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Abstract: This study aims to propose an energy management strategy
for buildings located in cold climates during critical periods of energy
supply, with a goal of designing a self-sufficient building capable of
meeting its own energy demands. It utilizes passive solar technologies
as part of sustainable urban development. In this analytical and
comparative framework, the building envelope is designed in harmony
with geographic coordinates and influential environmental factors
(climate), enabling the structure to operate independently from the
existing energy network by harnessing renewable solar energy through
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architectural components. To achieve this objective, a dataset was
developed using descriptive information layers, aerial maps, and field
surveys, comprising the architectural characteristics of 100 residential
buildings located in a cold climate zone (city of Zanjan). It included 35
informational attributes. Subsequently, a two-stage environmental data
analysis was conducted based on internal and external influencing
factors, employing a decision matrix and three predictive data-mining
models (decision tree, association rules, and Bayesian classifier). Site
plan characteristics were also analyzed to evaluate the impact of criteria
related to climatic optimization, calculating the influence of three
variables—orientation relative to the south, surface coverage, and
building elongation—on maximizing solar energy utilization. A
combined prioritization, based on the climatic energy labeling index,
was then computed and validated, integrating the residential zone and
the passive solar design approach while considering the architectural
characteristics of the building envelope and energy loss criteria. The
high reliability of the obtained results (over 85%) confirmed the
validity of the management decisions and retrofitting operations
derived from the analysis.
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Extended Abstract

Introduction

This study aims to propose an energy
management strategy for buildings located in
cold climates during critical periods of
energy supply (cold seasons), with the
objective  of designing self-sufficient
buildings that will be capable of meeting
their own energy demands. The proposed
strategy is based on the utilization of passive
solar system technologies as a pathway
toward achieving  sustainable  urban
development. In this approach, the building
envelope was designed in harmony with
geographic  coordinates and influential
environmental factors (climate), enabling the
structure to operate independently from the
existing energy grid by meeting its demand
for renewable solar energy through
architectural redesign and retrofitting. The
proposed framework structurally aims at
developing a knowledge-based system
grounded in climate-responsive architectural
designs. The approach adopts a diagnostic
perspective and is specifically oriented
toward the pre-construction phase of the
building process.

Materials and Methods

The research employs an operational,
analytical, and comparative methodology
that can be further expanded and refined
based on the scope and quality of data used
during the information preprocessing phase.
To achieve the study’s objectives, a dataset
was developed using descriptive data layers,
aerial maps, and field surveys to validate the
extracted information. The dataset included
35 informational attributes from 100
residential buildings located in the cold
climate zone of Zanjan. Also, the
information fields (resulting from the effect
of comfort factors affected by the amount of
energy received from the sun) and the effect
of the residential building's site plan pattern
were delivered to the desired data mining
software (RapidMiner version 1.7) after
udertaking necessary preprocessing.
Subsequently, a two-stage environmental
data analysis was conducted, focusing on

both internal and external effective factors.
The analysis employed a decision matrix and
three  predictive  data-mining  models:
decision tree, association rules, and Bayesian
classifier. The selected indicators used in the
decision matrix included the solar incidence
angle on the southern facade, the plan
elongation ratio, and the southern fagade
surface coverage ratio. Since the weighting
process was strictly data-driven and limited
to the information contained within the
decision  matrix—without  incorporating
expert judgment—the Shannon Entropy
method was employed to extract the relative
weights of the indicators from the matrix.
These three predictive models shared a
common objective but employed different
methodological approaches. In the Decision
Tree model, the output knowledge was
represented in the form of a hierarchical tree
structure reflecting various combinations of
feature values. Features with higher
discriminatory power were selected to
maximize information gain, thereby,
enabling the extraction of more meaningful
patterns and the generation of higher-quality
rules. In the Association Rule-based
Classification model, the objective was to
identify a set of dependency rules such that
the output knowledge was expressed as a
collection of “if-then” rules. The Bayesian
modeling approach applied a probabilistic
framework to address the classification
problem and  subsequently  perform
prediction tasks. In this study, the climatic
energy label was defined as the ratio of total
solar energy received to the useful floor area
of the residential building (or controlled
space). The managerial comparison was
performed by assessing the potential for
maximum solar energy absorption through
three passive solar methods—direct gain,
Trombe wall, and solar space against the

evaluation of energy loss from two
dimensions: heat transfer and thermal
dissipation.

Results

The findings of the first stage of the
proposed methodology indicated that three
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variables, namely orientation toward the
south, surface coverage ratio, and building
elongation, contributed 52%, 43%, and 5%
respectively to maximizing the utilization of
solar energy.

In the second stage, using data mining
techniques, the behavior of energy loss
characteristics in residential areas was
extracted based on the analysis of the
building envelope conditions alongside the
assessment of solar energy absorption
potential under the implementation of
various passive solar design strategies. The
results generated a climatic energy label
(CEL) for the dataset. Also, through the
application of predictive models including
Decision Tree, Association Rules, and
Bayesian Rule models, it produced
actionable rules suitable for integration into a
decision-support system.

In the Decision Tree method, the depth of
the tree was influenced by the degree of
information exchange between features and
the target criterion. In its simplest form, a
rule was generated by traversing a path from
the root node to a leaf node. The extraction
of results was more flexible using the
Association Rule modeling approach than
the Decision Tree method. It was also
capable of generating rules even with smaller
datasets. A rule covers a specific data record
provided that all antecedent conditions of
that rule are satisfied for that particular
record. Following dataset analysis, Bayesian
probability coefficients generated posterior
probabilities for the climatic energy label
categories. Ultimately, a hybrid prioritization
framework was calculated and validated
based on the climatic energy labeling index
by integrating residential zones and passive
solar design strategies, while simultaneously
considering architectural envelope
characteristics and energy loss criteria.

The findings indicated a relatively
proportional relationship between increased
solar energy absorption and increased heat
loss within the heat loss index. However, in
terms of thermal losses, the potential for
energy absorption did not significantly
increase, despite the occurrence of

considerable energy dissipation. By using the
Cross-Validation evaluation method and the
confusion matrix, it was determined that the
Decision Tree and Association Rule
predictive models demonstrated higher
accuracy compared to the Bayesian Rule
model. Furthermore, based on the F1 Score
metric, a scoring system for climatic
retrofitting of residential buildings in the
target climate was derived, categorizing
performance into four energy label classes:
A, B, C,and D.

The high confidence level of the results
(exceeding 85%), particularly in the
Association Rules model, reinforced the
validity of the derived managerial decisions
and resilience-oriented retrofitting strategies.

Discussion and Conclusions

A two-stage analytical framework has been
proposed for managing the energy demand
of a residential building by incorporating
both  environmental  conditions  and
architectural  characteristics. The study
particularly has focused on cold climates
during the winter season (Zanjan), which
represents a critical period in terms of peak
energy consumption.
The results can support decision-makers and
stakeholders in  prioritizing influential
indicators related to the effective utilization
of solar energy for meeting the energy
demand of residential buildings in this
specific climatic context. Specifically, the
extraction and evaluation of fixed parameters
derived from residential land-use patterns
within a defined geographical coordinate,
alongside variable parameters originating
from architectural design features, can
contribute not only to informed urban
planning decisions but also, at a macro level,
to strategic energy management within
sustainable urban development.

Addressing energy imbalance requires the
identification and implementation of optimal
passive solar system strategies for long-term
climatic retrofitting of buildings. Such
strategies can significantly enhance the
feasibility of achieving net-zero energy
buildings (fully self-sufficient in energy
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supply) through the maximum utilization of
clean solar energy via passive solar design
approaches.

The primary innovation of this research
lies in emphasizing the principles of
sustainable architecture while incorporating
indigenous and climate-based regulations
and standards of Iran in the field of building
design. Furthermore, the low implementation
cost of the proposed method and its minimal
dependence on imported technologies enable

its practical application across most urban
environments located in cold climates.
Furthermore, the development of an
expert system—referred to as an “Architect
Assistant”—is proposed as a direction for
future research. By integrating weights and
rules extracted from predictive models into a
knowledge-based system, this tool could
generate design recommendations, determine
appropriate  types and levels  of
implementation, and support the design of
climate-responsive buildings.
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else CELB

if Lable Golkhane < 0.500 and Egol Tul > 131
and Trumb < 68 then CELC

if Egol Tul > 131 and Trumb < 68 and Jazb >
128.500 then CELB

if Lable Trumb < 0.500 and Egol Arz <
138.500 and Area Life > 140 and P_Sorth < 45
and Garma < 7.500 then CELC

if Egol Tul > 131 and Lable Golkhane < 0.500
and Golkhane < 132 then CELB

if Trumb < 68 and Lable Golkhane < 0.500 and
Energy Win > 5.500 then CELD

b 5 wzsl oyl Jha b Bl b sl W5 (V) K
S5A Slwbs 5 (2B L p (e glaslae b pleds Sl 5
e Sl el e L S o Ll (1Y) ey 3 S &S 0kes
%ﬂ‘su@:‘s\ﬂgu;?l%lyo;lswwg}ﬁb&j\ﬂ
Ol ol 5 ol 5l sad oS S e W5 1) (655 el

ol 0L AS\J\ (\\)J}J} yjl.;)éﬂlﬁ.)ﬁ))\)ﬁ\rj .la._uj; gf'}J



FIZYY amio AFF LY &l IO 593 ¢35 Cup yaoho 3 owidides 41 piii VA

53l 1y bl A e s ialesl 5 (6,8l A e g3 5500
Ol ol Jlme sler b ;@)Mﬁ oAl Sl B sy 2L
By L L ity e Ol 03031 6l (1) s G

el 0 o3lazul

wws 93 b ghuains i (6l 5 ‘S‘;"QJVA): oSk (VYY) J g

+ Alwd + dlwd
- A N FN
= A FN TP

S Sl Slme S e Dl 02330 Slns 51 alsl
SIS s Glae b ol sl eslinad gyares ST LS
Slmaws 45 Col ol Sl 505 el dwlous | (gku azws
st L silesl (slas, S5 ae goma JS 51 Ulpe o skdiat L
TP 5 TN e g3 o(F) idaly b ol 53 ol 03 S (vt
LS e 3B s (S eIl S gy &S
33,5 sl il Sl b il 53 s ST b s S ety
Accuracy = % ()
oS S b5 sy 2l sl cnl S5 0L
SN ot 5l8 L5 a5 33,5 o sl i3 50
ST o8 e B s LSS | bl slad 535 8 BB FP
33) Tl Ly (2 Jlns Olsis o (6,505 (slasline
23) oot Jlmn 5 (X L slas, 8 S 0
b o 05 255 SIa XK e S 2l S 4 s
Syl a5 L I ] ol o el 3 (alslgntiy (suatons
sl s gl slaesls S slacans o 5 gome 3| S
Sl aul b 5 il oo () Yo 4 (S 3L) Vr s
[odd sy OIS il ) 5oty 5 Lored (oo ) 03l a0 s
550 o Mt Wl s szl (Jslaze Slssl) sl
S (83353 833 48 gema i3 b e 3 Shes (65108 56 s
S sl sla e e b awlie 55 35,5 ol
sl 4l S 2ie sbb S35« ax 5 L Cross-Validation
L oLl oS 6 S0lea ol 4 S 515 eslial 550 35 Wi,
5 sl glmesls k5 1 AST 25 ol S o5 ol
Ll ole ds bl oo opl oo ol K osls U ioles]
X-Validation , Ses 3l .53, o 5 Se3lul cisk Sl
bl A e 55 (G 5 (Cople) B Glajlne oo

1. Accuracy
2. Recall(x)
3. Precision(x)

o3 de 53 e 1 Sl 5 WS g5l el ST
1 S e (a5 ) S e Wslia [ gel s Jaes 5 Oleztl
S aS el S o Ol DSy Jae Ll 15
23,5 omlb (e Jalye (35,8 I s 05 Sl
0530 5 it O1 53 s Sl 5 Slatstl it gy 45 (g i
23 S50 O dilbads b Kos Lelse L bl &S s
G0 oL ey dal g 5 (S ks ST 4 Olaztl
e e @B 5l Sy ke gl o5 (s3lgniy
Jlmd 8 Glapims 5l (Shime g Slay il g ol Jais 50
o by (3l Sl b e ol Ol ey (s 55
ol 0 4zl 6oLl 3 g0 gy (55

b o Slapin it dslie 5 Ll e s
GHSLRIS (glad 5 s 5 ol s o dhe 3l g,
S ikin S Ol 551 o SOl b s 53
G5 O mn (g3lwiing 5 O il lupal LS s
slbas gsladas c‘é\) 03 el a4ty anels sl e Ol gea
Oy e g 5Sme gaOlert b ol (lags o8 51 (g lans
s samn 31 3 (S5 (654 51 (6 S ol a
el o oLl 5lite (6 )IAS 3 O3l Ly ealisad 5 4a 831
3 el Glad o3 ($3lg) 1k die S5l st g
5 ol o (ilal (olame slaas o ALK
Golame S 4 Oy ooty IS 5 0351 SIS 30 35 (gsladl
2y el (g Sl dan s 0 g

Sa b bl ol s sd e M5 685k p8 s a5 L2l
sl dolonil Jdowi (sliws 5 4B 8 513 Lo 5550 (108 55
338 o S § S A e s eslinal 30 0, S LIS
L b e S sl s gy b L LS e
S s Bl b i 550 el 5 bl Conss
sl lafin b peedl (e e S b el 2 (5
A5 i 35 (UL slSesls J2s)) (suanns slag ;S
o Slp el 5l (g3 5doms oo L IS o 3 S al
ol 53 il s sslil KFOld e Lzl 51 eJite 5 Shes
am h Lsesls (5lman 3 5L 55 (gslSesls l5Sle 5 (555
Db dae 5 es S s (gsbs 3101 L liis K (glaas gozes 55
S5 sl a5 gl slaas gazme 5 51 (SG UL A Ak 43 S S 4
S ol S s S esliad U3l 5 o gl T e perme

231> ae gazeo 93 b (gl eslin il G LB o) 5550 slaslas



Y4 olen g Slugy w cdon b odld glale 3090 Julxd g e (ol y95 JI2d ud (sWppsiamas 51521 (65w 5092

ol (3l Aol B 53 1y 5l 3 e (s lus b L aaslaah
aslaial S, wﬁ? 6‘.%.‘.&0 6|ﬁ F1 Score J‘:au @L’a :(\F) JJ.L?-

mOSE | el | eedl s | el G5
$4/5) Yo OV/VE CELA
ov/ov a8 AY/O CELB
FINA AN AVVY CELC
OO/AY Yo 28! CELD

JJ_AASCMN‘)JA?A“LJGJL;]L}ABLSLAL}:W)JASM;QM

5035 gl u_<:~.;.l} stb)blijv.?p-éuezb‘)sﬁujﬁ
Lo U Laesls jlsdy o i s boveas 1) 55 50 sla S
dode glacmdse j3 baasilio Cuabe j3 3450 L;La;”wglj
SledS i dde s Shae gys Glomiw ol iled 28
Saa Loylssgesg Jal_ﬁ Lol @Lﬁ Sl aS glaesls (gslalas

235 o ol ool 3 sdiastle Jdo 5 Shas oL

L
SIS S Ul i Ska L (ool (gl Lo
Olet b S (olame 5 aoms Cony Sl an Snts lalse
e bl 5 53 o304 T 5L 3500 (8551 Cu ke 53 S
e sl @lse 03 55 50 S5 5 slasl st ke 3l sl Jl-
S el e ) Oy Jomd 53 3 e el 4503 Ol
Ol 258 L Ol ke (6,8 a5l iy 331 0155 oo ool
Sokno g Olppe 55 SIS 3L sla atls 4 sy Jl Lo gty
slaotstlu 5L 355 6550 el sl st 551 5
3l 2l s Al e 5 e I L adlate S S 5Se
Sl s L (5503 Candae ) 30 Sl Glaaaiie o)
ke glaaasita JUS 53 (G5 me o3 D 65N (54
Ul e (Olaztle 5l &) Olazstles (g lane i ad Scsis
O ) Oymad 3 pides Slagenas 31551 55 2 sl e sdle
M Al (V5 L ol (Sl 5 3Ll DDes
e SIS L 55 S B 3 g e bl Sl ol
Ol AL s (6 e Sk drn g 53 (551 g e o 2
Sl 5 Dozl pwdige ol O e It slallesle L
(@lgndg Rl> S e s (25 P e 5 1 b LD e
Gblis 5 il g Asl 5 b clite ol b g la S
53 et Ailod 1 Mol slas el s 3 1) (6,62

s P35 e AL s se (65 S sla sl L s e

6 s Sy ol 3 il Sl Jol sl a5 eslin
s oslial 3y 0e e gladie (sl (S en s e Sl
bl Jlle 5 a5 s 050 5 el Al B (eal S
O S S A B RCW PR P PR PREN CpRpy JJEE W
A (VL Slgabl s 5 55 ROC (615 gai oy 0 53 Jool o
S o ab 1 Ao
e (Sisenss Sl 3l ol il 3 oS 4 S0k
o S ezl el 5 el St s e Je 2 o
e s el a2 035 GLls g2 058 et e
Slaslas vy s )3 4S Sl jasiie sl o
e 086 i Je (Caslem) idiy 5 Comos pmy eSO

el Sl (63 Shas delis Lol L3 51 50

accuracy: 89%
true True True true class
CELA | CELB CELC | CELD precision
pred CELA 10 0 1 0 90.91%
pred CELB 0 15 0 0 100%
pred CELC 0 10 52 0 83.87%
pred CELD 0 0 0 12 100%
class recall 100% 60% 98.11% 100%
(AN
accuracy: 98%
true True True true class
CELA | CELB | CELC | CELD | precision
pred CELA 10 0 0 0 100%
pred CELB 0 24 1 0 96%
pred CELC 0 1 52 0 98.11%
pred CELD 0 0 0 12 100%
class recall 100% 96% 98.11% 100%
(&)
accuracy: 68.57%
true True True true class
CELA | CELB | CELC | CELD | precision
pred CELA 10 4 2 0 62.5%
pred CELB 0 13 8 0 61.90%
pred CELC 0 0 18 0 100%
pred CELD 0 0 8 6 42.85%
class recall 100% 76.47% | 51.35% 100%
@

adas 250l 53 (K pen s o e sl sbme i 1OF) s

2 05 (7 ool Aol 8 (O el @33 (A iy

S Nes Condy g 5 5 b Al Sl 4 a5 L
Sl ) 5 Sk S eddgm »55 lrs an e 5l adobe
OLal 5 1 5 sSe slaslons JS il Wl S oS 5 olas o5
F1 Score ol yue coos 0,50 o 3 o gaes Sl i Olaj o
o o o3l (0) dal, b

2xPrecision(x)xRecall(x)

F1 Score = o)

Precision(x)+Recall(x)

‘5uéjlv\§\_ﬁ~m?_-).’ B d.)w A LS‘)J )L\:u u.;l SMMLM CiLd

55 0L Ll ol &) OVF) s Gk da e ol (551
Oy ssbis ol ol S Jpdr ) ol s oS



FIZYY amio AFF ¥ & Lo N0 5593 6551 Cup yyoho § owviiideo &g i Fo

Ol 5l Flas ol dag S gle el ol ) Sles
.njf Sl

Bl ol
>ﬁ)du»wl)>@émuz)w@ﬁ6m&4€.do\§xﬁj}

RGO PRI

Z

6)‘}&‘.;.&
St JLS gl 3 by 53 68 LS plad 51 lie el OB e
:\_Jo.m :\_.u‘ﬁﬁ@_f:.h st‘ §f<3('.h )l °}-j}4-3 gJ.}‘erA.'» (_SJ&Q-A

[1] Mosavi, M., Karimian, H., "Evaluating the policy mix of
renewable energy development in iran, journal of sience &
technology policy”, Vol. 15, No. 2, pp. 55-74, 2022,
https://doi.org/ 10.22034/jstp.2022.13942.

[2] Mosavi, M., Karimian, H., "Evaluation of renewable energy
development policy mixes in lIran", Journal of Sience &
Technology  Policy, Vol. 2, No. 1, 2022,
https://doi.org/10.22034/jstp.2022.11064.1514.

[3] Pirnia, M.K., "Iranian architectural stylistics", published by
Gholamhossein Memarian, 2012.

[4] Al-Widyan, M., Al-Oqgla, F., "Selecting the most
appropriate corrective actions for energy saving in existing
buildings a/c in hot arid regions", Building Simulation,
Vol. 7, No. 1, pp. 537-545, 2014,
https://doi.org/10.1007/s12273-013-0170-3.

[5] Zarei, M., & Khademi zare, H., "Energy consumption
basket optimization and residential buildings clustering by
fuzzy nn improvement by ahp architecture and weights",
Public management researches, Vol. 6, No. 19, pp. 129-
152, https://doi.org/10.22111/jmr.2013.1262, 2014.

[6] Kamyabi, S., "The use of thermal comfort indices in
sustainable housing design"”, Strategic Center for Energy
and Sustainable Development, Vol. 6, No. 2, pp. 21-29,
2015.

[7] Delfanian, H.R., Khakzand, M., Kamyabi, S., "ldentifying
the relationship between vernacular architecture & climate
through studying thermal comfort indicators in nowshahr
city", Architecture and Urban Planning of Armanshahr,
Vol. 11, No. 25, pp. 69-79, 2017.

[8] Naseri, A., Mehregan, A., "An investigation into the effects
of physical properties of residential buildings on the
amount of energy consumption (A case study of
khoramaabad city)", Semiannual Journal of Iranian
Avrchitecture and Urbanism (JIAU), Vol. 8, No. 2, pp. 59-
73, 2018, https://doi.org/10.30475/isau.2018.62065.

[9] Koebel, M., Wernery J., Malfait, W., "Energy in buildings
policy, materials and solutions”, MRS Energy &
Sustainability, Vol. 4, pp. 4-12, 2017,
https://doi.org/10.1557/mre.2017.14.

[10] Hashemi, F., Heydari, S., "Optimization of energy
consumption in cold climate residential buildings - case
study (Ardabil city)”, Saffe, Vol. 22, No. 1, pp. 75-86,
2019.

[11] Blume, S., Herrmann, C., Thiede, S., "Increasing resource
efficiency of manufacturing systems using a knowledge-

s (ose e (i) (ol (Sl 6l b I
Ols S ey sl Ads 5 f 30 Ll 5 o0 Ddokily 3 aolazles
b (6551 oS mebin ) 6551 jao sladlestla 4 aliws dual
Sl Gkl Ady s SU (6550l 6 S ol Gl
S5 0k 3 g wlge pled 3 s sty 2 bt sla iy
b S Gl Glse Hlawsn &5 -
TS5y 5 n Dl 0 L S ladlan L
3 ol gl del 3 5 O3l aS (g pomiay 335 e st
S8 el 5y e o iils oL 0l Olgeas cw i slade

Ui 5 85 o b oo 5 diile (3,150 ol s 5 48 5

el
based system", Procedia CIRP, Vol. 69, pp. 236-241, 2018,
https://doi.org/10.1016/j.procir.2017.11.126.

[12] Jahanbakhsh, H., Ghafarzadeh, A., "Investigating the
relationship and the amount of solar radiation effect on the
building body in determining the building orientation with
the aim of reducing energy consumption", Iranian Journal
of Energy, Vol. 20, No. 2, pp. 85-101, 2017.

[13] Wu, D., Ma, H., Mao, J., Ma, K., Zheng, H., Bo, Z., "A
unified model for diagnosing energy usage abnormalities
in regional integrated energy service systems", Global
Energy Interconnection, Vol. 4, No. 1, pp. 361-367, 2019,
https://doi.org/10.1016/j.gloei.2019.11.009.

[14] Diouf, G., Diallo, O., Mamadou, H., Moussa, P., Gaye, S.,
"Improving the thermal comfort of a building by adding a
layer of straw over the high floor", Journal of Building
Construction and Planning Research, Vol. 8, pp. 193-202,
2020, https://doi.org/ 10.4236/jbcpr.2020.83012.

[15] Ding, X., "A brief analysis of energy conservation ways by
building materials for ecological architecture”, Journal of
power and energy engineering, Vol. 8, No. 1, pp. 13-22,
2020, https://doi.org/10.4236/jpee.2020.812002.

[16] Allahyari, F., Behbahaninia, A., Rahami, H., Farahani, M.,
"Optimizing energy consumption in the building sector
using neural networks and PSO algorithms (Case study:
Bandar Abbas city)", Journal of Environmental Science
and Technology, Vol. 10, No. 13, pp. 1-17, 2020.

[17] Asghari, A., Maleki, A., Ebrahimi, H., Satari, H.,
"Investigating the role of passive solar systems in urban
zero-energy buildings for comfort and reducing energy
consumption (Case study: Valiasr in Tabriz)", Scientific
and Research Quarterly Journal of New Approaches in
Human Geography, Vol. 13, No. 2, pp. 752-771, 2021.

[18] Scheller, F., Wiese, F., Weinand, J. M., Dominkovi, D. F.,
McKenna, R., "An expert survey to assess the current
status and future challenges of energy system analysis",
Smart  Energy, Vol. 4, pp. 57-100, 2021,
https://doi.org/10.1016/j.segy.2021.100057.

[19] Choi, S. Y., & Kim, S. H., "Knowledge acquisition and
representation for high-performance building design: a
review for defining requirements for developing a design
expert system", Sustainability, Vol. 3, pp. 40-46, 2021,
https://doi.org/10.3390/su13094640.

[20] Igbal, M., Ma, J., Ahmad, N., Hussain, K., Wagas, M.,
Liang, Y., "Sustainable construction through energy
management  practices: an integrated hierarchal
framework of drivers in the construction sector",


https://doi.org/10.22034/jstp.2022.13942
https://link.springer.com/article/10.1007/s12273-013-0170-3#auth-Mohamad_I_-Al_Widyan-Aff1-Aff2
https://link.springer.com/article/10.1007/s12273-013-0170-3#auth-Faris_M_-Al_Oqla-Aff1
http://dx.doi.org/10.1007/s12273-013-0170-3
https://doi.org/10.30475/isau.2018.62065
http://dx.doi.org/10.1557/mre.2017.14
https://doi.org/10.1016/j.procir.2017.11.126
https://doi.org/10.1016/j.gloei.2019.11.009
https://doi.org/10.4236/jbcpr.2020.83012
https://doi.org/10.4236/jpee.2020.812002
https://doi.org/10.1016/j.segy.2021.100057
http://dx.doi.org/10.3390/su13094640

Y ohen g Slug po cdon bosld glale yogs Judixd g3 e (Guuid j95 JUxd yul (sLpsiammns 51521 (65w 5092

Environmental Science and Pollution Research, Vol. 29,
pp. 108-127, 2021, https://doi.org/10.1007/s11356-022-
21928-x.

[21] Farokhzad, M., Roshan, G., "Proposing of bioclimatic
atlas in Iran to achieve climate responsive architectural
strategies"”, Journal of name shahrsazi & memari, Vol. 14,
No. 34, pp. 45-69, 2021.

[22] Malliaroudaki, M. I., Watson, J. N., Ferrari, R., Nchari, L.
N., Gomes, R. L, "Energy management for a net zero dairy
supply chain under climate change", Trends in Food
Science & Technology, Vol. 126, pp. 153-167, 2022,
https://doi.org/10.1016/j.tifs.2022.01.015.

[23] Babaa, S., Al Rawahi, A. A., Subramanian, A., Alshibli,
A. H., Khan, S., Khzouz, M., Ahmed, M., Ashrafi, I.,
"Smart building design to improve the energy consumption
at an office room", Smart Grid and Renewable Energy,
Vol. 13, pp. 209-221, 2022,
https://doi.org/10.4236/sgre.2022.139013.

[24] Javadi noude, M. Sarabi, M., "Typology of physical
components adapted to cold climates in vernacular
architecture (Case Study: Ardabil houses)”, Quarterly
Journal of Human Geography, Vol. 14, No. 4, pp. 141-168,
2023.

[25] Abdolkhaleghi, P., Sabernezhad, P., Fayaz, Zzh.,
"Investigation and parametric analysis of solar greenhouse
heating performance in cold climate (case study: Sanandaj
city)", Hoviate shahr, Vol. 16, No. 51, pp. 87-102, 2022.

[26] Moghadasi, M., Hiedari, S., Shahcheraghi, A., "Analysis
and comparison the thermal performance of solar
greenhouse (simulated model and portotypic model) in the
cold and mountainous climate of the country (case study:
iran, solar greenhouse in kermanshah city)", Journal of
Fine Arts: Architecture and Urban Planning, Vol. 27, No.
1, pp. 5-18, 2021,
https://doi.org/10.22059/jfaup.2022.250112.671934.

[27] Meuer, J., Lamaro, F., Vetterli, N., "Evaluation of
advanced control strategies for building energy systems",
Energy & Buildings, Vol. 280, No. 1, pp. 11-27, 2023,
https://doi.org/10.1016/j.enbuild.2022.112709.

[28] Cardenas-Rangel, J., Osma-Pinto, G., Jaramillo-lbarra, J.,
"Energy characterization of residential and office buildings
in atropical location", Heliyon, Vol. 9, pp. 48-60, 2023,
https://doi.org/10.1016/j.heliyon.2023.e16048.

[29] Pruvost, H., Wilde, A., Enge-Rosenblatt, O., "Ontology-
based expert system for automated monitoring of building
energy systems", ASCE, Vol. 37, No. 1, pp. 54-78, 2023,
https://doi.org/10.1061/(ASCE)CP.1943-5487.0001065.

[30] Chen, Z., Xiao, F., Guo, F., Yan, J., "Interpretable
machine learning for building energy management: a state-
of-the-art review", Advances in Applied Energy, Vol. 9,

pp. 100-123,

https://doi.org/10.1016/j.adapen.2023.100123.

[31] Awvci, 1., Bidollahkhani, M., "Real-time building
management system visual anomaly detection using heat
points motion analysis machine learning algorithm",
Technical Gazette, Vol. 30, pp. 318-323, 2023,
https://doi.org/10.17559/TV-20220417151954.

[32] Pitskhelauri, M., Jishkariani, M., "Application of graphic
neuro-fuzzy designer in energy management”, International
Journal of Innovative Research in Science, Engineering and
Technology, Vol. 12, No. 2, pp. 1-8, 2023,
https://doi.org/10.15680/1JIRSET.2023.1201001.

[33] Maatoug, A., Belalem, G., Mahmoudi, S., "A location-
based fog computing optimization of energy management
in smart buildings: devs modeling and design of connected
objects", Frontiers of Computer Science, Vol. 17, pp. 17-
25, 2023, https://doi.org/10.1007/s11704-021-0375-z.

[34] Esameili shayan, M., Najafi, G., and Esmaeili Shayan, S.,
"Smart Micro-Grid Electrical Energy Management:
Techno-Economic Assessment”, Energy Engineering and
Management, Vol. 13, No. 1, pp. 90-101, 2023.
https://doi.org/ 10.22052/jeem.2023.113605.

[35] Mousavi Rizi, S.M., Aminsharei, F., Lamea, M.,
Ghazimorad, M., "Bioclimatic architecture in thermal
energy efficiency of sustainable urban residential buildings
in developing countries: A synthesis review in Iran",
Renewable and Sustainable Energy Reviews, Vol. 218,
No. 1, . 11-57, 2025,
https://doi.org/10.1016/j.rser.2025.115743.

[36] Shaterian, R., "Climate and architecture of iran", Simaye
Danesh, Vol. 5, 680, 2015.

[37] Modirrousta, S., "Analysis of the atrium, trombe wall, and
solar greenhouse patterns in optimizing energy
consumption”, Emerging Trends in Energy Conservation
4th Conference — ETEC, 19 Bahman, Tehran, 2014, pp. 18-
3L

[38] Abdizade, S., Ahmadnezhad, A., "Investigating the
heating and cooling performance of different types of
Trombe walls and their application in buildings with an
approach to reducing energy consumption”, Journal of
urban desige studies and urban researches, Vol. 6, No. 2,
pp.1-12, 2023.

[39] Mohammadi, A., SHojaee, P., Akbari, Z., "Comparative
analysis multi criteria decision making approach in
prioritizing provinces based on civil projects”, A quarterly
journal of the macro and strategic policies, Vol. 3, No. 12,
pp. 27-50, 2015.

[40] Saniee Abade, M., Mahmoudi, S., Taherpatvar, M.,
"Applied data mining", Niaz Danesh Publications, Vol. 2,
No. 4, 536, 2015.

2023,


http://dx.doi.org/10.1007/s11356-022-21928-x
http://dx.doi.org/10.1007/s11356-022-21928-x
https://doi.org/10.1016/j.tifs.2022.01.015
http://dx.doi.org/10.4236/sgre.2022.139013
https://doi.org/10.22059/jfaup.2022.250112.671934
https://doi.org/10.1016/j.enbuild.2022.112709
https://doi.org/10.1016/j.heliyon.2023.e16048
https://doi.org/10.1061/(ASCE)CP.1943-5487.0001065
https://doi.org/10.1016/j.adapen.2023.100123
https://doi.org/10.17559/TV-20220417151954
http://dx.doi.org/10.15680/IJIRSET.2023.1201001
https://journal.hep.com.cn/fcs/EN/10.1007/s11704-021-0375-z

