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HAlakr akTivoBoAia | solar radiation

Mnkog koparog | wavelength

0.3um - 3um
gamma ray ultraviolet infrared radio
. Wl .
X-ray /visible™. microwave
shorter wavelength longer wavelength
higher frequency o e lOWeT frequency
higher energy lower energy
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http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html




HAlakr akTivoBoAia | solar radiation

Energy from the sun on a surface in a specified period (Wh/m?2)

H evépyeia amo Tov nAIo Tov AapPaveral amo pia emepaveia otn Siapkeia

EVOG OPICHEVOL XPOVIKOL SiaoTnuaTtog yeTpietal o€ Wh/ma2,

H 1ox0C TNC NANIOKNC AKTIVOPROAIAG TTOL TTOOCTIITITEl OE WIA ETTIPAVEIQ UIO
O'L)YKEKpIUéVI’] XpOVIKI’I] O'TIYUI"] UETpIéTOI o€ W/m?2 . Power of solar radiation on a surface (W/m2)
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daivouevn TTopEia Tov NAIOL | apparent sunpath

KaAokaip! | summer

Xelpoovag | winter

« Bopacg | north

e€apTATAI ATTO TN YEWYPAPIKH BE0N (YEWYPAPIKO TTAATOG)
dependent on geographic location (latfitude)




daivouevn TTopEia Tov NAIOL | apparent sunpath

XapaKTNPIOTIKEG NHEPOUNVIEG: NAIOCTACIA KAl ICNHUEPIES

Characteristic dates : Solstices and equinoxes IJCO'OUP(':IVI']O'I'] ol oo,
T ' : .
1Y ©9PA HEGOUOSVAONS — highest
A n 6£on ToL NAIOL PpickeTal ,
daily sun
NUEPAOIAG TPOXIAG elevation

B OTO LYNAOTEPO CONPEIo TNG
l
l

summer solstice
BepIvo NAIOCTACIO

22 Aexepépiou
XEIPEPIVO nAioordoio

Az = 270°— —" E i s S . % 3 § s gt s o o P Az = 90°
21 Mapriou
IoNUEPIEC 23 ZenTepbpiou
21 louviou — s equinox eapivi} xai
s @Oivonwpivi ionpepia
21 MaprTiou

XEIMEQLIVO NAIOCTACIO 21 louviou
winter solstice Bepivéd nAioordoio

23 Zenrepbpiov

22 AexepBpiou

AZ = 180°

|.I£O'OUP6IVI‘]O'I‘] solar noon:

TNV Pa pegovpAvnong sun azimuth
n ©€on ToL NAIOL

BpiokeTal akpIBWS exactly on
Tave oTov afova no.r’rh —south
Boppd - Notou axis




daivouevn TTopEia Tov NAIOL | apparent sunpath

£LVOIKOG TTPOCAVATOAIOHOG

favourable orientation
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BOPEIO HMIX®DAIPIO NOTIO HMIXDAIPIO
North hemisphere south hemisphere

“Solar geometry” PLEA NOTES 1996 S.V.Szokolay




NAICKN OKTIVOROAIQ € SIAPOPEC ETIPAVEIEC  Solar radiation on different surfaces

n emiépaon Tov MPOCAVATOAITHOL

Effects of surface orientation

NAIOKT) KkTIVOBOAIQ OpilovTia AVATOAIKN 1 ALTIKN
kWh/m2 Tnv nuépa horizontal east or west

Solar radiation
kWh/mZ2/day

NoTia Bopeia
south north




HAlaka kEEON Kal TTABNTIKA NAIGKG CLOTAUATA BEPUAVONG

Solar gains and solar passive heating systems

AT In order to be able to utilise
/Al solar radiation from the
southern windows, the
deviation from the south
orientation is considered
g tolerable up to 22° to the

B west or east. (or 30°)

180°

Ma va gival duvaTtn N aglomoinon TNG NAIAKNS akTIVOROAIAG atTo Ta
VOTIO AVOIYUATA BEWPEEITAI AVEKTN N ATTOKAICN ATTO TOV KaBapd
VOTIO TTOOCAVATOAICUO HEXPI 22° TTOOC TA SLTIKA N AVATOAIKA.

(N péxer 30°)




HAlaka kEEON Kal NAIOTTPOCTACIA

g

A

Karokaipt OKIQOHOG YIQ AQTTOLYN LITEPOEPpPAvoNS

Solar gains and solar protection yAy
L\

Shading to avoid overheating

Xeipawvag COHETO "INGKC') KéPSOQ The knowledge of solar

Direct solar gain geometry allows the precise
determination of the
geometric characteristics of

- the windows (size, position,

etc.) for utilising solar gain in
; i . winter and

v . . . - the solar control systems to
Oeppikn padla yia amrodnkevon OepuoTnNTAG avoid overheating in summer.

Thermal mass for heat storage

H yvaon TNS NAIAKNC YEWUETOIAC ETITOETTEI TOV AKEIPN TTOOTSIOPICHO TV
YEWDUETPIKWV XAQAKTNEPIOTIKWY TV AVOIYUATWY (UeyeBog, Beon K.1.A.) yIa
TNV a&loTToinoN TOL NAIAKOL KEPLSOLG TOV XEIMWVA KAl TV CLOTNUATWY
OKIQONG YIa TNV ATTOPLYN LTTEPBEPUAVONG TO KOAOKJIPI.




YLOTAUATA okKiaoNng | shading devices




KivnTa oLoTNUATA OKIAONG avolyuatwy | movable shading devices
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HAlQkN yewpeTpia | solar geometry

H BEon Tov NAIoL KABOPIZETAI KABE XOOVIKN OTIYUN WE SLO YWVIEC:

B
TN Yvia adipovBiov (azi) azimuth

TN YVia bYoug nAiov (alt)

adipouvBio

oPICOVTIO €TTITTESO

O

~, LYOG
&/

<

katakopLo emimeso  Alfifude

Solar position is determined each time of the year by two angles:

azimuth (azi) and altitude (alt)




HAlaka Siaypapuata | sunpath diagrams

KuAivépiko Siaypappa

0pON TTPOROAN TV PAIVOUEVRV TPOXIWV TOL NAIOL GTOV NAIAKO XAETN

a Cartesian diagram | Orthographic projection
'.f\ of apparent sunpaths on a «solar map»




HAlaka Siaypapuata | sunpath diagrams

KuAivépiko Siaypappa
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YTTOAOYIOHOC adluouBiou KAl LYPOLS NAIOL HE KLAIVEPIKO NAIOKO SIaypauud

Calculation of sun azimuth and sun altitude angles on a cartesian diagram
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YTTOAOYIOHOC adluouBiou KAl LYPOLS NAIOL HE KLAIVEPIKO NAIOKO SIaypauud

Calculation of sun azimuth and sun altitude angles on a cartesian diagram
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YTTOAOYIOHOC adluouBiou KAl LYPOLS NAIOL HE KLAIVEPIKO NAIOKO SIaypauud

Calculation of sun azimuth and sun altitude angles on a cartesian diagram
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HAlaka Siaypapuata | sunpath diagrams

ITEPEOYPAPIKO Siaypappa TTOOPROAN TOL NUICPAIPIKOL BOAOL Gt OPICOVTIO ETTITTESO
Se:orah |gngc|:ram 345° N 15° Stereographic diagram :
Sun Postton: 166.8° 529 projection of a

; 7264 hemispheric dome on a
horizontal plane

@ Weather Too/
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HAlaka Siaypapuata | sunpath diagrams

ITEPEOYPAPIKO SiIaypaupa o€ Siagpopa YE®YPAPIKA TTAATN

Stereographic diagrams in different geographic latitudes

YERYPAPIKO  YEDRYPAPIKO YEDRYPAPIKO  YEDRYPAPIKO  YEDYPAPIKO YEDLYPAPIKO  YEDYPAPIKO
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e
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HAlaka Siaypapuata | sunpath diagrams

YEYPAPIKO TTAGTOG 70°

Stereographic
diagram in

geographic
latitude 70°




HAIOKQO S1IayQAUUATA PE XPNON LTTOAOYIOTIKWYV EQYAAEIWV

Sunpath diagrams with
computational tools
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Mivakacg : Fwvieg adiuouvbiov kal LYPOLCE NAIOL Yia KaBe pnva (I.11. B38°)
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HAlaka Siaypapuata | sunpath diagrams

KuAivépiko Siaypappa

highest sun altitude | solar noon 12:30
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HAlaka Siaypapuata | sunpath diagrams

KuAivépiko Siaypappa

highest sun altitude | solar noon 12:30
HéyloTo Dyog RAIov | peogovpavnon 12:30
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HAlaka Siaypapuata | sunpath diagrams

ITEPEOYPAPIKO Siaypauua

Stereographic diagram

In London
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HAIaKO peonuépl kal TOTTIKN wpEa | solar noon and local time

NAIOKO HEONHEP! YIA YEDYPAPIKO HNKOG 23°A OTO POpPEIO NHICPAipIo
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Maoka IkiaopoL | shading mask

OI TTOPOROAEC TV KTIQIAKWY OYKWYV O€ NUICPAIPIKO BOAO KAl OTN CLVEXEID
o€ oPICOVTIO eTTITTESO (YIA £VA CLYKEKPILEVO ONUEIO OTO £€6APOC).

Me TN XPNOoN TOL OTEPEOYPAPIKOL NAIAKOL SIaYOAUUATOC

YIVETAI EAEYXOC NAIGOIOL KAl OKIAONS OTO CLYKEKPIPEVO CNUEIO.

The projections of the building volumes in a hemispherical domeand then in a
horizontal plane (for a specific point on the ground)-With the use of the
stereographic solar diagram, insolafion and shading is checked at the specific point.




Maoka IkiaouoL | shading mask

'EAEYXOC OKIAOMOL YIA KABE NUEPT KAl A TOL ETOLG.  3hading control for every day

and time of the year.

April 15" shaded
from 8:30 to
. eV 10:00 and from
1st Jun /7 ’ ' -~ st Jul 16:30 to sunset.

YTIC APXEC TOL
ATTPIAIOL oKIQETal ATTO
TIG 8:30 uexpl oxedov
TIG 10:00 kI Q110 TIG
16:30 pexpl T SVoN TOL
NAiov.

1stdday

1st For

15t Mar

255° ) IS JT14080v
1st Feb \ _ G
1st Jan'y S ' B Tov AekéuPpIo Sev
okialeral petacv 7:00

kal 17:30.

December 15t
Not shaded
between 7:00
and 17:30.




Maoka okiaopoL | shading mask

The concept of shading masks can be extended to evaluate the
overshadowing effect of adjacent buildings or other obstructions. This Exis-
technique is best illustrated by an example. Proposed a0° \

Section
Question: For what period is a point A of a proposed building

overshadowed by the neighbouring existing building?

Assume that the building is located at 42° latitude and it is facing 135°
(S/E). Take a tracing of the shadow angle protractor and transfer onto it
the angles subtended by the obstruction at point A, both on plan and
section, as shown on Fig.45. This gives the shading mask of that building for
the point considered. This can then be superimposed on the appropriate =
sun-path diagram (for 429), with the correct orientation (135°) and the 'Vsc
period of overshadowing can be read for the various dates.

Fig.45 Plan, section » | 3 g
and shading mask

<’_C_)nen_tl_tior\
SE (135°)

lan | \

.40 Shading mask laid
over sun-path diagram
-«

“Solar geometry” PLEA NOTES 1996 S.V.Szokolay




YTTOAOYIOUOG OKIAC | SiebBuvon Kal UNKOG

Calculation of shadows | direction and length

AlebBovvon okIAg pe Paon
TN ywvia adiyovBiov ToL NAIOL

Shadow direction based on sun azimuth

MNKoOG oKIag Je Paon

-.-—1. TO LYOC TOL EUTTOSIOL KAl

TN Y@Via DWoLg ToL NAIOL

Shadow length based on obstacle height and sun alfitude

A, 1500




YTTOAOYIOUOC UNKOLEC OKIAC PE PACN TO LYOC TOL EUTTOSIOL KAI TO LYOC NAIOL

Calculation of shadow length based on the height of the obstacle and the sun altitude
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e€apTATAl ATTO \\ ﬁ |
TO LWPOCG TOL €UTTOSIOL KAl \ epanopivn yeviag ¢ = a/p
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\\ obstacle height
\\ shadow length = —————mmmmeemmeeeeeeeeeeeeee
g e tangent of sun altifude angle
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“"HAilaouocg”, M. T¢avog 1985




YTTOAOYIOUOC UNKOLEC OKIAC PE PACN TO LYOC TOL EUTTOSIOL KAI TO LYOC NAIOL

Calculation of shadow length based on the height of the obstacle and the sun altitude
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YTTOAOYIOUOGC OKIAC | shadow calculo’ri.

e (alt) = AB/Bl

BI = AB/e¢ (alt)

tan (alt) = AB/BT

Bl = AB/tan (alf)

_ h " sin(azi)
s tan(alt)
h * cos(azi)
gy =

tan(a't)
OWoC eutTodiov AB

WUNKOG OKIGC BI'=
EQATITOUEVN YVIAG DYWOLGS NAIoL e (alt)

obstacle height
shadow length =

tangent of sun altitude angle



[TooocouoIwoNn OKIAG hE AoyIopiKO | shadow simulation

SketchUp

window - model info = geo-location = set manual location :

. latitude (Yewypagiko TAATog) & longitude (Yewypagiko pRKog)

File Edit View Camera Draw Tools Window Help
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Statistics
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Units

Clear Location Add More Imagery... ¥ On faces
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I From edges
Advanced Settings

Set Manual Location...

Country: I Greece
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Longitude: I 23,000000E

shadow settings

| Measurements

~ " ¥ @ .l ENGg 00T
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[MoooouoIoN OKIAC PeE AOYIOUIKO | shadow simulation
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[Mooocouoiwon Kivnong nAiou - Heliodon

Flat Table Heliodon Tilted Table Heliodoh




[Noocouoicon ovpaviov BOAoL — artificial sky dome

A’
Sky Dome, Cardiff University

https://www.semanticscholar.org/paper/Electronically-Controlled-Artificial-Sky-Dome-%40-Osu-Mansy-Gedra/c0dcae369d14287711b7b7ac7bf73ee9f1ffae13
https://www.cardiff.ac.uk/news/view/1249695-sky-dome-location-for-flm-challenge




YKIQOHOC LTTAIBPIWY XWPEWY TO KAAOKAIQI KAI TOV XEIUWVa (aKkpaieg Beoeig)

Indicative
shading in
summer and
winter solstice
(extreme sun
positions)

e

21 I0YNIOY 10:00 21 IOYNIOY 12:00 21 10YNIOY 14:00 (

21 AEKEMBPIOY 10:00 b 21 AEKEMBPIOY 12:00 ‘




ATTOOTACN ATTEVAVTI KTIQIWV YIA ATTOOCKOTITO NAIACUO

Building distance for unobstructed insolation

Ma pia voTia mpooown, N
Unobstructed insolation in winter depends on the sun altitude in winter solstice. CﬂTp(')O'KOTfTI'] E'ZKGEO'I'] OoTOV r'])\lo,
The ratio of obstacle building height to the distance between buildings (street O’XETiCETCH HE Tn YODViCI LI)LUOUQ TOUL
width) must be lower than the tangent of the sun altitude in winter solstice. , . ,
NAIOL KATA TO XEIUEQIVO
NAIOCTACIO KAl TNV avaAoyia Y/TT.
IOYNIOX | JUNE .
xtnv ABnva (.M. 38° B)

HE YVia DYPoLS NAioL
south facade

AEKEMBPIOY | DECEMBER

S OTIG 21 AekepPpiov oTig 12:00
vera own alt: 29°
/ (kan ep29° = 0,55)
i v N oKIA TV KTIPIWV gival oxXedOV
OYWOC SITAQCIa TOL L')L|JO‘UQ TOLG Kal
KTIOIOL N avaloyia LYPOLGS KTIPIOL TTPOG TTAATOCG
building

Spopov (Y/M) Tpemel va ival pIKpOoTePN
ATTO TNV £PATITOPEVN TNG YWVIAS DYOLGS
TOL NAIOL

height

M : mAGTOG §pouov | street width

Y/ <0,55
£p ¢ = DYog amévavrl kTipiov Y / amooraon kripicdv M yla TOV NAIQOUO TNG VOTIAG TTpOoOoWNG,
SNAadn, n ammoocTtacn PeTAlL TV
KTIPI®V (TTAATOC §pOuoL) va eival
Mn>1,8Y

tan @ = height of opposite building Y / distance between buildings I




ATTOOTAON ATTEVAVTI KTIOIWYV YIA ATTOOCKOTITO NAIGCUO

Building distance for unobstructed insolation for different geographic latitudes

yIa S1IA¢pOPA YEDYPAPIKA TTAATN
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YKIQOWOC METAEL KTIQIWV

Shading between buildings
« solar envelope »

« solar rights »

| .
W Y 3
LA
| "
I ™
| [ 1
| P,\ S 01
1 I__.--""-l---. |-| -l
__.--""# e miinimum vislue n —I —l
= -~ | betwean 1 mnd 2
L ) i% chasen n -l -l
00 T : g0 o
D ] - \"\.
starting point 1 starfing point 2 | gite area | siarting point 3

Sunscapes: ‘solar envelopes’ and the analysis of urban DEMs, Morello and Ratti 2008

The solar envelope, Knowles 2000 Interstitium, Knowles and Koenig 2002




‘EAEYXOC OKIQOUOUL

Shading assessment

21 IOYNIOY 9:00 12:00 15:00




‘EAEYXOGC OKIQOUOUL OIKOTTESOL TE XAQAKTNEIOTIKEC NUEQOUNVIES KAl WPEG

9:00 12:00 15:00 18:00

21 IOYNIOY

21 YENTEMBPIOY

21 AEKEM

21 MAPTIOY




ACKNnoN

H doknon a@opd OToV EVIOTIIOUO TNG OKIAONG TWV LTTAIBPIWY XWEWYV TOL LTTO LEAETN KTIQIOL CE SIAPOPETIKES WPEEG
KQl ETTOXEC OTN SIAPKEIA TOL £TOLG. LTOV XWPEO TNG TTEQIOXNG HEAETNG VA LTTOAQYICETE KAl VO OXESIATETE TIG OKIEG TRV
KTIQIGV, TV SEVTPWYV KAl AAAGDV EUTTOSIYV OTO £6APOG KAl Ta eEWTEPIKA SATTESQ.

O LTTOAOYICUOC Va Yivel EexPIoTA YIA TO TTPWI, TO JECNUEP! KAl TO attoyevpa (9:00, 12:00 kai 15:00) Tov BepivoL
NAIOCTACIOL KAl TOL XEIUEQIVOL NAIOCTATIOL.

Ma Tov LTTOAOYIOUO TNG OKIAG Ba XPelaoTel va avalnTATETE TIG YwVieC LYPOLGS Kal adioLBIoL TOL NAIOL YIa KABE
XQOVIKA OTIYUA TTOL Ba PEAETNOEI, O€ TTivaKa ) o€ NAIAKO SIAYPAUUA KATAAANAO YIA TO YEQYPAPIKO TTAATOG TNG

TTEQLIOXNG MEAETNG.
H &1ebBuvon TNG okIAg Ba KaBopIoTel Ao TNV Ywvia adijuovBiov.

Ma Tov LTTOAOYICUO TOL PAKOLG TNG OKIAG PE BACN TN YWVia BWOLE TOL NAIOL KAl TO YOG KABE euTToSioL Ba
XONOIUOTIOINCETE TNV OXEON

OYOG gutrodiovL (M)

MAKOG OKIAG (M) =
EPATITOPEVN YWVIAG
OYWOLGS NAIOL

Na OXONAOETE TNV XWEOOETNON TWY TTPOCRATEWY (TTX €i0050G) Kal TV LTTAIBPIWY XPNTEWY KAl SPACTNPIOTATWY
OTOV TTEPIRAANOVTA XWPEO TOL KTIPIOL (TTX LTTAIBPIO KABICTIKO, LTTAIBPIOS XWPOGC EPYATIAG KTA.) OE OXEON WE TIG
OLVONKEG NAIACOL KAl OKIAONG TOV XEIWWVA KAl TO KAAOKJIQI.
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Shading assessment | shadow calculation | steps




'EAEYXOC OKIQOUOUL | LTTOAOYIOUOG OKIAG | YVieES LYPOLS NAIOL Kal AdIuOLBIOL

Sun angles calculation
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Zxnua I.6. HAiakr 1poxia yia EAANVIKEC TIEPIOXEC LE YEWYPaQIKG TTAGToc 40°B.

TOTEE 20701-3 (O¢A 74-76)
http://portal.tee.gr/portal/page/portal/tptee/totee/TOTEE-20701-3-Final-TEEZ%202nd. pdf
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h=3m

shadow direction

21.03
15:00
Qzi 48°
alt 38°

./ alt 38°

180°+48°)
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h=3m

shadow direction
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‘EAEYXOGC OKIQOUOUL | LTTOAOYICUOG OKIAG | UNKOG OKIAG

OWOG gutrodiou (M)
MUAKOG oKIAg (M) = B

£ YWOVIAG LYPOLS NAIOL

obstacle height (m)
shadow length (m) =

Tangent of sun
altitude

h=3m

shadow length

./ alf 38°

21.03
15:00
azi 48°
alt 38°

MHKOL XKIALX ds = h / tan (alt) = 3m / tan38°=3m / 0,78= 3,846m

SHADOW LENGTH ds




‘EAEYXOG OKIQOUOL | LTTOAOYICHOG OKIAG VIO OAQ TO ONUEIQ TOL KEADPOLG

21.03
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ds = h /tan (alt) = 3m / tan38°=3m / 0,78= 3,846m




EQYOAEIC

https://www.sunearthtools.com/dp/tools/pos_sun.php?¢lang=en
https://andrewmarsh.com/software/
https://andrewmarsh.com/software/shading-box-web/
https://andrewmarsh.com/software/web-earthsun/
https://andrewmarsh.com/software/sunpath-on-map-web/
https://andrewmarsh.com/software/sunpath3d-web/
https://andrewmarsh.com/software/sunpath2d-web/
https://energy-design-tools.sbse.org/




earth orbit

https://www.youtube.com/watchev=WhxPVb717Cs 3’

https://www.youtube.com/watchev=taHTA7S JGk é’

https://www.britannica.com/video/role-orbit-axis-Earth-seasons/-162755 1’

https://www.britannica.com/video/Demystified-what-is-the-difference-between-solstice-and-equinox/-248637 3’
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