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Presenting a plan for buildings with solar panels by obtaining
optimal angles for different months of the year to increase the
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Abstract

Background and Objective: Nowadays, the design, architecture and urban beautification by solar
panels to absorb clean energy that leads to the reduction of greenhouse gases and environmental
pollution have attracted the attention of architects and engineers. In this article, due to the importance
of the subject, a model is presented to obtain the most optimal angle of the panels to obtain the highest
efficiency, so that the highest possible efficiency can be obtained by examining the different angles of
placing the panels towards the sun in different components of the building.

Material and Methodology: The current research is applied in terms of purpose and has a quantitative
approach. In this article, a 2 kW power plant, separated from the electricity distribution network, located
in Almanabad area of Urmia city, has been selected, and by entering its specifications in the PVsyst
software and performing simulation, the information related to the produced energy for all months has
been examined.

Findings: The results show that The results showed that installing solar panels in different parts of the
building with optimal angles creates the highest efficiency in all months. The comparison of the
efficiency calculated in the optimal angles extracted from the software and the practical efficiency in
the sample power distribution plant shows that the energy produced in both cases has a slight difference,
which shows the confirmation of the simulations.

Discussion and Conclusion: If the solar panels are set at the most optimal possible angle every month,
they will have 5.8% more efficiency than the fixed state during a year. Therefore, in this research,
various plans for urban design and beautification by solar panels are suggested, which in addition to
maintaining efficiency, have a suitable design in terms of Iranian architecture.

Keywords: Solar panels, building, optimal angle, efficiency, architecture.

1- Department of Architecture and Urban Planning, Technical and Vocational University (TVU), Tehran, Iran.
*(Corresponding Author)

2- Assistant Professor of the Department of Electrical Engineering, Technical and Vocational University
(TVU), Tehran, Iran.
3- Department of Civil Engineering, Technical and VVocational University (TVU), Tehran, Iran.


file:///C:/Users/re/Downloads/pshafipour@tvu.ac.ir

O 9 (BLES e Ho1 2ails

1F+Y olo oo IYF 0;lods ccann ) bxo (65910555 g pole \Al

@5l 5 Wols S alie 5 (o 9550 1) g Tl plaS e
S8 byl 0yse alizee Iylyl ol plas™ ja ol Cowsay
() )asels

Sl " lgre cond Alie 4o ) ) San SIKaSY
Sle Veve Jlo ;o "oamme ol JB gawd 95 Sl ggus
5l Sy slasls a0 a3l 0 PV uldgs a5 siles S
0sd gt >y (SPVS) Jinw s PV slapin o 3,0
A S 495 3,30 4S5l 4y o sla SPVS caallhae
S5 &)l3e 5 pliciy GSPVS (lyie 4 ol o
OV S gondal

pleol " gs—d50 L 05> sk o ilSen 5 uSoll s
sz i ea555 (655 slapiw Lozt
Sl az LS VY Jlo 50 Mg lene 5 (o 22 sl S
Jub ol 55 55 Glapim s L) gand jo5 pleslo
p.o..w..u.n ‘)J) cxlazails s.;jl.bdo ULQ.Q-L» W}A S9) 0039,
b 5 b g e g ead plettle po e 3ol Jlu
|) LonSJ 9 5& 61@&0‘) w{bjf U"‘ Qs_u <* ﬁLCO‘ d)l.o.t.c
4S5 aed oo lid Ao S oo (Byre 5Hlens pais lgicd
9 AR o T S ‘) Lo S5 LgL{bJ_'mb‘) ULM_?M J..S‘
St 0 125 3555 (oo )18 Ol 5l o Leigs (slaginsns
lso slyme Glaic 4 Wilgh so a5 0 5 029 (gloya> Laigo
(O Y)ogd oolal

ot JFS ) oS 5 o e et i
Slos,S oS V-V Jlo 0" g sl oL L gand o5

o SeS sleplisle gall Gl b plosige 5 Glless 45

5- Lakshika

6- Solar Photovoltaics System
7- Vassiliadges

8- Elias Weber

doudo

slayl el (Lol plie 51 (S laplassle o (B rae 5 5]
@l s ol Slhii 4 e a8 w3l o gl WIS
G yae Sl seges 2T s sl jo (V)aigis o
Sl Wl slajls (alidl o Ll 36 5 laplessls 55 (653
&5 Lt LT 51 VL oy a5 | (V)esl asily 2yl580
(Maimil e Ll o Ld slo Cdgu )l B,ae
3 JB8 a5 6551 Slapiman— ) osliiul (ol e
Sz cwlio 6lpl 4 plet s g jlore g (b a3
el o0 oo LT (65,50 o Shae dgupn

Golore ;0 G kS Jole Sy w855 51 8L 0 (655
& (Dosloe a5 slody jloslaiul b gloxslow
Joe s Spslspl a gae —3,95 sle Joy by
S paie bx 3 PV) Suldged slapimmn (A)og oo
W8 sa—2)9% 655051 B g slalhs, n e eeS )
Yoo Jow jl e job @ o PV 3leslaiwl (B)as ks
Loyl sl pdysans slacss il Joallygiws sl Lo ss
GoAS Gy s Sy 5l pleisle S (F)ows Toad gusy
boleislows Gy 5 (Vo 655 goasSadss S5 4 (55
ey la Sogll 5 lailS slajls (l8l e 1,
S o (s

9o E9 9o b lad e bud plonl Dliddod s (nl o
20,5 g0l 4o jsbay Glidod (pl glas gl s 5 s
2 0k 50 Sol—m Sl (590 Coesl 4 azgi L
4 dalol jo oS conl oads ploil (gand )55 SO ogas
Dg g0 0, S Olalllas 51 golass

3 BAPVrLgLQW 0,8 les ghslin 4 ol Koo ;)Lojf

CdTe 5 CIS €-Si Silygs slagsslis L BIPVT

G593 Sapim £loil (sopands 4 ol a5 sl

1- Photovoltaics

2- Kumar

3- Building Applied Photovoltaics
4- Building Integrated Photovoltaics



vy

e (G y93 By g1y1d s lesslu (gl p z b (g4l

50 @dly a5l o SlgelS Y olg s G dbiwly cpl yo 0]
3ylg b a3 )18 )z 3590 deg)l e SLIpLT (silaia
o8 jlwdnds ploul s PVSYSE 15810 5 5o s Sledbol 48,8
4 Jlo g slaoke sl sodss 6551 4 bgrye Sl
l¥lay 5l eads gl (gaiar bls) G ol (o0 Cews
Cilis glaols gy bl o035 Lyl «lgskSY oSy 4o
Slexe 25k sl 6, 18]) Cales )3 g d (oo s pFoslul JLo
S B Mg Sa ole sage sblyy 085 5k o bbby
ol 0 )|

5 Sl

5 esliul Logasy wisdsa slagslid ;o 3l slacs sl
(Sl 5Pl g Gle g sy, s bSeSS
~alal g adgs (So S (651G 3jle oo 3B ) BUSS pae
o5l 5 ol bl 8 (V) siiloyy o9 @y ol s
ol Bt Gl ablge Slggtd (slaptusn
b saws 90 pleislo )3 caal oy 5 cSlo (5590955
1o (BIPV) oLzl § i s (BAPV) slezsle
oleils 0 PV (uiiluS sl SusS g0 50 igd o (g0
a4 argi b T 51 plaS a5 (12) wigd oo oolicea]
T B eslial syl ulie 0 eaS S pan
sl o BAPV gitaces 10 PV (slaJgon (V£5)0)0 5
oS I 50 19 oolail plas § yleislo (satwgy ,o paillj]
B ol coaBga y0 a5 Jloj (> wilgi e BIPV s
Iz il axily g5 o Slee il Joale o> U g 0,0
"o Solex glene Slovea Sl (oot iz (b oS
dlae (oge ;o SHllgeid slagsyskd (uiless 5 (VV)us
o) i el calidolo; B 5l Jgene slojle
b oas] s oozl § OV A)aS o alal lozsle 5,
oy 4y i by Lad gy Sy 50 Silgeid s Jlasl
(Y )ads sl Jaus

2l BIPV ; BAPV 5L 5 IS 0 ooglis & azsily
55,5 15 150 )5 oans sL150 BAPV &y e s BIPV )

3 S deye YUY e BIPV 235k 0ol &l Cdlas

Ll laillS slagl Ll tals af b it 554,
s Sl (295 JB (g9 ade wlgioo e Slesla
S (e 4 (o yo> (g Sl ragh al o
Sod byl oed go Slgi iy oausT slaojlw gl jloub
Ot (s3Vsh 5 (29> slapleilow 655l 5 ()5 B—as
@ oS DRl 4 e Ged 593 (Serm S | 45w e
G o FALYS gou a0 oA LYY e
Ozt aglin oile b il 5 Jyens slaploazsle
il Joe plsie Cod chgly o oS 5 Bllaasl
©—y55 5l Slapia— )b b))l 6lp 4z LSS
O s ler (Soll gl Bl 4y gl (FsSn s
5PV@fp&.J&|aM)W&l@‘Y‘YY Jle o
£ SS FAA g VVY iVl jla sl 5l S sl oSGl PVIT
028 [, PM la oass¥T 6,5 1,8 5 1,Y pimen 9 CO2
Slsxe 4 550 g lub slaasl o 4 PV ax 510 o
PVIT (b oo ey golatih claa! o0l SO
A Cod Hleand oS Sloj a3l 558 Jool ) S wilgs o0
Fobaslgn (Sogll (1ol Loily 5 oy Sl
QL SIS

Olez ol pw 50 Gandi e (65,50 5l eolatul Cownl 4y ax gL
5 Sy Slapiuas eyl (pgat 50 5l Sllls
g o a5 dils 51 S ool sad gl o8
Jlo b 10 (e e (o js5 il cinl 7 5kae (g0 9>
J iliee il Sslgeis sl Bl 958 o el 45wl o
RWCIFCTNOMIN [T REVNT REN T JRVEC QIO IR RV s
235k Ol i 5 555518 sog7 Ll (D25 (o PV
s8les 1 sy BB b il slaols Jsb o by
5 ook dxg alias pl 4 AT o ls gund 95 Sl
5 Ba 1 el o0t e Lawsgs 423, plovil gla gy
S 53 hlise sUls s b 45 el il 53l ingy
slales g lcain gly coslio S5l cand 95 Caas 4 oy

Cawd 4y 5w (5553 o ption 4 pliws Cge aliSe slaly




Ohen g (BLES 599 59 Bl

VE¥ 0losten IVF o5l et j rameo (5389555 5 pole V¥

S 1y (She ol 50,8 ol 33l 5 oluj om SOl Wb
Jooa a3 axg 3 00 )l b a5l (6 iy Cueal

Qe oo Gl 1y Gand 95 slapiuns glgl )

Gy slodn 1 Jow Hezes (V) BAPV
23k 45 oul 45‘)|‘.\1i;:..i: G,y 95 Jgde pb 4y BAPV

Sleslatul jo cplply (YY)asb oo yidon duoya VY dg0

055 slacagll 4 axgi b lesslu )b dapiugw jl plaS 2

(OB W, 50) gt )55 (s Elgil - Jgur
Table 1. Types of solar systems(Authors)
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Figure 1. Annual production energy(Authors)
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Table 2. Amount of energy produced
annually(Authors)
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Table 3. Information on energy production in different months of the year(Authors)
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Table 4. Comparison of the energy production calculated by the software and measured in the implemented
system for the optimal angle of different months(Authors)
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Figure 3. Comparison of the results of the production energy measured in the implemented system and the
production energy calculated by the PVsyst software(Authors).
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Figure 4. Comparison of different angles of installing panels in the facade of the building(Authors)
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Figure 5. An example of panels with different angles in a residential villa(Authors)
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