(Fr-0Y) 162 olo 815 B (Paw 0 lodd (i 9 St 0398 (o ) dumo ($39090T 9 pole

S35l ol 32 b 31 (6351 (S50 pB 9 gt Ak T O o izt
Ol slow (53390 dig0i) XIS 9 £ 5 walSl 5O oD JB ki Slgn 9 TS 94
()‘x&)@{b Cw gl
* ). L V\.'.""

Saeed.azemati@iau.ac.ir

" yob 4

TA33 s guo
" o 4id

VY IV (o b VEYINIYS el 5o fu b
ouS
ey Syl g Gl slajls Ll LB jo (Lewd lo cdgus ) eolaul slo wsly 5 5550 Gl 0ja el 1Bud g Ao
Ngbge a8 S 5 a4 (65,3l (gilwe S sl oS (g0lge el 00903 > (65, Span il At 4 ) plaseiily azg e
Lol a4 del> 5l clls o) 56 e anlp (b 1) glwe s Jos dlge (ol tdigh o s0uels ooz B s olge L PCM
ST 1, oas iz sle,S vl ol Ly 45 Slej g edges wid dams 5l 1y LS des (a3l ey g s e ol (LS
Slssid (sl e SIS ailel 325l 5l (6550 3l B 5 a2 ST (e o B b1t 4l 50 ol adlae S e
Ll 4285 90 Sl 90,5 wmdBl )0 cuie0 38 s Blge g
Gl (b Jloges s i olen g ol sl ools 3l eslazull 5 Climate Consultant 133 e 5 KaS L lal jo gy g S99
w cels ¥l Llsry ol sloosls aimen 5 ollS «oSused Hlbe Jols plaile clasin aly 5 aslsl 1o 5 ooy st oo
R e Slslre slo oyl 51 ol bl jliel § Como ofiga chalyl pled (285 Jlas o b plaslo )l Jowe el

A obsl sjleans sl Design Builder

(L1 Jg3ne)® -l el caadlsl 3131 oSl o315 o) 5wl o5 Lona 09,5 -
Ol esl 5 e sedbl ST ORI 03 o) 5 2l o5 ylome ool IS (55l Y


mailto:Saeed.azemati@iau.ac.ir

S g 08 weldl )3 g 4 Jd 8 (alo e sl it (b 508 Joily S5 1 alie o 5B s Slge tle a8l
S 5o ool oo b canlize Slge ol wgd alati a5 a3 ls 1y 845 203l Slas oaims 5B s olge Sley adl wigd colanul

el 0ol Sl ol 3 il 4z 0 YA Cgd adais b oais 518 s olge anlllas 0,50 0l 4 a5l .ol dalaio ol e ole
5P AB 3 3p ile 033 jolaie 4y oaimdjlh s Slgs (§p Sras gl Glej 3 s (o0 DL S 1G5 Azl g Cn
s ST Calnliy 955 ge oolial Gl 1 L 0)50 Gloj ) 5 35den dezmio b g 98 i)l wlie alows 4 Ol LS Sl
app Ghall 4SS el wigd oS 5 Seullegt la)slS Jro Jlb o p L Gl sbo)S (Sl 3l 033 e

il o BOATIM? Jolew ouims 36,0i5 Slgo 1 pelaws Jols gyammo b sy s 5l ool G ) 5lo 031 oo 0550 3yt b pao

Sy sl pletSle ouias b s Slge «Sulggd sla, SIS (651 53le 0,55 (555l 3l At 1 kS Lol



J. Env. Sci. Tech., Vol 27, No. 3, July, 2025

Measuring the optimal effectiveness and energy storage through
the system of photovoltaic collectors and phase change materials
in a hot and dry climate (case study: Khodadoost Hospital in Shiraz)

Saeed Azemati'”
Saeed.azemati@iau.ac.ir
Walya Nasir 2
Amirhossien Zand 2
Fiza Ahmed?
Date of Acceptance: October 4, 2024 Date of Submission: February 15, 2024

Abstract

Background and objective: Today, the energy crisis and the consequences of the use of fossil fuels in
the form of greenhouse gas emissions and environmental effects have drawn the attention of scientists
to the optimization of energy consumption. Materials used for energy storage are called PCM or phase
change materials; These materials perform the storage process during the phase change process
(change from solid to liquid or vice versa) and absorb heat from the environment without increasing
the temperature and release the absorbed heat when the temperature decreases. The present study was
conducted in Shiraz city with the aim of measuring the optimal effectiveness and energy storage
through the system of photovoltaic collectors and phase change materials in a hot and dry climate.
Materials and Methods: First, with the help of Climate Consultant software and using the weather
data of Shiraz city, the annual radiation diagram of this city is checked and then based on the building
specifications, including; Physical structure, users, as well as annual weather data hour by hour, the
location of the building, taking into account all the conditions, especially the accuracy and validity of
the results of calculation algorithms, Builder Design software for simulation Selected.

Findings: Phase change materials can be used to improve the natural ventilation potential of passive
cooling systems, especially in hot and dry climates, although phase change materials have their
maximum efficiency when the melting point of these materials is proportional to the comfort
temperature in the hottest month. be the year of that region. According to the studied climate, phase
change materials with a melting point of 28°C have been selected.

Discusion and conclusion: The results show that during peak electricity consumption, phase change
materials are melted or frozen by heat sources in order to store electricity in the form of latent heat
thermal energy and are used at the required time. Therefore, if latent heat thermal storage systems are
combined with active systems such as photovoltaic collectors, it will help to reduce the cost of
electricity consumption. According to the data obtained from the surveys, the total surface exchange in
phase change materials is equal to 394.7 m2.

Keywords: energy optimization, energy storage, photovoltaic collectors, phase change materials,
therapeutic buildings
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Figure 1. conceptual model of research, source: authors
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Table 1. review of research background, source: authors
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Table 2. methods of creating thermal comfort (18)
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Figure 2. types of phase change materials based on the classification method of Zalba et al
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Figure 3. phase change diagram of phase change material (23)
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Figure 4. types of photovoltaics integrated with the building (26)
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Figure 5. Specifications of the photovoltaic cell used in the research, source: authors
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Typical electrical characteristics
Models Y LxxxP-29b (xxx=Pmax)
Power tolerance (%) +0 o
Max. Power (pmax) (w) V. \Y
Optimum operating voltage (vmp/v) YA/AY YNy
Optimum operating current (imp/a) N3 - IVY
Open-circuit voltage (voc/v) YA/$- -
Short-circuit current (isc/a) -1V -IVY
Cells efficiency (%) VAIY YeloN

Table 3. Specifications of the photovoltaic cell used in the research
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Figure 6. The annual radiation diagram of Shiraz city extracted from Climate Consultant software, source:
authors
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Table 4. Specifications of PCM types used in the research
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Figure 7. Ground floor plan of Khodadoost Hospital, selection of basic model for review and analysis
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Figure 8. Details of the implementation of the walls (29)
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Figure 9. Enthalpy diagram for PCM with melting point 24 and 28, source: authors
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Figure 10. Analysis of the basic model based on the climatic data of Shiraz city, without considering phase
change materials and photovoltaic cells, source: authors
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Figure 11. Temperature range of cooling and heating, source: authors
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Figure 12. Analysis of the basic model based on the climatic data of Shiraz city, considering phase change
materials and photovoltaic cells, source: authors
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Figure 13. Temperature range of cooling and heating, source: authors
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Table 5. Components obtained for energy storage, source: authors
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