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Kef�laio 1

Enèrgeia - IsqÔc

1.1 Eisagwg 

Enèrgeia eÐnai mia posotik  metablht  idiìthta enìc fusikoÔ sust matoc pou
ekfr�zei thn ikanìthta paragwg c èrgou   jermìthtac. OrÐzetai wc to ginìmeno
thc dÔnamhc F me thn apìstash s.

E =

∫
F ds

Mon�da mètrhshc thc enèrgeiac eÐnai to joule [J ] kai h diastasiologik  an�lu-
sh tou megèjouc mac dÐnei:

dimE = dim(F ) dim(s) = M L2 T−2

Ston pÐnaka 1.1 parousi�zontai oi diast�seic twn jemeliwd¸n megej¸n kai oi mo-
n�dec touc sto SI.

H enèrgeia mporeÐ na eÐnai dunamik  gia èna s¸ma m�zac m pou brÐsketai se
Ôyoc h apì èna epÐpedo anafor�c sthn gh   opoÐa èqei epit�qunsh barÔthtac g.
'Etsi h enèrgeia dÐnetai apì ton tÔpo:

E = mg h = dim(m) dim(g) dim(h) = M LT−2 L = M L2 T−2

H enèrgeia mporeÐ na èÐnai kinhtik  gia èna s¸ma m�zac m pou kineÐtai me
taqÔthta u. 'Etsi h enèrgeia dÐnetai apì ton tÔpo:

E =
1

2
mu2 = dim(m) (dim(u))2 = M L2T−2
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PÐnakac 1.1: PÐnakac diast�sewn twn jemeliwd¸n megej¸n

Di�stash (Dimension) SÔmbolo
Mon�da
(SI)

SÔmbolo
mon�dac
(SI)

M koc (Length) L meter m
M�za (Mass) M kilogram kg
Qrìnoc (Time) T second s
JermokrasÐa (Tempera-
ture)

J kelvin K

Posìthta Ôlhc (Amount of
substance)

N Mole mol

'Entash fwtìc (Light Inten-
sity)

J candela cd

Hlektrikì reÔma (Electric
Current)

I ampere A

IsqÔc eÐnai o rujmìc metabol c thc enèrgeiac. Ja isqÔei:

P =
E

t

ìpou E eÐnai h enèrgeia kai t o qrìnoc pou paÐrnei/dÐnei enèrgeia to fusikì sÔsth-
ma. Sto diejnèc sÔsthma mon�dwn (SI), mon�da gia thn isqÔ eÐnai to watt(W).
'Etsi:

W =
J

s

Mia empeirik  mon�da eurèwc qrhsimopoioÔmenh gia thn enèrgeia eÐnai h kilo-
bat¸ra h opoÐa ekfr�zei thn enèrgeia pou paÐrnei/dÐnei èna fusikì sÔsthma ìtan
paÐrnei/dÐnei enèrgeia me rujmì 1 kW gia mia ¸ra(1h). AkoloujeÐ o PÐnakac 1.2 me
k�poiec qarakthristikèc peript¸seic metatrop c mon�dwn enèrgeiac, en¸ o PÐnakac
1.3 èqei k�poiec qarakthristikèc peript¸seic metatrop c mon�dwn isqÔoc.
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PÐnakac 1.2: PÐnakac me qarakthristikèc peript¸seic metatrop c mon�dwn enèrgeiac

isoÔtai me
1 watt second (W s) 1 Joule (J)
1 watt minute (Wmin) 60 J
1 watt hour (Wh) 3,600 J
1 watt hour (Wh) 3.6 kJ
1 kilowatt hour (kWh) 3.6 MJ
1 megajoule (MJ) 0.278 kWh
1 kilowatt hour (kWh) 3,412 Btu
1 kilowatt hour (kWh) 860 kilocalories (kcal)
1.16 kilowatt hour (kWh) 1000 kcal
1 kilowatt hour (kWh) 3,600 kilojoules (kJ)
1 kilowatt hour (kWh) 1.34 horsepower hours (hph)
1 horsepower hour (hph) 0.746 kilowatt hours (kWh)
1 kilowatt hour (kWh) 1 thousand watt hours (Wh)
1 megawatt hour (MWh) 1 million watt hours (Wh)
1 gigawatt hour (GWh) 1 billion watt hours (Wh)
1 terawatt hour (TWh) 1 trillion watt hours (Wh)
1 gigawatt hour (MWh) 1 million kilowatt hours (kWh)
1 terawatt hour (TWh) 1 billion kilowatt hours (kWh)
1 terawatt hour (TWh) 1 million megawatt hours (MWh)

PÐnakac 1.3: PÐnakac me qarakthristikèc peript¸seic metatrop c mon�dwn isqÔoc

isoÔtai me
1 Joule per second (J/s) 1 watt (W)
1 Btu per second (Btu/s) 1.055 kilowatts (kW)
1 Btu per second (Btu/s) 1.415 horsepower (hp)
1 Btu per second (Btu/s) 0.252 kilocalories per second (kcal/s)
1 kilowatt (kW) 0.9478 Btu per second (Btu/s)
1 kilowatt (kW) 1.341 horsepower (hp)
1 kilowatt (kW) 0.2388 kilocalories per second (kcal/s)
1 horsepower (hp) 0.7457 kilowatts (kW)
1 horsepower (hp) 0.1781 kilocalories per second (kcal/s)
1 horsepower (hp) 0.7068 Btu per second (Btu/s)
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PÐnakac 1.4: PÐnakac qarakthristik¸n pollaplasÐwn isqÔoc sto diejnèc sÔsth-
ma (SI)

Value SI symbol Name

103 W kW kilowatt
106 W MW megawatt
109 W GW gigawatt
1012 W TW terawatt
1015 W PW petawatt
1018 W EW exawatt
1021 W ZW zettawatt
1024 W YW yottawatt

10−3 W mW milliwatt
10−6 W µW microwatt
10−9 W nW nanowatt
10−12 W pW picowatt
10−15 W fW femtowatt
10−18 W aW attowatt
10−21 W zW zeptowatt
10−24 W yW yoctowatt

Profan¸c den qrei�zetai na apomnhmoneÔsoume thn k�je metatrop . Parìla
aut� ja prèpei na èqoume mia aÐsjhsh thc t�xhc megèjouc k�poiwn basik¸n mo-
n�dwn dhlad  thn enèrgeia pou apaitoÔn   par�goun k�poiec basikèc anjr¸pinec
drasthriìthtec. Merik� paradeÐgmata eÐnai ta akìlouja:

1) H mèsh katan�lwsh an� �tomo sthn Ell�da hlektrik c enèrgeiac eÐnai 4 kWh/day.

2) H mèsh isqÔc pou qrei�zetai ènac epitrapèzioc upologist c eÐnai 80W .

3) H mèsh isqÔc pou katanal¸netai sto PoluteqneÐo Kr thc eÐnai 450 kW en¸
h enèrgeia pou katanal¸netai se èna qrìno eÐnai (to mègisto ta teleutaÐa 10
qrìnia) 4.3GWh. Prìkeitai gia ktÐria sunolik c orizìntiac èktashc 60 strem-
m�twn sta opoÐa epiteloÔntai ekpaideutikèc drasthriìthtec pou kalÔptoun tic
an�gkec 6,000 eggegramènwn foitht¸n.

4) Gia na aneb�soume thn jermokrasÐa 1m3 neroÔ kat� 1 oC qreiazìmaste perÐpou
1 kWh -(1.16 gia thn akrÐbeia)- jermik  enèrgeia.

5) H jermik  isqÔc pou qrei�zetai èna grafeÐo sta Qani� eÐnai perÐpou 2 kW .

6) H mèsh katan�lwsh neroÔ gia gr goro mp�nio eÐnai perÐpou 50 − 70L.
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1.1.1 'Askhsh

'Ena spÐti sthn Ell�da brÐsketai se apomonwmènh perioq  kai qwrÐc hlektrikì
dÐktuo filoxen¸ntac oikogèneia 5 atìmwn.

I) D¸ste mia ektÐmhsh thc hmer siac katan�lwshc hlektrik c enèrgeiac.

II) An jewr soume ìti k�poio m na to sq ma 1.1 dÐnei thn tupik  katan�lwh enèr-
geiac tou spitioÔ proteÐnete trìpouc gia na kalufjeÐ aut  h z thsh dÐnontac
thn isqÔ tou k�je sust matoc.

Sq ma 1.1: Tupik  hmer sia katan�lwsh spitioÔ. Gia k�je ¸ra (0..23) faÐnetai h
enèrgeia pou katanal¸jhke.

LÔsh:

I) H mèsh katan�lwsh an� �tomo thn hmèra sthn Ell�da eÐnai 4 kWh/day. 'Ara
gia 5 �toma ja eÐnai proseggistik� 20 kWh/day.

II) Gia tic ¸rec metaxÔ 11 � 16 proteÐnoume fwtoboltaikì sÔsthma to opoÐo dÐnei
hlektrik  isqÔ sto spÐti wc 2, 5 kW . Gia tic upìloipec ¸rec �lla kai gia thn
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k�luyh tou spitioÔ se perÐptwsh mh hliof�neiac   mh k�luyhc apì to fwto-
boltaikì sÔsthma mporoÔme na èqoume genn tria me biontÐzel isqÔoc 2, 5 kW .
An jèloume na èqoume k�poia asf�leia ìti h z thsh mac ja ikanopoieÐtai p�nta
eÐnai logikì h genn tria biontÐzel na eÐnai 3 kW .

1.1.2 'Askhsh

'Ena spÐti sthn Ell�da jermaÐnetai/yÔqetai apì trÐa klimatistik�, to kajèna èqei
mèsh isqÔ 600W en¸ h mègisth isqÔc tou mporeÐ na fj�sei to 1, 5 kW .

I) Pìsh enèrgeia qreiazìmaste hmerhsÐwc;

II) An jewr soume ìti èqoume èna sÔsthma gia na kalÔyoume aut  th z thsh,
poia ja eÐnai h el�qisth isqÔc tou sust matoc;

LÔsh:

I) H mèsh isqÔ k�je klimatistikoÔ eÐnai 600W �ra kai gia ta trÐa klimatistik�
ja èqoume mèsh isqÔ 1800W   1, 8 kW . Efìson mil�me gia mèsh isqÔ mil�me
gia 24 ¸rec leitourgÐac. Opìte h enèrgeia pou apaitoÔn ta trÐa klimatistik�
ja eÐnai E = P t = 1, 8 kW 24h = 43, 2 kWh.

II) H pio dusmen c perÐptwsh eÐnai na leitourgoÔn kai ta trÐa klimatistik� sto
mègisto thc isqÔc touc. Kat� sunèpeia ja qrei�zontai isqÔ 3 1, 5 kW =
4, 5 kW h opoÐa ja prèpei na eÐnai h el�qisth diajèsimh isqÔc tou sust matoc
pou touc dÐnei enèrgeia.

1.1.3 'Askhsh

Sthn Nìtia AustralÐa to 2017 topojet jhke gia thn upost rixh tou hlektriko-
Ô diktÔou thc perioq c sÔsthma susswreut¸n me ta qarakthristik� gia ìlo to
sÔsthma 100MW / 129MWh.

I) Ti plhroforÐec mac dÐnoun aut� ta qarakthristik�;

II) BreÐte ton el�qisto qrìno pou qreiazìmaste gia na adei�soun oi susswreutèc.

III) An to hlektrikì dÐktuo apaiteÐ 20MW isqÔ gia 6 ¸rec mporeÐ autì to sÔsthma
mpatari¸n na antapokrijeÐ;

LÔsh:

I) Oi 129MWh eÐnai h hlektrik  enèrgeia pou apojhkeÔei to sÔsthma. En¸
100MW eÐnai h mègisth isqÔc pou mporeÐ na d¸sei to sÔsthma. Den mporeÐ
na d¸sei parap�nw isqÔ lìgw twn periorism¸n apì thn isqÔ pou mporoÔn
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na metafèroun me kal  apìdosh ta kal¸dia all� kai h eswterik  dom  tou
sust matoc. Se perÐptwsh pou d¸soume megalÔterh isqÔ ja èqoume meg�lec
ap¸leiec se jermìthta kai Ðswc èqoume kai li¸simo   katastrof  kalwdÐwn
  �llwn susthm�twn tou sust matoc susswreut¸n.

II) O el�qistoc qrìnoc gia na katanal¸soume thn enèrgeia twn 129MWh mporeÐ
na epiteuqjeÐ qrhsimopoi¸ntac thn megalÔterh isqÔ dhlad  100MW . All�

E = P t =⇒ t = E
P

= 129MWh
100MW

= 1.29h

Gia ton upologismì jewroÔme ìti to sÔsthma twn susswreut¸n èqei thn duna-
tìthta na d¸sei ìlh tou thn enèrgeia, kaj¸c epÐshc agnooÔntai kai oi ap¸leiec
se jermìthta thc diadikasÐac.

III) Qrhsimopoi¸ntac p�li ton tÔpo E = P t ja èqoume ìti ja prèpei na isqÔei
ìti:

E ≥ P t =⇒ 129MWh ≥ 20MW 6h =⇒ 129MWh ≥ 120MWh

Opìte nai to sÔsthma mporeÐ na d¸sei 20MW isqÔ gia 6 ¸rec.

1.1.4 'Askhsh

MÐa gr gorh lÔsh gia exoikonìmhsh enèrgeiac eÐnai h antikat�stash energobìrwn
lampt rwn me lampt rec pio nèac teqnologÐac. Oi sun jeic lampt rec fjorÐou
èqoun apìdosh 80 lumen/W ìpou lumen eÐnai mon�da mètrhshc thc fwtein c ro c.
'Ena ktÐrio fwtÐzetai apì lampt rec fjorÐou sunolik c isqÔoc 5 kW kai leitour-
goÔn kat� mèso ìro 6 ¸rec thn hmèra gia 365 hmèrec to qrìno. UpologÐste pìsh
enèrgeia ja exoikonom soume an touc antikatast soume me lampt rec pou èqoun
apìdosh 150lumen/W .

LÔsh: Me touc lampt rec fjorÐou èqoume 80 lumen/W . Gia katan�lwsh loipìn
5 kW = 5.000W ja èqoume 5.000W 80 lumen/W = 400, 000 lumen. Oi nèoi lam-
pt rec ja prèpei na mac d¸soun thn Ðdia fwtein  ro  dhlad  400.000 lumen. H isqÔ
pou qrei�zontai eÐnai 400.000 lumen

150 lumen/W
= 2.666W . H diafor� isqÔoc met� thn epèmbash

ja eÐnai loipìn (5000 − 2.666)W = 2.333W . H enèrgeia pou ja exoikonom soume
gia k�je qrìno ja eÐnai: E = P t =⇒ E = 2, 33 kW 6h 365 days =⇒ E =
5.103 kWh.
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Kef�laio 2

Hliak  AktinobolÐa

2.1 Eisagwg 

Ta dedomèna hliak c aktinobolÐac eÐnai to basikì ergaleÐo to opoÐo mac epitrèpei na
sqedi�soume èna hliojermikì   fwtoboltaikì sÔsthma   na upologÐsoume ta pos�
jermìthtac pou lamb�nei èna ktÐrio, mia dexamen    opoiad pote kataskeu  gia thn
opoÐa to fusikì mègejoc thc jermokrasÐac all� kai h jermìthta pou dÐnei   paÐrnei
apì to perib�llon kai ton  lio eÐnai shmantik� gia thn leitourgÐa thc. O  lioc eÐnai
mia anex�ntlhth phg  enèrgeiac. Gia na sqedi�soume ton trìpo qrhsimopoÐhshc thc
ja prèpei na èqoume thn tim  thc hliak c aktinobolÐac se ìso to dunatìn pio takt�
qronik� diast mata. Merikèc basikèc arqèc sqediasmoÔ eÐnai:

I) Gia fwtoboltaik� sust mata mac endiafèrei h olik  hliak  aktinobolÐa en¸
gia hliojermik� h �mesh hliak  aktinobolÐa.

II) H hliak  aktinobolÐa se èna s¸ma eÐnai h mègisth dunat  ìtan to s¸ma eÐnai
prosanatolismèno proc ton ishmerinì. Autì shmaÐnei ìti an pq eÐmaste sto
Bìreio hmisfaÐrio to s¸ma ja prèpei na èqei prosanatolismì nìtio.

III) H hliak  aktinobolÐa se èna s¸ma eÐnai h mègisth dunat  ìtan to s¸ma èqei
klÐsh 0   45o.

IV) Mia swst  melèth ja prèpei na prosomoi¸nei thn sumperifor� thc kataskeu-
 c mac gia ìso to dunatìn megalÔtero qronikì di�sthma. Kalì eÐnai loipìn na
èqoume dedomèna poll¸n et¸n ¸ste to apotelèsma mac na eÐnai antiproswpeu-
tikì kai axiìpisto. Ta dedomèna hliak c aktinobolÐac mazÐ me dedomèna jermo-
krasÐac kai ugrasÐac thc perioq c eÐnai polÔtima gia thn axiìpisth prìbleyh
twn jermik¸n anagk¸n thc kataskeu c mac.
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2.1.1 'Askhsh

To parakeÐmeno fÔllo excel perièqei tic metr seic tou puranomètrou tou erga-
sthrÐou stic 10/07/2014 ìpwc metr jhke me to puranìmetro tou forhtoÔ mete-
wrologikoÔ stajmoÔ sto q¸ro tou ekpaideutikoÔ ergasthrÐou tou Resel) kaj¸c
kai to di�gramma pou prokÔptei apì autèc. UpologÐste me duo trìpouc thn h-
mer sia puknìthta hliak c aktinobolÐac (enèrgeiac) pou prospÐptei se orizìntia
epif�neia:

I) mèsw twn tim¸n tou fÔllou excel.

II) mèsw tou diagr�mmatoc (grafikìc trìpoc).

III) SugkrÐnete tic timèc pou br kate me touc duo trìpouc.

IV) UpologÐste (kat� prosèggish) thn mhniaÐa (gia ton m na IoÔlio) hliak  akti-
nobolÐa (me b�sh th tim  gia thn 10/07/2014) kai sugkrÐnete me thn tim  pou
dÐnetai gia ta Qani� apì ton pÐnaka klimatik¸n dedomènwn tou TEE (dÐnetai
229 kWh/m2).

Time Irradiance Time Irradiance Time Irradiance Time Irradiance
(h:min) W/m2 (h:min) W/m2 (h:min) W/m2 (h:min) W/m2

6:30 0 10:10 625 13:50 915 17:30 508
6:40 18 10:20 650 14:00 907 17:40 479
6:50 49 10:30 673 14:10 903 17:50 449
7:00 74 10:40 696 14:20 894 18:00 419
7:10 102 10:50 718 14:30 887 18:10 387
7:20 128 11:00 738 14:40 877 18:20 357
7:30 154 11:10 761 14:50 869 18:30 325
7:40 184 11:20 782 15:00 860 18:40 295
7:50 214 11:30 800 15:10 845 18:50 267
8:00 242 11:40 817 15:20 828 19:00 238
8:10 274 11:50 832 15:30 810 19:10 208
8:20 305 12:00 847 15:40 791 19:20 179
8:30 334 12:10 860 15:50 770 19:30 150
8:40 363 12:20 872 16:00 748 19:40 118
8:50 394 12:30 879 16:10 725 19:50 89
9:00 424 12:40 890 16:20 700 20:00 15
9:10 453 12:50 895 16:30 675 20:10 0
9:20 483 13:00 899 16:40 649 20:20 0
9:30 515 13:10 902 16:50 621 20:30 0
9:40 543 13:20 900 17:00 595 20:40 0
9:50 570 13:30 907 17:10 568 20:50 0
10:00 598 13:40 908 17:20 539 21:00 0
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LÔsh:

I) Sto sugkekrimèno fÔllo tou excel èqoume dedomèna thc puknìthtac hliak c
isqÔoc (Irradiance) kai qrìnou. EÐnai gnwstì ìti h enèrgeia isoÔtai me thn
isqÔ epÐ ton qrìno, dhl. Ei = Pi ti. 'Etsi dhmiourgoÔme mia kainoÔrgia st lh
thn opoÐa onom�zoume puknìthta hliak c enèrgeiac (Irradiation). K�je kelÐ
thc sugkekrimènhc st lhc ja isoÔtai me Pi ti ìpou to Pi ja eÐnai seW/m2 en¸
o qrìnoc ja prèpei na eÐnai se h ¸ste to apotèlesma mac na eÐnai se Wh/m2.
Lamb�nontac de upìyh ìti ta qronik� b mata eÐnai Ðsa metaxÔ touc kai èqoun
thn tim  10min èqoume ìti ti = 10min 1

60
h
min

= 0, 17h. Opìte o pÐnakac
ja p�rei thn parak�tw morf :

Time Irradiance Irradiation
(h:min) (W/m2) (Wh/m2)
Time Irradiance Irradiance * 0.17

H hmer sia puknìthta hliak c aktinobolÐac ja eÐnai to �jroisma thc st lhc

11



Irradiation dhl. ja èqoume ìti Eday =
t=21:00∑
t=6:30

Ei ti = 7, 591 kWh

II) Gia thn grafik  lÔsh qwrÐzoume tic perioqèc tou diagr�mmatoc se trÐa sq mata
ìpwc faÐnetai parak�tw:

1557.7196

20:00-6:30 =11:30 = 11.5 h

16:20-10:40 = 5:40=5.66 h

15:00-12:10 =2:50 = 2.84 h

Σχ. 1

Σχ. 2

Σχ. 3

Gia ta sq mata 3 kai 2 èqoume ìti to embadìn touc eÐnai:

Sq ma 3: E3 = B+b
2
h3, ìpou B, b h meg�lh kai mikr  b�sh tou trapezÐou.

H meg�lh b�sh B = 20 : 00 − 6 : 30 (h) = 11, 5h, en¸ h mikr  b = 16 :
20 − 10 : 40 (h) = 5, 66h. To Ôyoc tou trapezÐou eÐnai h tim  thc hliak c
aktinobolÐac ìtan h ¸ra eÐnai 10:40, dhl. h3 = 696W/m2. Telik� to embadìn
tou sq matoc 3 ja eÐnai: E3 = 11,5+5,66

2
696 Wh

m2 = 5.971, 68 Wh
m2 .

Sq ma 2: H meg�lh b�sh B = 16 : 20 − 10 : 40 (h) = 5.66h, en¸ h mikr 
b = 15 : 00 − 12 : 10 (h) = 2, 84h. To Ôyoc tou trapezÐou eÐnai h tim  thc
hliak c aktinobolÐac ìtan h ¸ra eÐnai 15:00 (860W/m2) meÐon thn tim  thc h-
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liak c aktinobolÐac ìtan h ¸ra eÐnai 10:40 (696W/m2), dhl. h2 = 164W/m2.
Telik� to embadìn tou sq matoc 2 ja eÐnai: E2 = 5.66+2,84

2
164 Wh

m2 = 697 Wh
m2 .

Sq ma 1: To sq ma autì eÐnai trÐgwno me b�sh b = 2, 84h kai Ôyoc thn
mègisth tim  thc hliak c aktinobolÐac meÐon thn tim  thc hliak c aktinobolÐac
thn ¸ra 15:00, opìte gia to embadìn tou ja èqoume: E1 = 2,84 55

2
Wh
m2 =

78, 1 Wh
m2 .

Telik� loipìn ja eÐnai Etotal = E1 + E2 + E3 = 6.746, 78 Wh
m2 .

III) H tim  pou paÐrnoume me ton grafikì trìpo eÐnai se sqèsh me thn tim  pou
mac dÐnei o upologismìc sto excel perÐpou 11% mikrìterh. H pragmatikìthta
eÐnai ìti kai oi dÔo upologismoÐ emperièqoun posostì l�jouc. O upologismìc
sto excel gia k�je qronikì b ma jewreÐ stajer  thn tim  thc hliak c akti-
nobolÐac. 'Etsi loipìn ìso pio mikrì eÐnai to qronikì b ma tìso pio akrib 
apotelèsmata ja èqoume me aut  thn mèjodo. Me thn sugkekrimènh mèjodo
èqoume uperektÐmhsh thc tim c.

'Oson afor� thn grafik  mèjodo to sf�lma pou prokÔptei ofeÐletai sto ìti
den mporoÔme na proseggÐsoume me apìluth akrÐbeia to embadìn qrhsimopoi-
¸ntac mìno 2   3 sq mata. Gia to an to apotèlesma mac eÐnai mikrìtero
  megalÔtero apì thn pragmatik  tim  den mporoÔme na èqoume èna genikì
sumpèrasma. 'Opwc doulèyame sthn sugkekrimènh perÐptwsh to apotèlesma
deÐqnei (apì to sq ma) na eÐnai k�tw apì thn pragmatik  mac tim .

IV) Jewr¸ntac ìti h tim  pou p rame sumpÐptei me thn mèsh tim  thc puknìthtac
hliak c enèrgeiac gia ton IoÔlio ja èqoume qrhsimopoi¸ntac to apotèlesma
thc grafik  mèjodo ìti sunolik  puknìthta hliak c enèrgeiac gia ton IoÔlio
ja eÐnai EJuly−graph = 31 day 6, 75 kWh

m2 day
= 209, 25 kWh

m2 gia ton IoÔlio. An
qrhsimopoi soume thn tim  pou p rame qrhsimopoi¸ntac to excel ja èqoume
EJuly−excel = 31 day ∗ 7, 59 kWh

m2 day
= 235, 29 kWh

m2 gia ton IoÔlio.

2.2 Jermìthta - Hliojermik�

Se aut  thn enìthta exet�zoume thn dunatìthta na antl soume jermik  enèrgeia apì
ton  lio kai na thn qrhsimopoi soume. 'Otan par�goume enèrgeia qamhl c kai mèshc
enjalpÐac (jermìthta me jermokrasÐec wc 250 oC) mporoÔme na thn qrhsimopoi sou-
me apodotik� sthn Ðdia morf  pou thn par�goume dhlad  qwrÐc thn metatrop  thc.
Thn jermìthta uyhl c enjalpÐac (jermokrasÐec megalÔterec apì 250 oC) mporoÔme
na thn qrhsimopoi soume kai gia paragwg  hlektrik c enèrgeiac. H sqèsh tou
Carnot mac dÐnei thn dunatìthta na exet�soume thn apìdosh thc metatrop c. 'Otan
èqoume mia jerm  jermik  dexamen  me jermokrasÐa TH(oK) kai mia yuqr  dexamen 
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me jermokrasÐa TC(oK) tìte mporoÔme na par�goume èrgo me apìdosh n = 1− TC
TH

.
Stic perissìterec pragmatikèc efarmogèc h pragmatik  apìdosh pou petuqaÐnoume
eÐnai perÐpou sto 60% thc apìdoshc tou Carnot. 'Ena �llo shmantikì stoiqeÐo
thc strathgik c mac sto sqediasmì susthm�twn jèrmanshc eÐnai h apìstash apì
to shmeÐo pou par�goume thn jermìthta wc to shmeÐo pou thn qrhsimopoioÔme. H
idanik  perÐptwsh eÐnai na èqoume thn mikrìterh dunat  apìstash apì to shmeÐo
paragwg c wc to shmeÐo katan�lwshc. An gia par�deigma sqedi�zete thn jèrmansh
di�spartwn ktirÐwn h kalÔterh strathgik  eÐnai na k�nete mikrèc epitìpiec mon�dec
paragwg c jermìthtac kai ìqi èna kentrikì sÔsthma paragwg c. 'Enac �lloc to-
mèac pou sqetÐzetai �mesa me thn hliak  aktinobolÐa eÐnai h jermik  sumperifor�
twn ktirÐwn. P�nw apì to 50% thc hlektrik c enèrgeiac sthn Eur¸ph s mera kata-
nal¸netai sthn jèrmansh kai yÔxh twn ktirÐwn. EÐnai profanèc loipìn ìti o swstìc
sqediasmìc twn ktirÐwn apoteleÐ shmantik  proteraiìthta gia ènan mhqanikì.

2.2.1 'Askhsh

Gia mia katoikÐa èqei sqediasteÐ sÔsthma pou promhjeÔei zestì nerì qr shc jer-
mokrasÐac 45 oC me hliakoÔc sullèktec. To nerì mpaÐnei stouc sullèktec se jer-
mokrasÐa 14 oC (gia to m na M�rtio) en¸ h kajhmerin  posìthta zestoÔ neroÔ
pou qreiazìmaste eÐnai 300L (gia mia tetramel  oikogèneia). H dexamen  èqei su-
ntelest  jermik¸n apwlei¸n 11W/oC en¸ to sÔsthma swl nwn èqei suntelest 
jermik¸n apwlei¸n 1, 5W/m me sunolikì m koc diktÔou 25m. UpologÐste:

I) To sunolikì ebdomadiaÐo kai mhniaÐo jermikì fortÐo pou ja qreiastoÔme gia
to m na M�rtio se J kai se kWh.

II) P¸c ja ephreasteÐ to ebdomadiaÐo kai mhniaÐo fortÐo an meiwjeÐ h katan�lwsh
neroÔ sto misì;

III) P¸c ja ephreasteÐ to ebdomadiaÐo fortÐo an diathrhjeÐ stajer  h katan�lwsh
kai meiwjeÐ h jermokrasÐa tou zestoÔ neroÔ stouc 40 oC;

IV) P¸c ja ephreasteÐ to ebdomadiaÐo fortÐo an k�noume pio apotelesmatik  th
mìnwsh tou doqeÐou apoj keushc mei¸nontac sto misì ton suntelest  jermi-
k¸n apwlei¸n;

Stouc upologismoÔc tou II erwt matoc jewreÐste ìti oi ap¸leiec apì thn dexamen 
kai touc swl nec metafor�c tou neroÔ eÐnai an�logec tou jermikoÔ fortÐou pou
diakineÐtai. DÐnetai ìti h puknìthta tou neroÔ eÐnai 1 kg/L kai eidik  jermoqwrhti-
kìthta neroÔ Cp = 4.190 J/KgoC. H mèsh jermokrasÐa perib�llontoc gia to m na
M�rtio eÐnai 20 oC.

LÔsh:
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I) To jermikì fortÐo pou ja qreiastoÔme gia thn ikanopoÐhsh twn anagk¸n se
zestì nerì qr shc analÔetai ¸c ex c:

1) Se jermikì fortÐo pou qrei�zetai gia thn jèrmansh tou neroÔ apì thn
jermokrasÐa pou brÐsketai arqik� Ts (supply temperature) pou sthn pe-
rÐptwsh mac eÐnai Ts = 14oC se mia jermokrasÐa Td (delivery temperature)
pou eÐnai Td = 45oC. Efìson h m�za tou neroÔ pou ja prèpei na jermanjeÐ
eÐnai m = 300L 1 kg/L = 300 kg kai h eidik  jermoqwrhtikìthta tou ne-
roÔ eÐnai Cp = 4.190 J/kgoC = 1, 16Wh/kgoC ja èqoume ìti h jermik 
enèrgeia pou qreiazìmaste k�je hmèra (24h), Lw−day, gia na apokt sei to
nerì thn apaitoÔmenh jermokrasÐa ja epalhjeÔei thn sqèsh:

Lw−day = mCp (Td − Ts)

Antikajist¸ntac ja èqoume Lw−day = 300 kg 1.16Wh/kgoC (45− 14)oC =
10.788Wh

2) Se jermik  enèrgeia Lt−day pou q�netai kajhmerin� lìgw apwlei¸n jer-
mìthtac apì thn dexamen  apoj keushc me suntelest  jermik¸n apwlei¸n
(UA)t ìtan h jermokrasÐa tou perib�llontoc eÐnai Ta (ambient tempera-
ture) kai h jermokrasÐa thc dexamen c eÐnai Tt (tank temperature). 'Etsi
èqoume:

Lt−day = (UA)t (Tt − Ta) 24hours = 11W/oC (45 − 20) oC 24h =
6.600Wh

AxÐzei na proseqjeÐ ìti h enèrgeia twn apwlei¸n apì thn dexamen  eÐnai
parap�nw apì to misì thc enèrgeiac pou qreiazìmaste gia na zest�noume
to nerì qr shc. EpÐshc na epishm�noume ìti o tÔpoc autìc den emperièqei
stoiqeÐa gewmetrÐac   m�zac tou s¸matoc. Deqìmaste loipìn ìti h tim 
tou (UA)t antiproswpeÔei ta gewmetrik� stoiqeÐa thc dexamen c kaj¸c kai
ton trìpo qr shc thc katan�lwshc.

3) Gia m koc swlhn¸sewn d = 25m kai suntelest  apwlei¸n (UA)p =
1, 5W/m h jermik  enèrgeia pou ja katanalwjeÐ stouc swl nec ja eÐnai
Lp−day = (UA)p d 24hours = 1, 5W/m 25m 24h = 900Wh

Telik� h sunolik  enèrgeia Ltotal−day pou qreiazìmaste gia na ikanopoi sou-
me tic an�gkec thc katoikÐac se zestì nerì qr shc gia mÐa hmèra ja eÐnai
Ltotal−day = Lw +Lt +Lp = 10.788Wh+ 6.600Wh+ 900Wh = 18.288Wh =
18, 29 kWh = 65.836.800 J .

Gia thn ebdom�da:

Ltotal−week = Ltotal−day 7 = 128.016Wh = 128, 02 kWh = 460.857.600 J
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Gia to m na M�rtio:

Ltotal−month = Ltotal−day 31 = 566.928Wh = 566, 93 kWh =
2.040.940.800 J

II) An meiwjeÐ h katan�lwsh tou neroÔ sto misì ja èqoume meÐwsh mìno tou Lw
sto misì kaj¸c oi ap¸leiec thc dexamen c kai oi ap¸leiec stic swlhn¸seic
den exart¸ntai apì thn m�za tou neroÔ. 'Etsi gia thn sunolik  hmer sia ka-
tan�lwsh enèrgeiac ja èqoume:

Ltotal−day = Lw

2
+ Lt + Lp = 5.394Wh + 6.600Wh + 900Wh =

12.894Wh = 12, 89 kWh = 46.418.400 J .

Gia thn ebdom�da:

Ltotal−week = Ltotal−day 7 = 90.258Wh = 90, 26 kWh = 324.928.800 J

Gia to m na M�rtio:

Ltotal−month = Ltotal−day 31 = 399.714Wh = 399, 71 kWh =
1.438.970.400 J

Parathr ste ìti me meÐwsh thc katan�lwshc neroÔ sto 50% èqoume gia to
posostì metabol c 90.26−128.02

128.02
100% = − 29, 5 % dhl. èqoume meÐwsh 29,5%

twn jermik¸n apait sewn.

III) An diathrhjeÐ stajer  h katan�lwsh kai meiwjeÐ h jermokrasÐa tou zestoÔ
neroÔ stouc 40 oC tìte ja èqoume metabol  tou jermikoÔ fortÐou pou qrei-
�zetai gia na zestajeÐ to nerì all� kai meÐwsh twn apwlei¸n thc dexamen c.
Sthn pragmatikìthta ja all�xei kai o suntelest c apwlei¸n twn swl nwn.
Sthn sugkekrimènh �skhsh jewroÔme ìti se autì to eÔroc thc jermokrasiak c
metabol c ja eÐnai stajerìc. 'Eqoume loipìn:

Lw−day = mCp (Td − Ts) = 9.048Wh = 9, 05 kWh = 32.572.800 J =⇒
Lw−week = Lw−day 7 = 63.336Wh = 63, 34 kWh = 228.009.600 J

Lt−day = (UA)t (Tt−Ta) 24hours = 5.280Wh = 5, 28 kWh = 19.008.000 J =⇒
Lt−week = Lt−day 7 = 36.960Wh = 36, 96 kWh = 133.056.000 J

Lp−week = 7 900Wh = 6, 3 kWh

To sunolikì ebdomadiaÐo fortÐo (to ) eÐnai Ltotal−week = 63, 34 kWh+ 36, 96 kWh+
6, 3 kWh = 106, 6 kWh

H posostiaÐa (%) metabol  apì thn arqik  tim  (128, 02 kWh) ja eÐnai 106,6−128,02
128,02

100% =

− 16, 73 % dhlad  èqoume meÐwsh perÐpou 17% twn energeiak¸n apait sewn.
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IV) Se aut  thn perÐptwsh èqoume metabol  mìno tou Lp−week−new =
Lp−week

2
=

3, 15 kWh

Oi sunolikèc jermikèc apait seic ja eÐnai Ltotal−week = 103, 45 kWh kai h
posostiaÐa meÐwsh thc katan�lwshc 19%.

2.2.2 'Askhsh

KtÐrio èqei suntelest  jermik¸n apwlei¸n (UA)h = 335W/oC kai jèloume na
diathreÐtai se jermokrasÐa 20 oC.

I) Pìsh eÐnai h jermokrasÐa anafor�c an o eswterikìc rujmìc prosfor�c jer-
mik c enèrgeiac eÐnai 1, 34 kW ;

II) An jewr soume ìti to ktÐrio brÐsketai sta Qani� kai oi bajmohmèrec DD gia
touc m nec Ianou�rio kai AprÐlio eÐnai 263 oC kai 129 oC antÐstoiqa, upolo-
gÐste ta jermik� fortÐa pou ja qreiastoÔme autoÔc touc m nec.

III) Pìso ja  tan to antÐstoiqo fortÐo jèrmanshc gia ton m na Ianou�rio sthn
Oresti�da (bajmohmèrec: 540 oC); Sqoli�ste to apotèlesma.

LÔsh:

I) Efìson (UA)h eÐnai o suntelest c twn jermik¸n apwlei¸n kai Th h eswterik 
jermokrasÐa tou ktirÐou, ja isqÔei ìti:

Th = Tb + ġ
(UA)h

ìpou ġ h energeiak  apolab  tou ktirÐou kai Tb h jermokrasÐa anafor�c.
EpilÔontac wc proc Tb ja èqoume ìti: Tb = Th − ġ

(UA)h
=⇒ Tb = 20 oC −

1.340W
335W/oC

= 16oC

II) An eÐnai gnwstèc oi bajmohmèrec jèrmanshc enìc m na (DD)h mporeÐ na upo-
logisteÐ to jermikì fortÐo L, me thn bo jeia thc sqèshc:

L = (DD)h (UA)h (3600 24) [J ]

Gia ton Ianou�rio Qani�: L = 263 oC 335W/oC (3.600 24) sec [J ] = 7.612.272.000 J =
2.114, 52 kWh

Gia ton AprÐlio Qani�: L = 129 oC 335W/oC (3.600 24) sec [J ] = 3.733.776.000 J =
1.037, 16 kWh

III) Gia ton Ianou�rio Oresti�da: L = 540 oC 335W/oC (3.600 24) sec [J ] = 15.629.760.000 J =
4.341, 6 kWh
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Apì thn sÔgkrish sumperaÐnoume ìti oi an�gkec jèrmanshc sthn Oresti�da
eÐnai p�nw apì dÔo forèc megalÔterec apì ìti sta Qani� gia ton m na Ianou-
�rio.

2.2.3 'Askhsh

Sqedi�zetai to sÔsthma tou zestoÔ neroÔ qr shc enìc kthrÐou sthn perioq  thc
JessalonÐkhc. H hmer sia katan�lwsh neroÔ jermokrasÐac 45oC ektim�tai 500
L kai eÐnai stajer  se ìlo to ètoc. O suntelest c prosaÔxhshc lìgw apwlei¸n
eÐnai 1,2. Na upologisteÐ to mèso mhniaÐo fortÐo pou apaiteÐtai gia th jèrmansh kai
th dianom  tou zestoÔ neroÔ qr shc kat� to m na M�rtio. H JessalonÐkh èqei
jermokrasÐa krÔou neroÔ gia ton parap�nw m na 11oC.

LÔsh:

To jermikì fortÐo pou qrei�zetai gia thn jèrmansh tou neroÔ apì thn jermokrasÐa
pou brÐsketai arqik� Ts (supply temperature) pou sthn perÐptwsh mac eÐnai Ts =
11oC se mia jermokrasÐa Td (delivery temperature) pou eÐnai Td = 45oC. Efìson
h m�za tou neroÔ pou ja prèpei na jermanjeÐ eÐnai m = 500L 1 kg/L = 500 kg kai
h eidik  jermoqwrhtikìthta tou neroÔ eÐnai Cp = 4.200 J/kgoC = 1, 16Wh/kgoC
ja èqoume ìti h jermik  enèrgeia pou qreiazìmaste k�je hmèra, Lw, gia na apokt sei
to nerì thn apaitoÔmenh jermokrasÐa ja epalhjeÔei thn sqèsh:

Lw = mCp (Td − Ts)

ìpou Cp h eidik  jermoqwrhtikìthta tou ulikoÔ. Gia to nerì Cp = 4.200 J
kg oC

dh-
lad  qreiazìmaste enèrgeia 4.200 J gia na aux soume thn jermokrasÐa 1 kg neroÔ
kat� 1 oC. Sto prìblhm� mac èqoume ìti:

m = 500L 1kg
L

= 500 kg

Cp = 4.200 J
kg oC

∆T = Td − Ts = (45− 11)oC = 34oC

opìte gia k�je hmèra
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Lw = 500kg 4.200 J
kgoC

34oC = 71.400.400 J = 71.400.400 J 1
3.600.000

kWh
J

'Ara Lw = 19, 83 kWh

'Eqoume bèbaia kai ap¸leiec me suntelest  apwlei¸n 1.2. 'Ara h enèrgeia pou ja
qreiastoÔme eÐnai Lw = 1, 2 19.83 kWh = 23, 8 kWh gia k�je hmèra. Opìte gia
ton m na M�rtio h enèrgeia pou qreiazìmaste eÐnai:

∆Q = 23, 8 kWh/day 31 days = 737, 68 kWh

2.2.4 'Askhsh

Qrhsimopoi¸ntac ta dedomèna kai ta apotelèsmata thc prohgoÔmenhc �skhshc na u-
pologisteÐ h apaitoÔmenh epif�neia kai to pl joc twn epÐpedwn hliak¸n sullekt¸n
me tim  mèshc jermik c enèrgeiac an� mon�da epif�neiac an� mèra 3 kWh/m2day kai
embadìn epif�neiac 1m2.

LÔsh:

'Eqoume hmer siec apait seic 23, 8 kWh kai hmer sia jermik  enèrgeia apì ta h-
liojermik� 3 kWh/m2. 'Ara ja qreiastoÔme 23,8 kWh

3 kWh/m2 = 7, 93m2 dhlad  epif�neia

8m2 hliojermik�. K�je plaÐsio èqei epif�neia 1m2 opìte qreiazìmaste 8 pla-
Ðsia.

2.3 Fwtoboltaik�

2.3.1 'Askhsh

'Eqoume mia F/B sustoiqÐa isqÔoc 3 kW h opoÐa apoteleÐtai apì F/B plaÐsia mo-
nokrustallikoÔ puritÐou (san autì pou èqoume sto ergast rio) ta opoÐa èqoun
sundejeÐ par�llhla kai se seir� metaxÔ touc . To k�je F/B plaÐsio èqei epif�neia
0, 04m2 kai dÐnei isqÔ 5Wp . Prìkeitai na egkatastajoÔn sthn Aj na (upo klÐsh
45o) ìpou h mèsh mhniaÐa hliak  enèrgeia an� mon�da epif�neiac (gia gwnÐa klÐshc
45o) gia ìlo ton qrìno dÐnetai apì ton PÐnaka 1. An h sustoiqÐa èqei mèso sunte-
lest  apìdoshc 0,11 upologÐste:

1. thn mègisth kai el�qisth hlektrik  enèrgeia an� m na pou mporeÐ na mac d¸sei
aut  h F/B sustoiqÐa
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2. Pìso tic ekatì ja meiwjeÐ h mègisth paragìmenh enèrgeia thc F/B sustoiqÐac
an oi suntelestèc apwlei¸n (diìrjwshc) gia thn jermokrasÐa kai thn rÔpansh
eÐnai 0,90 kai 0,95 antÐstoiqa;

3. Pìso tic ekatì ja meiwjeÐ h mègisth paragìmenh enèrgeia thc F/B sustoiqÐac
an oi suntelestèc apwlei¸n (diìrjwshc) gia thn jermokrasÐa kai thn rÔpansh
eÐnai 0,90 kai 0,95 antÐstoiqa;

4. Ac upojèsoume ìti thn hlektrik  enèrgeia pou mac parèqei h F/B sustoiqÐa
thn qrhsimopoioÔme mia tupik  hmèra tou AprilÐou gia na trofodot soume
lampt rec fwtismoÔ gia mia oikÐa. Pìsoi lampt rec mporoÔn na leitourgoÔn
tautìqrona gia qronik  di�rkeia 8 wr¸n an o k�je lampt rac eÐnai isqÔoc
12W ;(agno ste suntelestèc apwlei¸n gia thn jermokrasÐa kai thn rÔpansh).

5. Gia mia tupik  hmèra tou AprilÐou upologÐste ton {IsodÔnamo arijmì wr¸n
hliof�neiac, PSH � (PSH:Peak Solar Hours)

1. Me b�sh ta dedomèna thc �skhshc èqoume onomastik  isqÔ thc sustoiqÐac
P = 3 kWp = 3.000Wp. K�je plaÐsio èqei isqÔ 5Wp opìte o arijmìc twn
plaisÐwn ja eÐnai n = 3.000

5
= 600 plaÐsia.

Efìson den l�boume upìyh mac touc suntelestèc diìrjwshc gia jermokrasÐa
kai rÔpansh ja l�boume thn mègisth enèrgeia an� m na ton m na AÔgousto
ìpou up�rqei h mègisth hliak  aktinobolÐa sta p�nel sthn dedomènh gwnÐa,
en¸ ja l�boume thn el�qisth enèrgeia an� m na ton m na Dekèmbrio me thn
el�qisth hliak  aktinobolÐa sta p�nel. 'Etsi ja èqoume:

Epvmax = 0, 11 188kWh
m2 24m2 = 496, 32kWh

Epvmin = 0, 11 94kWh
m2 24m2 = 248, 16kWh

2. An eÐnai E h paragìmenh enèrgeia qwrÐc touc suntelestèc diìrjwshc kai Ecorr
h diorjwmènh tim  ja èqoume: Ecorr − E = (0, 90 0, 95 − 1)E = −0, 145E
Ara èqoume meÐwsh 14,5 %.

3. H enèrgeia pou ja p�roume ìlo ton AprÐlio eÐnai:
EpvApril = 0, 11 144kWh

m2 24m2 = 380, 16 kWh

Mia tupik  mèra tou AprilÐou ja èqoume enèrgeia EDayApril = 380,16 kWh
30 days

=
12, 67 kWh
H enèrgeia pou katanal¸nei k�je l�mpa isoÔtai me thn isqÔ thc epÐ ton qrìno
pou leitourgeÐ kai ja eÐnai Elamp = 12W 8h = 96Wh = 0, 096 kWh
Opìte o arijmìc twn lampt rwn ja eÐnai m = 12,67

0,096
= 131 lamps

4. H ènnoia "IsodÔnamoc arijmìc wr¸n hliof�neiac" antistoiqeÐ se pìsec ¸rec
mègisthc hliak c aktinobolÐac/m2 (dhlad  se pìsa pollapl�sia thc 1 kWh

m2 )
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antistoiqeÐ h aktinobolÐa pou èqoume. Gia ton AprÐlio paÐrnoume aktinobolÐa
144
30
kWh/day = 4, 8 kWh/day h opoÐa eÐnai h aktinobolÐa pou ja mac èdine o

 lioc efìson mac èdine to mègistì tou dhl. 1 kW isqÔ gia 4.8 ¸rec. 'Ara o
IsodÔnamoc arijmìc wr¸n hliof�neiac = 4, 8h.

PÐnakac 2.1: PÐnakac tim¸n hliak c aktinobolÐac kai jermokrasÐac
sthn Aj na

M nac
Mèsh hliak  aktinobo-
lÐa stic 45o sthn Aj na
(KWh/m2)

Mèsh mhniaÐa jermokrasÐa
perib�llontoc (oC)

Ianou�rioc 95 10.5
Febrou�rioc 104 11.6
M�rtioc 128 12.9
AprÐlioc 144 17.1
M�ioc 162 21.9
IoÔnioc 163 26.6
IoÔlioc 179 29.3
AÔgoustoc 188 29.2
Septèmbrioc 167 25.3
Okt¸brioc 142 20
Noèmbrioc 115 16.3
Dekèmbrioc 94 12.5
Et sio SÔno-
lo (kWh)

1681

2.3.2 'Askhsh

Na upologisteÐ h hmer sia hlektrik  enèrgeia pou par�getai apì èna fwtoboltaðkì
plaÐsio epif�neiac 0, 2m2 kai suntelest  apìdoshc 12%, to opoÐo eÐnai egkatesth-
mèno se perioq  me mèsh hmer sia hliak  aktinobolÐa 6 kWh/m2. O suntelest c
diìrjwshc gia th jermokrasÐa eÐnai 0,8 kai o suntelest c diìrjwshc gia th rÔpansh
eÐnai 0,95.

LÔsh:

H enèrgeia pou paÐrnoume apì to plaÐsio sunupologÐzontac tic ap¸leiec lìgw jer-
mokrasÐac (nT ) kai tic ap¸leiec lìgw rÔpanshc (np) kai jewr¸ntac ìti h enèrgeia
pou èrqetai sto plaÐsio apì ton  lio eÐnai Esun (kWh

m2 ) se plaÐsio embadoÔ A dÐnetai
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apì ton tÔpo Epv = nnT npEsunA.

Opìte ja èqoume Epv = 0, 12 0, 8 0, 95 6 kWh/m2 0, 2m2 = 0, 11 kWh

2.3.3 'Askhsh

Qrhsimopoi¸ntac ta dedomèna kai ta apotelèsmata thc prohgoÔmenhc 'Askhshc na
upologisteÐ h epif�neia kai to pl joc twn fwtoboltaðk¸n plaisÐwn pou apaitoÔntai
gia thn k�luyh hmer siou fortÐou 5 kWh.

LÔsh:

Me b�sh ta dedomèna thc prohgoÔmenhc �skhshc èqoume paragwg  0, 11 kWh thn
hmèra en¸ qreiazìmaste 5 kWh. Sunep¸c qreiazìmaste 5

0,11
= 45, 45 plaÐsia dhl.

46 plaÐsia ta opoÐa èqoun epif�neia A = 46 0, 2 = 9, 2m2.

2.3.4 'Askhsh

Jewr ste ìti èqoume sthn diajes  mac hliak  aktinobolÐa se orizìntia epif�neia
6, 25 kWh/m2.

I) Oi an�gkec tou ergasthrÐou gia hlektrik  enèrgeia ton m na IoÔlio (31 hmèrec)
eÐnai 365 kWh. Pìsh ja prèpei na eÐnai h apìdosh twn F/B plaisÐwn pou eÐnai
egkatesthmèna sthn orof  tou gia na antapokrijoÔn s� autèc tic an�gkec;
DÐnetai ìti h sunolik  epif�neia twn F/B eÐnai 25m2.EpÐshc dÐnetai ìti o
suntelest c diìrjwshc gia thn jermokrasÐa (kaj¸c h mèsh jermokrasÐa ton
m na IoÔlio eÐnai p�nw apì 25oC) eÐnai 0,96 kai o suntelest c diìrjwshc gia
thn rÔpansh 0,98. Anafèrate opoiad pote paradoq  qrei�zetai na k�nete gia
na d¸sete ap�nthsh sto er¸thma.

II) H sunolik  isqÔc thc F/B egkat�stashc eÐnai 3, 15 kW . To embadìn pou
kalÔptei k�je xeqwristì p�nel eÐnai 1, 2m2 . UpologÐste ton arijmì twn
egkatesthmènwn plaisÐwn kaj¸c thn onomastik  isqÔ k�je F/B plaisÐou se
W ..

III) Ac upojèsoume ìti h egkat�stash twn F/B leitourgeÐ mia hmèra tou IoulÐou
kat� mèso ìro me to 60% thc isqÔoc thc gia qronikì di�sthma 8 wr¸n. Me thn
hlektrik  enèrgeia pou par�getai apì thn egkat�stash qrei�zetai na kalu-
fjeÐ apokleistik� h leitourgÐa tri¸n klimatistik¸n hlektrik c isqÔoc 600W
to kajèna. Gia pìsec ¸rec mporoÔn na leitourgoÔn energeiak� tautìqrona
kai ta trÐa klimatistik�; AgnoeÐste thn apìdosh tou antistrofèa
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kai thn enèrgeia pou phgaÐnei sto exwterikì hlektrikì dÐktuo
kai upojèste ìti ìlh h enèrgeia pou par�goun ta F/B kata-
nal¸netai sta klimatistik�.

LÔsh:

I) An n eÐnai o zhtoÔmenoc suntelest c apìdoshc tou fwtoboltaikoÔ sust ma-
toc ja èqoume ìti h sunolik  enèrgeia pou par�getai apì ta F/B sunolik c
èktashc 25m2 ja prèpei na eÐnai Ðsoc me thn aitoÔmenh z thsh. 'Ara apì thn
posìthta pou mac dÐnei o  lioc prèpei na èqoume tètoio posostì ekmet�lleu-
shc ¸ste na kalÔyoume tic 365 kWh. EpÐshc jewroÔme ìti h mèsh hliak 
aktinobolÐa gia ton IoÔlio eÐnai h tim  6.25 kWh/m2. Dhl.

EJuly−demand = n 0.96 0.98 6.25 kWh/m2 25m2 6.25 31 =⇒ 365 kWh =
n 4557 =⇒ n = 0, 08 =⇒ n = 8 %

II) Sunolik  isqÔc 3, 15 kW �ra 3,15 kW
25m2 = 0, 126 kW/m2. K�je plaÐsio èqei em-

badì 1, 2m2. 'Ara èqei isqÔ Ppanel = 1, 2m2 0, 126 kW/m2 = 0, 1512 kW =
151W . Jèloume isqÔ 3, 15 kW , opìte qreiazìmaste 3,15 kW

0,1512 kW
= 20, 83, dhla-

d  21 plaÐsia.

III) To sÔsthma leitourgeÐ gia 8 ¸rec me isqÔ 0, 6 ∗ 3, 15 kW 1, 89 kW . Ta trÐa
klimatistik� èqoun isqÔ 3 600W = 1800W = 1, 8 kW . 'Ara nai mporoÔn na
leitourgoÔn tautìqrona gia 8 ¸rec afoÔ h z thsh touc kalÔptetai.
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2.4 Aiolik  Enèrgeia

2.4.1 'Askhsh

H mèsh tim  thc taqÔthtac tou anèmou se mia topojesÐa eÐnai v = 7 m
s
. Na upo-

logisteÐ h isqÔc tou anèmou pou dièrqetai apì mia epif�neia embadoÔ A = 100m2.
Jewr ste ìti h puknìthta tou aèra eÐnai r= 1, 2 kg

m3 .

LÔsh:

H isqÔc pou èqei o �nemoc me dedomènh taqÔthta v = 7 m
s
gia puknìthta aèra

r= 1, 2 kg
m3 kai gia èktash embadoÔ A = 100m2 dÐnetai apì ton tÔpo:

P = 1
2
rAv3

me efarmog  tou tÔpou èqoume P = 20.580W = 20, 580 kW

2.4.2 'Askhsh

Poia eÐnai h mègisth isqÔc miac idanik c anemogenn triac pou egkajÐstatai sthn
parap�nw topojesÐa;

LÔsh:

SÔmfwna me ton Albert Benz h isqÔc pou mporeÐ sthn idanik  perÐptwsh na ekmetal-
leuteÐ mia anemogenn tria (qwrÐc dhl. na upologÐsoume ap¸leiec apì tic metatropèc
thc enèrgeiac) ja eÐnai Pm = 0, 59Pwind  

Pm = 0, 59 1
2
rAv3 = 12.142W = 12, 14 kW

2.5 Enèrgeia apì Biom�za

2.5.1 'Askhsh

'Estw jermok pio èktashc 2000m2 me suntelest  sunolik c ap¸leiac jermìthtac
10 W

m2 oC
, apaitoÔmenh jermokrasÐa T = 22oCkai h mèsh jermokrasÐa perib�llontoc

gia ìlo to ètoc TP = 12oC (stajer  gia tic an�gkec tou paradeÐgmatoc). Na
upologisteÐ h isqÔ kai to apaitoÔmeno jermikì fortÐo an� hmèra kai an� ètoc.

LÔsh:
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H mèsh isqÔc twn apwlei¸n (dhl. o mèsoc rujmìc apwlei¸n) gia mèsh diafor�
jermokrasÐac ∆T = (22 − 12)oC dÐnetai apì ton tÔpo

Ploss = k A∆T = 10 W
m2 oC

2000m2 10oC = 200 kW

Opìte h enèrgeia pou qrei�zetai to jermok pio an� hmèra (dhlad  24h) eÐnai

Eday = Ploss 24h = 4.800 kWh

en¸ gia èna ètoc h enèrgeia pou ja qreiasteÐ ja eÐnai

Eyear = Eday 365 days = 1.752.000 kWh = 1.752GWh

2.5.2 'Askhsh

Gia kaÔsimo biom�zac me energeiakì perieqìmeno hK = 3.500 kcal/kg se xhr  b�sh
kai suntelest  apìdoshc lèbhta nΛ = 90% na upologisteÐ h apaitoÔmenh posìthta
kausÐmou sthn prohgoÔmenh 'Askhsh.

LÔsh:

Me b�sh ta apotelèsmata thc prohgoÔmenhc �skhshc kai ton suntelest  apìdo-
shc tou lèbhta ja èqoume ìti h sunolik  qhmik  enèrgeia pou qreiazìmaste ja
eÐnai:

Echem = 1,752GWh
0.9

= 1, 946, 667 kWh

All� 3500 kcal/kg = 3500 0, 001163 kWh/kg = 4, 07 kWh/kg. Opìte jèloume
1.946.667

4.07
kg = 478, 296 tonnes
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Kef�laio 3

'Allec morfèc APE

3.1 Udrohlektrik  Enèrgeia

3.1.1 'Askhsh

'Estw ìti sugkrÐnoume th diajèsimh isqÔ se dÔo udrohlektrik� sust mata pou
brÐskontai stic jèseic A kai B. Kai ta dÔo sust mata èqoun diajèsimo Ôyoc uda-
tìptwshc 50m. H paroq  sth jèsh A eÐnai 3m3/min en¸ to kat�llhlo sÔsth-
ma axiopoÐhshc èqei apìdosh 80%. AntÐstoiqa gia th jèsh B h paroq  ja eÐnai
100.000 L

h
en¸ èqei apìdosh 90%. Na upologisteÐ h diajèsimh isqÔc kai stic dÔo

jèseic.

LÔsh:
H jewrhtik  isqÔc pou perièqetai se mia m�za neroÔ m ìtan aut  pèftei apì mia
gewdaitik  uyometrik  diafor� (hhw − htw) me ogkometrikì rujmì qw eÐnai:

PWa,th = ρW ∗ g ∗ (hhw − htw) ∗ qw

ìpou:
ρW : h puknìthta tou neroÔ = 1000 kg/m3

g: h epit�qunsh barÔthtac = 10 m
s2

(hhw − htw) = gewdaitik  uyometrik  diafor� = 50m

qw: o ogkometrikìc rujmìc pt¸shc neroÔ = 3
60

m3

s

gia thn jèsh A (qwA) kai qwB = 100.000
1000 3600

m3

s
opìte telik� qwA = 0, 05 m3

s
kai

qwB = 0, 0278 m3

s
.
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H pragmatik  apìdosh tou sust matoc ja isoÔtai me thn jewrhtik  epÐ ton sunte-
lest  apìdoshc n. 'Etsi ja èqoume:

A: PWa,thA = 0, 8 1000 kg/m3 10 m
s2

50m 0, 05 m3

s
= 20.000W = 20 kW

B: PWa,thB = 0, 9 1000 kg/m3 10 m
s2

50m 0, 0278 m3

s
= 12.500W = 12, 5 kW
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3.2 Gewjermik  Enèrgeia

3.2.1 'Askhsh

'Estw tamieut rac zestoÔ neroÔ jermokrasÐac 60 oC pou brÐsketai se b�joc 2 km.
An h jermokrasÐa sthn epif�neia eÐnai 10 oC kai h jermik  agwgimìthta tou br�qou
3 W
m oC

, na upologisteÐ h diaforik  klÐsh thc jermokrasÐac kai o rujmìc metafo-
r�c jermìthtac. An h jermokrasÐa tou tamieut ra gÐnei 35 oC , en¸ ta upìloipa
dedomèna paramènoun stajer�, poioc ja eÐnai o nèoc rujmìc metafor�c jermìth-
tac;

LÔsh:

SÔmfwna me th sqèsh:

Q = k ∆ θ
∆ ζ

ìpou:
Q h ro  jermìthtac pou metafèretai proc thn epif�neia (an jewrhjeÐ ìti h metafo-
r� thc eÐnai monodi�stath) se W

m2

k h jermik  agwgimìthta twn petrwm�twn thc perioq c se W
m oC

∆ θ
∆ ζ

h diaforik  klÐsh thc jermokrasÐac

H diaforik  klÐsh thc jermokrasÐac ja eÐnai ∆ θ
∆ ζ

= (60−10)oC
2000m

= 50oC
2000m

= 0, 025
oC
m

gia thn perÐptwsh me diafor� (60− 10)oC en¸ h mis  gia thn perÐptwsh me diafor�
(60 − 35)oC dhl. 0.0125

oC
m
. Opìte o rujmìc met�doshc thc jermìthtac ja eÐnai

gia thn pr¸th perÐptwsh Q = k ∗ ∆ θ
∆ ζ

= 3 W
m oC

∗ 0.025
oC
m

= 0, 075 W
m2 ,   Q =

0, 075 W
m2 kai gia thn deÔterh perÐptwsh Q = 0, 0375 W

m2
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TUPOLOGIO

PÐnakac 3.1: Basikì tupolìgio twn APE

TUPOS PERIGRAFH
E = P ∗ t Enèrgeia

Lw = m ∗ Cp ∗ (Td − Ts)
Enèrgeia pou lamb�nei/dÐnei s¸ma kai meta-
b�lei thn jermokrasÐa tou kat� (Td − Ts)

L = (DD)h ∗ (UA)h ∗ (3600 ∗ 24) [J ] Upologismìc enèrgeiac me bajmohmèrec
L̇t−day = (UA)t ∗ (Tt − Ta) IsqÔc jermokrasiak c ro c apì Tt se Ta

Lp = Up ∗ S
IsqÔc jermokrasiak¸n apwlei¸n se swl na
m kouc S

Epv = npv ∗ σθ ∗ σρ ∗ Π ∗ A Enèrgeia apo F/B
P = 1

2
∗ ρ ∗ A ∗ V 3 IsqÔc Anèmou

PWa,th = n ∗ ρW ∗ g ∗ (hhw − htw) ∗ qw
IsqÔc neroÔ uy. diafor�c (hhw − htw) kai
paroq c qw

Q = k ∗ ∆ θ
∆ ζ

Jermik  IsqÔc an� m2
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