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OUTLINE OF THIS WORK

Problem definition,

Planning for Solution:
Wired Monitoring system and
Wireless Monitoring system,

HW and SW Implementation,
Emulator board and Computer Interfacing,
System logical control flow chart,
Developing LabVIEW Control Program,

System Operation and Experimental Results,
Conclusion.
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PROBLEM DEFINITION

In large scale PV power station, a monitoring
and control system is necessary to monitor and
control the system operation.

The PV power station is often consists of
photovoltaic array strings, storage batteries
bank, power conditioning unit and electrical
loads appliances.

In the operation of such station especially with
large size (kilowatt or megawatt scales), the
system performance should be carefully
monitored and a proper decision must be taken
In time.
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MONITORING SYSTEM
IMPLEMENTATION

Implementation Stages

‘Wired System

* LabVIEW Implementation
+ Hardware Implementation
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‘Wireless System

* Wireless Devices
_+Hardware Options




PV POWER STATION STRUCTURE
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CONTROL AND MONITORING
SYSTEM DESCRIPTION

The various sensors in the system are

A: Current Sensors for;
PV strings (IS_1to IS_8),
Summation of the PV strings currents (I ),
Battery bank current (I1B), and
Load current (IL).

B: System voltage sensors for;
PV output voltage (VSA), and
Load terminal voltage (VL).

C: Pyranometer or standard cell (Sun insolation sen sor);
(Insol).
D: Cell surface temperature sensor (Temp).

Actuators are placed in distributed places to contr ol the system

operation as:

Contactor in each string output terminal (S1 to S8)  to control the current
flow from that branch (ON- OFF).

Contactor at the PV system output terminal (SP).

Contactor at the battery bank (SB) output terminal to control the flow of
the battery current (charging, discharging, or OFF  state).

Contactor at the load input terminal (SL).
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MODELING OF PV ARRAY
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Where:

ISC Is the short-circuit value of
light-generated current

|0 Is the dark saturation current,

a=kT/q

q Is the charge of an electron
(coul)

k Is the Boltzman constant
(1/K)

T is the cell temperature (K)

l, V, are cell current (A), voltage
V),

Rs, Rsh series and shunt resistance

(Ohms).
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MODELING OF STORAGE
BATTERY

Battery stack parameters at

different SOC'’s
Item SOCmin SOCmed SOCmax
E«(V) 48.44 50.32 52.00
V() 47.28(disch) | 48.28(disch) 52.68 (d
(A 6.23 6.27 1.35
R, (WY 0.186 0.3252 0.504

SOC= SOC, —

[I D*TD'(IC*TC)* h(]
CBAT

is the battery discharge current in A,

is the discharge interval in hours,

is the battery charge current in Amperes,
is the charge interval in hours, and

is the battery capacity in Ah.

is charging efficiency is assumed as 80%.

_ Q
JESE —K —— 1, -N.l,

E
*Es
K
‘Q

Q-1,t

is the battery voltage,

IS a constant potential,

is the coefficient of polarization per unit ofrcent  density,
is the amount of active material available pat af
electrode area,

is the apparent current density, assumed condtaing the
discharge,

Is the time elapsed since the start of dischaagé

is the internal resistance per unit area.
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EMULATOR BOARD AND
COMPUTER INTERFACING
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SYSTEM LOGICAL CONTROL FLOW
CHART
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MONITORING SYSTEM LABVIEW
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SYSTEM OPERATION AND EXPERIMENTAL
RESULTS

Mode 1: Sunny period Mode 2: Sunny periods and
(ISA is excellent), battery SOC is medium
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SYSTEM OPERATION AND EXPERIMENTAL
RESULTS

Mode 3: Low insolation level Mode 4: Eclipse mode, and
and battery SOC is good battery powers the load,
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WIRELESS HARDWARE OPTIONS
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WIRELESS MONITORING FOR PV
POWER STATION

Four analog input channels

Programmable input
ranges: 0.5, £2, 5, +10 'V

Sensor power output
channel provides up to 20
mA at 12V

Four digital /0 channels
configurable for input,
sinking output, or sourcing
output

Industrial ratings: -40 to 70
°C operating temperature,
50 g shock, 5 g vibration,

Up to 3-year battery life.
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TYPICAL INTEGRATION OF WSN 3202 AND NI
WSN-9791 MODULES WITH MONITORING
SYSTEM
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CONCLUSIONS

The main goal of this paper is to increase decision
effectiveness in PV power stations through the desi gn and
Implementation of a new real-time system for measur ing
variables, monitoring, and making a decision forth e
photovoltaic power system.

The proposed system is designed, emulated, implemen ted, and
experimentally tested.

The friendly GUI enables user to define and rearran  ge the
monitored variables to suit his needs and sense.

All modes of operation are applied to the system an d its
response was excellent and it was as expected.

The software can be expanded to match larger PV pla nts with
the same implemented hardware.

The proposed system is reliable, simple, cheap, exp andable
and has excellent performance.

It is proposed that the wired monitored system  to be
replaced by a wireless system in order to facilitate a remote
monitoring and control.
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