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1.3 SPECTRAL DISTRIBUTION OF EXTRATERRESTRIAL RADIATION

In addition to the total energy in the solar spectrum (i.e., the solar constant), it is useful
to know the spectral distribution of the extralerresirial radiation, that is, the radiation that
would be received in the absence of the atmosphere. A standard spectral irradiance curve
has been compiled based on high-altitude and space measurements. The WRC standard is
shown in Figure 1.3.1. Table 1.3.1 provides the same information on the WRC spectrum in
numerical form. The average energy G ; (in W/m? pm) over small bandwidths centered
at wavelength A is given in the second column. The fraction f,_, of the total energy in
the spectrum that is between wavelengths zero and A is given in the third column. The
table is in two parts, the first af regular intervals of wavelength and the second at even
fractions f;_,. This is a condensed lable; more detailed tables are available elsewhere

(see Igbal, 1983).

pyrhcliomelric seales are discussed in Section 2.2,

2

Solar spectral irradiance (W/m ;m)

1.3 Spectral Distribution of Extraterrestrial Radiation 7
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- o

Flpure 1.3.1 The WRC standard spectral irradiance curve at mean carh-sun distance.

Table 13.1a Extraterrestrial Solar Irradiance (WRC Spectrum) in Increments of Wavelength?

A Gy Joa A G Jo—s A Goa Jo—s
(em)  (Wjm" pm) (=) | (pm) (W/m* um) (=) | (um) (W/m*pm) (=)
0.250 812 0.001 | 0520 18457 0.243 | O.BBOD 055.0 0.622
0.275 265.0 0.004 | 0.530 1882.8 0.257 | 0.900 908.9 0.636
0.300 459 4 0011 | 0540 IRTT R 0271 | 0.920 B47.5 0.648
0.325 7602 0.023 | 0.550 1860.0 0284 | 0.940 799.8 0.660
0.340 955.5 0.033 | 0.560 1847.5 0298 | 0.960 771.1 0.672
0.350 055.0 Q.40 | 0570 18425 0.312 | 0.980 799.1 0.683
0.360 1053.1 0.047 | 0.580 1826.9 0325 | 1.000 7532 0.695
0.370 11162 0.056 | 0.590 17975 0338 | 1.050 6724 0.721
0.380 1051.6 0.064 | 0.600 1748.8 0351 | 1.100 5749 0.744
0.3%90 10775 0.071 | 0.620 17388 0377 | 1.200 5075 0.785
0.400 14228 0.080 | 0.640 1658.7 0.402 | 1.300 4275 0.819
0410 1710.0 0.092 | 0.660 1550.0 0.425 | 1400 3550 0.847
0420 1687.2 0.105 | 0.680 1490.2 0448 | 1500 207.8 0.871
0.430 1667.5 0.116 | 0.700 1413.8 0.469 | 1.600 231.7 0.891
0.440 1825.0 0129 | 0.720 1348.6 0.489 | 1.800 173.8 0.92]
0.450 1992.8 0.143 | 0.740 1292.7 0.508 | 2.000 91.6 0.942
0.460 2022.8 0.158 | 0.760 12350 0527 | 2500 54.3 0.968
0.470 2015.0 0.173 | 0.780 1182.3 0544 | 3.000 26.5 0.981
0.480 1975.6 0.IR% | O.80D 11336 0561 | 3500 15.0 0.088
0.400 1940.6 0.202 | 0.820 1085.0 0578 | 4.000 7.7 0.002
0.500 19322 0.216 | 0.840 1027.7 0.593 | 5.000 2.5 0.996
0.510 1869.1 0.230 | 0.860 980.0 0.608 | B.OOD 1.0 0.505

2G| is the average solar irradiance ower the interval from the middle of the preceding wavelength interval to
the middle of the following wavelength interval. For example, at 0.600 pm. 17488 W/m® pm is the averpe
value betwieen (L3595 and (L6110 pam.
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~ultraviolet

visible

infrared

Fig. 18.2. Spectral intensity distribu-
tion of Planck’s black-body radia-
tion as a function of wavelength for
different temperatures. The maxi-
mum of the intensity shifts to shorter
wavelengths as the black-body tem-
perature increases,
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2.3 Pyranometers 4y

Figure 2.3.1 The Eppley black-and-white pyranometer
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Graph 1 Inlet fluid parameter presented as a linear graph. Adapted from idronics #3,
January 2008, published by Caleffi Hydronic Solutions
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";cﬂ*"‘”’ Solartechnil
:rijfung
orschung C 1 748
Peak Power per coll i
ector unit Wpe,, [ ici
R pea Relative efficiency n

i
? i Solar iradiance G=1000 W/m? 1.0 ]
} 16 \\ Solar irradiance G=800W/m
| 1.4 \\ 0.8 ~—]
1.2 I~ \\
1.0 S~ 0.6 '\‘\\
0.8 T~
— 0.4 \\
0.6 T~ —
0.4
0.2 0.2
0.0
5 0.0 )
20 40 60 80 T Tamw 0 0.02 0.04 0.06 0.08 Tm
Peak Power Wpeak 1725 W Reference Gross Aperture Absorber
Thermal capacity* 6.2 kJ/K o 0750 0.802  0.806
Flowrate during test 1601/h a1 [WK-'m7] 4.00 4.28 4.30
Fluid for test Water-Glycol 33.3% a2 [WK?m?] 0.0060 0.0064 0.0064
= *)  Specific thermal capacity C of the collector without fluid, determined according to 6.1.6.2 of EN12975-2:2006
T j:f}‘ Incident angle modifier IAM Pressure drop Ap.
' 1
\Patl‘)o\jj Ao 12 (Pa] 1400
- .~
i e O 110\ 1200
Naog! \g\*‘@
JAM ’ TN 1000
—_ 0.8 N
\ 800
0.6
60
) . . \\ 0 /
7 —CurveS \N,D 04 o \ 400 -
gy .7 \}:_& 024 —IAML 200
S
W Qcs® 0.0 | | I 0 _—
N E::‘ = O 10 20 30 40 50 60 70 80 % 0 100 200 300 (V]
I AMT= IAM L \ ~ ;J it =
g K1, transversal IAM at 50° 0.94 #+27/" Pressuredrop at nominal flowrate
K2, longitudinal IAM at 50° 0.95 o Ap=140Pa (T=20°C)
) SPF Simulation of systems using Polysun A
Short description of the system Surface demand** Solar yield**
Climate: Central Switzerland, orientation of the collectors: South, Number of collectors
Cold water 10°C, Hot water 50°
Domestic hot water: Fss* = 60% 2
Tank 450 |, collector inclination 45°, 5.10m 499 KWh/m?
Daily energy demand 10 kWh (4-6 persons) 2.4 collectors
Energy demand of the reference system 4200 kWh/year
Water pre-heating: Fss* = 25%
2 Tanks: 15001 & 2500 |, collector inclination 30°, 2
Domestic hot water consumption 10°000 /day (200 persons) 64.7 m 743 KWh/m?
Daily heat losses (circulation and tanks) 60 KWh, 30.1 collectors
Energy demand of the reference system 191'700 kWh/year
Space heating system: Fss* =25%
Combined storage1200 |, collector inclination 45°,
Daily energy demand 10 KWh (4-6 persons), Building 200 m?, moderately 16.5 m? 327 KWh/m?

heavy construction, well insulated, Heating power demand 5.8 kW (ambient 7.7 collectars
temperature -8°C), Energy demand space heating 12140 kWh/year,
Energy demand of the reference system 16340 kWh/year

2 Fractional solar savings: Proportion of the final energy that, thanks to the solar system, can be saved compared to a reference system.
) Surface demand and solar yield are given with respect to the aperture area.

SPF Testing, Institut fir Solartechnik SPF, Hochschule fir Technik Ra i i i :
' pperswil HSR,  CH-8640 Rapperswil, Switzedland
26.09.2017 / SCFv3.0en www.solarenergy.ch 1 page 2/2
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- — | 20000 /’

SPF s C1707

Forschung
Peak Power per collector unit Wpeak Relative efficiency n
(kW] 0.9 Solar irradi = 2
o T‘ ance G=1000 W/m 1.0 Solar iradiance G=800W/m?
07 e 0.8
0.6 I e
|
05 06 s— ]
0.4 T
0 0.4 I—
0.2
0.1 02
0.0 0.0
0 20 40 60 80  TorTam 0 0.02 0.04 0.06 0.08 Tim
Peak Power Wpeax 843 W Reference Gross  Aperture Absorber
Thermal capacity* 2.2 kJIK Mo 0.600 0.804  0.838
Flowrate during test 100 I/h a; [WK"'m?] 1.17 1.56 1.63
Fluid for test Water-Glycol 33.3% az [WK2m?] 0.0040 0.0054 0.0056

*)  Specific themmal capacity C of the collector without fluid, determined according to 6.1.6.2 of EN12975-2:2006

Incident angle modifier IAM Pressure drop Ap
[Pa] 25000

1.2

>
o8 \\\ 15000
e
0.6 AN N /
\\ 10000
o4 IAMT \ rd d
024 ——IAML 5000 //
0.0 , , l 0 4——==—"]
0 10 20 30 40 50 60 70 80 6 0 100 200 300 400 [Vh]
K1, transversal IAM at 50° 1.00 Pressure drop at nominal flowrate
K2, longitudinal IAM at 50° 0.93 Ap = 3834 Pa (T=20°C)
SPF Simulation of systems using Polysun )
Surface demand** Solar yield**

Short description of the system
Climate: Central Switzerland, orientation of the collectors: South, Number of collectors

Cold water 10°C, Hot water 50°

Domestic hot water: Fss* = 60% )
3.75m 681 KWh/m?

Tank 450 1, collector inclination 45°,
Daily energy demand 10 kWh (4-6 persons) 3.6 collectors
Energy demand of the reference system 4200 kWh/year

Water pre-heating: Fss* = 25%

2 Tanks: 1500 | & 2500 |, collector inclination 30°, 55.0 m?2

Domestic hot water consumption 10'000 I/day (200 persans) ) 873 kWh/m?
Daily heat losses (circulation and tanks) 60 kWh, 52.5 collectors

Energy demand of the reference system 191'700 kWh/year

Space heating system: Fss* = 25%

Combined storage1200 |, collector inclination 45°,
Daily energy demand 10 kWh (4-6 persons), Building 200 m2, moderately 10.0 m? 550 kWh/m?
heavy construction, well insula(eﬁ, Heating power demand 5.8 kW (ambient 9.5 collectors

temperature -8°C), Energy demand space heating 12140 kWh/year,
Energy demand of the reference system 16340 kWh/year

& 1 n .
)  Fractional solar savings: Proportion of the final energy that, thanks to the solar system, can be saved compared to a reference system.
**) Surface demand and solar yield are given with respect to the aperture area, b4 ' e saved compare: ore ys!

SPF Testing, Institut fir Solartechnik SPF, Hochschule fir Technik Rapperswil HSR, CH-8640 Ripperswily Switzeriand

11,10.2016 / SCFv3.0en www.solarenergy.ch
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@ Heat Transfer: Introc ™ €@ Mechanical Basics Il: «

¥ Ubrary Genesis [} hitps/,
important to understand and consider the Sun Angle Factor for collectors when doing a comparison.
~ The two types of IAMs are as follows:

« Transversal IAM measures the change in performance as the angle of the sun in relation to the collector

changes through the DAY,
. ‘Longitudinal IAM measures the change in performance as the angle of the sun in relation to the collector
changes through the YEAR.
TRANSVERSAL IAM LONGITUDINAL IAM
MIDDAY SUMMER
SPRING
- AUTUMN
MORNING :

WINTER
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Water In glaSS HORIZONTAL TANK

HOT WATER

COLD WATER
ABSORBER SURFACE
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Vacuum tube collectors

1 bar 102 bar loﬁbar

CITo reduce the thermal losses in a coIIector glass cyllnders (WIth

internal absorbers) are evacuated in‘a similar way to Thermos flasks.
Uin order to completely suppress thermal losses through convection,
the volume enclosed in the glass tubes must be evacuated to Iess
than 102 bar (1 kPa). e
L Additional evacuation prevents losses through thermal conductlon e
OThe radiation losses cannot be reduced by creating a vacuum, as no -

medium is necessary for the transport of radiation. They are kept |ow
as in the case of glazed flat-plate collectors, by selective coatlngs e

Source:Solar thermal systems cen e _7_:.,-,_
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A twin coil gylinder is one of the most popular ways to provide hot water with a solar thermal system, The reason for this is that it is both efficient on space
and cost-effective when compared with using two cylinders. It works by taking advantage of the fact that hoter water floats on cooler water

The cylinder has two heat exchanger coils arranged one above the other The bailer (or other auxhary heater) is connacted to the upper cail, with the salar
circuit connectad to the lower one,

The twin coil cylinder The boilar heats only the tap part of the oylinder

Scanned by CamScanner



\hen tha baler s praviding heat to the eylinder a heatng flud s pumped fram the baller 1o the eylinder, where it fiows insds the cail. The cal has thin
metal walls which conduct the heat into the surrounding water The haared water near the coll expands and becomes less dense than the surrounding
cooler water and o rises, Cooler water at the top of the cylinder falls 1o replace the rising hot water. This so called “convection current” means that the
barler heats the top part of the cylinder above the baler cail.

The solar panals heat the whole height of tha gyfindzr The Selar Dedicated Velume is tha valume below the bailer cail

@35!3 Family®
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The solar coll works in the came way, but bacause it is at the bottorm of the cylinder, it can heat the whele height of the cylinder

If the zone abeve the solar call is already hot from the boller, then the canvection currents fram the solar coll only heat the velurme of water balow the boiler
coll. This valume is tarmad the "Salar Dedicatad Valume', LK Building regulation Dameastic Heating Compliance Guide raqulre that this valume | at laast 25
litres per sejuare metre of solar panel area, or 80% of the hot water demand of the household [whichever is the lower). The reasan for sstting a minimum
solar dedicated volume 15 to ensure that the solar pansls have somewhere ta put the energy they callact, sven if the residents run the bailer dunng the day,

The way to gai the best aut of a twin coll solar cylinder is 10 use a timer programmer to cantral the boller to came on anly in the evening after the solar
panzls have had all day to heat the cylinder The cylinder thermostat will ensure that the boller will only switch on if the cylinder is nat hot enough from the
solar heating.

SGII FUITHIY &
w
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As hot veater 15 drawn off the volume available to the solar increases

As hot water is drawn out of the cylinder for bathing in the evening and the following moming, cold water is introduced at the bottom, and the hot water
layer floats on top. The nex day, the solar panels will have a good volume of cold water to get to work on.

@gsb Family®
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Deslgn rules of thumb— small resldential systems

optimal dimensloning

Number of persons: 5

Daily consumption: 40 |/p

o o o

Hot water temperature: 45 °C
Cold water temperature: 12— 18 °C

0

Storage tank volume: 70 |/m?

5

Solar Energy Consumptlon as Percenhge of Total Cosumption

R

[wWh | par wesk

Sudat Corlrlation 2,283 bwWh smmenl [t D neny Crnsanplon 2 552 kahy
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Calculating LCOE requires knowing
two key variables:

1.

All-in cost for the system. This
should include financing costs
and deduct any incentives
received, such as tax credits and
deprecation.

How much power will the solar
array produce over the period
you wish to calculate LCOE? (We
suggest using the warrantied
period, 25 years)
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Here's an example of how to
calculate simple LCOE:

First, figure out your COSTS:

Total System Cost: $125,000 (50 kW
solar system)

Less Tax Benefits: -$75,000

NET COST: $50,000

Next, figure out the system
production over the period you wish
to calculate LCOE for. We'll use the 25
year warranty period:

kWh Produced Annually less
degraded production over 25 Years
(NOTE: All of the estimates we
create include degradation over.the
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degraded production over 25 Years
(NOTE: All of the estimates we

create include degradation over the
warrantied period)

62,500 kWh / Year

62,500 * 25 =1,562,500 kWh / 25
Years = TOTAL kWh Produced Over 25
Years:

Next, figure LCOE by dividing the NET
SYSTEM COST by the TOTAL kWh
PRODUCED OVER 25 YEARS

Net Cost: $50,000/ 1,562,500 = .032
kWh

Not too shabby. 3.2 cents per kWh!
That looks pretty good compared
to one of the largest utilities in
lowa's rate of 14.5 cents / KWh!
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Approximate collector

Collector technology
ared L j ;

System cost [EP/m?]

30 ~ Vacuum Tube 2.700
100 Flat Plate 3.400
150 Flat Plate 2.700
150 Flat Plate : 1.600

Collective vs. small systems:

According to European experience, collective systems
are much cheaper than small systems (80 % - 50 % of
small scale investment costs). | "

|
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Collective solar thermal systems in Germany
[Source: Solarthermie 2000]

Control Other .
system 3% Design
9% 13%

Tank and
heat exchanger
11%

Collectors
Other pipings 29%

14%

Installation

and pipings . Mounting
solarloop structure
‘ 1%

! 1‘0%
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Small natural circulation system (e.g. 6 m?2 colléctorarea,
solar fraction ca. 90 %)

Cost of gas 0,03 EP/m?3
Solar energy production Alex. 4.600 kWh/y
(Alexandria, Hurgada) Hurg. 6.700
Auxiliary boiler efficiency 85 %
Energy savings Alex. 5.410 kWh/y

Hurgi 7.880
Gas savings Alex. 490 m3/y
Hurg. 716
Economic savings Alex. 14 EP/y
Hurg. 21

Pay-back time is higher than system’s lifetime...
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I
: Small natural circulation system (e.g. 6 m? collector area,

solar fraction ca. 90 %)

» " " ot -
| (e i8]

Cost of electricity

Solar energy production
(Alexandria, Hurgada)

Electric boiler efficiency

Electricity savings
Economic savings
Pay-back for 3.500 EP/m?

Pay-back for 2.500 EP/m?

o T
Alex. 4.600
Hurg. 7.050

95

Alex. 4.840

Hurg! 7.420

Alex. 1.110
Hurg. 1.700

Alex. 19
Hurg. 12,3

Alex. 13,5
Hurg. 8,8

EP/kWh *
Excluding fix
kWh/y tarif for peak
demand
%
kWh/y
EP/y
"
Y
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Large forced circulation system (e.g. 100 m?2 collector area for hotel,

e solar fraction ca. 90 %
-—

Cost of electricity 0,5
Solar energy production Alex. 115
(Alexandria, Hurgada) Hurg.130
Electric boiler efficiency 95
Electricity savings Alex. 121
Hurg. 136
Economic savings Alex. 60.500
Hurg. 68.000
Pay-back for 2.500 EP/m? Alex. 4,1
Hurg. 3,7
Pay-back for 2.500 EP/m? Alex. 3
including 25% subsidy Hurg. 2,7

*

EP /kWh
Self
MWh/y generation

%
MWh /[y

EP/y

IThis calculation is valid for a quite good exploitation of solar heat!

Scanned by CamScanner



.......................................................................................................................................................................................................................................................................

PR~ b 19@9.. ....... Qe...Colledhiva..... apé)l.[@mm .............. ( ..... Hlakel.) ot snnmnd oot iuciitng f'_

e—
ey’ 1000 o pr ifue. .. 2D %0 é{jz(-‘,@u\:u—) ...... VR =3 ) T 1) W S o

% Rg) T e
.............................................................................................................................................. U NEY AT o o i 2 L — =
;

.................................................................................................................. TCARTNS 2 BB AN (s e S

)

........................... Qk,pJ\& ;/vw/b&(gne.@qud'k)\)&e‘ggj@+L

...................... (Enegjl\adm)\);i)u‘\)/\;ﬂOp\g);ﬂyid:;\gﬂ(?):%b’/uﬂ

............................................... @J)ng))g)“»ﬂvg,‘)(\;)q;}‘/&9)(\)3\)913:)/\1) I é:
................................................................................................... Q n.tne@j)‘r@&),aél PR———
................................................................................................................................... B e ———— e

LA et et %

Scanned by CamScanner



o) Qafe(mm.........pm\je,chg ....................................................................... DRI PN

e iR T S A TICLILIIIIe PR R an it

S @A..._......_‘D@mshw(; ..........................................................................................................................................................

< = S % B By i e e R

4 Jo@&

S 40 W % f‘e—-&o\s,b;l\(j ..... srv%j—ggw ..... (PV.GS) Solral@r e

.......................................................... O] z/d})oUipuxaenqmu,%&q,‘iouhmJ[
T e

.................................................... @%S)’md@;’gn D Howi o

SN eSO PRT Y ) .|, - i - {fjg)e ..........................................................................

...................................................... @p@ukmmgrmm-
R D P RIS o A APPIALCELS
e T oy T o PSS —

]

Scanned by CamScanner



r ; R T Y AL Bt o . i
i
{

.........................................................................

i \3/ W /20R

-K-P'\/QCoaomU ...... Y
! Q@ NDL

«
. ..... EDCO... "> Eleckri ad'j ...... d:.smb.u.ho.n .......................... 1aYe7 ol L REATE VRMRE———— -
V;AL‘\.JWG) ............................................................................................................ L

Scanned by CamScanner



/

| e  How. fo... clevlate.... Y Cosi. .o S 1000k ConSOmpHEN.. Lo

. lhg_ ,,,,, CI‘-C}’GCU:‘j b .. Ca/\gumf)}»m,\ Eﬁwr\l’{fﬂj j ? B S U 0 e P R St
- mom—hlj C«nsumphm ICDO t:w»\

"""" 162 ’ s

ﬁ\ ...............................................
H C‘”” - (E‘So Con) x.0: !31 e (CIOU ?’51)# 04162t (mmc —To1) 4,0 =

N QjﬁWJ;ALNIJW%‘W \,s.\)(\nﬁ-’ (Jffr(m) ‘ C\:\.?j" t—l SR AT
-I n D gDV, \N‘Oo—f’ =

' 26 lO"I 268 fg o e
__.131:}!1 \OCI/ 8 TD +. . “\5* >

= A<9// <' Na R
7)
e %/ e

N r

J ....................... JC..,#‘L mond\_\j oSV o . Vas. 7. 2000, [ NN }'ak"JCs.rS&’ 221 685-1)
111 ] toral. fosk=..32F, 688 4. 35‘4685% ___________ '.&( 299§. ]’D

e }Jon}Nj Cons. =F00 Ktk > forml Gosta 34, T5E5Z gD . |

Scanned by CamScanner



(

.................................................................................................. TP 1YW o N LS D - G 3 WY N S
& \ 257 f gl (

........................ @lwla&%aCOSklﬂ(?D )%4““"‘59’&_

Ewh
©.200. L. —.. 3863 D= .. 0193)S ( .. DA S :
T@NTN C

.......................................................................................................................................................................................................................................................................................

...................... =i>mcremsj/‘\ﬁ%LC§nSum p..hfon..,. qf{‘eax%&'nmcr*ﬂ«s)r:j
...................................... Yo av«ntjacs&%pr;@e}ltiwlq

TTT1N

............................ '—‘DT;\Q,D’VH(\‘IKC}?(‘SU"M’Q{“FCG'U\L{‘MS;\DJNTJO .any. Saolac.
........ prjeer=:.. (D). 9009, SAAr. . REOURCES .

.......................................... @hugh@SrﬁJ’MdirMnahvu e

T

Scanned by CamScanner



'._ \/ ) . - o= e ~

l zoop&y;SSoO’\’s,\/,me\wi)Wéfﬂu)))@_m)jpﬁjjmulmjf ...................................
D . g M
....................................................................................................................................................... v)’nﬂ,n)l/\a_,‘/\g_/wi/\j@:ﬂ)

—— K q}g)\\)&\f\;);y\,),u__,);gf,{;%(golwh)%/ 5o\a8)\'5)

N ~

2 N (L}5)Mm ....... }“:70:" )))}:S\).SLME%J ............................................................

-\;} .............................................. E P . 200K WM. —> _,,_\,t,mam;!e,\_kj,,,,,C@_,ns_t_/_m,‘ah'm..'f .......................................................................
'.ﬁ .................................................................... ‘HM-V‘ZOOO ..... £.MN-S = Fooo.. i?‘]qs.hej.‘,gm) ...........................................................
—
—

) L
i B A W [} Tl < SO Q\)x%,mpﬁ),,wéw) ...........................................................
O YR g»@g@@g%@ywai&apup& .......................................................................

.................... (25 T AP oW ). 2P W SN ke
_‘j ................................................................................. 2 ERAS A 2 ——
’ Stk A6 220 115255ty QR e

i NI S P T TR WOt PP, SR Wiy EA RS AE W W ¥ A
— i ooy ok “.‘.'.\.S.\.’m.‘).hhn....e ........ 2F6..M9B. XMW

—’ . l ill;&‘:]"} !
P SALAi T et |
- g

Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



22/ N—y el Exam o

25 /11 /2018

JaleM ..... lask=.. Tepic. .t e Solql‘/,T\-erwJ QY (110 Y T S —————— N
..................................... Concm—ereplgdlqrpowu(CgF) S Es

ontenses 1o c:oncmrr\a}ta'm:jc area. afF .. ...

rr

o
. ¢ <
b &S
E';

27711111717

- -

Scanned by CamScanner “




|

o R U‘”‘JC,SP .................................................................................................................. TSR SR SN I P |
...................................... .. to..inCrease. . s . e m@mft(hgwlﬂjwﬁmpmm |
OO SV 11 |/ goocié‘{'f:e.amij

R ...................................... ..... moare.... Applic««h}m.s..} ..........................................................................................................................................................
;\ ..................................................... -:.-..APO.N’Q.O. cmple.lecmqij ...genemzbznﬁ ............................................................................................
S Heat- . g tnereh: [ cai

i s e A OB G AN .o/,\.‘,..,.‘,..Cgro,qm..,,,.App).:.cahons..) ............................................. I

- —

h ................. @\—bwbge/l"lf\ta %erlemfuaj—vrewll-@/\joocoe%mgz
iy, SR =T e Case.. oF-pouu“ ....... 3.@«1..,@46;34..: ............................................................................................................................
—— | Kj@ ...... 0. K=onC .. Iﬁqucorclile’OMf:nsklawo?‘

................................................ IFj'@lODOKO{‘CO /Rermod\j AamiCo... H\gamm Same. ...

< 2 lovie Wheo e Conveck... Yo (1. (7). 30 QOO

e~ AL T;}Mc.reauerw il increase...dhan  Hae

—— .. Tr. tee.. Cose. O O . GUNUBION 5

— _ Sheann... Bpplicatis... Such as e D 00HGRPIO

et @). Srerilization ... &) PABFOCILRKION o

= o TSI PAPPIGON ..o ‘

-.g ............... __9 ....... NCL/CSwamQSCSHQ\\COAC@’]T'W@"SO]Q(‘ ....................................

Scanned by CamScanner



e (1) (ham & e wisch w esprised A @ e wEe e (1 il enguotand B 8 o et ol radatn

B

Scanned by CamScanner



:*‘ Agure D). ieaCks... ke Flakplae..coleCors e
\:‘ ............................ L_g\g \),\,ALL(,SQ‘QX‘ ﬁ;(d;ﬂhmy ).a. “4,; ,,,,, M &/\-’4) (__ﬁﬁ C\ﬁ'/; ‘

8
<
=
i
P é
?z
P
§
2
§
o
%
%

T 1 > I c,zo‘,u\f\)vu‘,—/qﬂ.,,u)\r\u ...........................

& ........................ Csmml\ ..... ésf_ea....). ..... ))W ...... 0.{—) ..... 5l W,ﬂ ALA.... )gs/\mp ...... bt it

N0

/<)<

5
e (hw / ‘er(mod D \S\)J\u cJ\?uf.) c\b;.d (‘qge anea. )(w (,.Lc‘)\am.) ............................
—

| osses
B e B e T R e e T T \\”JY’»J" .................................

Scanned by CarhScanné'rw



,,,,,,,,,,,,,,,,,,

..................... (D..mofe. A pﬂ)ncwbans =
Denwwl'@,:)owwjmemﬁ—mnq/wld&ckmalj

.....................................

.....A.,,...&.Q;&Skri‘cﬁang.:..f.. ............ I H..[ahezf..(_qstj ..... becavse. ol ... [ AL 2= LR WU ——— .’
............................................................................................ (”mcklfg Sjsru»'\)(ﬂod’ th’dﬂoﬂ) |

| e )—-Sbﬁfﬁ{ ....... /Af‘a\ ...... e G eb————— e L

3. T vses . Onty. the  Direck. . Raciabion - o
r

[ @Y NN 77 [T 0 SO ——

........................................................................... € ﬁeqwfj )

XCSP._15.. feaumul .......... g TSI () W 1= I L S ————

i aViadad e o

L L S @) Preas.. withovk... e Awilaloiliy of .

e humidity...o0.. waker Vapol, .. .

-y -

Q@ Press.... @k which. sHac.....beam.. .radiabin. .

@Sremmﬁpplu&hbn5<C$H) ’

o

[
s

)

Scanned by CamScanner



% Qpriniatian;- effecioney Cuves oo

T
@Vt

D bk feciong ¢
B bl

3 A ! 1
DBIRE] N st st e e s
Colletrr \ 3

/|
CHec:.lwcj

e @Qas T, T | s

......... C.—/Ql.lQUL’TJ ..4..)\) T’-\)‘g_.\;,n.. QjONQ(lD\OCK Ay )l\_ﬁ))ﬂ"-—f\)})«’ VG&.;;\-,I\S‘/).;,.§€J. "\*‘C‘ = S

s and bleck ) (Coe). . Jte 0o OYVa ) D A ST
. — (= "

(H’Q-Uu’\gj N L S

13137,

| AYRAVYAYAYAVYAVAVYAY AW |

N

1]

............ @ for.. Flar plare Cotlecsr = 3y gz ) 8\) 56 G0
o powsr blede-

LI

'B'BIRIA!

¥ Neres Flak plake. & Buacueked.  tuloe . Colleckess. . Covld nak-.
j\"t%;.H@hu‘ Aemperatve w\W\ijood e H:eu'am(’,j i

o \ i ;
CS@ . J,K&.:._P%)géfl(:\).)\&.')\ 0.,%1 QW/AJ))LP " ‘:S}‘LQ'C_S XD _
Lweowita low e {Fe-ﬁenﬁ REA R

(1]

()

MEATIE net

e —— T R e S o R R D T R ST
Scanned by CamScanner




2F/n [ 2013

~ @C»@mpcndpﬂm’(%‘wgqcnwr

s

.................. G:ICPCr\qumfomal Paralsolic...Coaceqlrdes.. np... Usao!omj
2SN i preveaent.. 7%(\ Hoeevneushel.. Avbe.. Colledors....
I ‘r® ........ IL—% has......a..Concentrebion .. .
h% .non—;maﬂ:/j@ncen&m(a(‘ ..... S0 3StUS s
Q .................................. ;;Lg)lwgyu___g?_\ussm"(—thfo,,p_@u&mu .................................................................................................

'J

e d

"

L (3). Vsed_as dmpevements.. oy ,(.,\crms:/j e ( Alleedo.. {‘«sz‘) .
°w oo O %ua 3!‘00&5\ ..... neﬁf,Q.Ufn.\Alj ...................................................................................................................................

L BunCvatee) .. dd0€S e

L I T /\ ....................................
— . 2...CPC. An. Cempoind... Packobic. ...

.............................................................................. (@ISR =T > X
) 2 )

ek Nepe s Campoind. .=, 2. Leflechacs.. .
o fardaolic.a. £ hac g

.............................................................................................................................................................................................................................................. f,’:@r?,h.t.{.e_..,,ﬁ_’y\(f .

_—7
e i 2. Conenradze = . Colle CF .+ .

n A Tocel

1) 3 h
' *.,C@nmnjfmk_iqn _______ b0 tm s CR e S ——— SR ‘

1, IR

n ”’ s #’WO . A{Fm hon e e saesemsamsas e oo ee eSS S et e e e e e
e TN P Cham MToln ( ..... difficoli fo Use . )
Leks 257 A

I l(} ............. WWQW\OF S i kit ¢ T
._.l apertre afea of e fedever
_— s»w)a be. high. ; hee in CPC 2. M Ce-2|

- W ql T8 BES 8 o;vgzﬂ BCpC.. Al Cuuy) B

d ‘:.\’
1% P ilw

| ’ :
w i
K]

= K e

Scanned by CamScanner




......................................................................... 29/ U /o8

Xt\&)o ......... O.Ph.'o.ns ......... rPem ........ CONCRAELEIION oo st B b BAT
& e (D205 .. Refrulbcio .. Conall . APPlCatwtAg )
S @mmfb(‘/\b&ﬂ&CHdn(Uhth@»lz/lﬂrjeS@Je)

i b b € g DN PIAOES

7 S, N LSS JPR ) P
-,Qma‘(: aco_usin\_ﬁ_.,Sjskm ......................................................................................................... :,A,Po;ﬂ,h..i&LQﬂ.Sf{t?..Sj&.rfml ...........

w\J,. .................................................................................................................................................................................... T
Gt PTC S Pamdocd i€ L. Sdate. Aighhe.
‘2+novjh ...... 11 o

...........................................................................................................................................................................................

A RaiiiT e Sl

Scanned by CamScanner




............................................ aloo Vi on}j ey T ¥ L, SN S SRS S —"
.................................. -r.,......,,Tl’.\ﬁﬁ.,....Co.n.C.e.mrfaJ‘{ the. Solar. FPadietion. on..a. Pp&
C!ecw\/m) Heah—  CondaING o AT G o — ;

\—9 The  oSarer. W‘Lj Joe . .prusun ed . waker.. OTnaQ

......................... ts.,...i'.j,p,e.,.,,,...,.,USQA A |low. . Fxmpmh{’cm.._apphCq/hdfti

.. ....2"5'...(2.(2.&5&1‘.(.‘iZ,ﬁ’.CJ.',... mcd"u——a it mgm_ P lmchP .l.,.“.«t =

1

................................................ O o P =2 00 B, '7‘9&)\115_@@ AE i &
e @ 2parem el @R N2E

e Order o maintia e ligqeid Phasv; P i
.......................... amusdr Fo.paise. e PRSSU0e s
............. ZS"/:’.‘HPOQSQUM.“)M,G-’.,l....ﬁ..% I = W T BRPYS )Ny FN AT TIPS WS UGN
.............. JZo. \g)‘uk—f‘i\sv oAy ‘Frhf\.ﬁs J Pipes. ) («\p] 2 x_é\mu..._,v&\\g_z
___________________________________________________________________________ L A es ‘T\ AL Stgo S, Tz Qe R

?

I

"

> T

@

O
LT3

s Pz (380 boar. — 500 bour) (. ezt plant=. ) e ;"ﬁu s
______________________________________ T. 2(500—'*) Drex l’\ -’ak e

= \jpe,\ Qf' COQP'CJ[tj —F\U’CD_S Hap WTU$(A

i wwmirirvrnrvIvimn mnmiicy—1_ 1 L

[ITTILTLI

......................... Dwa}a‘—)%besl— -tj gc floids .. g ry\p}j o Usedd .

........................................................................ a\g_q._.i..(»orlqg “Fl(.)ac) becauses -
...................................... @ . k.. bhas. . a. v J lmjlr\ SPE.CJFLCAMF Lf 186 Fj/ 'j K

______________________ [2 TRermaJ o:l*-*)()%& bod/ﬁ pPan- JdrnPL(?d‘vf‘L OF- _}Lw(\,ﬂ&l
..................................................................................... LK ‘Yej:j 'jh DSPQ([F,( heat = J{SH)

thl}‘:e_.(\ {

ALATTHT et --Lgm S

I/

Scanned by CamScanner



Y (B).hhear . toansfers in e Colle(hor... A4S folowe -
| YLy U setar mdiaban

7F \‘LMQ‘S-\,-

|

.
-t

..... alaaly
N

Scanned by CamScanner



kL Wfl})l(‘efs Lan.. OPhMI'ZCMLJd/\ do.. <alue... dais.. Pr‘ololem
............................ l.n.,.A._...ordp,c,,....:fn n’\mnl’am k... 228 2%

....................................... ‘ Thesmal, e fPrel)e ms—aOC.oS.)— TP oot et e =
@Qnumom men k=l Impalks....

....................................... @Ld‘Lf—'@:‘\—b)___l;prSS\)D;’Z-C‘J@USQP %*f‘ lo Wi, Tﬁﬂl)

.................................................................................................................................................................................... N A A OO
applications M. -
...................................................................................................................................................................................... IDS.S-HA\,'\ZQOC -
................................................................................................................................................................................................................................................................................... -
............................................... 2. .Skeemn.— . Shoold.... Jek... dC‘J’MkP(‘&S&&"QQI’\&? =
SRS W TN SRR 72 {1 . || a7~ : SO BRI 1k e LSRR O T O F
[
..................................................................................................................................................................................................................................................................... g
ANete 3 etnal Oy -
................................................ O Co s ZKj/tj B S
NN - . A S LT O TN IS U P -
0 o
........................................... .. Wit ‘l/uj I(Mj}‘\.,,...-hemnff):&m(‘r....,....,..J.—Q‘LL,......‘?FLCSUI.‘(.,.‘... S—
............................................................... Q\f\ov\db{hj I 1
~
~
[
...................................................................................................................................................... e ,[Re(m.vjrf: e Rs 4 _,,_*[—,C&c_, L Y
......................................................................................................................... e MG 0. .Uw. Cotd. &
} ....................................... e VT T L\«__\f,? LD ®
......................................................................................................................................... D dso. C qu( - -
0 aﬂS Ir'\\ \\ ) J 3 ) o .
L N Z/ (—}_L?n? fsnily Sl \)*J/».QJ Jw : dé(c«mrk £i h(,/\ Mxlfil_sgj@ &
...... Qac mr{ﬂhw‘ " >
i i o
B

LA v — ) o

Scanned by CamScanner



__.& .................................................. — ipar?..dool.,fc ........... ﬁzujh ..... ColleUmrs . . < ..... PTC) ........................................................

h; X '
-\(U ............................................................ | H«e_j.. loasisks..OfF  a ._,l_amj... Pl ComincC | Healk-

R .ocqugﬂ.&._.,,lf.jh-,_—_..,i.‘n .......... Two...Amensiens...ante. a__Cenrad
‘Uf ............................................................ absor.\.be.(:....,..\l-ubn,“ ymavnfed. Qlo(\ﬁ‘u& FaCmQ ...PQ.; Nk of— B
‘qu.abotq ....... lhe . LAJo.lefr_\jw)glu[cﬁ .......... Coomenly  Hueanal

)

R Oil on.. mdlren. <alrs .vC|’(>.C..u|q_}T€5,‘....?k(zvfouj h . Hae alogsrbor.
T - Y S rmc;w/}j..,....fr&mpx@hm. Lok Moot
—~
F—

’Rej ............ Can...bea.. . mMornted.  in 'oqrz;i(afbmqmse J—
- A : »__....pow:e,n,,_..A.o.u,rp\ik..,.,.c.{i.Hu, ......... fredd by -

e iR et L N R R BN e e L R N e,

e . i’n.Cmqsﬁj o Cumvlabive . mase frlow . o

—

L) Qr...ln. . s20¢s.. . to. increac.. e O L»He..lf..,_......—ke,mpamtunc o
s of He .. heal.. +mngfw{\ufce(w\fw7)~\wﬂ—ﬁ« ,drrmmsm;g
]

........................................................................ (evins)

..........................................................

k

SO e near. Yoo Gr2end) > 2ach  mitse s indivisvally
e e Contzlled....do.. focots (ighr 0ok . a. takuiar. reciever

D et monted  aloove. Hu . avesy o micerca
e T2 Ol effeciency o £t linear Arengtd  Coltecrr
s ds Jow Mean Hosk of i pamdaolic FTeogh. dve fa

L-e ................................................................... Nfer=Shadi 9 ob e linear mirrs _ard an. inceased
Cosmzé’ﬁfgck e

.
e
i,Ln_'xl\

Scanned by CamScanner



Parabolic Trough Solar Collector

W ech Family®

Scanned by CamScanner



Ifech Family®

Scanned by CamScanner



-3 F\{x.bla lrxosg _____ /A.Jom&— —_do. LanneCl-.. % o jcxezp
and {-’[A&mOVllﬁ PAIS e
et lds M eakest poink L =
_____________________________________________________________________________________________________________________________ M Syskenl "
ey I

.................................................... e 256 P lO | :O%G R EENNC S A

R Urper by NerewrqBIgh
................................................................... ) NerewedGgn

................................................................................................................... ERCISCE A ) NS LW | -V N

- -

P e —————

Scanned by CamScanner



" Solar Solar
SEG First year Net outlet field Turbine Annual Dispatchabilit
- o BUEPUT temperatur area Sfficisac: oAtpat rovided b
Plant | operation  [MWe] i : y [%] [Gwhg YP y
e [°C] [m*]
‘ ~ 3  hours -
1 1985 13.8 307 82960 31.5/n.a. 30 thermal L
: storage L
190,33 29.4/ Gas . fired
1986 30 ’
i o 8 37.3 58 superheater
230130 Soler Gas-fired
v 1987 30 349 ‘o 374 93 boiler |
250,50 30.6/ Gas-fired
30 349
v H9EE 0] 37.4 %1}3 boiler
188,00 37.5/ Gas-fired
Vi 1989 30 390 0 395 91 bollar
- 194.28 37.5/ Gas-fired
Vil 1989 30 390 0 39 5 93 boiler
Gas-fired heat
VIl 1990 80 390 ot RLE 253 transfer fiuid
0] 37.6 ] < ;
heater :
o = y Gas-fired heat
IX 1991 80 390 ;8°'96 ;Z'g’ 256 transfer  fluid

heater”

Scanned by CamScanner




flexible hose/joint

ifech Family®®

Scanned by CamScanner



je system in a trough solar plant
Solar field Thermal storage

Scanned by CamScanner



@ Jolve... loap.—>...Mal o Sl b\
@)..green. loop > Smeam ... 1. Qil.as.Skeam )

------------------------------------------------------ % o o\ aDYsalnor 40, zgzmje Anjes e—&;_(. i

oIl qem s hear oy Lo 2 Coldd sheye) vz o S0 LTS P S
\ = (&dfarg .Qy) { .
R S s = == . eim S ey L— A

Y = Theemal . %k},@ﬁ.gwusa{ .......... fer = @O 2 ,[[.\CDZAS[/.\:?W.,‘.%RO.[‘. _____ > .
; o Suskain Mee  relialailiy o

¢ e using e mden s nsrend | OF hacmad Oilim o

S . ot Gionking Puid s e same. for AT Gmpanelks

b

7

-

I PR (e Syskem.. [omolrea. Salbe ]
T 2. No.. heed”  exchanger Used  becntse  Ha  ovenking . .

o TR Flurcd 5 HAG  SAME
30672(&,?‘{9041/’/\13}\@(%fo&5@@ e
| Jabs muchhigher. Haan. M dboeed
.................................................................. Oll(h@hﬂ(\{v(‘b-n{e'ﬁrﬁumc ) O ——————

Lf’elLSS'l/blumedf' SI’&Fan réJLUIMe,P. ST

; O\)sc@lwﬂkﬁe—)l.gahdﬁcﬂhm T

lv:s‘
'] .L,n.'xll

I;A'Il.ﬁ?.nel

Scanned by CamScanner



R Assume o Solap... 'frdd(vsed ! YRl e as__a_souce...of... haa.}—
‘ﬁ AR LinSead o f Mo boviler. .. Band. used.. ...
e e — Fhemal 0 _a sLe\._umh./&j{m.ci
\wameﬁww\jo{mmwb lock....2>N.%.35 .o ...
e b OURpUE. O F . dcu—n‘cjlj L0 MW, (MEﬁ‘;\WW 2lecrrica ). .
:‘—:—\—,

: ..................... %Nom_co 1Ed.clonr . have...a. Shafzae. ,,,,,,,,,,, J—Qw,fb)—aimpur
[ /YU PO 1\ H - hu!. ........ He. . posiellolote ..o praduce. Ha 0odk. ..
)

and . in . He. Case ofF  lack .ok M Sunoo
Ca}-mj)ﬂ/) .......... o Ponkec.. Volotk. . Will... it :

.............................................................................. Stop..irs. .wonkSe ...

L

QPMma\SmmjLnM»«sjsrmmrd o
manputsmll‘il& Mw&/hemdw ol

)
lsl.\x'x.ﬂf'
MEMLIID et

Scanned by CamScanner



-

____________ povariack . Y= @\SS oW v Ls‘pi,g Z/“’ NIV oMb_7 \/!U\?J e
.......si\o.\d.‘\s&ﬂ)#i—m COSK)d ),p,_/ Qtl)\/ J:q__J 2 0 2. \_.,_ls),:wzf

...................................................................... a.u_, PV ri2¥ SO . e
e Mﬂvrpvr— Y. 18 \k,‘Q)LDQ\_)J.Q’ (Sula{‘) ) 8 \,J&) Py\ pﬂ_\z)\}/\‘pu\ﬂ

2Dk mainkain.. Hea ourpdr (Same._oWpwr) . S

@D Yo inmense . He . 1ol l,cdox.h_r_j_,

IILI‘”ID.’.net i,[_é::ﬁ)

7777777777irrrrrrrr

Scanned by CamScanner



/]

s %W%w """""" ? P wangj
7 OV PN 5O, A g 1:35/ N TR
............................................... ()urdeM&(PB) fi = 2B }/({Alu,& :
.......................................................................................................................................................................................................................................................................... G—
......................... =250 — IM2.8 = . LOF-2. M %j«_)Srar‘eAQ/\ e
............................................................................................................................................................................ Wae ... SW)(?J:?Q 6_-
........................ (Golackild) ). o\’ éfé‘w;m\z r \2}) o o) dc,hpkp\/w u@,o ;
------------------------------ Syl ""“)(‘*Qkk}m\’ h-

B oot SB35 eSS e A e e G AR ST Vi
............................................. iD;_ﬁ Pc\}-clf\o‘.b I njj _) F}EWDM_,P} )’9 -‘M N e :
............................................................................................. Q,\A,..k.{.)d ..\,‘\4,@3‘\,_935\/____J_.x,&g@»_.v_?_] [ BT A—— C_'

........................................................................................................................................................................................................................................................................ k
............................................................................................................................................................................................................................................................... e
............................. 2. D 1spAakCh em.ﬂvni o
DIAFMMJ O Powex On L. 5
................................................................................................................................................................................................................................................................... e
_______________ b7 T B <0 N S R PRURRSPRNCIL SN SRR SRNUUMRUN. Y. N AT SN WU EIOT NES SPLUNROIO. . S

...................... CSf Advaimges. iz O hjher hmfer&hw. WiHA . hjhcr 6’“6&4%\&:}
of M. PO blocke .

.................................................................................... @ Posonlicies b Vse &\nn.“.m«j Pzr mene

........................................................................................................ applicabions. [indvsiial . pacess.. keqh Je L‘
..................................................................................... . D,sfakd‘Mbmj B 7T S 4 Yo Demnr\d e
S SN SR S SR SR Ve cavse ;i uses. Ha . Slzarzﬁe ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

@ posglblz mrtﬁmhm Of‘ an. amsm:j powa\an”
LO0.SysrEms.. [bo.l!;r\ Gas. fubine., or any Jg\cku/;j

ng ...... dusoﬁlvr«nkﬁb = D) e heed.. ok Amckiag. Systms. [nor- crpmm(j
B 1o *DN) —. Dinecs. Nocmal . | cradance...

i‘fliiliﬂet

Scanned by CamScanner



.........................................................

........................................................................................

'h‘-; ........................................................... .D..\spélkdw\b lll:j uditHague... g +L¢ Sbmﬂﬁ?
M e .oy Usa. fmyeit ........ SQunge... c}l’\wmﬂlmmww
~ Con...pe Usd snsktad... oF @ So ,f\rfaal’mhdﬂ[-un@nbe:f\rzgm.l’&g .......
A Lu,iim ..... e powier. oleck. ..y such..as. .. Gas.. dvebing.., Joole ;.

b W pfo esses..ale.. T (X, (. T . O 1
X 'i Ry TR it 3
[Fr:l;\ Salar 2. G’nﬁ . fb 7‘6 s piva g
o@;wﬁg&‘wﬂ?mp\»y @s 2 J, 2. DaPs. PR m.s,‘.,m_&..\.));. ................... D
\

gty

Scanned by CamScanner



-~ ¥
S Conversion of Conversion of
= - Collection and solar energy thermal ener- Conversion of
== - | concentration, if inside the gy inside the mechanical
(G @ | applicable, of 1= receiverand | heattransfer BB energyintc
§—> radiation ;alnergy in transmission to medium _into electrical
) the collector a heat transfer‘ ! mechanical energy
(¢p) = medium energy
- - Grid
—i— ‘
l Thermal | Mechanical | Electrical
Radiation energy ) energy . . o, eneigy - . o energy e
of the sun in the heat in the thermal™ | inside the gene-
transfer medium engine rator or the grid

"Energy conversion chain of solar thermal power generation
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Optical efficiency

The irradiance absorbed by a unit area of the receiver is:
S= Yo, Oin, km [W/m?2]

Optical efficie y Nopt =

I, is the actual incidence radiation on the concentrator unit area. Except for

the case of a low concentration ratio (<10), only the direct radiation (beam)
can be accounted of, since the diffuse radiation cannot be concentrated.

Dry areas (like desert8) are more suitable for CSP application.
In the case of electric power generation, the lack of water for cooling purpose

(e.g. steam condensation) must be taken into consideration
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is the intercept factor, a measure of the share of the ref
which actually reaches the receiver surface
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YEARLY PERFORMANCE
ANALYSIS

estimated yearly DNI
yearly ANI - NS Alignment
yearly efficiency

gross solar field yield

net solar field yield

yearly-specific yearly-total
2,348 kWh/sqm*yr SOURCE: TMY.
2,066 kWh/sqm*yr
40%
826 kWh/sqm*yr 2,142,278 kWh/yr
744

kWh/sqm*yr 1,928,050  kWh/yr
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Economic figures

Plelcost:
Qjearllyboiller efficiency (on QCV)
fuel GOV ] A
E_oét of1’:hermal enefgyi ‘1 '

estimated savings

Required investment without fund

payback period

Required investment with fund

payback period

kwh/kg
€/kWh

€/sqm*yr

€/sqgm

yr

€/sgm

yr

136,221

1,500,000

11.01

360,000

2.64
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