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Abstract

Identifying each of the components and indicators affecting energy loss in a building is not sufficient alone and
limits appropriate design decisions. Most of the mutual changes of the indicators on each other provide the designer
with wider choices. Therefore, the aim of the present study is to find indicators and convergences of the dimensions
and proportions of optimized openings that have a greater impact on reducing energy consumption. The research
method is of an applied and combined type that is applied by continuous steps. First, to find the current energy
conditions and the optimal state, the selected residential building sample was modeled in Rhino 7 software and the
initial stage of energy simulation was adjusted and output in the Grasshopper environment with the Honeybee
extension. Then, other building indicators were assumed to be constant and indicators related to the dimensions
and proportions of the openings were optimized with the aim of reducing energy consumption in three modes of
total, heating, and cooling energy by means of the Galapagos extension. As a result, more than 2600 optimal cases
were identified, and linear regression and Pearson correlation coefficient were applied to them to obtain more
effective indicators and their convergence. The results indicate that WWR is associated with a strong correlation
close to one in all energy consumption cases, and the next priorities for the entire energy consumption case are
width and then height. This index also has a close to strong and moderate relationship with most of the indicators
of the dimension groups and opening proportions. For other cases of the same energy consumption case, the ratios
of width to OKB and WWR to the average OKB have strong convergences with energy consumption. OKB was
also not a suitable criterion for strong convergences with energy and other indicators in all cases.
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Extended Abstract

Introduction

The energy crisis is particularly pressing in rural
areas, which often face resource limitations
compared to urban centers. Sustainable energy
principles emphasize reducing energy needs,
increasing renewable energy use, and
optimizing consumption. In buildings, major
energy consumption arises from heating,
cooling, lighting, and appliances, with heating
and cooling being the most significant. Various
factors  influence energy  consumption,
including building orientation, layout, window
characteristics, insulation, and energy-efficient
devices. These factors can be categorized into
physical building characteristics, device/system
features, resident energy behavior, and weather
conditions. In Gilan province, despite favorable
climate conditions, energy consumption
remains high, particularly in Rudsar county,
which is experiencing reverse migration and
increased construction. This necessitates a
focus on reducing energy consumption in the
area. Hossein Abad village was selected for a
case study to analyze how the dimensions of
window openings affect energy consumption,
particularly in heating and cooling, and to
identify which indicators are most effective in
reducing overall energy use.

Methodology

The present study employs an applied research
approach, classified as dual according to Groot's
combined research strategy, involving multiple
strategies across four stages. The first stage
focuses on identifying effective indicators
related to window dimensions and proportions,
highlighting key factors such as window width,
height, and the window-to-wall ratio (WWR).
In the second stage, a typical rural residential
building in Rudsar County was modeled using
Rhino software, and energy simulations were
conducted in Grasshopper with the Honeybee
extension. The third stage utilized the Wallace
extension for single-objective optimization,
targeting total, cooling, and heating energy
consumption while parametrizing window
dimensions. Finally, the results were analyzed
using linear regression and correlation in Excel
to explore the relationships between variables
and assess the impact of opening indices on
energy consumption modes, allowing for a

comparison of their relative strengths and
weaknesses.

Results and Discussion

The study analyzes the correlations between
various window dimensions and energy
consumption across three categories: total,
cooling, and heating energy. In total energy
consumption, the window-to-wall ratio (WWR)
shows the strongest correlation, followed by
window width and height, while the correlation
with the opening-to-building (OKB) ratio is
minimal or negative. The highest correlations
for width and height are observed in living
spaces, with the WWR being prioritized over
other indicators. For cooling energy, WWR
again ranks highest, with window height and
width following, all showing an inverse
relationship with energy consumption. The
height-to-OKB and width-to-OKB ratios are
most correlated in all spaces. In heating energy
consumption, WWR maintains a strong
correlation, with window height and width
closely linked, but overall correlations are
weaker compared to cooling. The width-to-
OKB and width-to-height ratios are again
significant, with the weakest correlations found
in the living space. The study highlights the
importance of window dimensions in
optimizing energy efficiency in residential
buildings.

Conclusion

The study concludes that window dimensions,
particularly the window-to-wall ratio (WWR),
play a crucial role in influencing energy
consumption in residential buildings. WWR
consistently  demonstrates the strongest
correlation with total, cooling, and heating
energy use, while the opening-to-building
(OKB) ratio shows minimal impact. The
analysis reveals that window width and height
are particularly significant in living spaces,
emphasizing their importance in energy
optimization. Additionally, the study identifies
that the relationships between window
dimensions and energy consumption are
generally stronger for cooling than for heating.
Overall, the findings underscore the need to
consider window design as a key factor in
enhancing energy efficiency in residential
architecture.
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L/H3 | 0.175599 | 0.072985 1
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load | 0.384242 | 0.243987 | 0.419281 | 0.650316 | 0.400404 | 0.559641 | 0.242765 0.19952 | 0.144731 1
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alopw (55531 B pae Luily

il Gl WWR az 0 & cusl ile caa b =AY Jobo «(g5,il GBpae 4 WWR dally (Jgl 09,5 13 1558 (i (Shusan
OS3ke 4 WWR e b (558 B s absly Jold pous 09,5 (458 (L3 bsly) amd o &) (598 (b @ b (g5 Bpme tnlS
0Sle s WWR Caws alaly o «/AYY 5 «/A8F jlade a4 cip 4 Lale o, Sea b ol OKB & 0y Colue Caws g OKB
osxe daly Jolis pod 09,5 50 (698 (LA Lalg, il Cute caps j3 /AN Jlade 4y ol 0y OKB & colue s L OKB
S & Dl 3BT )] 4y 1 S oo bl 5 gl 0 o) Sl b g (G5l B b (2lpd OKB & 0oy el s
ol <[50Y 5 +IEYA - [PVY Jolis b5 & I Siumsad (ol polie fcunliad o] OKB 4 5,0

Jolas i 2 oyl (Stusod s 5 355 GugSas abarly (6531 Brae b ol eli)] 5 alndy 5 yand 02 (218 1558 (Stuuan
WWR Caws b g i o 53 (8559 Bpas b ponis OKB 4 Colue Cans e (Stued Cowl «/VFY g «/EFF o [FYA o [54Q
il o VYV g VYAl s L lade oS Cusl Cute g 0 OKB (1 S5ke 4

o by (5531 B e ugSan adlasly ] (ot ol 0l Sl 1) (gt Laly) cpgd 09,5 5 gt (Stuusod tlausgio (Stuad
o dbaly Jolis )05 (S y sl +/OA g +/OY+ ylae Jolo Cudy 4 ¢ ol pdy OKB & (15 ye Caui b 5 yomis OKB & ¢l
VR 5 S0 A il i a o] ol o sl lie ok bl lon OKB 4 glis)) s b apd 5 oaldy OKB &y o ye
952 5w 0d S slalad lea J OKB & elas)) Cond b cponid 9 Olod 361 gl elsyl & (500 Cons dlal)y sl cuso s o
A8l Lawgio (Siusad

£, Aoy g 351 052550 5 b (5551 ol Joki ol 05,8 1505 oo Ly o J) 125 B (slo St il
daly 25l 09,5 cpl Cute g9 5l Al Lol bl oo Clgd B 0y iyl g 200 b g Sl BUT g 2l OKB L (alpds oty
OKB & ¢lis)] cus b (635l G e dlaly sl Qlgs- U1 iyl g (20 b (s 4350 9 Sl 3BT 0oy glisyl 9 02,0 L WWR
o) cute bwgie dly alndy ) & (258 Comd b (5551 Bpas Ll cunl giie cqa 3 Clgd GBI OKB & (o cons
2y pb ertd OKB & elisyl 5 (5)e sbcuns b (olpd OKB 4 elis)] cuns abaly lgice po3 09)5 bawgio sla Siuren S0
5 e (Siwad b Clod GUTOKB & 000y colus cond b (55l Bpas daly pgu 09,5 cipnd (L3 b cns Ll alar |
Bl e Cude Capn )0 9 500 (6Lad 93 3 s (pod b (ol OKB & 050 Coline Cod dla



e G5 Gpan inlS )3 leadle e dls slogdil sladasls Jdoo 1], Ked g LS gid Yy

slilo o (55591 BBST (bdiger 3 gl 09,5 (s L (Swmod laily, gl -+ oo

L-s- OKB-s- H-s- L-s-din OKB- H-s-din L-s-liv OKB-s- H-s-liv wwr load
bed01 bed01 bed01 s-din liv
L-s- 1
bed01
OKB-s- | 0.12432 1
bed01 5
H-s- | 0.25557 - 1
bed01 6 | 0.05024
L-s-din | 0.14159 - | 0.11863 1
7 | 0.06235 5
OKB-s- | 0.10836 | 0.03806 | 0.09668 - 1
din 8 7 0.07607
H-s-din - - | 0.03815 | 0.30678 - 1
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4
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3
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5
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3| 0.09905 3| 0.0012 6 0.08216 2
2
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L/HI L/H2 L/H3 L/O1 L/02 L/O3 H/O1 H/O2 H/O3 load
L/H1 1
L/H2 | 0.040123 1
L/H3 | -0.03228 0.02991 1
L/O1 | 0.651062 | 0.085165 0.04112 1
L/O2 | 0.108973 | 0.383183 | -0.05362 | 0.132602 1
L/O3 | -0.05543 -0.0585 | 0.209377 | -0.11769 - 1

0.261481
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(L*H)/01 (L*H)/02 (L*H)/O3 | WWR/AVE- O load
(L*H)/O1 1
(L*H)/02 0.1148 1
(L*H)/O03 0.118815 0.348373 1
WWR/AVE- O 0.335319 0.73715 0.816871 1
load -0.24918 -0.72815 -0.82246 -0.96438 1
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