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ertekelése

Energy assessment of the solar
collectors




Energetikai ertekeles

Energy Assessment
o Mit ertiink ez alatt? What does it mean?

Technikai + Gazdasagi

Technical + Economical
Szempontrendszer
Point of view
= Optimum




Kihez szol? Who is the listener?

* Felhasznalok (nem szakmai kozonseg)
*Users (hon specialists)
» Szakmai kozonseg (specialists):

Tervezok (Designers)
Installacios szakemberek
Fejlesztok (Developers)




Technikai szempontok:
(Technical aspects)
* Funkcionalis megfeleloseg (functions)
* Termodinamikai megfeleloség
(thermodynamics)

» Elettartam (life cycle)
» Kornyezeti hatasok (environmental impacts)

Szabvanyositott minésitési eljarasok!
GEREIGEY
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A

Qualification test sequence according to EN 61215

7 test modules + 1 control module

10.1
Visual inspection

10.2

Performance at STC

l

10.3
Insulation

arsenal research

An Enlerprise of the Austrian Research Cenlers.

1 module

104
Measurement of temperature
coefficient
aand B

l

10.5
Normal Operating
cell temperature
(NOCT)

I

10.6
Performance at NOCT

107
N Performance at low irradiation

108
Outdoor exposure

10.8
Hot-spot endurance

L

2 modules

2 modules

10.13
Damp heat

1000 h
85°C /85 % RH

10.11
Thermal cycling

50 cycles
-40 °C to +85 °C

2 modules

10.11
Thermal cycling

200 cycles
-40 °C to +85 °C

1 module

1 module

10.12
Humidity freeze

10 cycles
-40 °C to +85 °C

10.17
Hail

|

10.16

Mechanical load 7

1 module

1 module

10.14
Robustness of
terminations

10.15
Twist

[

Repeat tests
10.1 10.2 10.3







Kollektor értekeles termodinamikai
lehetosegei:

eHOmerseklet szemlélet
eEnergia szemlélet
eEntropia szemlélet
eExergia szemlélet

Cel: meghatarozni az energia atalakitas
hatekonysagat
vesztesegeket (mennyiseg, mindseq)
utalni a gazdasagossagra




Characterization of the heat transport:

Heat
transfer > O

Entropy
generated

Entropy T
- Ir"
transfer > T,

Exergy

o ascs B / consumed
Xergy .
transfer

(1-TyT)) O (1-Ty/T;) O




Temperature method

- optimal temperature for getting power from a heat source -

f(T;, T,) characteristic function of heat source
g(T,, T,) function of use of energy

0 f(TT)O,T) ] _

0-T, .
oT,

I:)max = f (TfThmax) @(Thmax’To)

Problem: knowledge of the characteristic function




Case of radiation
f(T.T,)=ClT-T'] 9(T,To)=1-2

Thmax = \/T_O[T4 i 3|:I-hArmax:|

o
Th

A

Case of convection or conduction:

f(T.T,)=COT, -T,| 9. To) =1-Jo

Th
Thmax = \/[Tf D-O]




Energy method - Energia szemiélet

- application of the energy conservation -

x(T—U)

to users%

sunliaht D




the sun

E SullD xSun

Dxc- collector

E( 1| Pxeesn

D storage tank

E’T—»U¢ D

x(T—U)
Energy balance equations in this model are :

atcollector: E. + E = E +EC_)T

Sun T—>C lossC

where E . is power from sun (input power)(W) , ET_)C is power
from storage tank to collector associated with water recycle(W) ,

E lossC

collector (W) , EC_>T iIs power from collector to storage tank(W)

is power losses due to imperfectly thermal insulation in

at storage tank: E._ . =E, .




Energy balance in ,,Cell” level:

vt

I n-1

Torn-1)=Tim , Tom= T+




AMBIENT

Energy balance:

FIRST
GLASS TUBE

=

(QUTER}

VACUL M

SPACE

SECOND
G LASS TUBE
(INMNER) —,

--—-—d':]] R

GQ?

METALLIC
SHELL
(ABSORBER)

Sankey diagram for a twin tubular collector




Input data (1):

A napsugarzas frekvenciaspektruma

lathaté
fény

infravérés

napsugarzas talajszinten
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Input data (2):

Kozvetlen és diffiz sugarzas modellezése A falh&zet és a d6lésszig hatasa az inszolacidra
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I n p u t d a t a ( 3 ) - A napsiitéstartam évi 6sszegének teriileti megoszlasa Magyarorszagon
|

A felhGzet és a d6lésszog hatisa az inszolaciéra

>2050

2000-2050
1950-2000
1900-1950
1850-1900
1800-1850
1750-1800
<1750

6. tablazat

Napos orak havi és évi atlaga

Hénapok

VL. | VIL

napos drak | Budapest 274

id6tartama | Pécs 293

energia, Budapest 650
M}/m? Pécs 660




General energy efficiency

Swimming pool heating

Home water heating
e heating

Process heat production

=~ Evacuated-tube collector

' Flat-plate collector™

n=n-aX - BpX*

IV&(T) AT (7)dr

1 :timej A U(r)ldr

time




Simulation softwares
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Exergy method:

- Calculating the usable part of energy -

=

Constant-
exergy line

—

/ I—E—H at

Ty Po

e = [(u+ V/2 + gz) — ug] + po(v — vg) — Tos — o)

exergy transfer
accompanying heat




Exergy flow:

E

Sun xSun

collector

storage tank

D

x(T—>U)




T, (K)

I %

Exergy efficiency contour
according to average air velocity and fluid inlet
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»1hink about destroying exergy during using energy”

Exergy content of solar irradiation

" asaydsowy

aJaydsoipAH
aJlaydsolg

Direct use of Wind energy
solar exergy

Agriculture ;
Raw material

Bioenergy for paper,
Total consumption of iabi
5 construction,
exergy by the society alamiaale
Fossil fuels Minerals

Hydropower

Fossil fuel and mineral reserves




The performance of a solar heating system depends on
v the

v the

the overall annual performance of a solar system is technically limited by the
amount of energy that can be collected during the winter time. Improvements in
collector design can also have a significant effect on the overall system
performance.

v’ the
the delivery temperature and the cold water supply temperature.




Ih’CE”igent

esrign

Washington Post, March 30, 2005

Thank you for attention!
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Sustainability Index = Return on Exergetic Investment
Environmental load




