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Photo Voltaic Power Generation system performance monitoring
Data-Collection Objectives: Monitoring photo voltaic power generation system and the physical parameters that influence its performance.
Time Recording Standard: Always Alaska Standard Time (UTC – 9).

Datalogger Scan Interval Standards:  Five seconds, 1-minute (see below for explanation)
Time Measurement Standards:

· Hourly readings are recorded at the end of the hour; thus, hourly average air temperature for 14:00 with a 5-second scan interval reflects measurements made from 13:00:05 to 14:00:00.  Each hourly average is the average of 720 five-second scan intervals {[(60 s/min)/(5 s/scan)]*60 min/hr = 720 scans/hr}. 

· Instantaneous readings are taken at the time specified.

· A day begins at 5 seconds past midnight (00:00:05) and ends at midnight (00:00:00).

Data Retrieval Interval: All new data is retrieved every 60 minutes.

Data Post-Processing Interval: Hourly, any post-processing of data is done after retrieval.

Data Reporting Interval: Hourly.

Measurement Standards
The labels in the parenthesis are the Public variable base names to the data column headings.
Back of Solar Panel Temperature (BSPTt_p_1,2,3_C) (t = tracker array number, p = panel number)
Sensor: (3) YSI Series 44033 Thermistors

Operating Range: -80°C to +75°C
Installation:  fixed to back side of one (or more) solar panel(s) in an array.

Output Units: deg C

Scan Interval:  1 minute via multiplexer
15 minute and  Hourly Sample Solar Panel Temperature: Sample of the reading at the top of the interval.

15 minute, Hourly, and Daily Average Solar Panel Temperature: Average of every 1 minute reading over the interval, recorded at the end of the interval.


15 minute and Hourly Maximum Solar Panel Temperature:  Maximum of all 1 minute measurements.

15 minute and Hourly Minimum Solar Panel Temperature:  Minimum of all 1 minute measurements.

Station Solar Panel Temperature (StationSPtemp_C1,2,3) 

Sensor: (3) YSI Series 44033 Thermistors

Operating Range: -80°C to +75°C
Installation:  fixed to back side of one (or more) solar panel(s) in an array.

Output Units: deg C

Scan Interval:  1 minute via multiplexer

15 minute and  Hourly Sample Solar Panel Temperature: Sample of reading at the top of the interval.

15 minute, Hourly, and Daily Average Solar Panel Temperature: Average of all 1 minute measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Maximum Solar Panel Temperature:  Maximum of all 1 minute measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Minimum Solar Panel Temperature:  Minimum of all 1 minute measurements over the interval, recorded at the end of the interval.
Reflected Solar Radiation (RefSR_W_m2)

Sensor: LiCor LI200X 

Installation:  Orient to south to minimize shadow effect from mounting structures and pointed down to recieve the reflected solar radiation from the ground.

Height: 3 meters

Output Units: W/m2.

Scan Interval: 1 minute via multiplexer
15 minute and  Hourly Sample Reflected Solar Radiation: Sample of the  5 second measurement at the top of the interval.

15 minute, Hourly, and Daily Average Reflected Solar Radiation: Average of all 5 second measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Maximum Reflected Solar Radiation:  Maximum of all 5 second measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Minimum Reflected Solar Radiation:  Minimum of all 5 second measurements over the interval, recorded at the end of the interval.


Solar Radiation (SRArray_W_m2(1,2,3)) (n = array number)
Sensor: LiCor LI200X

Installation:  Each sensor is mounted at the top center of the top-right panel of each array.
Angle:  the sensor is mounted at the same angle as the solar panel array, and is set 1 inch forward from the face of the solar panel array
Output Units:  W/m2
Scan Interval:  1 minute via multiplexer
15 minute and  Hourly Sample Tracker-Plane Solar Radiation: Sample of the  5 second measurement at the top of the interval.

15 minute, Hourly, and Daily Average Tracker-Plane Solar Radiation: Average of all 5 second measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Maximum Tracker-Plane Solar Radiation:  Maximum of all 5 second measurements over the interval, recorded at the end of the interval.

15 minute and Hourly Minimum Tracker-Plane Solar Radiation:  Minimum of all 5 second measurements over the interval, recorded at the end of the interval.

Diagnostics Measurements

Battery Box Temperature (StationBattTemp_C1,2,3)

Sensor: YSI Series 44033 Thermistor

Location: Inside the dataloggers battery box

Output Units:  °C

Scan Interval: 1 minute via multiplexer

Hourly Sample Solar Panel Temperature: Sample of reading at the top of the interval.

Hourly Average Solar Panel Temperature: Average of all 1 minute measurements over the interval, recorded at the end of the interval.

Hourly Maximum Solar Panel Temperature:  Maximum of all 1 minute measurements over the interval, recorded at the end of the interval.

Hourly Minimum Solar Panel Temperature:  Minimum of all 1 minute measurements over the interval, recorded at the end of the interval.
Datalogger (CR1000) Panel Temperature (LoggerTemp_C)

Sensor: CR1000 Internal thermistor

Output Units:  °C.

Scan Interval: 5 seconds

Hourly Sample Datalogger Temperature: Sample of reading at the top of the interval.

Hourly Average Datalogger Temperature: Average of all 5 second measurements over the interval, recorded at the end of the interval.

CR1000 Battery Voltage (BattVolts_V)

Sensor: CR1000

Output Units:  V.

Scan Interval:  5 seconds 
Hourly Sample Battery Voltage: Sample of the 5 second measurement at the top of the interval.

Hourly Average Battery Voltage: Average of all 5 second measurements over the interval, recorded at the end of the interval.

Hourly Maximum Battery Voltage:  Maximum of all 5 second measurements over the interval, recorded at the end of the interval.

Hourly Minimum Battery Voltage:  Minimum of all 5 second measurements over the interval, recorded at the end of the interval.

CR1000 Solar Panel  Voltage (StationSPvolts_V)

Sensor: 10:1 voltage divider

Output Units:  V.

Scan Interval:  5 seconds 


Hourly Sample Station Solar Panel Voltage: Sample of reading at the top of the interval.

Hourly Average Station Solar Panel Voltage: Average of all 5 second measurements over the interval, recorded at the end of the interval.


Solar Panel Elevation Angle (Elevation1,2,3,4)  
Sensor Honeywell HMR3300
Installation:  fixed to back side of the array at top corner.

Output Units:  negative degrees from horizontal
Operating Range: horizontal to -90 degrees
Scan Interval: 1 minute via multiplexer
15 minute and  Hourly Sample Tracker elevation: Sample of reading at the top of the interval.

15 minute and Hourly Standard Deviation elevation:  Standard Deviation of all 1 minute measurements over the interval, recorded at the end of the interval.

Solar Panel Azimuth (AzimuthTruen)  (n = array number)
Sensor: Honeywell HMR3300
Installation:  fixed to back side of the array at top corner.

Output Units:  compass degrees 
Scan Interval: 1 minute via multiplexer

15 minute and  Hourly Sample tracker azimuth: Sample of reading at the top of the interval.

15 minute and Hourly Standard Deviation azimuth:  Standard Deviation of all 1 minute measurements over the interval, recorded at the end of the interval.

Thermistor resistance in kohms (Therm_kOhm(66)) 

Sensor: (3) YSI Series 44033 Thermistors

Operating Range: -80°C to +75°C
Installation:  fixed to back side of one (or more) solar panel(s) in an array.

Output Units:  k Ohms

Scan Interval:  1 minute via multiplexer

Hourly Sample thermistor resistance: Sample of reading at the top of the interval.

Average Hourly thermistor resistance: Average of every 1 minute measurement over the interval, recorded at the end of the interval.

Hourly Maximum thermistor resistance:  Maximum of all 1 minute measurements over the interval, recorded at the end of the interval.

Hourly Minimum thermistor resistance:  Minimum of all 1 minute measurements over the interval, recorded at the end of the interval.
Data Processing Algorithms

Temperature °C:
Steinhart & Hart equation used to convert YSI thermistor readings to °C.

T (°C) = (1/(a + b(D + c(D^3)) – 273.15

Where:


A
=  0.0014654354


B
=  0.0002386780


C
=  0.0000001000


D
=  ln(1000*Rs)


Rs
=  thermistor resistance (k()

Miscellaneous

Definitions:

Scan interval = sampling frequency = scan rate

Times of maximum or minimum values are not recorded

Sample reading = instantaneous reading

Beginning of the hour = top of the hour

Digital Measurement Examples:

Wind Speed = pulses are averaged at a high rate and measured in cycles per second, hertz.

Analog Measurement Examples:

Temperature = a resistance is measured.

Abbreviations:

AST

Alaska Standard Time
ATB 

Air Temperature

Avg##

Average Value for Parameter over measurement period

BBT

Battery Box Temperature

BSPT 

Back of Solar Panel Temperature  

BattVolt
Battery Voltage

deg

Degree

GS

Gust Speed

hr

Hour

Max##

Maximum Value for Parameter over measurement period

min

Minutes

Min##

Minimum Value for Parameter over measurement period

PanelT

Panel Temperature

s

seconds

SolarRad
Total Radiation

SMP

Sample (instantaneous reading)

SolarX

Solar Panel Voltage

WD

Wind Direction

WDSTD
Wind Direction Standard Deviation

WS_ms
Wind Speed
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