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Figure 1. Perspective (Source: Lechner, 2001, 174)
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Table 1. Optimization framework in Grasshopper
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Table 4. Average solar energy intake in hot and cold months of the

year

3l 4 A
505 3 o2 s

2 3] 3 3033

;;,. 9 2 2 ‘} 2 2 2
S - e I I
o~ kel a ~ n a_

= = -g = = .g

x| 2| g x| 2| &

o 41/9 6/39 11.62 MRS 12/04 7/69 8/67
°10 10/22 6/87 12/01 °100 11/98 7157 9/53
°20 10/90 7128 12/16 °110 11/92 7139 10/36
°30 11/46 7/59 12/07 °120 11/79 7114 11/17
°40 11/85 7/81 11/70 °130 11/53 6/82 11/80
°50 12/10 7/91 11/10 °140 11/14 6/42 12/18
°60 12/18 7194 10/30 °150 10/59 5/96 12/28
°70 12/16 7189 9/50 °160 9/92 5/45 12/13
°80 12/10 7184 8/89 °170 9/16 5/84 11/76
oy | 12004 | 7169 | 8/67 Gys | 941 | 584 | 1162

_'1:‘
5]
B
-‘-] 160
: 140
1, 120
-y
Y

KWH/M? cas; =

Jbo p5 9950 slrole ;5 gundn)o> (6551 28l (oSl & JSCS
Figure 6. Average solar energy intake in hot and cold
months of the year

1 ddiond gl S 5 1055 b il (ol 3 (pniygd (65531 CBLyS (ljae
KL
J 1

G yo AT 55 05 4 L35 95 el Sl 5 (B0 ook S elel 2 ety 6580 8l ys (e Y USS
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Figure 10. The effect of different types of thermal insulation on energy intake and energy loss
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Abstract

Increasing energy consumption in buildings has resulted in environmental issues and has led many researchers
to explore ways to reduce fossil fuel consumption. One of the most cost-effective and logical ways to use energy
resources in residential buildings is to use passive solar systems such as sunspaces. Sunspaces are passive systems
that can easily be integrated into the structure of a building, whether it is under construction or already completed.
The primary role of passive sunspace systems is to collect solar energy, accumulate it inside, and transfer it to
other living areas. In addition, sunspaces also serve as buffer zones, protecting the indoor space from excessive
heat loss.The design of a building with a sunspace can be improved if optimization algorithms accompany the
method of energy performance simulation. Building optimization can include a variety of goals, such as energy,
environmental, economic, etc. The use of passive systems in residential buildings can provide a substantial portion
of passive solar heating, but the degree of efficiency of sunlight depends on numerous parameters, such as climatic
parameters. This paper presents the effects of sunspaces on energy gain and reducing energy consumption. The
best-known static methods, such as those used in the EN ISO 13790 standard, do not yield sufficiently accurate
results. Dynamic simulation methods that can determine the energy needs of buildings more precisely require
computer support and more time for the simulation to be performed. The energy performance of the sunspace was
calculated using parametric modeling in Grasshopper software and Rhino software, and energy simulation was
carried out using Energy plus. Simulations were performed according to the climate of Sanandaj, which is located
in a cold climate area. Meteorological data considered in the model represent a meteorological year. The proposed
performance optimization method utilizes various tools and technologies, including parametric design, building
simulation modeling, and Genetic Algorithms. To achieve simulation goals, different models of sunspace with
different dimensions and orientations in Sanandaj have been studied. Modifications of the models included different
proportions of sunspace dimensions, orientations, and the use of different thermal insulations. The orientation
towards the south receives the highest energy, and with a 20 degrees rotation to the west or east, the highest amount
of energy can be gained. Examination of sunspace models with three percentages of window-to-wall ratio: 40%,
50%, and 60% showed that the 50% percent WWR is more desirable than other models. The highest increase in
energy absorption to help reduce the heating load during the cold season occurs when the sunspace has the most
extended length, i.e., 5 meters, because in this case, the southward is increased, and the desired depth is 1 meter,
while by reducing or increasing this amount, solar energy gain is reduced. Also, to improve the performance of the
sunspace, the use of conventional thermal insulation has been investigated. Polyurethane with a thickness of 10
cm has the lowest efficiency in reducing energy consumption in the sunspace, while other insulating materials with
similar thicknesses are effective.
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