunctional capability

Software timers/counters — Eliminate hardware

— Easily changed presets

Modular architecture — Installation flexibility
— Easily installed
40 — Reduces hardware cost

— Expandability
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