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1. i 32 JHEMZ OliL1X] J18t XiE 2H

=3 JI=

. HIZUIHXIEE 0 ARHEAHIH XD = sizt

7| S0t RATIA X0 e 2He10] =ZO0IX| D U= 7h2 0|, 22 UNAIREE QtELR FHS= Global
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1. EfF2H(Photovoltaic-thermal, PVT) 7|2 S&f
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Phase Change Material(PCM)2 % St B T20 RUE SHUXIS S4-5101 EfFE THES| 5243t
=2k d5& YAk, HYHA| 228 JA wAlot EHeES ol LHOIL,. A BRI
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(a) Water Spraying (b) Cooling fin (c) Phase Change Material
__/ = 3 ] ot - [
£
a-:;w |
1
PV cell (3)

SAT SAO HeARl= HES 28 = U= 5= Qlal| 7 |E9 Y27 IE 2
Al

CiS ZHEOR 082 4 UCH T3 EIURY 7152 2EIKE Sa B

8 = of 2 daAE
A= oMoz YHegs Jiie + UM HYZE| 2= FolUX(C| 2Ed= 280/ | =0 01
BUHOZ Ao} | @l SHT7t MAE LD QO M, EfRFAH0| /e 2 -(0] T2t (1) 2, (2) 28, )
SIEHI HE, (4) AAH T 35 S22 A8E 4= QT 0[2{3H A8 S0IM ELFE 7|H2| 5|EHT
oY /=2 HYEE U o|EHEY| 9E0| SHO=Z Qo 2 Hals Eil UL HREE HAEE /(2
SIEHE 8= Vg2 (1) HiYEE-57 |22 5|EHE, (2) BiYES-XIZH 5|EHE2 51 ATt

BRI 7I=7/HUS ?lol M MAMLZ HEYH 2 += F&0] S7totl ULH, 0f={gh 7=/ Q] TL0|
et Bl 7 [amRe ST AU HYZEY VTIE2Fe U152 XE, o|IEHL(SYIZH, XNEH)2t
SA Y, EHYEA|, EIYE HB7| SHY, =2tiM| SFO| K2t A28+ U

J2! 3. PVT module classification

-Et Plate Liquid : » Flat Plate Air ‘Conoentrator : Vacuum tube

[ Uncovered/Covered ] [ PVT integrated module ]
i i

[ Thermal insulation ] [ With ventilation ]
i i

rHeat exchanger(absorberﬂ [ With heat recovery ]

* £X: Corry et al. (2017), X7}2
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System configuration Analytical approach

Authors
Kamel and Fung”

Energy simulation
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Energy simulation

Hailu et al.?
Wang et al.?

Lab-scale experiment
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Energy simulation

Cao et al.'?
Emmi et al.'

Energy simulation

Energy simulation

Dumoulin et al.'?

Mathematical model
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Energy simulation
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* ZX: Bertman, E. et al. (2011)

B E-XIZH S|EHD

=8 AAER Tisd 20| M2t Ul 71K "R 2FEch (1) B
AEEE, (2) B GZ-MEAHE, Q) HEE AL, (4) NSFE + UXIMY. 0213 A|A”O| HE

U= SNYEX], HHANYEX], /IAEH &

I7I7I(F=HR|, 7IAATE SIEHT) S5 F7i610 7129

Tap water ‘Water tank Water tank
Domestic @, Domestic
Preheating l l_‘{ hot water full heating .I:f hot water
PVT collector PVT collector Tap water
Pump
o

Ground source
heat pump

Ground source

Building heat pump

S .
Ground heat it )

sxchanger Space heating/cooling

Building

S 4
Ground heat —t ?

exchanger Space heating/cooling

(a) preheating (b) full heating

* ZX: Tian You et al. (2021)
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3 : (a) R, (b) M
Water tank
L e 1

5, Domestic
PVT collector mq" hot water

|temperature Tap water
increasing

Water tank

. Domestic
ll_'ﬁ' hot water

increasing

Ground source

Ground source

Pump
heat pump Building heat pump Building
Ground heat 4' Ground heat —"-'
exchang s Space heating/cooling wichanger Space heating/cooling
(a) PVT and GHX in parallel (b) PVT and GHX in series

* ZX: Tian You et al. (2021)

Water tank Water tank
=, Domestic

=, Domestic
" hot water

Tap water

Air heat
exhanger

Ground source

Ground source
heat pump

Building

hest pump Building
Ground heat Ground heat | —"-‘
exchanger Space heating/cooling exchanger #e“a?;::ﬁ; Space heating/cooling
(a) air heat exchanger (b) ASHP

* Z%: Tian You et al. (2021)

38 9. XBFE + oux| XF: (@) XISSE, (b) olAx| XE

Water tank

: ‘Water tank
Domestic PVT collector @, Domestic
PVT collector
! ——

I T '
Energy

Ground source Pump Ground source
Energy hest pump Building heat pump Building
storage
- +
Ground heat —"-' Ground heat —l‘-'
axchanjer Space heating/cooling exchanger Space heating/cooling
(a) borehole energy storage (b) other storage materials

* ZX: Tian You et al. (2021)
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HHALMHE Olget Y S AAR0] tHEZ Z1=01| 0I8E 1 ALt HE, RN X0l LA
AIARIO ol 4 HIES £017] ffoh 2012 MR SZ2R2HE 22| X 2HXIE (Renewable
Portfolio Standard, RPS)'S SHot1 “LAHOLIX| HEAIEAY S Soll MUK 2 HXHIES

Xidatm QICk. Liopt, Fe S-=MNTS SHOR RJ HASY- HMAT T|2E S
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7|5wst HSCh 29,856 164,213 194,068
saple] A 10,459 54,453 64,912
Holze Hat 2,366 19,837 22,203 =
Rlof EHAZR - =M 4,602 30,319 34922 e
ol24or 2 QIAHT 5,999 26,881 32,881 9
2H|E 693 3,751 4,444 Y
=7 133,455 795,738 899,193

* EX: HARN S (2023)
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S0 0= FAL, AN, AKX L0, SHAL SO B SANS0| AL 2X(2t 20 sl
H=Ho=2 Foh| 022 HEOIL. M2tA, EHYEE-KIEH S|EHE 858 A2 B 249t

H20f o SAKENA M=lY =2 d3AE 2 HOHE MSs| fisids AlME E= &8s

o
SATHAUN +AE ASHS0| 2FHO0I.
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1. EQIE- 37| K| Bt AfR

Fabrizio Leonforte et al % Si0|EH2|E EfUEE B S|EHIE A\|ARS K|ASHL 4

0

Flofl 24 H g5 ZELHYS £

RSE Spa(Ricerca sul Sistema Energetico Spa) £A0]| {IXIH HIAE A[&0f| MX|=|RACH.
3.852| HP COPE LIEfCH, ZEX
3.252| HP COPE LIEIHLCY

A3, AU AH-R2E 225, DHW 22 LU 600L] HE 28 Alofl=
HYRE 43, U 88RE 245, DHW &3 2 20012

PVTS 28X & 35 HIE2 22} 35.3%, 83.1%= LIEHHTL.

20

M A=

|]|'U

! 10. Hydraulic circuit scheme and sensors

1 photovoltaic module and 7 hybrid solar collectors

o o

TIASIACE. PVT-SAHP D2 EERI2 Late X|H(RIE 45.48°, B 9.26°)2

o

O AE =l

r

Z9x MHRE

s 7 o T ¥ 4 k) Y

ST & | P—0s & = G :
) ¢ . — e
TR TeR T4R TaR TIR
Tenv @ | | Tovee Tev® || Tonv @ | | Taw & Tavm || Tava Tin®
OT™ | PTw pTan [ @ Taq ®TiM
C PEX 20:2 mm
TRsat 8 [0 Tasal 1L __1
4 F Electromagnetic
| flowmeter

T) Ressstance Temperature
Sensors (RTD) Pt100

* ZX: Leonforte. F. et al. (2022)



2024 May No.05 I 13

21 11. View of the test facility installation

* ZX: Leonforte. F. et al. (2022)

Bae et al.2 5l0[E2|= EfUZE - Z7|LY S|IEHIT AAS HMASED PVT-ASHP AAEIS] 852
TIKol7| ol At ASS 7|HC= AKX M0 et 2 245 DAL PVT-ASHP A|2E2

CHatR =t 2AREAAI(35°13 N, 129°137 E)0H KIX[SHCH &A1 At PVT-ASHP
HIoH FICH 52%9] 45 SAIS OI20fHOD, AHIHS WLt 7|2t Sot 242

PVT-ASHP A|ARIE PVT-GSHP A|ARI0| H[o =7

NARIE 7|Z ASHP AJAHIO]|

2t 18%, 27%E oIt

-{rn
E
)
mjo
~
~
X
A
D\l
_o"j
4%
il

21 12. Schematic of the photovoltaic-thermal air source heat pump (PVT-ASHP) system

PYVT module DHW iank
e,

Fan coil unit

* ZX: Sangmu Bae et al. (2023)
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J2! 13. Surrounding view of the real-scale experimental plant

* Fesidengial busldings .i--

fﬂu g4

Busan cily, Hgpublic of Kora i
(35713 N, 129 17E)

() aerial view (b} panorama view

* ZX: Sangmu Bae et al. (2023)

SHROIEX|7 &AL, 2AH, FHLTE Canmet Energy 52 o10[E2|E EHUEE - 53 X2 o|EHT
AAEE MBI PVT-GSHP AIARIC| §55 E71617| ?lol 2112 =S 7 |RIC2 &K HS0)| Cet 2
ZAS THOIUT. PVT-GSHP A|AR2 D= 30 fIXIRIC: &4 &0 1ISO 13256 7|2 WWHP
dgld 45 H0|H= COPc 9.98 LRI, iF &5 H|0[H= COPc 10.35 LEHK 4.3% SHRAE
LIEHHD, SYet &4 2&0f et COPc Feie 24 21}, GHXE E&ols M WWHP &4 2E7}
20.9°COllA 16.9°C=Z 4.0°C #A3H2MH, Oli= COPcE 8.5011A1 9.82 13% S7IAIZ.

I'LI

1 14. Hybrid solar-geothermal heat pump polygeneration system concept

Bedirectional
Converter

AC Powar from fto Grid

* & Yujin Kim et al. (2021)
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21 15. Photovoltaic-thermal (PVT) and ground heat exchanger (GHX) installation for the polygeneration

*

£ Yujin Kim et al. (2021)

2. 3 2| [ol|AX] =2f Al

2| 17. Membrane Solution

gl 17
Natural gas
Combustion Bypass
air air

~N Y

~

@

High

Capture

£X: Cummins Industries

=5 ZH0ts
AARS HiSotl T B

M, e 2 Aeks S5 HH0| HE
LIEHHCH S| MI| A|AHIS HRQok= 740
f

e

He(The Royal Children’s Hospital)2 MH7tA

0] ErAYE 2 Chl 27|

M| OV | HEE MSTIC. oS 2 ALE

—

=

g

M

=
| OfL|2t 27| E&ts Soff e YMo

* &X: MTR Industrial Separations

012510 ™7|, e} ol Wzt

o
4 2712 018510 7| MEa}
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2! 18. Columbus Water Works 2! 19. Biogas CHP

Gasamater
Digestar

Ray fertdser for
agricultural use

* ZX: Cummins Industries * ZX: Clarke Energy

0|2 SHA YH A(Columbus Water Works)= Hig= 2|2 BAMSZ MAHS HIO|Q7tAT HRHE!
UHS Yo flot E=ElzZ AMEHM 0|5 A= 34t ¢a JtA YIS HX[ot0 EQO| Tt

HIO|Q7IAL} MAUJAE AIZSIH H7IE HUGHHL 7| NE, HH X H HE 2+ AMAES

HR[GIAC. ZHER X X, 27| MEE 01SA== XS0| 7+sS00] Hiz= XM2|Z0|A ditl= 7129
OiAX[Stol CHet OlHRl OIAE EHEH. EIAES Sofl HY X T AARS M 55 ey &,

HEAO| U g, B2 T S5 /1s0 Hafl B4 HEE 420k SEX2 AHS aiRi.

2! 20. Honggiao Business District J2! 21. Gas turbine cogeneration systems
Exhaust
Flue gases Heat (-150°C)
S00C) — Steam
Fuel Air
| | e
* Boller
Elecricity |:|
Generalor
Gas turbine

* ZX: Cummins Industries * ZX: Heat Storage Systems for Buildings
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== Mol0| EXFR H|IXLA X|7(Honggiao Business District)= MAIAS ALZ5I0 M7|E Mitotl
FS 3lot0] X[o| i I M 25 SFOI UL}, A AT HZET| I TtA B2t 3 ZE4
OIHR| &2 M2 2t S04 Y2712 ARSI SeE diHd 3 M2 DRSS ARSI X[l TA| diths
£t 7| 2= =0I0t. 2F HIAE At e U™ AARS Soff M S5 AIARC| QP ofal, YA
B A, O3 ZAE Sot 22t T2 552 20 SEHQ Jgs of A= LIERIT.

23. Components of a Boiler/Steam Turbins System

Turbine

Steam

Fuel 4

Power Out

Baoller

AW

Process or Condenser

‘

Het out

Purmp

* ZX: Cummins Industries

0= HAMSM=
HYU2E S0

A

flu}
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LIS AR

SOt 4TS HIS T

OI74H |9t ©X| T2 H|R

Z 223 tfstd(Clark University)=
[z k=2 |.
==

AZ5t0 Tstel iz 7| & & Of|LH X 244

||
= L
H
T I
m
o
imi
ne
0%
it
s
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* &X: Understanding CHP

B YR IS HR[H0] AT HII7HATE B
HEIR T THSOIEE I BR0| B2 TtA
32 SEOH= SAI0| Z HME H2S |AK| 240

% WHY| M52 UHOZ BLIERE 4 U=S G0}
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= FAL ot A2 EYHEH 8589l A0l= EME Z0|Th A9 =0 %A E=EC B1tE
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