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Learning Outcomes

At the end of this lecture, you will be able to:

v'understand how to mathematically model a PV module
v'interpret a PV specification sheet (data sheet)

v'model the effects of irradiance and temperature on PV
module voltage, current, and maximum power

v'’compute the voltage, current, and maximum power from a PV
array
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PV Modules

6f increasing cells in series

* PV modules are made by 5| >\ | " T
connecting several PV 24 \ z
cells B3t . ‘g“"

° Increasing number Of 32. . 3 b increasing cells in parallel
series or parallel- T |
connected cells affects o o5 1 15 2 % 02 04 o6
the I-V curve of the votese V) Joase (V)

Voltage increases
nodule
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PV Modules

 Most modules are made
from connected PV cells in
series

* Module voltage is simply
the cell voltage multiplied
by the number of series-
connected cells:

v :NSGFXV

module cell

et =1 =l (""" =1)

] =/

G

— 1

0

(evmodule /(VTNser) _ 1)

module

Vodule - PV module voltage (V)

| oduie = PV module current (A)
N...: number of series-connected cells
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PV Modules

I module [
N module
+ ! + —
+
vcell P cell vmodule ‘ v
- module

Hereafter, we will drop the subscript “module”
since we are usually not interested in the
characteristics of an individual cell
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ltek SE 72-Cell Module

Design & Engineering Data

H‘h’p. = 72 high-efficienicy monooryshaline p-type cals
= &x 12 cell matrix

Solor Gloss = Ultro-cleor antirefleciive freatment
= Tampered, with bow iron content

= Arfi-glare prismafic subsurface fexturs

Bacishesl = Multilayered

= Engineered adhesion for maximum weother profecfion

Cirrersions 1001 mirmi % 19923mm x £0mm
Walght 28 Ios/22.20g

Frams: = High-sirength comosion-resitant onodiz=d alurminum
= Compafible with standard racking, occommadafing both fop-down
clamps and boffom-flangs mounting

Cable = §OAC 124G PV wire Oparational Temparalune ~40._+PnC
See handout (also on Canvas e
Grounding = Carified for Wiley Becironics WEEE™ grounding clips MV Désgn Load DL 1Y 113 peff[3400pal
= Bight standord grownding locafiors per module for M Saries Puse Raling 154
reduced ground wire lengfth proem Ton

Moo 1yee _TEMPERATRERATINGS

P Fres 500+ hours Col - 45015
ARRA. BAA, and TAA Complian] Tempenaiure Cosfficlent of Pur 0.29%C
_ smpenaiure Cosficlent of Yoo IDMS.0) 0BRSS
Temperalure Cosificlent =L DORAC
Matmum Povear - P [We) 250 355 360 345 a7 O Voo (T84 - L only)
T ——r 855 2874 684 WIZ mm Temperclurs Cosfficlent of ke B
J e S — 908 B8 925  pm: 7.41 Temparature Cosficien of Vie 0.28%°C
Meodmum Current -lws(A) {01} 12 1z 1z 12 12
“Becfrical charactersfics may vary within 2% of the
Mendmuen Voltage TS orly) - Viue[V) 4357 4377 4399 4419 444D indicated values ndard Test Candifions [STC):
Iradiance of 1,0 'mE, AM 1.5 spectrum, cel
Open Clreult Vollags - Yec (V] [DME0) 4741 4764 £TET 4808 483 tmmpermture af 2570,
Short Clroutt Cumert - oAl DS} 7.7 il 7.8 7.9 L Mote: speciication: wibject to change wihout nofice.
Moduls Bficlency 17.54% 1779% 1E0S%E 1820% 1B.E5%
:hoose from safery | safery + | safety + +Long stngs ASSEMBLED
IHUS.A s

All of these options include Monitorng

54 Piatform

fi-ul
LONG STRINGS ) .Lﬁ:lﬂﬁ C Al ’[’ﬂ]'"—l

=EE () 1 11 _
BE 3 e —1 ool

Te4-L
Te4-0
T4

E:"_ﬂl 3 Tige 4 Jumchon B lfu‘h]
M | MONTORING p . [spm] : [SE——|
Tigo % . -
n ™ E‘ﬁtv]. =
TS0 e
COpyright 201 9 WWW.drhGHI'Y|OU Headquarters: 38848 Hammer Drive, Belingham, WA 98224 V121517

sales Offices: WA: (350] 447-7531 | MH: [812] 318-6384 | CA: (3450) 3930178
nfo@itekenergy com | www.itekenergy.com




What PV Capacity (Power rating) Means

Itek SE 350 module has a maximum power rating of 350 W
» How should that be interpreted?
« Will it produce 350 W on a winter day in Seattle?
* Will it produce 350 W on a summer day in Las Vegas?
* Will it ever produce more than 350 W?

* Do the characteristics of the load or battery that it is connected to
matter?
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Main Factors Affecting PV Power Production

Irradiance Temperature Load

O T

Spectral distribution of irradiance
also affects production
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ltek SE 72-Cell Module

Design & Engineering Data

PV Module Spec Sheets = ——

= Arfi-glare prismafic subsurface fexturs

L] 1001 mim = 1993mm x £0mm
4F Tos/22.Thg

Bacishesl = Multilayered

= Engineered adhesion for maximum weother profecfion

; !

Frams: = High-sirength comosion-resitant onodiz=d alurminum
= Compafible with standard racking, occommadafing both fop-down
clamps and boffom-flangs mounting

Cable = §OAC 124G PV wire Oparational Tamparaluns ~40._+PnC
» Modules rated at Standard e . e e
Grounding = Carified for Wiley Becironics WEEE™ grounding clips MV Désgn Load DL 1Y 113 peff[3400pal
= Bight standord grownding locafiors per module for M Saries Puse Raling 154

Test Conditions (STC i —
* Irradiance: 1000 W/m? N o —
 Cell temperature: 25°C e ————

¢ C tl al d . tl . 1 * Madenum Curent -leslA) L) 12 12z 12 12 12
S e ] S ] u ] O n “Bl=cirical characternstics may vary within 12% of the
p o d e Voltage [T onky) - Ve[V 4357 4377 439F 4419 444D indicated walues ot $fandard Test Condifions [3TC):

Irradiance of 1,000W/m2, AM 1.5 spectum, cel

OpenCioul Volage -Vesl¥] [DMS0) 4741 47.64 4787 4808 4831 . i 25
Shork Clreutt Cument- liA] (D) P49 935 742 0.9 el Hetes speciications subject to change without natice,

* PV modules rarely operate = roe o e e v

:hoose from safery | safery + | safety + + Lang Stings
l I n e r All of these options include Monitorng

54 Platform - i, a.8t]
LONG STRINGS .Lﬁ:l"_r“l C ] J 3] —1

(O el 1 17

. A Alin]
(.30 | — L
SAFETY E o=
73] § Tige 4 Jumchon B [u !
= e s
MONTORING g . ggen] | Frarms Helghis il [1 5%
Tigo o= .
= Em.n]. =
[7s4ain]
WWWodrhen rYIOUIG.Com Headquarters: 38848 Hammer Drive, Belingham, WA 98224 -
sales Offices: WA: [350] 647-P531 | MN: [§12] 318-53B4 | CA: [35C) 393-0178 visla 1/

rfoc@itekensargy.c

om | www.itekenergy.com




Standard Test Conditions

» We use subscript “STC” to denote a variable referenced to
Standard Test Conditions

« Examples:

Gerc: irradiance at STC (G, =1000 W/m?)
P.. : maximum power output under STC
Vie voltage at the maximum power point under STC

ISC,STC . short-circuit current under STC
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ltek SE 72-Cell Module

Design & Engineering Data

Spec Sheet Interpretation = =

= Arfi-glare prismafic subsurface fexturs

L] 1001 mim = 1993mm x £0mm
4F Tos/22.Thg

Bacishesl = Multilayered

= Engineered adhesion for maximum weother profecfion

; !

Frams: = High-sirength comosion-resitant onodiz=d alurminum
= Compafible with standard racking, occommadafing both fop-down
clamps and boffom-flangs mounting

Y Cable = §OAC 124G PV wire Oparational Temparalune -40._+P0RC
For the 350 SE module, determine: — === wemee e === n
, ° Grounding = Carified for Wiley Becironics WEEE™ grounding clips Mcuimim Design Looad [UL 1708 113 psff[5400pal
= Bight standord grownding locafiors per module for M Saries Puse Raling 154
duced d wire lengfh
reduced ground wirs l=rg frs Ton
P * mesvg Tyee! | TEMPERATURERATINGS
STC PO Fres 500+ hours m""" d o 45015
ARRA. BAA, and TAA Complian] Tempenaiues Cosfficlent of P 0.29%C
* CEECTRICALDATA® s ssse s %€ gosw  (erewmneCofwiomwdmsa 75
Temperalure Cosificlent =L only} DORAC
v edemum Poveer - P W] 350 385 340 245 aro of Vi 124
STC Masdmum Power Voltage - Vies(¥] Y P T Temperclurs Cosfficlent of ke B
J e S — 908 B8 925  pm: 7.41 Temparature Cosficien of Vie 0.28%°C
Meodmum Current -lws(A) {01} 12 1z 1z 12 12
“Becfrical charactersfics may vary within 2% of the
cdmum Vohoge TSl only] - Viue[V) 4257 4AT7 £2.9% 4419 44.40 indicated walues ndard Test Condifions [3TC):
Iradiance of 1,0 'mE, AM 1.5 spectrum, cel
OC STC Opan Ciroull Vollage - Vec{V] [DMS0) £7.41 4764 47T 4303 4331 temperature af 25°C.
) Shork Clreutt Cument- liA] (D) P49 935 742 7.9 L Hetes speciications subject to change without natice,
Moduls Bficlency 17.54% 1779% 1E0S%E 1820% 1B.E5%
:hoose from Safety | safety + | safety + + Lang Stings ASSEMBLED — Tr AN BAR awTA -
STC All of thase opfions include Monitoning IHUSA S ekl
54 Piatform el

LONG STRINGS ) .Lﬁ:lﬂﬁ r Al ’[’ﬂ]'"—l

=EE () 1 11 _
BE 3 e —1 ool

I

SC,STC

Te4-L
Te4-0
T4

E:"_ﬂl ¥ Tige 1% Junchan fea lfu‘h]
M | MONTORING p . [spm] : [SE——|
Tigo @ ; .
- A i ——
TStD )
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Rated Power Interpretation

The 350 SE module will produce 350 W when the irradiance
incident to it is 1000 W/m?, the cell temperature is 25° C, the
spectral distribution of the irradiance is AM 1.5, and it is

connected to a load that maximizes the power production under
these conditions

We will generally assume that that the load
maximizes power production (i.e. the module
operates at the MMP for a given set of conditions)
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Correcting for lrradiance

* [rradiance varies throughout the day

« Whenever the irradiance differs from G¢c (1000 W/m?), the
maximum power output is affected
« Maximum power is a function of irradiance P*(G)

« Maximum power is approximately proportional to the
irradiance

* Doubling irradiance doubles maximum power
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Correcting for lrradiance

Maximum power accounting for actual irradiance
G

STC

P (G)=P. . x

7 STC
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Exercise

Estimate the power produced by the Itek SE 370 if the
irradiance is 750 W/m?

15
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Exercise

Estimate the power produced by the Itek SE 370 if the
irradiance is 750 W/m?

* .G
P (G) =P, x —

STC

750

P’(G) = 370 x —277.5W
1000
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Correcting for lrradiance

The model assumes (approximates)
V*(G) _ VS*TC Voltage at MPP is not - G - 1000 W/m’
affected by irradiance =
§ G = 500 W/m>
I*(G) — [ x G Current at MPP changes in G = 250 W/m>
€6 proportion to irradiance
STC 0 '
0 —J
Voltage (V)
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Correcting for Temperature

* |-V characteristic of PV module is
influenced by the temperature

* Increasing temperature:
» Decreases voltage
* Increases current

« Change in voltage dominates the
change in current, so power
(voltage x current) decreases Voltage (V)

copyright 2019 www.drhenrylouie.com



How does temperature affect the design
and operation of off-grid PV systems?

« Charge controllers have a maximum
input voltage rating; cold Battary

temperatures can increase the PV IR
module voltage, possibly exceeding PV Module T
(and damaging) the charge controller N = > DC Load

Charge Controller

 Overall energy reduction will be
reduced (perhaps significantly) due to
temperature-related losses

19
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Correcting for Temperature

 Sensitivity of voltage, current, and power to temperature is
empirically determined and reported by the manufacturer as
“temperature coefficients”

 Coefficients are used to determine how open-circuit voltage,
short-circuit current, and maximum change as the cell
temperature deviates from 25° C

* Power can be reduced by 10 to 15% because cell temperature
is often >20° C higher than that of STC
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Temperature Coefficients

a,. open-circuit voltage temperature coefficient (%/K or %/C)
a:: short-circuit current temperature coefficient (%/K or %/C)
a,: maximum power temperature coefficient (%/K or %/C)

Temperature coefficients are provided in module spec sheet
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Correcting for Temperature

: Q,
I .(T.) = I..(25 c>£1 +og (T. - 25))

V,.: open-circuit voltage at 25° C (V)

o 04 l,.: short-circuit current at 25° C (A)
VOC(TC) = voc(25 C) (1 T 10\6 X (TC — 25)) T.: temperature of the PV cell, (C)

25° C, then no correction is applied.
This makes sense since because 25° C
corresponds to STC

* . a . .
P (T.)=P (25 C) [1 4 ﬁ > (Tc _ 25)] Note that if the cell temperature is
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Example

The cell temperature of the ltek 370 SE module is 47° C. What is
the short-circuit current at this temperature? Assume that other
than temperature, the module is operating under STC.
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Example

Referring to the spec sheet, we see that o, = +0.04%/C and
lsc sc 15 9.76A.

: a,
I (T.) =1..(25 C)(1 # oo (T~ zs)j

o 0.04
Ty C)=9.76£1+ 5 ><(47—25)j

.(47°C) =9.846 A

We shouldn’t be concerned about the units being in Celsius, since the temperature is also
expressed in these units (moreover, the difference in one degree Celsius is the same as the
difference in one degree Kelvin)
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How do we determine the temperature
of the cell?

* Manufacturers report the cell temperature when the PV
module is exposed to “Standard Operating Conditions” (SOC)

* The reported temperature is known as “Nominal Operating

Cell Temperature” (NOCT)
* typically between 45° C and 50° C

 When module is not exposed to SOC (often the case), then the
cell temperature will likely not be NOCT and the cell
temperature must be estimated

25
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Standard Operating Conditions

Standard Operating Conditions
* Irradiance: 800 W/m? (0.8 Ge()
« Ambient temperature: 20°C
* Wind speed: 1 m/s
 Spectral distribution: AM 1.5
* Power output: 0 W (no load)
« see |[EC 61215 for test procedure
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Nominal Operating Cell Temperature

What happens when the module does not operate under SOC?
Approximate the cell temperature from:

T =T, +(NOCT -20) 2

Other formulations exist for correcting for non-SOC wind speed,
but it is not commonly employed

27
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Example

What is the cell temperature of the ltek 370 SE when the
irradiance is 400 W/m?, and the ambient temperature is 15° C?
(Assume SOC otherwise)
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Example

From the spec sheet the NOCT is 45.01° C

G
TC = Ta T (NOCT B 20) 800 This is a cold day (about 59° F)
T =15+ (45.01-20) 20
3800

TC =27.5C We see that the PV module is hotter than the ambient temperature
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Exercise

What is the maximum power produced by the Itek SE 370 when
the ambient temperature is 30° C and the irradiance on the
module is 1000 W/m??
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Exercise

What is the maximum power produced by the Itek SE 370 when the ambient temperature
is 30° C and the irradiance on the module is 1000 W/m?2?

The temperature coefficient for power is -0.39%/°C
The NOCT is 45.01° C

The irradiance corresponds to G¢r¢, S0 use Py from the spec
sheet (370 W)
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Exercise

First compute cell temperature Now compute maximum power

(T.) = P'(25° D (T -
TC:Ta+(NOCT—20)% PTc) =P (25 C)[”moX(TC 25)j
1000 . -0.39
T =30+(45.01-20) P"(30 C)=370[1+ 100 X(Tc—25)j
T. = 61.27°C P'(30°C)=317.7 W

Power has been reduced by 14% due to temperature
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Correcting for Temperature & Irradiance

* Last example conveniently had an irradiance of 1000 W/m?
(STC)

* What about when the cell temperature AND irradiance deviate
from STC?

* Mostly concerned about maximum power, not open-circuit voltage or
short-circuit current

33
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PV Power Production

 Several different methods possible
 Osterwald’s method:

‘ G o
P:PSTCXWXK’I_'_ﬁX(TC_ZS)]

P: power produced by PV module (W)
p: _ :rated power under Standard Test Conditions (W)

STC

G: irradiance (W/m?)
op : power coefficient (% /K)
T : PV cell temperature (C)

www.drhenrylouie.com




Osterwald’s Method

Corrects for temperature

Corrects for irradiance
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Exercise

What is the maximum power produced by the Itek SE 370 when
the ambient temperature is 30° C and the irradiance on the
module is 900 W/m??
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Exercise

What is the maximum power produced by the Itek SE 370 when the ambient temperature
is 30° C and the irradiance on the module is 900 W/m?2?

The temperature coefficient is -0.39%/°C
The NOCT is 45.01° C
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Exercise

First compute cell temperature Now compute maximum power
T.=T 4—(NOCT—20)i p_p . O 1+ 22« (T. —25)
] 800 ™~ 1000 100" "
900 900 -0.39
T. =30+(45.01-20 14 -
+( )800 P =370 7o (1+ oo (6814 25))
T. =58.14°C P=289.96 W

Compare this to the result of the previous exercise
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Short-Circuit Current

* We generally only correct the short-circuit current based on
irradiance (not temperature) using:

G
GSTC

 Important when determining fuse ratings and charge controller
compatibility

ls7c(G) = ISC,STC X
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Open-Circuit Voltage

* We generally only correct the open-circuit current based on
temperature (not irradiance) using:

V. (T.) =V, (25° C)£1 ¥ 1030 < (T, - 25))

 Important when determining insulation ratings and charge
controller compatibility
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PV Arrays

* PV modules connected together are known as a PV Array
* Series-connected modules are known as “strings”

« Strings with the same number of series-connected modules can
be connected in parallel

« Assume that all modules in the array are operating under the
same conditions
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PV Arrays

3/ —
> > | > varray N ser,str xV
Iarray = Npar,str X I

Nser str- NUMber of modules connected in series per string

Nparstr: NUMber of strings connected in parallel

This array has three strings
of two modules
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PV Array Power

» Power produced by the array:
P =V x|l =N xV xN x|

array array alray ser,str par,str

=N x N x P

ser,str par,str

= Number of modules x P

* In other words, the power produced is independent of how the
modules are connected (as long as each string has the same
number of modules connected in series)
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Example

Compute the open-circuit 1 21 37

voltage, short-circuit current | —

and maximum power of this

array assuming operation under 4 i

STC (let the modules be Itek -

370 SE) + 2V
, _
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Example

From the spec sheet:

e src =976 A

Voe src = 48.31V
P, =370 W

.{ i] 3/
.|
g +
.y
-
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Example

1 21 31
There are three strings in | — ]
parallel, and two modules in

each string so: 4

L scsrc = 3% 9.76 = 29.28 A .

V. oocsic = 2% 48.31=96.62 V ,

P o =(3x2)370=2220 W -
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Exercise

A design calls for three Itek 370 SE modules
to be arranged in a single string and
connected to a charge controller. The
maximum voltage input rating of the charge
controller is 150 VDC. Verify the charge

controller can be used if the array operates
under STC.

copyright 2019 www.drhenrylouie.com
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Exercise

A design calls for three Itek 370 SE modules to be arranged in a
single string and connected to a charge controller. The maximum
voltage input rating of the charge controller is 150 VDC. Verify the
charge controller can be used if the array operates under STC.

The PV modules are arranged in a string, so that:

vOC,array = Nser,str X VOC,STC
vOC,array = 3x48.31 KRR e ==
Vo array = 144.93 V

copyright 2019 www.drhenrylouie.com
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Exercise

We know that STC operation almost
never happens. The array open-circuit
voltage was very close to the charge
controller rating. We should check to see
if the controller can be used if the
temperature is low (why?). Assume the
lowest cell temperature will be 5° C.

Can the controller be used?
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Exercise

We know that STC operation almost o
never happens. The array open-circuit  Voc amay(Tc) = 3% V5 (25°C) (1 T Us 25))
voltage was very close to the charge

controller rating. We should check to see : -0.29

i : V, 5°C) = 3x48.31| 1 5_25
if the controller can be used if the oc,amay (9 ¢) = 3 ( T < )
temperature is low (why?). Assume the , 5°C)=153.3 V

lowest cell temperature will be 5° C. oc,array (9 ©) '

Can the controller be used?

This exceeds the charge controller rating.
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Shading

* Complete or partial shading of
PV module or array can severely
reduce power production

* Avoid locations where shading
occurs
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Shading

Read Chapter 7.12 of text for
details, including how to mitigate

the effects of shading by using

diodes

“The current supplied by a PV
module is limited to the current produced by its least

Current (A)

productive cell.”---not exactly correct, but easy to

remember

copyright 2019 www.drhenrylouie.com

No Shade
= == = 1 Cell Half
"""" 1 Cell Full

5 10 15 20
Voltage (V)
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Discharge Protection

» Consider a PV panel connected to a battery
* What happens at night?
« 1, =0
* Diode can be forward biased
» depends on nhumber of cells in series in the module
« Battery discharges through PV
 How can we prevent this?

————————————

4
[
i
o
I, Vin i Vg
- i

————————————

————————————

i
o
I +
<
3
gEm_——————Tm.
<
ls)
------—,

~
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Battery Charging

» Add a blocking diode

* Less efficient operation during charging
« Power loss due to diode voltage drop

* Prevents discharging when V_ <V,

~




Blocking Diodes

* The same problem can occur
when a portion of a PV
module (or a PV module in
string) is shaded

* Voltage in shaded string is
reduced

 Any strings in parallel may
have current flow through
the shaded strin

[ )

shaded
module

MPPT

Rest of
the system
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Blocking Diodes

 Blocking diodes installed
when strings are in parallel
to prevent on string from
sending current through the
other

« Under unshaded operation,
nere is loss associated with
ne blocking diodes

t
t

blocking -

diodes

shaded
module

S|

MPPT

— Rest of
the systen




Shading

+
Vio 1
+ 7 + é
V20 P V20 Rioad

shaded
cell

RN
&1
5T
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Shading

* Voltage across shaded cell
* V30 = -Vi0 -Voo
» Shaded cell is a reversed
biased diode

* Power is dissipated
* Overheating and damage
can occur

» Qutput current is severely
reduced

Dr. Louie
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Shading

» Solution to shading is to use bypass diodes (blocking diodes not

shown)

bypass &
diode

MPPT

Rest of the system




Bypass-Diodes

shaded \

module
Current bypasses
the shaded module \ I

MPPT Rest of the system




Bypass diodes

ltek SE 72-Cell Module
* Most larger PV modules Design & Engineering Data

contain bypass diodes eneatoam

Cell Type » 72 high-efficiency monocrystaline p-type cells
* 5 x 12 cell mafrix
Solar Glass *» Ultra-clear anfi-reflective freatment
* Tempered, with low ron content
A SN Smm—— e S, SS——— " An‘i—gla’e prismatic subsurface texiure
W W—— T Ty Ty S T, H f
* Engineered adhesion for moamum weather profeciion
- W W e T T
Py ¢ . ; . . .

Frame * High-sirength comosionresistant anodized aluminum
el L GC-"T‘,F)G'iO = '-,.'..-'i"'" S1Iangaarg ’GC{i"’.ﬂ OCCOMMmMoCamag DoTh 1TO—-00WT
X X e % . = =

clamps and boftom-flange mounfing
W W——— O Ty
A SRR, SESSSS G A, A Cﬂblﬂ » ;D:S ]2.:'-."1'"1'2—- :.-.1_.' "f"q"i’E
. W e e Iy Ty 5 - o — —
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Without bypass diode With bypass diode

1 M
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& "Prse bower . Global
; 7 MPP
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| q MPP
?'"nc\“
Voltage (V) Voliage (V)
(a) (b)
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PV Energy Production

Winter Months Summer Months

Average daily PV array energy _ -  —— -
production can be estimated o8 —; | _os o | 4
from array’s average daily S S
insolation (kWh/m?/day) = =%

* Insolation: integral of irradiance £ %4f s 041

» Typical insolation for SSA 4 to 7 £ 0.2 E ozl

kWh/m?2/day '
EPV — PSTC T gDD 6:00 12:0{} 18?5;3-““” 3:0{} 6:00 12;0{} 18:03“.”

Time of Day Time of Day

Epy : average PV array energy production, kWh/day

Insolation depends on: array location,
[ . average insolation, kWh/m?/day

tilt, azimuth, season
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® POWER Single Point Data Access— B X

1. Choose a User Community A

SSE-Renewable Energy v ey

2. Choose a Temporal Average
' Daily Interannual '® Climatology NIGER |

3. Enter Lat/Lon or Add a Point to Map

9 (-90 to +90 decimal B — CHAD
9.0815 degrees) B
? Niam 3
Clear 7.4806 (-180 to +180 decimal ;‘A > O i ' % e
degrees) S ; g - >
d A Kano ~_ N'Djamena

4. Select Time Extent

J IGERIA ,
Start Date 01/01/2015 | (No date needed) ‘ ! BENIN ﬁb ] A e
B\ uja ,'
End Date | 03/05/2015 | (No date needed) NA 7 " ;
) (1 1 Fé’ono-No o AN S . FEN
5. Select Output File Formats Select All ‘Lome d “Lago: : AFFR
O . C REP
rags ‘ >
¥ ascr1 [ csv ) GeoisoN ) NetcDF PortHarcourt. = “AMEROON ..
0 Bangui
Malabo ,\Douala Yaounde ‘ b
il o \ A
6. Select Parameters (Limit 20 parameters) 28 o )
The Climatology temporal period has the most parameters. v 1 Guif of " \/ 4
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https://power.larc.nasa.gov/data-access-viewer/

Latitude: 9.0815 Longitude: 7.4806

Parameter Charts Time Extent:

All Sky Insolation Incident on a Horizontal Surface v 22 Year Solar Climatological Averages (Jul 1983 - Jun 2005)
30 Year Meteorology Climatological Averages (Jan 1984 - Dec 2013)

Elevation: 404.65 meters

Hover for charting tools |

-
n
2 6
™l
<
= 3
=
1
X 4
9 = M. oy, " gy iy, A, Sa O oy, e,
£ aﬁf} L 5 . [ by * @ » G, 5¢ #9;}%@ 05 - (2 Q}*ﬁ@ S b
[

ower.larc.nasa.gov/data-access-viewer
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Exercise

The average insolation on the a 350 W module for the month of
September is 4.7 kWh/m?/day. What is the average daily energy
produced by the module?
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Exercise

The average insolation on the a 350 W module for the month of
September is 4.7 kWh/m?/day. What is the average daily energy
produced by the module?

E,, =350x4.7=1645 Wh
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Energy Production from PV Arrays

The energy produced by a PV array over the course of a day is
found by integrating its power production

1

2 08}

2 P(t

5 ( )\}

= 06 F

O

o

s 0.4

= Area under the curve

> 02} is the energy produced
O [ | [ |
0:00 6:00 12:00 18:00

Time of Day
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Energy Production from PV Arrays

Integrate power between sunrise and sunset times (be careful
of the units)

cell temperature to vary with time (t)

. G(t) —
P(t) — PSTC < 1000 X (1 + ap X (Tc(t) . 25)) We expect both the irradiance and

t..: time the sun sets
t..e: time the sun rises
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Practical Considerations: Advantages

* No fuel costs

» Wide resource data availability

* Modularity

« Low maintenance (periodic washing of panels)
* No noise or air pollution

» Widely available, mature supply chains
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Practical Considerations: Disadvantages €3

» Variable and uncertain power production

= Requires charge controllers and
batteries, and requires an inverter to
serve AC load

» Higher capital costs than gen sets

= Relatively low power density so large
amount of space needed

» Often requires custom racking to
optimize incident irradiance

(courtesy GVE Projects)
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