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Notion of the Cost per peak watt

Installed

* "Peak Watt” = 1000W = 1kW

* |s the power produced at normal incidence
of solar radiation @ 1000W/m?.

. $/WIO - Easy way to compare various solar
conversion devices.

* Mostly useful for electric power generation
devices, such as for: Hydro; PV; Wind,
Solar Thermal Electric, etc.
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Solar Monitoring

* However, each geographical location
has its characteristic insolation.

* For that purpose we need to have a
number of solar monitoring stations

* AUA has the first automated solar
monitoring station in Armenia.

 There are >24 SMS-s in San Francisco
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Components of Solar Radiation

* Direct Normal, DN — pure direct sun rays
that hit a surface, normal to the rays.

* Diffuse Horisontal, DH
* Global Horisontal, GH

R £
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 Concentration

 Tracking: DN + inclined Diffuse (PV panel)
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Solar position Calculator

 hitp://www.spectralcalc.com/solar_calculat
or/solar_position.php
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AUA Solar
Monitoring

Station Collecting
data since 1995
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PV Solar Radiation Annual
(Flat Plate, Facing South, Latitude Tilt) |\t smse s e

aerosol optical depth, precipitable water vapor, albedo, atmospheric

4 pressure and ozone resampled to a 40km resolution. See
¥ http: i nrel .gov/gisfil_solar_pv.html documentation for more details.

2
2
3
&2
o
0
~

v
(o]
o

[o 0]
()]
1

[(o]
o

ANNGOGRRGO®DDN N I

NOOOUIOUIOUIOUIO V1O
o '
D0 B i O O ) O~ 00/ 00
OO OO OoOGOoOOTOoO O,

Produced by the Electric & Hydrogen
Technologies & Systems Center - May 2004




AUA Solar Monitoring Station
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AUA Solar Monitoring Station
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AUA SMS RESULTS

* Total Annual Global horizontal:
1720kWh/m?.

» Average of 4.7 kWh/m? per day across
years (DN+DH).

» January about 6.6 times less than in
June:

» January: = 1.1 kWh/m? per day.
» June: = 8.3 kWh/m? per day.
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Photovoltaic Solar Electricity Potential in European Countries

PVGIS - ,:) P ﬁﬁmwanm

! )\ / © European Communities, 2006
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Optimum inclination of PV modules to maximize yearly energy yield
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Ascension Technology Solar Monitoring Network
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Ascension Technology Solar Monitoring Network
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Alaska

Average Daily Solar Radiation Per Month
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Collector Orientation This map shows the general trends in the amount of solar radiation received in the

United States and its tenitories. Itis a spatial interpolation of solar radiation values kWh/i 2fd
derived from the 1961-1990 National Solar Radiation Data Base (NSRDB). The dots m/day
on the map represent the 239 sites of the NSRDE. . 10 to 14

Flat-plate collector facing south at
fixed tilt equal to the latitude of the
site: Capturing the maximum amount
of solar radiation throughout the year
can be achieved using a tilt angle
approximately equal to the site's
latitude.

Maps of average values are produced by averaging all 30 years of data for each site.
Maps of maximum and minimum values are composites of specific months and years
for which each site achieved its maximum or minimum amounts of solar radiation.

Though useful for identifying general trends, this map should be used with caution for
site-spedific resource evaluations because vanations in solar radiaton not reflected in

the maps can exist, introducing uncertainty into resource estimates.

Maps are not drawn to scale.
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Two-Axis Tracking Flat Plate

Collector Orientation

Two-axis racking flat-plate collector:
Data used to generate this map
represent the maximum solar radiation
at a site avaiable to a collector.
Tracking the sun in both azimuth and
elevation, these collectors keep the
sun's rays perpendicular to the
oollector surface.

This map shows the general trends in the amount of solar radiation received in the

United States and its tenitories. Itis a spatial interpolation of solar radiation values kWh/i 2fd
derived from the 1961-1990 National Solar Radiation Data Base (NSRDB). The dots m/day
oh the map represent the 239 sites of the NSRDB. . 10 to 14

Maps of average values are produced by averaging all 30 years of data for each site.
Maps of maximum and minimum values are composites of specific months and years
for which each site achieved its maximum or minimum amounts of solar radiation.

Though useful for identifying general trends, this map should be used with caution for
site-spedific resource evaluations because vanations in solar radiaton not reflected in
the maps can exist, introducing uncertainty into resource estimates.

Maps are not drawn to scale.
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Alaska

Average Daily Solar Radiation Per Month
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JUNE

Two-Axis Tracking Flat Plate

Collector Orientation

Two-axis racking flat-plate collector:
Data used to generate this map
represent the maximum solar radiation
at a site available to a collector.
Tracking the sunin both azimuth and
elevation, these collectors keep the
sun's rays perpendicular to the
collector surface.

This map shows the general trends in the amount of solar radiation received in the
United States and its tenitories. Itis a spatial interpolation of solar radiation values
derived from the 1961-1990 National Solar Radiation Data Base (NSRDE). The dots
on the map represent the 239 sites of the NSRDE.

Maps of average values are produced by averaging all 30 years of data for each site.
Maps of maximum and minimum values are composites of specific months and years
for which each site achieved its maximurn or minimum amounts of solar radiation.

Though useful for identifying general trends, this map should be used with caution for
site-spedific resource evaluations because varations in solar radiation not reflected in
the maps can exist, introducing uncertainty into resource estimates.

Maps are not drawn to scale.

e -
=i
“> NREL

National Renewable Energy Lahoratory
Resource Assessment Program

kWh/m%day

OECOOOO0OCE
o
o
NWE GO~

F2XXA06-162 |




This info is available @:

http://rredc.nrel.gov/solar/old data/nsrdb/1961-1990/redbook/atlas/
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European Global Horizontal

Solar insolation, annual

average (kWh/m?day)
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Global Horizontal in Armenia

Average:
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Solar Radiation in Armenia

DanC2aY3RY Uli»filiadUAC *6%i»E*-ad0Y -aoUR*UCY
O%é3-3UA4BUA UCcCY 2Ua%U3adAl3Y &20U%YY»hadsl
1740-1770 [iiA/(U*PAC) CEC?Y, se»filadl, AECY L
3UEY,

UaoUYA YitYz*-a6UYA" 1230-1240 [1iA/(UPAC)
iBY30an, PRCA, 8inth3Y3i%Y, CECc®Y U 3UEY,
GAYAEAATC UCCCY PRPA»lRY “Adth®Yo»ECadAUadYA™
0.73-0.78,

°AL3Ya6U NaBECECY * 0.94, NasYi*ACY' 0.62,
iY304anadsU NAasECECY " 0.51, NadYi*AaCY" 0.67,
élilYasU NAsECECY" 0.78, NadYi*ACY: 0.72
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Solar Radiation in Armenia

°[LBYadU NABECECY NanC-aY3ItY Usi»AuadUAC
0RcRY -486UACUCY 6363-3UA3NRRABUA" 8.14 TitA/(U2.0R),
UasUYA NasYirACY NasECEC YIRiUUu 20-22% or
less,

G-i%1%A c»AUBUCY ¢ Y»A-C3Y "»aC N3 1aOU-YaraR® b
30°-C A»uadAUUpu U%I»ALadUACY™ UCYal Radrc 900
iTA/(U2.PRC),

U-i%1%A o»AU3; Y A-C3UC U3Y3IY ;3a»é PER ; N3AA TaE»
[faAC R3N32-aAIURY é»ACUY»ACS L AYITYad
63¢3-3UA3UCY NaéuC EiasAUasYCo:
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Homework 5

1. calculate the maximum theoretical difference
between direct normal (DN) and direct horizontal
(DH) for 12 hour daytime period on a location at
equator @ March 21 equinox. Assume AMO.

2. Goto
http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/atlas/.
Explain why radiation values decrease with “Two
Axis Tracking Concentrator’ compared to
“Two Axis Tracking Flat Plate”. lllustrate by
maps.
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