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ABSTRACT

The rapid technological advancement post-industrialization and the global population surge
necessitate urgent improvements in energy efficiency and the widespread adoption of renewable
energy sources. This study examines research trends aimed at activating the domestic solar
thermal system market. It scrutinizes the composition and characteristics of various solar thermal
systems, focusing on non-concentrating and concentrating collectors. A key research trend
explored is the application of phase change material (PCM) in energy storage systems. Additionally,
ongoing research aims to enhance collector efficiency through nanoparticle integration. These
technologies find active applications in diverse solar thermal systems like hot water systems,
solar air heaters, solar stills, solar cookers, and solar ponds. The study observes research on
seasonal thermal storage for solar thermal systems. However, practical market expansion
requires addressing fundamental issues in current systems beyond energy storage materials and
fin applications. From this standpoint, the study proposes a solar heat pump station technology,
utilizing heat circulation and hot water circulation modules to overcome traditional system
limitations.
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Keywords: Solar thermal system, Solar collector, System efficiency, Phase change materials,
Energy storage

Journal of KIAEBS Vol. 17, No. 6, 2023 « 497



Review of Research Trends in Improving the Efficiency of Solar Thermal Systems based on Energy Storage Technology and Proposal of Domestic Activation Strategies

At o) 71450] Wt A A Q1774 F7 Kol et oA 4t 37tk Sl
oleiat el o] T8 st A o112 B 9 B Ale Agelek &

o SIS HiES W] sl oM AR R Aetelal Sk oWl 85 S

5h= Ao] F-25}THZeng et al., 2021). EIF oI A= ALS- 7Fsat E AV o 2] 5 714
0 ARG 71T 9Lol, AMES Et 8Po] Fale 47 o 4112 At Efegel

HAE o] 8ok oo 2 g B d-S o[- 8oh= WAlo] Jltt. 1% i AlAFS
Bl ARIE HoUR] 2 HZAA oHZ1E g5k A0 ZH] teft o] o8&
30 Qiek e AlARLE 2 5F of 2] 2] oF 50%7F BolU AR o8 th= oAl AdthA
02 Fgo] w1 E84 B Aol 9t Aol A] Adulet & 4 Qlet Bl E A2
2 -FgolA gol 28511 912™ 749 Solar Thermal Roadmap©]| 2J51A -7 W 7t 7}
| BjoFd A\ Adlo] 2] W HEE 7 o2 H x|tk TSt Solar Heat Worldwide

Aol 2 AAH 02 eifd A A 872 20214 7|5 522 GWtho| 2020 thH]
3%2] 4= 7155kl Qlek. oy x| A4 SHollA] 20218 71E HIFE AlAFR 425 TWh
o] G5 Aiksl=d, B2 (1,198 TWh)TJr E%3(1,138 TWh)of| ©]o] A #i#|o] AikE
R}, o]= el gt} H] wohH 35% 450t Weiss and Spork-Diir, 2021). Figure 1-2= 7
AIA AN A 2] it B quzq g i) A, kel A E e Al el
ZAE] O] Zhz=of| w2 2021 715 Bl WS B9l 5317 oe (61.8 TWh) 2] oU &
eI Bl A ARLS S5 27163 toe (302.4 GWh) 2] oL A1 S AL Zl 0 2 e}
JThKorea Energy Agency Renewable Energy Center, 2023). =, =] EjFE A|AES
B3t o 2] Agat vle-2 e 9] 0.4%0] ExtstH  AlA|2] 35%E 112fshH <o
A HlFE Al AR O] B2 ule- 2] 23 2 0 & whekEc o] 2|7t FAIE 11 efE wf =ifollA]

Global capacity in operation [GW_], [GW,] and
Energy supplied [TWh_], [TWh, ], 2021

2500
heat - » power Total capacity in operation [GW,, GW, ]
Energy supplied [TWh]
2000 1.980
1500
1138
94
1000 837
522 425
500 — —
105
16 6 16
0 . N —

Solar Thermal  Wind Photo- Geother- Solar Thermal
Heat Power voltaic mal Power Power

Figure 1. Global capacity in operation and energy supplied (Solar Heat Worldwide)
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Figure 3. Concentrating collectors: (a) PTC, (b) LFR, (c) PDR and (d) HFR (Kumar et al., 2022)
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Figure 4. The physical configuration of the TTHX (a) and Number of fin effect to the melting
time (b) (Al-Abidi et al., 2013)
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Figure 5. Fusion time reduction of PE due to Al,Os (a) and heat transfer rate during discharging
in a dynamic melting (b) (Abdulmunem et al., 2020)
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Figure 7. Layout of modified SAH (a) and PCM heat storage system types (b) (Kalidasan et al., 2020)
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(Kalidasan et al., 2020)
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Figure 9. Schematic of solar pond (Kalidasan et al., 2020)
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Figure 11. System schematic of the solar charging loop (Meister and Beausoleil-Morrison, 2021)
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Figure 12. Seasonal storage tank (a) and side and end views of the buried SeasonTES tank and
soil thermocouples (b) (Meister and Beausoleil-Morrison, 2021)
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Figure 14. Images of Solar heat pump stations for sale (American Water Heaters, 2023)
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