Some solutions
to the 1st set of problems

Question 1

Question 2 (solved and discussed in class)

Question 3 (solved and discussed in class)
Question 4.1
Question 4.2

Question 1

Microgeneration

Considering a yearly fulfilment of the 10MW cap of the
Portuguese micro generation law:

1. How much would a 3.68kW PV system produce in
Portugal? [average insolation: 1.5kWh/Wp/year]

2. Determine the income from a PV system with maximum
allowed power, installed in 2009 [lifetime: 30 years].

3. Compare with the evolution of the cost of electricity from
the grid [12c€/kWh in 2009; 6% annual increment].

4. Assuming typical installation costs [6€/Wp], determine the
payback time.
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Chart 1 - £
|l A | B | € s F g | H Lo | a0 | kK
1 |year date feed in tarrif € yearly decrease of tarrif
2 | 2008 0,650 5,00%
3 1 2009 0,618 T
4 2| 2010 0,587 feedin tarrif €
5 | 3 2011 0,557
6 4 2012 0,529
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1
2 \year date feedintariff€ tariff recieved utility tariff € yearly decrease of feed in tariff
3 2008 0,650 0,114 5,00%
4 1 2009 0,618 0,618 0,12
5 2 2010 0,587 0,618 0,127 yearly increase of utility tariff I _I
6 3 2011 0,557 0,618 0,135 6,00%
7 4 2012 0,529 0,618 0,143
8 5 2013 0,503 0,618 0,151 0,700
9 6 2014 0,478 0,478 0,161
10 7 2015 0,454 0,454 0,170 | 600 \ /
11 8 2016 0,431 0,431 0,180
12 9 2017 0,410 0,410 0,191 0500 \ /
13 10 2018 0,389 0,389 0,203
14 11 2019 0,370 0,370 0,215 \ /
15 12 2020 0,351 0351 o028 | 0400
16 13 2021 0,334 0334 0,241 — feedintariff £ \ /
17 14 2022 0,317 0,317 0,256 0,300 utifity tariff €
18 15 2023 0,301 0,301 0,271 /\
19 16 2024 0,286 0,286 0,288 | pa200
20 17 2025 0,272 0,272 0,305
21 18 2026 0,258 0,258 0323 | 40
22 19 2027 0,245 0,245 0,343
23 20 2028 0,233 0,233 0,363
2 21 202 0,221 0,221 o385 | 0000 ‘ ‘ i i ‘ ‘ !
2 2 2030 0,210 0,210 0,408 2005 2010 2015 2020 2025 2030 2035 2040
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1
2 |year date feed in tariff € tariff recieved utility tariff€ yearly decrease of feed in tariff
3 2008 0,650 0,114 5,00%
4 1 2009 0,618 0,618 0,12
5 2 2010 0,587 0,618 0,127 yearly increase of utility tariff
6 3 2011 0,557 0,618 0,135 6,00%
7 4 2012 0,529 0,618 0,143
8 5 2013 0,503 0,618 0,151 0,700
9 6 2014 0,4?3' ,4?3! [ 0,161 4
10 7 2015 0,454 0,454 0170 | 5500 \ /
11 8 2016 0,431 0,431 0,180 ) /
12 9 2017 0,410 0,410 0,191 ////
13 10 2018 0,389 0,389 0,203 0500 N
) ) ), N,
14 11 2019 0,370 0,370 0,215 - ) //
15 12 2020 0,351 0351 o228 | 0400
16 13 2021 0,334 0,334 0,241 ——feedin tariff £
17 14 2022 0,317 0,317 0,256 0,300 utitity tariff € &
18 15 2023 0,301 0301 0271 tariff recieved /\
19 16 2024 0,286 0,288 0,288 | 0200
20 17 2025 0,272 0,305 0,305
21 18 2026 0,258 0,323 0,323 0,100
22 19 2027 0,245 0,343 0,343
23 20 2028 0,233 0,363 0,363
24 21 2029 0,221 0,385 0,385 0.000 ! ! ' ' ' ' '
25 2 2030 0,210 0,408 0,408 2005 2010 2015 2020 2025 2030 2035 2040




A B & D E E G H 1 i)
1| recieved in lifetime 30 years
2 75.170,88 €
3 \year date feedintariff€ tariff recieved utility tariff€ feed in recieved € Installed Power 3,68 kwp
4 2008 0,65€ 0,11€ 3680 Wp
5 1 2009 0,62€ 0,62€ 0,12€ 3.408,60€ insolation 1,5 kWh/wWp/year
6 2 2010 0,59€ 0,62€ 0,13 € 3.411,36€
7 3 2011 0,56 € 0,62 € 0,13 € 3.411,36 € Power Produced 5520 kWh/year
g 4 2012 0,53€ 0,62€ 0,14€ 3.411,36 €
9 E 2013 0,50€ 0,62€ 0,15€ 3.411,36€
10 6 2014 0,48 € 0,48 € 0,16 € 2.637,51€ yearly decrease of feed in tariff  5,00%
1 7 2015 045€ 045€ 0,17€ 2.505,63 €
12 8 2016 043 € 043 € 0,18 € 2.380,35€
13 9 2017 041€ 041€ 0,19€ 2.261,33€ yearly increase of utility tariff 6,00%
14 10 2018 0,39¢€ 0,39¢€ 0,20€ 2.148,27€
15 1 2019 0,37€ 0,37€ 0,21€ 2.040,85€
16 12 2020 0,35€ 0,35€ 0,23 € 1.938,81€ Installation Costs 6 £/Wp
17 13 2021 0,33€ 0,33€ 0,24 € 1.841,87€
18 14 2022 0,32¢€ 0,32¢€ 0,26 € 1.743,78€ total cost ZZDBDI€ !
19 15 2023 0,30€ 0,30€ 0,27€ 1.662,29€
20 16 2024 0,29€ 0,29€ 0,29€ 1.58748€
21 17 2025 0,27€ 0,30€ 0,30 € 1.682,73 €
22 18 2026 0,26 € 0,32€ 0,32€ 1.783,69€
23 19 2027 0,25€ 0,34€ 0,34 € 1.890,71€
Installed Power 3,68 kWp
3680 Wp
insolation 1,5 kwh/Wp/year

Power Produced 5520 kwWh/year
yearly decrease of feed in tariff  5,00%

yearly increase of utility tariff ~ 6,00%

Installation Costs 6 €/Wp

total cost EEDEDI€ _I




A B C D E F
1 recieved in lifetime 3
2 75.170,88 €
3 year date feed in tariff € tariff recieved utility tariff € feed in recieved £
4 2008 0,65€ 0,11€
5 1 2009 0,62 € 0,62€ 0,12 € 3.408,60 €
6 2 2010 0,59 € 0,62 € 0,13 € 3.411,36 €
7 3 2011 0,56 € 0,62€ 0,13 € 3.411,36 €
8 4 2012 0,53 € 0,62 € 0,14 € 3.411,36 €
9 5 2013 0,50 € 0,62 € 0,15 € 3.411,36 €
10 5] 2014 0,48 € 0,48 € 0,16 € 2.637,51€
11 7 2015 0,45 € 0,45 € 0,17 € 2.5053,63 €
12 8 2016 0,43 € 0,43 € 0,18 € 2.380,35€
13 9 2017 0,41 € 0,41€ 0,19€ 2.261,33 €
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20.000,00€ /’
total recieved
10.000,00 €
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0,00€ © T = |
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recieved in lifetime 30 years
75.170,88 €
feed in recieved total recieved Installed Power 3,68 kWp
3680 Wp
3.408,60 € 3.408,60 € insolation 1,5 kWh/Wp/year
3.411,36 € 6.819,96 €
3.411,36 £ 10.231,32 £ Power Produced 5520 kWh/year
3.411,36€  13.642,68€
3.411,36€  17.054,04€
2.63751€ 19.69155€ yearly decrease of feed in tariff  5,00%
2.505,63 €| 22.197,18 €_|
2.380,35 € 2457754 €
2.261,33€  26.83887 € yearly increase of utility tariff 6,00%
2.148,27 € 28.0987,14 €
2.040,85 € 31.027,99 €
1.938,81€  32.966,81€ Installation Costs 6 €/Wp
1.841,87 € 34.808,68 €
1.749,78€  36.558,46 € total cost 22080 €




Other ideas to pursue...

* Include capital cost analysis (initial investment
costs money — the law accounts for this through
bank loans)

* If the investment was to be made later, say, in 5
years time, would it be more or less profitable?

* The most unpredictable factor in this calculation
is clearly the ‘expected’ rate of increase of
electricity prices. Discuss possible growth models,

Question 4.1

Radiation

Determine the photon flux, power density and
spectral irradiance for AMO, AM1.5D and
AM1.5G. [use spreadsheet and excel data file]




£l - 5|
A B c D E
1 |
Wavelength | Extraterrestrial Global tilt Direct

2 trm) <] wrmemil] Wrm®nmil<| wrmZnmt[-] NOte that the wavelength separation

3 280,0 8,2000E-02 4,7309E-23 25361626 | 15 0.5nm

1 280,5 9,9000E-02 1,2307E-21 1,0917E-24 However this is not the case for the

5 281,0 1,5000E-01 5,6895E-21 6,1253E-24 whole wavelength column.

6 2EE ZiZIE LEEIED 2747922 | There is an easy solution though...

7 282,0 2,6700E-01 1,1946E-18 2,8346E-21

8 282,5 3,0300E-01 4,5436E-18 1,3271E-20

9 283,0 3,2500E-01 1,8452E-17 6,7646E-20

10 283,5 3,2300E-01 3,5360E-17 1,4614E-19

11 284,0 2,9900E-01 7,2670E-16 4,9838E-18

12 284,5 2,5024E-01 2,4856E-15 2,1624E-17

13 285,0 1,7589E-01 8,0142E-15 8,9998E-17

14 285,5 1,5500E-01 4,2613E-14 6,4424E-16

15 286,0 2,4200E-01 1,3684E-13 2,3503E-15

16 286,5 3,3300E-01 8,3823E-13 1,8458E-14

17 287,0 3,6200E-01 2,7367E-12 7,2547E-14

18 287,5 3,3900E-01 1,0903E-11 3,6618E-13

19 288,0 3,1100E-01 6,2337E-11 2,8061E-12

20 288,5 3,2500E-01 1,7162E-10 9,0651E-12

pal 289,0 3,9200E-01 5,6265E-10 3,4978E-11

2 289,5 4,7900E-01 2,0749E-09 1,5368E-10

23 290,0 5,6300E-01 6,0168E-09 5,1454E-10

2 290,5 6.0600E-01 1,3783E-08 1,3303E-09

E3 - fe | =(A4-A3)*B3 '
A B C D E F
1
Wavelength raterrestrial Global tilt Direct

2 {(nm) *m2*am™ [+]  W*m®*nm? [+ W*mP*nm™ [~

3 280,0 8,2000E-02 4,7309E-23 2,5361E-26 0,0

4 280,5 9,9000E-02 1,2307E-21 1,0917E-24

5 2810 1,5000E-01 5,6895E-21 6,1253E-24 -
This is the power

6 2815 2,1200E-01 1,5662E-19 2,7479E-22 . L
density within the

7 2820 2,6700E-01 1,1946E-18 2,8346E-21
range of wavelengths

8 2825 3,0300E-01 4,5436E-18 1,3271E-20
between 280,0 and

9 2830 3,2500E-01 1,8452E-17 6,7646E-20 280.5nm

10 283,5 3,2300E-01 3,5360E-17 1,4614E-19 !

11 2840 2,9900E-01 7,2670E-16 4,9838E-18

12 284.5 2,5024E-01 2,4856E-15 2,1624E-17

13 285,0 1,7589E-01 8,0142E-15 8,9998E-17




E4 - fi | =E3+{$A5-$A4)*B3

A B E D E

1
Wavelength Extraterrestrial Global tilt Direct

2 (hm) [+ *m 2 *nm’ | > W*m 2 *nm’’ |~ W*m *nm |~
3 280,0 ,2000E-02 4,7309E-23 2,5361E-26 0,0
4 280,5 9,9000E-02 1,2307E-21 1,0917E-24 0,1
5 281,0 1,5000E-01 5,6895E-21 6,1253E-24 0,1
6 281,5 2,1200E-01 1,5662E-19 2,7479E-22 0,2
7 282,0 2,6700E-01 1,1946E-18 2,8346E-21 0,3
8 282,5 3,0300E-01 4,5436E-18 1,3271E-20 0,4
9 283,0 3,2500E-01 1,8452E-17 6,7646E-20 0,6

The next line of the column is different, as we can now add the previous number is E3.

5UM M

% & Jf | =E2003+($A2005-$A2004)*B2003

A B o] D E
1
Wavelength Extraterrestrial |Global tilt W*m Direct

2 (nm) [+ W*m *nm” |- Zxm ™t = Wm™*nm’ =

1994 3950,0 9,1100E-03 7,6277E-03 7,6475E-03 1350,0
1995 3955,0 9,0800E-03 7,7199E-03 7,7399E-03 1350,1
1996 3960,0 9,0200E-03 7,7482E-03 7,7679E-03 1350,1
1997 3965,0 9,0100E-03 7,8057E-03 7,8253E-03 1350,2
1998 3970,0 8,9300E-03 7,6806E-03 7,6997E-03 1350,2
1999 3975,0 8,9100E-03 7,5097E-03 7,5280E-03 1350,2
2000 3980,0 8,8400E-03 7,3872E-03 7,4049E-03 1350,3
2001 3985,0 8,8000E-03 7,4327E-03 7,4503E-03 1350,3
2002 3990,0 8,7800E-03 7,3723E-03 7,3894E-03 1350,4
2003 3995,0 8,7000E-03 7,2100E-03 7,2263E-03 1350,4 ]
2004 4000,0 8,6800E-03 7,1043E-03 7,1 =E2003+(SA2005-SA2004)*B200)
2005

mAnme

One has to be carefull with the last number in
the column as the next wavelength value is
non-existante




7,4327E-03 7,4503E-03 1350,3
7,3723E-03 7,3894E-03 1350,4
7, 2100E-03 7,2263E-03 13504 |
7,1043E-03 7,1 =E2003+(SA2005-5A2004)*B2003
/,20T74C"V2 l LOIV,
7,2263E-03 | 13504 |
7,1 =E2003+(SA2004-5A2003)*B2003
E1 - fe | =E2005 '
A B C D E
1 Power Density W/m™| 1350,5
2
Wavelength Extraterrestrial |Globaltilt W*m'| Direct W*m’
3 (nm) W*m *nm™ Zenm™? = 2 nm =
4 280,0 8,2000E-02 4,7309E-23 2.5361E-26 0,0
5 280,5 9,0000E-02 1,2307E-21 1,0917E-24 01
6 281,0 1,5000E-01 5,6895E-21 6,1253E-24 0.1
7 281,5 2,1200E-01 1,5662E-19 2,7479E-22 0.2
8 282,0 2,6700E-01 1,1946E-18 2 8346E-21 03
9 282,5 3,0300E-01 4,5436E-18 1,3271E-20 04
10 283,0 3,2500E-01 1,8452E-17 6,7646E-20 06
11 283,5 3,2300E-01 3,5360E-17 1,4614E-19 038
12 284,0 2,9900E-01 7,2670E-16 4,9838E-18 0,9
13 284,5 2,5024E-01 2,4856E-15 2,1624E-17 11
14 285,0 1,7589E-01 8,0142E-15 8,9998E-17 1,2
18 285 & 1 55NNF-N1 A47R13F-14 A AA2AF1R 12

The power density for whole spectrum is the sum of the individual power densities
for each wavelength

10



E2

A B C D E F G
1 Power Density W/m™ 1350,5 1002,4 901,9
2
Wavelength | Extraterrestrial | Global tilt | Direct W#*m  |Extraterrestrial| Global tilt Direct
(nm) W*mZ*nm™ | W*m >*nm™ 2enm™? W*m>*nm™ | W*m>*nm™ W*m >*nm™*
3 - - = -
4 280,0 8,2000E-02 | 4,7309E-23 2,5361E-26 0,0 0,0 0,0
5 280,5 9,9000E-02 | 1,2307E-21 1,0917E-24 0,1 0,0 0,0
8 281,0 1,5000E-01 | 5,6895E-21 6,1253E-24 0,1 0,0 0,0
7 2815 2,1200E-01 | 1,5662E-19 2,7479E-22 0,2 0,0 0,0
8 282,0 2,6700E-01 | 1,1946E-18 2,8346E-21 0,3 0,0 0,0
9 2825 3,0300E-01 | 4,5436E-18 1,3271E-20 0,4 0,0 0,0
10 2830 3,2500E-01 | 1,8452E-17 6,7646E-20 0,6 0,0 0,0
11 2835 3,2300E-01 | 3,5360E-17 1,4614E-19 0,8 0,0 0,0
12 2840 2,9900E-01 | 7,2670E-16 4,9838E-18 0,9 0,0 0,0
13 2845 2,5024E-01 | 2,4856E-15 2,1624E-17 1,1 0,0 0,0
14 2850 1,7589E-01 | 8,0142E-15 8,9998E-17 1,2 0,0 0,0
15 2855 1,5500E-01 4,2613E-14 6,4424E-16 1,3 0,0 0,0
W 4 b 4| reference spectra < 7 m
o == |
Photon Flux?
We have Wm2nm-
What is the energy of a photon?
Ephoton=hV
c=VA
S0: Epporon=hc/A
Or for handfull of photons n the total energy is E,, ,510ns=nhc/A

A - photon wavelength

¢ — photon speed, speed of light
v - photon frequency

h - plank’s constant

11



B7 - f= | =3B$2*$B31/(AT0,000000001)

A B C D E E

1 c 3,00E+08 ms?
2 h 6,63E-34 Js
3
4
T

Wavelength | Photon Energy | Extraterrestrial ~ Global tilt | pjrect wW*m’
6 (nm) () < w*m*nm’z] W*m™*nm- “nm? B
7 280,0 7,09E-19 8,20E-02 4,73E-23 2,54E-26
8 280,5 9,90E-02 1,23E-21 1,09E-24
] 281,0 1,50E-01 5,69E-21 6,13E-24
10 281,5 2,12E-01 1,57E-19 2,75E-22
11 282,0 2,67E-01 1,19E-18 2,83E-21
12 282,5 3,03E-01 4,54E-18 1,33E-20
13 283,0 3,25E-01 1,85E-17 6,76E-20
14 2835 3,23E-01 3,54E-17 1,46E-19
15 284,0 2,99E-01 7,27E-16 4,98E-18
16 284,5 2,50E-01 2,49E-15 2,16E-17
17 285,0 1,76E-01 8,01E-15 9,00E-17
18 285,5 1,55E-01 4,26E-14 6,44F-16

A usual way of expressing photon energy is in electron volts eV, just devide the energy by the
fundamental electric charge of an electron, 1.6e-19 C.

c7 - fe | =B7/1,6E-19
A B C D E F G
2 h 6,63E-34 Js
S
4
5
Wavelength|  Photon Photon Extraterrestrial | Globaltilt |Direct W*m’
5 (nm) [+| Energy ()[~| Energy (eV]+] W*m *nm’+| W*m *nm/+ 2 nm [=
7 280,0 7,09E-19 4,43E+00 8,20E-02 4,73E-23 2,54E-26
g 280,5 9,90E-02 1,23E-21 1,09E-24
9 281,0 1,50E-01 5,69E-21 6,13E-24
10 2815 2,12E-01 1,57E-19 2,75E-22
11 2820 2,67E-01 1,196-18 2,83E-21
12 2825 3,03E-01 4,54E-18 1,33E-20
13 2830 3,25E-01 1,856-17 6,76E-20
14 2835 3,23E-01 3,54E-17 1,46E-19
15 2840 2,99E-01 7,27E-16 4,98E-18
16 2845 2,50E-01 2,49E-15 2,16E-17
17 285,0 1,76E-01 8,01E-15 9,00E-17
18 285,5 1,55E-01 4,26E-14 6,44E-16
19 286,0 2,42E-01 1,37E-13 2,35E-15

The electron volt (eV) is a convenient form of expressing photon energy, as this makes
relating phton energy with electron energy more facile.

E.g. an important number in silicon PV is the bangap of silicon which is approx. 1.12eV. The
importance of the number will become apparent in the later classes.




En photons:nhc/}\‘
We want n, photon flux En photons A /NC=n
G7 - fe | =D7/87
A B C D E F G
3
4
5
Wavelength Photon Photon Extraterrestrial | Global tilt Direct Photon Flux Extra.
(nm) Energy (J) Energy (eV] W rm#*nm? | W¥m?*nm?| W¥*m*nm m 2 *nm*
[-] b &=l > >
7 280,0 7,09E-19 443 8,20E-02 4,73E-23 2,54E-26 116E+17
8 280,5 7,08E-19 4,42 9,90E-02 1,23E-21 1,09E-24

We need to be more carefull with the addition of the photon fluxes for each data point. The
data is “per nanometer” but the data points are not separated by 1 nanometer at a time, so
we have to do the same as before. Note column title is not strictly correct!

67 ~( Jfi | =D7/SBT*(SAB-3A7)
A B C D E F G t
3
4
5
Wavelength Photon Photon Extraterrestrial | Global tilt Direct Photon Flux Extra.
(nm) Energy (J) Energy (eV wm*am? | Wrm?nm™? | wrm*nm® m*nm™*
7 2800 | 709619 | 443 | 820E02 | 473F-23 | 254626 | 5 78E+16]
o 2805 | zparqg | 442 __goocn2 | 123c21 | 1porooa | 1
SUM ~ (0 % o fe| =D2008/$B2008%(SA2008-$A2007)
| A B c D E F G H
3 |
< ||
5
Wavelength Photon Photon Extraterrestrial | Global tilt Direct Photon Flux Extra.
. (nm) | Energy(]) | Energy(eV) W*m'z*nm'll, JwErmnm™ | W*m'z*nm"t, mZ*nm?
= = 82 [= = [
1994)  3930,0 5,05E-20 0,32 9,32E-03 7,05E-03 7,07E-03 9,22E+17
1995 3935,0 5,05E-20 0,32 9,30E-03 7,35E-03 7,37E-03 921E+17
1996 3940,0 5,04E-20 0,32 9,23E-03 7,40E-03 7,42E-03 9,16E+17
1997 3945,0 5,03E-20 0,31 9,20E-03 7,54E-03 7,56E-03 9 14E+17
1998 3950,0 5,03E-20 0,31 9,11E-03 7,63E-03 7,65E-03 9,06E+17
1999 3955,0 5,02E-20 0,31 9,08E-03 7,72E-03 7,74E-03 9,04E+17
2000 3960,0 5,01E-20 0,31 9,02E-03 7,75E-03 7,77E-03 8,99E+17
boot|  3965,0 5,01E-20 0,31 9,01E-03 7,31E-03 7,33E-03 8.99E+17
booz| 3970, 5,00E-20 0,31 8,93E-03 7,68E-03 7,70E-03 8.93E+1T
booa| 3975,0 5,00E-20 0,31 8,91E-03 7,51E-03 7,53E-03 8.02E+17
boos| 3980,0 4,99E-20 0,31 8,34E-03 7,39E-03 7,40E-03 8,86E+17
2005 3985,0 4,98E-20 0,31 8,80E-03 7,43E-03 7,45E-03 8,83E+17
2006 3990,0 4,98E-20 0,31 8,78E-03 7,37E-03 7,39E-03 8,82E+17
2007 3995,0 4,97E-20 0,31 8,70E-03 7,21E-03 7,23E-03 8 75E+17
2008 4000,0 4,96E-20 0,31 8,68E-03 7,10E-03 7,12E-03 :DQ[}DSI$B2[J[]E"(SA2UDB%AZD[}]’)‘

onno

Check the last number of the column is correct...
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B ] c

A D E F G H 1
1 c 3,00E+08 ms’
2 h 6,63E-34 Is
3 Photon Flux m 6,15E+21 4.:!1E+21
4
5 . 1 + N 1
Wavelength Phaoton Photon Extraterrestrial | Global tilt Direct Photeon Flux Extra. Photon Flux Extra. | Photon Flux Direct
B (nm) .| Energy () .| Energy(eV].| w*m "'nm'.| W*m )'nm:| W‘m"‘nm"| m*am’ m *nm’ m *nm’
hoss 39300 | 505620 032 | 93203 | 705-03 | 707603 | 9.20E+17 699417 7006417
1ea5 39350 5,05€-20 0,32 9,30E-03 7,35€-03 | 7,37E-03 9 21E+1T 7 29E+17 THET
1996 39400 5,04E-20 032 9,23€-03 TAUE-03 | 7A42E-03 9166417 7,34E417 7,38E417
1997 39450 | S5,03E-20 031 | 9,206-03 7,54E-03 7,56E-03 9,14E+17 7 49E+17 TS1E417
1008 39500 5,03E-20 0,31 9,11E-03 7,63E-03 7,65€-03 906E+1T 7 59E+17 TEIET
1999 38550 5,02E-20 0,31 9,08E-03 7,72E-03 7,74E-03 S04E+17 THIE+1T TTIEHT
booo  3960,0 5,01E-20 031 9,02E-03 7,75€-03 7,77€-03 B99ET 17,73ET 7156417
2001 3965,0 5,01E-20 0,31 9,01E-03 781E-03 [ 783E-03 SHOE+1T TT9E+17 THIEHT
booz 39700 | 5,00E-20 031 | 89303 7,68E-03 7,70€-03 8.93E+17 769E+17 7706417
pona. 3975,0 5,00E-20 0,31 8,91E-03 7,51E-03 | 7,53E-03 8E2E+1T T 52E+17 T53E+1T
boos  3980,0 4,99E-20 031 8,84E-03 739603 | 7A40E-03 8866417 7406417 742E417
boos 3985,0 4,98€-20 031 8,80E-03 7A3E-03 | 7ASE-03 8.83EH7 T 4BE+17 T A8E1T
boos 39900 4,98€-20 031 8,78E-03 JA7E03 | 7,39E-03 8826417 741E+17 742E417
Poo7 3595,0 4,97E-20 0,31 | 870E-03 721E-03 | 7.23E-03 B.75E+1T 7256417 T2TEAT
boog 40000 | 4,96€E-20 031 | &6BE-03 7,106-03 | 712603 | 8 TAE+T 7 1BE+17 TATEHT
ﬁqun W reference spectra - power densty | photon fux /¥3 il ! =
SeMT destination and press INTLR of choose Paste
Do the same for the other two columns to obtain the total photon flux for the differing spectra

sum + (0 X « f| =sum(G7:G3000}
A B c D E F G

Il c 3,00E+08 mst Photon Flux m™ =SUM(G7-G3000)

2 h 6,63E-34 Js

3

4

5

Wavelength Photon Photon Extraterrestrial | Global tilt Direct Photon Flux Extra.
(nm) Energy (J) Energy (e\q3 WEm *am™? | W*m*nm™?| Wfm*nm™ m*am?

1994 3930,0 5,05E-20 0,32 9,32E-03 7,05E-03 7,07E-03 9,22E+17
1995 3935,0 5,05E-20 0,32 9,30E-03 7,35E-03 7,37E-03 9 21E+17|
1006 3940,0 5,04E-20 0,32 9,23E-03 7,40E-03 7,42E-03 9,16E+17|

We've done things a little differently than from the last time, but the result is the
same.
Use the SUM command to add up all the values in the column to have the photon
flux for a meter square
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Question 4.2

Radiation

Use the PVGIS tool to determine the increase in yield
using monthly inclination adjustment [reference: fixed
system with optimum inclination for location; use
insolation data for your hometown]

PVGES e - Uil Firetes
Dl [ Pew Hgoy [focimadts  [ook b
G - c § i I Dl

[a B 1 VS e o

B JRC m Open PVGIS interactive maps

http://re.jrc.ec.europa.eu/pvgis/i
maps/index.htm

P p System (PVGIS)
Geographical Assessment of Solar Resource and Performance of PhatevaRalc Technology
o Open the Interactive access to
Ssmrdsn | peractive aceess to solarresourca and | Postars and maps of solar resource and solar resource and PV potential
Tamparatas phetovoltaic potential: photevoltaic electricity potential . .
e rvon Euope WEW, Abics) http://re.jrc.ec.europa.eu/pvgis/a
—— b ? ¥ pps3/pvest.phpt
PV ot fox 4 | y
e oo e f
e S Al err—— e .
snmen | G gugs e c e Select location, PV system
| — — orientation, inclination, etc and
::::::‘n__ll_m:_ \‘lﬂm!?)ljuﬂ..\li'\l'ﬁﬂlal‘l l‘;:anu il Calculate !
i st T
pasten)
First s3ps in CI0SS-COM@anson of Solar radiabion spatial data

Ecole des Minas de Farisiminas, Soghia Anipois, France - integration of HelaCam- | salar rasiasen
database inls PGS

B tetpe




Y e ———y -4 & w G

| Y petential ettty G}

PV Estimation |SMBREHI Ca
Performance of Grid-connected PV

PV technolegy: Crystalline silicon =

Installed peak PV power 1 kwWp

Estimated system losses [0;100] 14 %

Fixed mounting options:

Mounting position: Free-standing -

Slope [0;90] 40 ° O Optimize slope

Azimuth 0 & ) Also optimize azimuth
(Azimuth angle from <180 to 180 Esst=-90, Southw=(])

Tracking options:

Vertical axis Slope [0;90] °  Optimize
O Inclined axis Slope [0;90] ®  Optimize

U 2-axis tracking

: 38,686, -9.220
| Search | selected position

(m]

Output options
T Show graphs Show horizon
% Web page © Text file ~ PDF
[help]
— TN T
[ patemtiat sstematien wiility - Hazitia Firetax
Be [ Wew Mgy fodmaks Tk Heb
6 = & o ¥ A -1 retmirive.pe.ec.surps. suibegsispssaimest shor 0-/a -
) solaripfnd || B pobentisl estimation utlty £
Photovoltaic Geographical Information System - Interactive Maps ML

 jic

Important legal
notice

ooty e

Contact

PV Estimation

34730, 1758

lish Search £ F o
Euraps P [Soueh ] 38754,-9.229 Performance of Grid-connected PV
1] PV technology: Crystaliine silicon »|
EEE

Installed peak PV power 1 kwWp
Estimated system losses [0;100] 14 %
Fixed mounting options:

Mounting position: Free-standing |

Slope [0;90] 40 ® [ Optimize slope
Azimuth 0 = [ Also optimize azimuth

(ADimuth angle from =180 to 180, East=-390, South=0)
Tracking options:

R e e

[ Vertical axis Slope [0;90] °  Optimize
U Inclined axis Slope [0;90] °  Optimize
[ 2-axis tracking

Output options

U Show graphs Show horizon

@ Web page O Text file © PDF

Calculate [fali}

powtaEn B

Google
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= |1t ot oo sl e QW A

Per of Grid ted PV

oo [ehis]

PVGIS estimates of solar electricity generation

Locaton: 38°45°14" Narth, 5*1392° West, Elevation 136 masl,
Wearest city: Cuehuz. Porrugal (2 lem away)

Hominal power of the PV systeny 1.0 kW (coystallne sibcon)

Estimated lnsses due bo tempersture. 10 6% {smg Jocal ambient tempersiure)
Estmated logs dae to angular reflectance effrcts: 2 6%

Otheer Josses (eables, mvester ere ) 14.0%

Combmed PV system losses 25 1%

e T R R

Manth E | & [ m [
fm 288 wva| 268 3
[Feb s0z[ 46| 39

Pdar [Case[ e[ ses[ m
[Agr [ zee[ 1w sz 13
iy az[ s3] s i@

441 132 606 182
458 2] 635 197
469 145 650 202
4| 1m| en| 1w
3| 1| so4| 1%
277 832 3I& 10%
ze0[ @07 33| o
[ 3s] nie] so| 1ss
=

Eg furerage daily slectrscity prodisctson Fom the gven system (W)
£ Average monthly electricity pro<uction from the given system (cWh)

Ha Aversge daily i cf gobal iadition per zcuare mater received by the moduli of the grven system (:Whim®)
Hi Average sum of gobaliradianion per square meter received by the modes of the gven syem (KWhin®)

oy Mg iy P eTE—rr——T ]
2 s | bt Pegelaped Pemn Gei Bewes  Www bdmbu ookl
Y hoe = i KA ] ) o R R = nd Good pees e - (E) ;:....
""‘;.:._... (LAT S DR T R L R R I et . B [ e pomt | %
s 5 o S i S i L = N
Ml - o SN NS
A B Lot | D E F G H I 1 K L L M N

1 |En: Average monthly electricity production from the given system (kWh)
2 |Location: 38°41'7" North, 9°18'59" West, Elevation: 28 m a.s.l.,

Nearest city: Parede, Portugal (3 km away)

FRELEREEw® v unuasw

[
o

Table shows variation of monthly electricity production for different inclinations.
Monthly optimization corresponds to maximum (shown in yellow).

Over one year, it’s about 5% better than constant optimum (342 for Lisbon),
probably not worth it, unless you don’t have anything else to do...




