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Abstract: Solar water heating collectors are considered
one of the most important options for providing thermal
energy to buildings due to their use of renewable energy,
reduced fossil fuel consumption, and low operating costs.
In this study, the performance of a solar water heating
system for a residential building in the cities of Tehran and
Kashan was evaluated dynamically and over a one-year
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period, using the TRNSYS software. The results showed
that solar radiation in both cities had a specific seasonal
behavior such that the highest radiation was observed in the
warm season and the lowest in the winter. The analysis of
energy results showed that the useful energy produced by
the collector was directly related to the intensity of
radiation and reached more than 5000 kJ/h during peak
radiation periods. Although heat losses increased with
increasing collector operating temperature, the useful
energy produced prevailed over losses during most hours of
the year. Also, the need for auxiliary energy was almost
zero in the summer and increased in the winter. The
thermal behavior of the storage tank showed that the water
temperature was within a stable range for most of the
hours. The annual collector efficiency was 57.37% in
Kashan and 55.08% in Tehran, indicating the optimal
performance of the system in both climates. Overall, the
results indicate that the system is able to adequately supply
the thermal load of the building and that areas with higher
radiation, such as Kashan, provide more optimal conditions
for the operation of solar thermal systems.
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Extended Abstract

Introduction

The increasing energy demand in residential
buildings and the necessity of reducing fossil

fuel consumption have encouraged the
application of renewable energy
technologies, particularly solar thermal

systems. Solar water heating systems are
considered an effective solution for
supplying domestic hot water and part of the
thermal energy demand of buildings due to
their simple structure, low operating costs,
and the capability of utilizing clean solar
energy. However, the thermal performance
of these systems is strongly influenced by
climatic conditions, solar radiation intensity,
collector characteristics, and thermal storage
behavior. Therefore, accurate modelling and
dynamic  performance evaluation are
required to assess the feasibility and
effectiveness of solar water heating systems
under different climatic conditions.

Iran has considerable solar energy potential,
however, the wide climatic diversity of the
country results in different levels of solar
system performance in various regions. The
selection of appropriate locations and the
evaluation of system behavior under realistic
operating conditions are essential for
improving the efficiency and economic
feasibility of solar thermal applications.
Therefore, this study aims to design, model,
and evaluate the dynamic thermal
performance of a solar water heating system
with a storage tank for supplying hot water
and part of the thermal demand of a model
residential building in two different climatic
conditions. The main objective is to
investigate the influence of climate
conditions on solar radiation availability,
useful thermal energy production, auxiliary
energy  consumption, storage  tank
temperature, and collector efficiency.

Materials and Methods

In this study, a dynamic simulation model
was developed using the TRNSYS software
environment to evaluate the performance of
a solar water heating system during a one-
year simulation period (8760 hours).
Initially, a reference residential building was

modelled based on a validated international
study. The geometric  characteristics,
construction materials, thermal properties of
building components, internal heat gains,
and operating conditions were implemented
to ensure the accuracy and reliability of the
numerical model.

After validation, the solar water heating
system was integrated with the building
model. The system consisted of a flat plate
solar collector, thermal storage tank, and
auxiliary heating unit. The governing
equations were solved based on energy
conservation principles, considering heat
transfer interactions among the collector,
storage tank, and surrounding environment.
The performance of the system was
investigated for two representative cities in
Iran, Tehran and Kashan, considering their
different climatic conditions.

The main evaluated parameters included
total, direct, and diffuse solar radiation,
useful thermal energy generated by the
collector (Q,,), thermal losses (Q;), auxiliary
energy demand (Qgux), Storage tank
temperature variation, and annual solar
collector efficiency. The obtained results
were analyzed to determine the effect of
climatic conditions on the thermal
performance of the solar water heating
system.

Result
The simulation results showed that solar
radiation in both investigated cities followed

a clear seasonal pattern. The highest
radiation levels occurred during warm
months, while the lowest values were

observed during winter. The analysis of solar
radiation received by the collector surface
indicated that the inclination and orientation
of the collector improved solar energy
absorption and increased the available solar
input. Due to the higher solar radiation
availability in Kashan compared with
Tehran, the solar collector received higher
energy input, resulting in improved thermal
performance.

The analysis of useful energy production
demonstrated that the collector thermal
output was directly related to solar radiation
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intensity. During peak radiation periods, the
useful energy generated by the collector
exceeded 5000 kJ/h, indicating the effective
conversion of solar radiation into thermal
energy. Although thermal losses increased
with  increasing  collector  operating
temperature, the useful energy production
remained higher than thermal losses during
most hours of the year. This confirms the
suitable thermal performance of the solar
collector under both climatic conditions.

The results of auxiliary energy consumption
indicated that the contribution of the
auxiliary heating system was strongly
dependent on seasonal conditions. During
summer, sufficient solar energy availability
significantly reduced the need for auxiliary
energy, and the required auxiliary energy
approached nearly zero in some periods.
However, during winter, reduced solar
radiation increased the contribution of the
auxiliary system to satisfy the thermal
demand of the building.

The storage tank temperature analysis
showed stable thermal behavior throughout
the annual simulation period. The tank
temperature remained within the defined
operating range for most hours of the year.
During periods with high solar radiation, the
stored thermal energy increased, and the tank
temperature reached values above 80°C in
some periods. This behavior indicated the
capability of the storage tank to accumulate
solar thermal energy during favorable
conditions. In colder periods, lower solar
availability resulted in reduced temperature
levels and lower thermal storage capacity.
The evaluation of annual collector efficiency
demonstrated that the system maintained
acceptable performance in both climates.
The annual efficiency of the solar collector
was calculated as 57.37% in Kashan and
55.08% in Tehran. The higher efficiency
obtained in Kashan was attributed to greater
solar radiation availability and more
favorable climatic conditions. The results
indicate that although, regions with higher
solar potential achieve better system
performance both cities provide suitable

conditions  for  solar  water
applications.

Discussion and Conclusion

The results of this study demonstrate that
climatic conditions have a significant
influence on the performance of solar water
heating systems. The developed TRNSYS
model successfully described the dynamic
interaction ~ between  solar  radiation
availability, collector thermal performance,
storage tank behavior, and auxiliary energy
requirements. The results confirmed that
solar radiation intensity is the main factor
controlling useful thermal energy production
and collector efficiency.

The production of more than 5000 kJ/h
useful thermal energy during peak radiation
periods indicates the high potential of the
solar collector for providing thermal energy
in residential applications. In addition, the
significant reduction of auxiliary energy
demand during summer demonstrates the
capability of the system to reduce
conventional energy consumption. The
stable temperature behavior of the storage
tank also confirms the effectiveness of
thermal energy storage in improving system
reliability.

The comparison between Tehran and Kashan
shows that climatic characteristics directly
affect the annual performance of solar
thermal systems. Kashan, with higher solar
radiation availability, achieves higher annual
collector efficiency compared with Tehran.
Therefore, geographical location and
climatic conditions should be considered as
important factors in the designing and
application of solar water heating systems.
Overall, the findings have indicated that
solar water heating systems can effectively

heating

contribute  to  reducing  fossil  fuel
consumption and  improving  energy
efficiency in residential buildings. The

developed simulation approach provides a
useful framework for evaluating solar
thermal systems under different climatic
conditions and supports future optimization
and implementation of renewable energy
technologies in the building sector.



:

'3 Ly
Engineeringfandlmanagement Ubb/oMJ

University of Kashan

55 e e g (pmdige 4 N

Sl o3 g ol o Sk 5 S SO s s Shes 251 5 b
OIS 5 01,8 b gd 53 dgad JoSam Olaasle & 4 s f;ui u:"‘;t"
Sl e sl 2

za.parsai@gmail.com ol ;| OLals OLalS ol eVl 5 oyl o — Sl wdige s ASils (5,55 (g el

spooshan@kashanu.ac.ir .ol ;| oLals (oLals ol&als eVl 5 ol —SUIK wdige oIl HLiils |

1S sbelly Sl S s a4 ety Se S0l sl sSS tedS
G5 ol kb S RT M ed s e Saae S libdas g5
Soltd (S sSas Slaztle (3, Sl 5 ol s LA S e S cmb ol e
sblu &1 AJSL:& ‘g’u‘g}; &ﬂ BLIC TN I P V) LolesLe

Ol 855!
A 33 53 GSes Dbl Sl gk Se SO
(Trnsys Software) s 5 ,l5le 5 51 eslail b SLES 5 O 8

JA i) e Ay Gl o3l ja s (Selys O pen
VESO/ 8T ail s st A 3 55 Gy S AS sl Ol b ol W S
DU Ol o iy 45 (55 abs el e Jhaad 5, il
ool Olims) Joad 53 OF Sldie oy 2aS 5 Jlu ¢S b 3
25N M5 dde §5 5148 315 DL (6551 s Jodow 9 0

4 bzl glae,ss 53 5 aidls RU DAl b et b3

V64 0/+ 0/YA 5 K55k b

VE2 O/ VoY s b pdy 550

sl b gyl ol e cnl sl KI/N 00 e 51 S
S5 o Slele CI2l s Lol casly il oSS 5 Shos slos
S5 4 5l e ol atils Al UL 5 gad g Ak
Dby Joab 53 5 g o Ly Okl Juad s SaS
A8 513 L 033 O3 Gl S, e el 4Bl sl 55
el 313 15 HIL sgaoee 5y Slele mie 43 ol sles
& 100/0A Ol g 55 9 TOVYYV OLEKS s eSS YL 6L
V'“J';‘ 95 2 5 dlile Ogllae 5 Shes sdasOlis 45 ol Cows
ol 4 530 Slle &5 el O Kby mls pyamme 55 ol
Wl YL b L gble 5 e Olatle byl b cwle
ke 5 sLabale 5 6505 e Sl G il S OLK
https://doi.org/10.22052/eem.2026.258962.1183 S o 0l S S5



mailto:spooshan@kashanu.ac.ir
https://doi.org/10.22052/EEM.2026.257681.1148

FY Slbg s g sl o lois b S5 0,5 0T (ol 512 10,7055 o ol yo 4 (s 95 (55 SO im0 Ko 3 9 >

3 b G e S A 3 gl L L5
[0] il anils e VT Ll
skaasolis bt i o (655 G S Ol s
el ad gl g 5 SOl 55w YL Sal
SRLL ke sdalie e S 3 passe
3Gl (g R 03 Olgl b3 5 Sl eslaal &S ol
Glaady 53 G 5w @ S 5 sl (e s
35 S 5 Sl eslid mols LS e 3 S
sl 3l ass s JEs e i

Electricity final consumption by sector, Iran, 2021

Residential 33,719%
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Non-specified I 1,78%
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Transport 0.20%
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