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The purpose of this project is to develop and demonstrate a BITG(Building
Integrated Tri Generation) system producing electrical power 3 kie, cooling capacity
6 kWc and heating capacity 9 kWh. A pretest analysis model, test and post-test
verified models of Tri-Generation IET(Integral Effect Test) system with three key
SET (Separate Effect Test) components (Air Water Heat Pump, PVTair and Ground Alr
Heat Exchanger). The IPMVP(International Performance Measurement Verification
Protocol) compatible TRNSYS Tri-Generation model with Al(Artificial Intelligent)
function will be developed and demonstrated more than 30% energy savings compared
with the reference gas heating and electric cooling systems case.

Purpose The contents of the project are ,therefore, the followings:
Confints 0 Pretest analysis, test and post-test model for PVT, GAHX and AWHP module
0 Pretest analysis, test and post-test model for BIGS and Tri-Generation System
Integration and System Optimization (S1S0)
o Develope and demonstrate of Tri-Generation 3kWe,6kWc,9kWh demo system (CCTH, TTC,
House/Of fice)
o Develope and demonstrate of Tri-Generation Al system
0 Develope design, analysis and ICX technology based on Manufactured Performance
data
o Develope a global harmonized method of EPI and CPI prediction with RETScreen
o Site Building System specific SISO technology development of Tri-Generation system
0 2 SCI/SCIE journal paper and 2 paper proceeding
0 3 Korean journal papers
0 22 conference papers
Resul ts 0 8 IP applied and processing
o 1 Program DB
o 1 New technology proceeding
o 1 international MOU
0 Key hybrid design, analysis and demo technology of Tri-Generation with geo and
solar will be expected and applied for near zero building and community design
and demo.
o Domestic development of BIPVT, PVTair and GAHX and AWHP module
o COPh more than 10% enhancement Key hybrid technology developed with the Geo and
Expected solar module

Contribution

0 9 Kih Tri-Generation demo facility will be developed

0 International compatible RETScreen model to predict EPI and CPI will be developed
and applied for further new energy business.

0 SBS specific Tri-Generation SISO model with ICX and Al control will be developed
and further applied for ZEB new industries.

o Industrial revolution 4.0 energy/energy cloud technology pre-develop

Keywords

PVT AWHP ZEB (Zero
Tri-Generation | (Photovoltaic |(Air Water Heat Energy Energy 4.0

Thermal) Pump) Bui lding)
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o MJM. Jong (2002)2 8714} PVTe} 84 PVTO] AL 452 vlaes slug. 37|
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J. K. Tonuil(2007) 2714 PVT 37h8] RR(), 2AAE, WAE tjatos Asu| L i
SIX|HoA 471X 2 (SWH, PV, Side-by-side, PVT)Q HAAd =1
T, T. Chow(2007) RGOl A 47FR] =B ( i y-si )el ol A]Ad-5xt
ARdS ulmE
Flat-box-absorber ¥EjQ] Glazed PVTL} Unglazed PVT A|AEIQ] PVAL
T. T. Chow(2009) ) _
a2g, 2UF. 7Y QA UIRE, 50 O ofyX Adsvln
S "HEEGPVT)EY AAHS] A 5 B4, (At 1dud @] AAdE. 2014




[® 2-2] =9] 83t PVT A= (WA|A, EUROSUN 2016)

Glue
Manufacturer Product B Test Method| PV Mode | Test Lab at| Efficiency
-Free
Anaf Solar, IT H-NRG N/A | SST, glazed | OC Eurofins 0.48
CGA SST, .
] SIP403023 no MPP Eurofins 0.486
'echnologies, IT unglazed
SST,
F.D.E. Solar, IT FDE-Hybrid yes MPP Eurofins 0.536
unglazed
Fototherm, IT FTC250Cs no | SST, glazed | MPP Eurofins 0.559
. NO Solar
Meyer Burger, Ch| FS-Hybrid 290_900 no - - -
Keymark
QDT,
Nelskamp, DE MS 5 2Power yes MPP TZS ITW 0.404
unglazed
PA-ID Process, QDT,
HM 1000 Mono Black | yes MPP TzZS ITW 0.471
DE unglazed
Poly Solar ] SST,
) PIK Kombi Solar no N/A SPE 0.596
Solutions, CH unglazed
SST, .
SOLAIRE 2G, FR | Dualsun Ds 250M yes MPP TUVRL 0.578
unglazed
Solator C. Bosch,
AT PVTHERMAUF 260 yes | QDT, glazed | MPP AIT 0.274
SolarzentrumAllga| = SST,
Wiosun PV-Therm yes oC ISFH 0.715
u, DE unglazed
2. 2 ALSY
o 7X18|(2008) ThAZte] WY PVT 45 AS ot} PVT B 059 dyse ¢
S QRLEIL Heas NS g4 YL YV|enst Hess WMIlage 3
Jletthe ATHE 9L, o Yol & Hhe dAET f4dTeset 9frjesst o
= T2 7IXY, A7Eee LAl AEiAR dFe St 288 da. [1E
2-7]
o7 240
0 (‘\*‘ 4 10-24 deg C  W25-40 deg T
\ y = -13397% + 07061 |
05 -
04 = 0
- X ¥ y = 0197« + 18476 ;
0z - y = 0.2114x - 17533
01 . /
oo 140
0000 0005 OOL0 OIS 0020 0035 0030 0035 004D 600 B0 00 70 A0 as00 800 85 11000
Tm-Tal/G UMW)
(23 2-7] PVT 289 94%, PVT 289| A QAR w0l e Mg

o FET(2009) BEY AHA Glazed PVT SRES 47 % A&s}L
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PVTQ PVE Blwst=t] Qlo] PV 259 2x=EX4S Aest A3l Aut= PVTO 7]
§80] 7|2 PVEE 808 AO] 19%, HH4 oF 14% =& o
PP Unglazed PVTet PVEES 2EE4u 7 AV]dsS HlagAet dddM <

g iIh)

i)
4
0 N

PVT7} PVEE BT} 0.4%7} T o} oF 3%9] F7]580] FAHAS. EWULEE PVRE
o] PVTHCE 2-8'C7} ot Hd 4°C7t 28 Ao BAEL. o7 £UsH UrA
& 25t PVTEY w50 BUEEs #3t0Ao Waaate] oA AlAR] Aol 7

HEglee Bolxm 98,

YYU2007) Aok STH PV Al2F] o] A W o5 PAsHE wBS AR
S olUA S BAGlS. 2 Aak @R A5e AR Jbg 3o Bes, o)

2Tt obzto] A&k .

A718)(2008) B714 PVT A|BAIAE Y 2-8lat ol

PVREC WY SHu WY UR0EWS Al Y 282 £ AMeFel thel of
8~1

5% o =7

W og
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B4+ AME

a 7I& #%

PV ES

X
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BAE

(23 2-8] 714 PV/T 712 93 ° SHRA 93

GFAR(2013)2 EIGAA] W] &7 A2 E 2= 5714 PVT Z=EE £2]o] HX|sto
A|AEI0] Mo BASH Aatzl 400W/m*Y o, PVRE 5% 12~32°C, &1L o7|es=
3.5~14°C2 Yepton, AAFo] 700W/m* Y , 9888 21~23%2 EAEAS. FESH

r__ i)

Uatago] 750W/m*o] 4 A7 @gol 16%, °F 220We] HcjEEL YePdS. 714 PVTE
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19Ye 2G4 5o ALgsto AR oA AL
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o
o 7} ulo] AY dlolEE EGjR shpe) AAmloR

o |
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27004 A= 2 2, 52 239W, A2 70W7F FAlo] AAbE. ESH
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Algdolde &3 Bozes PVT 52 9oz 85ty 37[Eds|Egxo COP7Y
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et 24E

o AZoll= A=Y AR 2 TEATIL BYFelUA] A2 582 SHietste AdE
o Bash Fdy A7l Al FEE 4 Qe U= LAY HILE 5T Al2E
(BIPVT)oll thet A-t7b Alege il Qlg. 22ia & PVT ZHE| tigh dux] a5 &4
o A A&’ slp7|hS griet ARG et 240 s At FEsHA o] o
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714 A5 ugt?|(GAHX)= Ao|R] dZolA ZIAA 7] AlA'A fd=+= Q7]&
Aol BRAlE #e &5t FYstes dezA, 75 ALstAY dddsts 9= 43519
Bedo] Zagt duAE Bdste 3714 RAs5Eugr|9 &&o] A F7tstl QlZ. Aoy
Al AZL YE A2 YA|5EA(Net Zero Energy House)lY A|27t2stA(Zero Carbon
House) 5 o8] 7IA] @A oIy 7oz &2 lew, 2 FolA & AAA 7HE 2 29

Al =A9o] mjr|HstA HlA(Passivehaus Institut)e] &9l PHPP(Passivehaus Planning
Package)o|lX &7]Al X|ZFugt7|7F GE, o 50 A a3t o4z AEEHT Q2.
T35t Kg ATl AEAEol shiel =] LEED QE0|AE ‘Platinum'Se] && S22
5171 9lsto] ikt AMoUR] Av] 7|zt HEo] F71A A|FBugtr|e] A=o] I+ St
e B4 AFEFRI|E 129 oUix|4u] S Aot EAo] AR Fas
7174(IAQ) ZofollAl 7)o &t @ FAYS SAO] THEATZA 4 QlojA] of¢ =it
olet & 4 918

A39 2wt 97] Lo usto] ABHNMTE o] SALLS AF e} A o
MR oL AFLEs} grlesnn Hooe F714 AFAwEI|S St} o Yan
= 92 4 gon, AL AFewt lew vt one AIANE @2 4 AL

ol Al =N E3 2= 2 REZe BA ook 'Al5¥, 'EAHE(Earth A
Heat Exchanger)'S oj2] 7[X] gAo=z E2]1 Qe

2 AR E F7]1A XHFE g7 (GAHX: Ground Air Heat Exchanger) 7|2& vl O &
PVT Al28lwp S8t =9 Wiy Bsh5 AGAZI7] Ast A9 57|14 ASBugr] 2
A Y ASAYT A5 FHE st QIS PVT AAHA LS €2 5714 A5 Eug]
£ &0l &5t PVT 259 Ylegs FHA7|L, A& UF d9d st g4 suE 7|4
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1 29| APE

o R Aol Ae F7IA AFFugr|= HEE £AE, A9E A9 ddda VS
Yol AFEEI L QL.
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B Al @712 = 33°C, Ale2= 10°CY 9}7:‘011*1 EES2L7F 17°Co|H d¥ Al 7] 2=
a3t 10°C, RA|H2% 10°Co oA ES g3t 1°Co =S Ho&.
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Heat Exchange In Winter

...nII|||”HW.|.!|1”H.!T:”"“"HIIM..

Heat Exchange In Summer

Intake Air
Temperature
14°F (-10°C)

‘“II

imﬂ“l”“l““lh.
_—-‘m'

il

Intake Air
Temperature

Soil Temperature Output Air Temperature

Soil Temperature Output Air Temperature
50°F (10°C) 30°F (-1°C)

50°F (10°C) 62°F (17°C)

[ 2-10] RehauAt Ecoair Al&2] WHHA] Q7| 2=t EEL2E

o ojn] Zeloid F71A XFFugt7]E AROUAUG(ZEB)o| A&st7] Yt we A7t
2aig]9le EAHE(Earth Air Heat Exchanger), UAT(Underground Air Tunnel),

Earth cooling/warming tube & WAl t}2X|ot ZHS =9 L5 Wo| FlotE 4

o] o
AX O -

o Atmet Yildiz(2011) 978 §al PV A28 3714 NELRWIE DA B3I of
Urlot AMA] B2 FTAL 4 4SS HAASYS. ¥ AZE J1ETE] 9% PV o

AR &0l F7HeE 4.94%0]1L, Pt 714 AFEu7(GAHX)S] AMA] 252 56.3%
2 Uehd. AA7IHES EAHE%%L%E% 27.3~47.6°C, 27125 27.3~35.1°C, L=
AtE2 514~836 W/m’ =2 LERE 0%4 ewol Az YA 40.5°C, 39.0%
Z o)A 32.6°C, 57.3%Y. OI;L_Q} oF g°C2 L}ER,
o 7IdHolHE &3 A2k 5 Kl%%i TEEE W2 A7 AeEo] (1Y
o

o X
2-11]7} 22 et M9 97S B 4 9

HHN' r:u
1

‘f""' i e 5 % ‘ New Correlations for the Prediction of the
- ok ° Undisturbed Ground Temperature

(22 2-11] A5 7140l Ale] L AFLE xR A2



2. Y A75E

0 & Aot Zo] F7|A AFEu7|E PVT A|AHC] Jzio] AREH o= Aot & gl
o 53] wUoflAd ol2fer 5714 AFBugr|o] tigh A7t Apo] a9t

0 A2 (2012)= Bro] VX AZASHA] il Aol o fLEEHE F71A A5En
Z71(GAHX) AlAHS Aqted. B=o AN SVIFAIE AHESHA] il A|A®S #-&5)
¥ ™, stF 5 22:00~7:000] Y/EF 2=APE TPY =2 ESb Q7] 2Tt Hes
5 UH/EF 25 A A UEES. 25w 1290 oF 17.5°C, 140 °f 14.5C=
7o 4Rt =g AUE 55 Eot AUR2=et F71A XS5 Eu7|(GAHX)Y &+
ZEAPE oF 4°C Ao Apolz, 7|4 AFAueT|(GAHX)7E BUlol 4ol TS
A, AleBugoz st gz ofyx] Aok a7t A3 & & UL

o 714 R BAV]|(GAHX)= 527 AUl9 dE alts 7tHey, 7|2t Ha4
= qaprt 3A U 52719 49 F M 2 29l 22:00~7:000] ZA AU &
gol FF= & Aoz Hof, AAFRH F7]A AFEu&7|(GAHX)E 71714 2714
Rt AZASHA] Al AIF(A=ard 5)= & AFFugt V|7t AY 0 IT=
= & o, oy FofA FHog AEo| Jted

o ol&H(2001)& &7 RFEug7](GAHX) A|AHS A&t dAYHS ALsIRS. F
Atoll fRIRE Aex A9l tish =M AlSd=o 248 3,000CMH 29 57]A]
RSB uet7|(GAHX) Al2”ls FAEA st 202, 5714 AF5Fug7](GAHX) AlA
o] ¥Lmyto] SUMMER 2.0 Earth T2 1288 2185192

o AL At Algold W A5 B7F A, AlfbY 3,000CMH § 32 354
7171 fet 3714 AlS5BA7|(GAHX) A|AES] £Q HAWS FAQEE QofstH [&
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[# 2-3] GAHX A]AE! 5|47 oko] QoF

AAHES &

5% 3000CMH

A g 0.2m PVCZ

o o] T 574

139} &% 600 CMH
T4 1.33m/sec

o g A%Aol 140m

g7l o] R EHOA 2.5m

o ol9loE B7|4 AIFLLEY|(GAHX) Al2elo] 2] HgEo] Hnol Y5 Wistn
YBHoR 2Yuy] L BYIA NFURWVGAHX) §23719 S=ol%, b

A2 BAl 5R7] R PR PRy oUAYE 2EAY I Pob 24, A2 AE A
AAY o] 2715ApI A AE BA 52 F¥MOR nslor &
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97] 2% go] 57 o 7o) ojg Zol
59 9F=g |- 318 A5 28 A98

(7) Cool Tube System Z]|A AHAX|
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= o] ulaAg,
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(8) Cool Tube System A]ZA]A

o 712t 7} mo o] 7HA4L A4 1m o] 4.

o &4 1.bm o]/fe] Zlojof ujA.
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A% 7ol
T 5 r1e= A EH Im 2m 3m
2=(°C) 2 =(°C) <=(C) 2=(°C) 2=(°C)
el 23.4 23.1 22.8 22.3 20.5
ESPS| 16.3 21.0 21.1 20.9 19.7
ST 29.6 25.7 24.3 23.8 21.0
L WX}t 13.3 4.7 3.2 2.9 1.3

o Cool Tube £&317} 58 eS| 9sto] L2 ON/OFF2 Lpio] Al 713y
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. 2927 9537 PREY 2527
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Hot-water supply

When the refrig rigerant |

Water

o
| 10C |

(O : Refrigerant (gas form)
@ : Refrigerant (liquid form)

': Energy injected into the compressor,
o : Heat taken from the rooms.
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1020110109536 | I ‘] A (%) el 2011 A
Rlotrg ol-g3t Wy Al J
1020120105345 FNAA 0| E S|EHI A|AE] A 2 A} 2012 C
o H]o}o]of L A] A
1020110042797 2719 9 YL o835t | EHT =a8Al 2011 B
Azdoix] A2 1< gt AR -
x A
1020140168899 AHK| 23 AlAT Q2 Aol (Z)R|oflolof|AT] | 2014 A
 lbale o maa Ak of slualaey | SEAETE
1020140035624 slo|HolcgRers R|ZE o 3|2 AH AR 2014 A
Koﬂ%o%@_g%};oa =g P Al Kﬁ];/\
1020130100260 2= ©l stolgel =y | FAs 2013 A
e o &t
2E8Y J|Eg o] dugy| FoiYA] o1
1020110075522 A1 A A5 st22axtdZAF | 2011 C
223X EY s|Em™T A|AEID T Ast7)&
1020110042567 i == ° JE 2011 A
AloT ZA18)A}
=g ¥R A BT 99 slE Rlo 2714
1020070111809 o= A =8 sl 101]_ = 2007 AB.C
Ho Qg uhy Z A 8] AL
AFAYA7| %
1020110031745 sfolHale 27| x5} A|AE Oqi" = 2011 B
1020130143553 =4 9 95g 29 YHYHAA] (A =2 2013 B
oF g/\ Ay} Halg ﬁ_}l\_oﬂ% A AISIA
1020120046806 Ej; Feu nge dag N 2012 B
E4ote SlEWTE o] g3t WkuA] | YroiA|
1020120041169 Y7 s= FH|st A8 s|EFHEA|AR | 77| A (F) 2015 A
WE ¥HR] 7152 8|S stolEE| & v | B ki)
1020100111482 J_*Lef’_] ] THlE stol e ﬂTiﬂ - 2010 B
SlEHT A~ Atstgieitt
1020140131734 27)GYS o] 85 WA A|AE] 2194 M 2014 B




[E 2-10] <O]=(US)>
CZ2W5
© = &= ™ X] = oJo EXSRE! Be
Siddons
08726682 Heat Exchanger Industries 2013 AB
Limited
Heat pump with supplemental heat Harry E.
06615602 pump PP Y 2001 B
source Thomason
Cooling apparatus for air Minds Gunnar
08056350 o ] 2006 B
conditioning and heat pumps Minds
Heat-electricity combined
production system that utilizes solar | Korea Institute
09243616 2013 A
energy and of Energy
geothermal heat
Geothermal rail cooling and heating | Robert
08813514 ) 2012
system Hon-Sing Wong
07827814 Geothermal water heater Slater Hal 2009
HEAT PUMP SYSTEM AND METHOD .
20100115978 Simka Pavel 2008
FOR PUMPING LIQUIDS
Mitsubishi
20150219370 HEAT PUMP APPARATUS Electric 2013 AB
Corporation
SEASONAL THERMAL ENERGY SUNSHINE
20140250931 2014 A
STORAGE SYSTEM KAIDI NEW
Solarturbo pump -ybrid heating-air
2015354868 o ) POERIO WAYNE | 2011 B
conditioningandmethod of operation
Hybrid multi-mode heat pump OLSON
201314058236 2013 AB
system GAYLORD
SELF SUSTAINING ENERGY SYSTEM | SAMI SAMUEL
2012125019 2011 A
FOR A BULDING M
Cooling Apparatusfor Air AC SUN
2009266096 o 2006 B
Conditioning and Heat Pumps HOLDING
Heat energized vapor adsorbent
4165952 MOTOROLA INC | 1977 B
pump
Air source heat pump with multiple
) DUNHAM BUSH
4086072 slide rotary INC 1977 B
screwcompressor/expander
Air conditioning system having
compressor-expanderin pressurized
4064705 closed loop ROVAC CORP 1976 B
system with solar and thermal
storage
Geothermal heating and cooling EARTH TO AIR
7234314 ) ) 2003 A
system with solar heating SYSTEMS LLC
Heat pump using solar and outdoor | HALSTEAD IND
4363218 1981 B

air heat sources

INC




[ 2-11] <S=H(EP)>
EU¥s R B EUdE [Be
HYBRID-DRIVEN COLD/HEAT STORAGE
TYPE HEAT PUMP UNIT UTILIZING SOLAR Beihang
10731055.9 ] ] 2010 B
PHOTOVOLTAIC POWER AND COMMERCIAL | University
POWER.
13170011.4 Solar air source heat pump system. TEV Limited 2013 B
Ritter
System for the recovery of heat by . )
80105860.3 o ) Heiztechnik 1980 B
utilization of air and solar energy.
GmbH
GEOTHERMAL HEAT ACCUMULATOR AND
02727157.6 Xu, Shengheng | 2002 A
AIR-CONDITIONING USING IT.
GROUND HIGH-TEMPERATURE
HIGH-EFFICIENCY SOLAR STEAM Gao, Barry
10857119.1 ) 2010 A
ELECTRICITY GENERATING Yifan Shao
DEVICE.
METHOD FOR THE NATURAL DRAUGHT
Abengoa Solar
10789035.2 COOLING OF A SOLAR CONCENTRATION New T 2010 B
ew
PLANT.
Defrost method for use in an air source o
13170012.2 TEV Limited 2013 B
heat pump system.
System for efficientl ing heat with
84300838.4 ystem for efficiently exchanging heat with | o William | 1984 AC
ground water in an aquifer.
Al heat ith a |
13170014.8 T source heat pump system With 8 10W- | oy | ited | 2013 B
pressure receiver
Heat-dissipating structure having embedded
rt tube to f internall li
14174118.1 SUPPOTt Tube o Tortm IHematy T | vang, Tai-Her | 2014 A
heat transfer fluid and application
apparatus
SEASONAL ENERGY-STORAGE COOLING Sunshine Kaidi
12851272.0 2012 C
AND HEATING SYSTEM New E--
Geothermal heating and cooling General Electric
10175693.0 2010 A
management system Com---
Defrost method for use in an air source
(EP)2669609 TEV LTD 2012 B
heat pump system
Total environmental heat source for a heat | VAILLANT
(EP)1248055 2001 C
pump GMBH
Niedrigenergje- CONSOLAR
DE20200913827 ] ) 2009 B
oderPassivhausmitGasbrenner SOLARE
Combined solar collector for removal of hot | CONSOLAR
(EP)1914488 ) ) 2007 B
air and production of warm water SOLARE
Combined solar collector for removal of hot | VIESSMANN
DE102014102152 i ) 2014 B
air and production of warm water WERKE KG




(B 2-12] << E(JP)>

WATER HEATER

sE5He _ = =
CONNECTION SYSTEM TO HEAT YAMASHITA
JP2011149678 PUMP NORIARI 2010 B
MATSUSHITA
JP4639521 SOLAR-HEAT UTILIZING EQUIPMENT ELECTRIC 2001 B
MATSUSHITA
JP4649755 DEVICE UTILIZING SOLAR HEAT ELECTRIC 2001 B
MATSUSHITA
JP4649754 DEVICE UTILIZING SOLAR HEAT ELECTRIC 2001 B
SOLAR HEAT DRIVEN SANYO
JP3938831 REFRIGERATING SYSTEM ELECTRIC 2000 B
AIR CONDITIONING SYSTEM HAVING OBAYASHI
JPH0245094 IN COMBINATION SOLAR HEAT GUMI KK 1982 C
SOURCE AND USUAL HEAT SOURCE
HOT WATER SUPPLY DEVICE OF MATSUSHITA
JPS5986846 HEAT PUMP TYPE ELECTRIC 1982 B
WATER HEATER UNIFIED SOLAR SYSTEM
JPHO670529 AND HEAT PUMP HOMES KK 1984 B
SYSTEM
JPH0235911 SOLAR HEAT PUMP DEVICE HOMES KK 1983 B
SOLAR HEAT ACCUMULATING KOMATSU
JPS5773348 APPARATUS MFG CO LTD 1980 AB
HEAT PUMP TYPE HOT-WATER MATSUSHITA
JPS6355620 SUPPLY APPARATUS ELECTRIC 1982 B
JPS6042554 SOLAR HEAT COLLECTOR HITACHI LTD 1984 B
OLAR RADIATION ADJUSTMENT
JPS6316651 TYPE HEAT PUMP SYSTEM AIR KAJIMA CORP | 1984 B
CONDITIONING DEVICE
COMPOSITE TYPE HEAT PUMP MISAWA
JPHO0128863 DEVICE HOMES CO 1983 A
AIR CONDITIONER USING SOLAR TOHOKU
1PS6024372 HEAT AND UNDERGROUND WATER ELECTRIC 1981 B
AS HEAT SOURCE POWER
APPARATUS FOR COOLING*
JPS6255063 HEATING AIR AND WATER BY I]::A]:AETCSTL;SIEHTA 1978 B
SOLAR HEAT
OUTDOOR APPARATUS OF HEAT OHBAYASHI
JP3052990 PUMP USING AIR AS HEAT SOURCE | CORP 1995 B
HOT WATER SUPPLIER COMBINED
WITH AIR CONDITIONER MATSUSHITA
JPS61246552 CONTROLLED BY HEAT ELECTRIC 1985 B
PUMP UTILIZING SOLAR HEAT
COMBINATION OF SOLAR CELL AND
JPS58158455 HEAT PUMP USING SOLAR HEAT KAJIMA CORP | 1982 B
AND AIR AS HEAT SOURCE
JPS60185066 1984 B
JPHO131111 1984 B
SOLAR HEAT AND AIR HEAT
JPS60155859 COLLECTING TYPE HEAT PUMP EASETCST%SIEITA 1984 B
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BFEZ(PVT) B2 7L

2 (PVT) 7]%% o oA drget viet %‘0] FoHA]E o]-&sto] A7]o|x| et dof
Q

An

o~I oE

gt g 9 kWt, H2 6
ﬁaﬂl\ﬂl\ 2o AASIFYS. A|A

(STC)A 7]
£2 WAsES.

H:ri‘”

(PVT) AIAFES AIALSE] Slo) BB PY) BES MR,

- O o
25 EFUARSTONIA 310 We 718 452 Uehd,
o &g ANAL Tgstel ANG Aw /M BES 15.89%0]1 THRT

AbSE g o oF 159 W/m’e] &30 2 UEhd.

(4] 3-1)

59 gefe (2 3-1]2 Zog, 7] 72 990 mm, A2 1,970 mm¢Y.
=0 oiet ApARE Z1AA, AV, 2k §442 [® 3-1 2, 3% 2.



o A7dH At ZIAA &4 diet W= [# 3-1]1 &

GND hoin o4
= 4 86EA

U

5

Orarage hoie
4EA

[72 3-1] SN-310P B o5

® 3-1] SN-310P 259 7|AA EA

o

B AR OZAAA 156mm * 156mm (6 inches)
Aof 4 7278 6x12 vi

] 1970mm*990mm*40mm

Sl 20kg (44.091bs)

A 7 AEIe AER et 79

o ofi-rT}o]] AH Ud0lE

59 7ol2

PV ¢}o]o](PVI-F), 12AWG(Admm?)/A0]E Zo] : 1200mm

74

MC4 74




[® 3-2] SN-310P 259 XM7|A &/

STC &71 (YAFRF 1000 W/m? &% 25°C, AM=1.5)

8423 (Pmax) 310 W
BAEHA] A (Vmp) 36.3 V
dAEHA] A F(mp) 8.54 A
N ENERRE S 310 W
== A=(Isc) 8.96 A
el 2 At (Voc) 45.4 V
RE as 15.89%
A RE 2% -40°C~+85°C

P T

1000 VDC (IEC)

A = 48 & 15 A

Ao dursF A= 20.25 A

A3 ZA 0~+5 W

[# 3-3] SN-310P 259 &+ EX

g ARy 2% 58 0.052 %/°C
Y AdY e a8 -0.312 %/°C
2% 88 A+ (d9) -0.429 %/°C
NOCT(2]7120°C: 2 A}eF 0.8kW/m2; =2 1m/s) 4543°C




Irradiance coefficient

10

Temperature coefficient

Incident Irad. = 1000 Wim?

Incident Imad. = 800 W/in?

Incident Irad. = 600 Winr

Current [A]

Incident Imad. = 400 Wim®

Current [A]

Incident Irrad. = 1000 W/m2 \
\
=10 \

— Cells temp.
m— Cells femp. =25°C \
= Ingident Irad. = 200 Win¥ e 2 — Cells temp. = 40°C \ o
= e m— Cells fomp. =55°C
m Cells omp. =70°C
Gel!shemp =25°C
] I Lot aa a oo s s A o 1 1 1
o 5 10 15 20 40 i 10 20 a0 40 50
Voliage [V] Voltage [V]
— 1 L= AS ol oo - I o
(2= 3-2] BjHg 289 A7 deEh) 2 EA ds FA(F)

o [# 3-314 MU &L HUYY wE w7 1C F7hg0l met -0.429% TAES L
S9lT, (13 3-2]9 TAo| wjeb WA LwE MEY MY S40] Yeid

o YA MHE EHUYY wES vPOR B BA ZEA|Y 400 Wi/m'e] & 52 sl
7] 13t 3714 Bl R G REY fY HrE AWsAS.

o BUNT BHAIZ FHPY] Y3t LAl G
St

L AP S Tk (A 3-2)2

Q=C, ~me AT (4] 3-2)
A71M. Qe B pe 8719 Bl m2 AFRT, AT EUFY] 2EAY
o Alttdnt Z&X|Q Eag 40%s 2] At DHEEY A /Y AAe oS (®
3-4jet Z&.

(& 3-4] €a&d PVT 28 SU7 254 02 28 /7
AT | 20% BEONS =T 30% agolde 7 20% a&oMe 75
(CMH) (CMH) (CMH)
15 °C 155 117 78
10 °C 233 175 117
8 °C 291 219 146
5°C 466 350 233
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2. PVT AJ&HE

BgEd(PVvT) 259 24

910

[23 3-3] PVT ©9l2E Z7]Al 43|45 AR

A A 2 AE

7h dala gR|o] HASA|ASHCE
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T,

o A ABoIES

Zato] et A#dS

E.
Bl *7%*% Al Autete] QAfE2 oF 1.25% WelolH, AlseolAd
Val

[# 3-5] Alagfoldat AldAvte vl Ay}

i Outlet Temp. |Ambient Temp.| Solar Radiation dT
Inlet Temp. [*C] R . R
['C] ['C] (W/M2] [C]
Tested 4.97 15.43 4.85 907.47 10.46
CFD _ 15.24 _ _ 10.27
Error % _ 1.23% _ _ 1.25%

o ARE HHE 9sl WHE BAS sastelon], AX
Z10], Inlet/Outlet & ¢X], fin 3AF A 7HR |2 A



Valocity Walacit = Walocily
Streamine 1 Stroaam 1 st ekl Streamine 1
9.938c+000 1.089e+001 | 4 e 1.652e+001
7.4540+000 §.170e+000 3 1.238¢+001
4.969¢+000 S.448e+000 P | £,262e+000
" il
2.4856+000 2.723e+000 B 413184000
0.0006+000 ‘;"L-f"““*"“‘m L2 0.0006+000
[y sn-1] [mst-1] [m 51

o [1Y 3-ble AAE

mme Wasto] Algold AL 2ae
[® 3-6] Fin ZoJo] & CFD &4 ZAu}t
Base line L= 100mm | L= 150mm | L= 175mm | L= 200mm
Outlet T (°C) 15.41 15.65 15.55 15.84 16.32
Heat transfer (J/kg) 10776.85 11021.4 10921.09 1121591 11693.06
Pressure drop (Pa) 1497.66 1153.97 2021.71 3281.53 9214.91
Temp. difference (°C) 10.44 10.68 10.58 10.87 11.35
Pressure drop/dT 143.45 108.04 191.09 301.89 811.87
o [ 3-6]2 AAHE BE9 fin Zolo] G2 UZE ¥4 Auolo, Yy Ase B
2ot . Base line(125 mm)ol Al fin Zoj7} ZojUa% Aol SobalLt Zojds
= A=/ 50l AotEl= A2 HEo|f Base line BOf &2 100 mmoA= B74ds°0] &
Afol 2 Holx| QoA Yol Foble el




L}, Inlet/Outlet 2J%]o] w}= U

NZ= &

A
A

Emgzj.::‘ﬁm | .—‘ gﬂgirialuls
Sporain |- = 2.918e+002
| zeBSes002 = 2 904e+002 g;ﬂﬁr?iu'e
287200002 2.850e+002 o 2.912e+002
285904002 = 2.B876e+002 2.899a+002
284564002 i 2 86264002 286504002
283204002 = et 267264002
::;::::: =i 2.8340+002 2 O0E
278204002 2.8202+002 2.8456+002
277824002 | 2.80Be+002| 2,832e+002
Lyt = 2,792e+002 2.8180+002
= 2 779a+002 [ 2 8052+002
— 1Kt 279204002
- | 2.779e+002
.... _— K]
Slde entrance Side exlt Top exlt
[ 3-6] Inlet/Outlet @Ato]] @2 CFD &4
o [1d 3-6]2 AlAE ZE9| Inlet/Outlet Ao T 9T = 74 wdojy, Aot &
2 247 59 9 w0 sjx|ste] BAS 293,
[ 3-7] Inlet/Outlet @Atof] @& CFD 4 Ayt
Base line |[Side entrance| Side exit |Top entrance| Top exit
Outlet T (°C) 15.41 15.37 15.34 15.35 15.35
Heat transfer (J/kg) 10776.85 10733.89 10710.78 10721.49 10719.73
Pressure drop (Pa) 1497.66 1504.78 1445.76 1497.51 1428.81
Temp. difference (°C) 10.44 10.40 10.37 10.38 10.38
Pressure drop/dT 143.45 144.69 139.42 144.27 137.65
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w
=
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o
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259] Inlet/Outlet YX|of T2 TI7
o] Inlet/Outlet Jgoll T 252t

FAZPVT) 252] vjx]o] w2 Inlet/Outlet

Ages

24 Ao|n], B BES A
Y5 2 Hfolg Yerx]
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o [1 3-72 AIXE R&Q| Fin A7t ©he CFD ¥4 melojn}, Fin Zo| Wzte
ol met =&® A4 Zolel 125 mm, 150 mm P4l oish 27 £30°) HAkE Fof
L

(% 3-8] Fin ZA{zo] w2 CFD ¥4 Azt

O= 0 deg, B©= -30 deg, ©= -30 deg, ©= +30 deg, ©= +30 deg,
L=125 mm L=125 mm L=150 mm L=125 mm L=150 mm
Outlet T (°C) 15.41 15.08 15.23 15.80 15.99
Heat transfer
10776.85 10444.12 10595.41 11167.8 11363.1
(J/ke)
Pressure drop
(Pa) 1497.66 1118.37 1505.59 1321.42 1715.82
a
Temp.
) . 10.44 10.11 10.26 10.83 10.02
difference('C)
Pressure
143.45 110.62 146.74 122.01 171.23
drop/dT

R o
(+307014 MARoR ned pxste Fag woln, dedse o7t MstEAR I
Sol A AS B 4 A
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2™ year thermal collector design

[2% 3-8] PVT AJ&ZE dA=



3. PVT A& n:17]- X]-;q] o Ay " 1:‘13-]

ASLIOVT) SSRE A ARE DFAY BP] Slote] AESR BAF Al
A@E AR TaE ARG 82 cheut 2.

L 450 RUEYRR PR gon, SFYAL YA, B, 4
RRA, LEMe LA glon 2 AlAe] 9= 1SO 9806(EHYY A

ball

i
r>~i

M el oA
é

71) 71E0lA a+tshs S 2R
o A9 Al HdEs (28 391 2o i AAE ReS dZT JEH= HEAS.

s VO Monitoring System

o AY Aat ATAN STl YT FROIUAEATY Dujoln], AATY R A
st '

AU FYsto] W AFS 29
o ElYUY wE AL YA Aw] P BAxZI0] Fom YwrHoz Qe
o Bl 4R FAE RISl Sl wsto] oo AlaxIeel AVE A oF 35

o ZUHY *1*5“01] L= A9 HolHe 1
Ho 17 &9 dolHz F= 6}04 i

A
o FEAE ol&sto FHT &7 T 13%:(100 CMH), $&3(150 CMH), 1&F

g L

(200 CMH) 382 Upeo] A7 o,
o AFe LAY vhEsto] Hstglon, YAl doele BAo] LS.



4. 718 AAE 95 NE A

o WH7| 45 B0l ol g HlolElt 20174 39 AP

o MPAE AAE2 O 10AHE 0.5 4A7AI0]n, U
02 5% o4 A& HolElg olgstel B

ol ol
==

¥ 700 W/m?

go]lg & o] &3t

[£ 3-9] PVT ©9 25 1A AAE 45578 2
Surface | Ambient Solar Thermal Overall
Flow Rate o . .
PVT (m3/hr] Temp. Temp. Radiation dT [*C] Efficiency Efficiency
m r

[C] ["C] [W/m2] [%] [%]
Ist year 160 19.7 4.9 908 10.5 32.2 48.4
2nd year 200 37.3 17.4 883 8.9 35.2 50.1
3rd year 200 37.9 22.1 808 10.0 42.7 55.3

43 —




tol A5 208712 B@otol olojelz Fgstgion, 1

ol

o AlgdlolH= 1292 F=
ke [# 3-9)9 28

0 2APAE JJMAIAE A|F L 30hA|o] S2FS MAste] b st on, 192200 CMH)I
X 94 35.16 %(351.6 Wt/m?), &17] 14.93% (149.3 We/m?)2] 52 UERd.

o 1AHAZe} B @A] 27Hd = HSAIRo] 97| (=9 1eE) £710] o 10°C

gt len, ol gust €282 =/ UEd.

Gl

< 200A

o [33 3-11]2 PVT ©Y2E /A AAE 250 dAd% Jgjmz %£7]§82 oF 41.15%
2 L.

o [ 3-12]= PVT @H=E 7Id AlAE 289 A7 1He= Al 713% s
=7} 40°CollA 30°CE 10°C sHE HH 71289 °F 5.4%7t 7HAES USRI, AlY
ALEH oA REO 2-a8ALE -0.54%/C2 UEN.

o [13 3-13]2 PVTY AFfFoll ohg Easd ¥tz Alg 5 "N 13T 445
=2 Gass Aoy, A g das dHele 1eFd o 7MY Al YEre.

0.60

0.50

0.40

0.30

Thermal Efficiency

0.20

0.10 y =-25.289x + 0.4115

.00
-0.002 o 0.002 0.004 0.0086 0.008 0.01

(Tm-Ta)/G

[2™ 3-11] PVT @92 & 7]A AJAMZO] d5&



Power Efficiency

0.158

0.156

0.154

0.152

0.150

0.148
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3¢ 31 32 33 34 35 36 37 38 35

Panel Temperature[°C]

40

(23 3-12] PVT & 25 WA AAES d7las

Thermal Efficiency

0.40
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0.30
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0.26
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0.22

0.20

700.

Thermal Efficiency on Flow Rate

A —100CMH —150CMH —200CMH

* A

\.

e

00 750.00 800.00 850.00 900.00
Solar Radiation[W/m2]

950.00

(73 3-13] S} LAY U2 Aag W




o [O1¥ 3-14]= PVTY Q7] =41 S50 T2 da§& Wsts Uepd =g uE4
2 m/s o, 3ELH2 1~2 m/s, Ki%ﬁ% 1 m/s 0]9H.

o &0l AEL a0 1BEYLE §Yo U2 2EFVIB0] A Uehd,

rlo

Jh
e
fol
o
rlo
a

B

—High Wind —Mid Wind —Low Wind
0.40
0.35
g‘
=
e
9 0.30
]
b
®
g 0.25
@ L
F s
0.20 *
0.15
80 100 120 140 160 180 200 220
Air Flow[m3/h]

(1Y 3-14] &5 3ol 02 das Wt



A 22 3714 ASLuE7](GAHX) F2s 7T

714 AFERIVGAHX)E 97] dfe] ofole ke 3712, Agol: H9F 271t
B30l 7150, o2 BN SEWL 1A5 AUOE AGY HS COP FS £uF 4
9%, 2714 AFARIV|GAHX)S SIEBL 1at AU ARgslr] YshAE A BAlolA,

Aws]o] g Ao ojxa 4 At 7lzol e 274 AFLRE|

710 FeHe 257 HetE, 1%4 el Gugos
e M B2 AFGRENY 55e

AEY 2 9ou}, ticko] mzao] UA| 4L ¢Jsh Design U 44 9

EXp dQ9sitt= ©Ao]l Qe o] & F.D. Heidt (Siegen Un1ve1"51ty)7} 7herst

(Calculation of Earth Heat Exchangers)= 2]7]9] W¥3al @ X|&9] 2L wH3tof Tjfst _b,'_T.‘i—U}K]

oiE dagt siMo] Jhssta, wlwA LolsA W A7 eto] sjAo] shsstis

A g Tt 2 dolAs ASEA kW AEolUA] AlIAR EAAS s AR

_|_u

GAEA Z2 1312 0|83l 37|14 AIFURH/|(GAHX) HYZES AL oS UA A
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1. X2 I(GAEA) 0| &3 ZolAg

7}. GAEA =238 47

& 6 - e T
File fiew  Window 7

i GAEA Earth heat exchangsr == E]

EHX Soil

Climate ‘ HWVAC

Cost ‘ Year ‘ Day ‘ Optimum

Pipes 1 Number of pipes

.

=

Please define the
pipes within the
graphics or by filling
in the numerical
boxes.

-

.Length of plpes nm
60 =

:

T '-Plpe diameter in mm

250 =

I

T Distance between Dlpes.il-'l m-
1.5 =
-
T 'I}epth of i}lpes inm
-
T ~Distance from bu |Idiﬁg inm
.

T Fan

i 160.0 m Length 2 Pipe(s)

(" before (% after EHX

[1 3-15] GAEA =2 7758 3}



o GAEAE= 7A29] A& x7|o] duwgt7]|9o] golots x|Yslr] mst g 28],

o Input dataZ= Pass Number, Pipe Length, Pipe diameter, PipeZtZ, tjsdZlo], 7|&

dlol e} 7Hs 2,
0 EO] £E ATWELS FWMABoL} Alskrel, o] W
(o]

a, 5ol O FTEIA] ALy
o] AAtEn], A &% (Air temperature in the pipe) & YutAQl 7]3G
7 Elof ALk,

0 GAEA m2134o]4 ALgEl: ANRgAle ket 2.

(1) Earth temperature

flo1Efof] w2} 2

ﬁE,O(t):13m+(e}maxﬂ%m].e—icos{z —Hg) @)

} 1
U*=2n U, - (1) with
L Iﬂ[ Sy . ( S )— = ] Ugo = earth temperature at the wall of the pipe not
Ro R influenced by pipe m °C
Oy = annual mean value of ambient air temperature
in°C
with: Vyee = annual  maximum  value of ambient air
U* = conductance ratio of heat transfer from earth temperature in °C
surface to pipe and from airflow to pipe wall ' = dimensionless parameter for "thermal depth"
A = thermal conductivity of ground in W/(m K) of pipe
Up = heat transfer coefficient per length of wall of t =timeins
pipe between bulk air and wall in W/(m K) tp  =duation of year ins (1a=31.5x 10%s)
So = depth of pipe center under surface in m tty = fraction of year (with tf, equal zero for

maximum ambient air temperature)

R,  =radius of pipe inm

1s assumed to be small compared to S, & :
(Bq i8¢ P 2 The "thermal depth" & in which the earth heat

exchanger 1s situated depends on the real depth under

U* EO +9 AP

£= 5, |22 (3) YEw =T (4J
: t h

ot with:

pe = volumetric heat capacity of ground in J/(m® K) Ugw = earth temperature at the wall of the pipe in °C

Vap = air temperature inside the pipe in °C

(2) Ambient air temperature

Dao(t)= m+[r}max_f}m]'005(2“t_t0) (5)

with:
Uap (1) = ambient air temperature in °C at time tin s




(3) Heat transfer in the earth heat exchanger

Qi = Azl [Bgw =Bap (6)
’ ’ ) U]_ ZE‘RRO hi (7)
with: "
- . with:
Qw = h.ea.r ﬂ?w .ﬁom Gattll (iUt wallaf pIpe 0 by = heat transfer coefficient at the inner surface of
air n pipe in W pipe in W/(m?* K)
Az =length of segment in m
AapNu j
i (8) Nu = 0,0214-(Re9‘8~ 100) Pr 9)
2'R,
with: with: _ e
Aap = thermal conductivity of air in pipe in W/(m K) Re = Reynolds number 101_ arnpipe
Nu = Nusselt number of air in pipe Pr = Prandtl number of air (typically: Pr=0.72)
U}. GAEAZ %83 GAHX 7|2 A@ 2 47 2 45 o5
[ 3-10] INPUT Parameters
INPUT Parameters
demension | Property Value Unit
Operating Condition ] hr/day
Pipe diameter 250 mm
Grid number 1 line
Pipe Depth of pipes 15 m
Totaol pipes length 20 m
Distance between pipes 15 m
Volumatic flow rate 700 CMH
Climate cond. Daeson Korea -
Air Max. monthly value 298 s
Yearly mean temp. 121 °C
Min monthly value -56 i
Density 1800 kg/m~3
Soil heat capacity 134 ki/(kg K)
Thermal conductivity 149 W/mK)




[# 3-11] CFD Result (45 o= ZAxt
Simulation Result
pare |S9i¥emp. otl:atu;‘::c." EHX Air Temp.CO) | AirFlow | AT Lg":
53, Inlet Outlet | (m3/hn) Q) -
10.Jan 6.2 96 96 6.3 700 238 144
10. Feb 4 -8.6 -8.6 -6.3 700 23 114
10. Mar 4 -38 38 =23 700 15 7.0
10. Apr 6.4 46 46 5 700 04 16
10. May 103 136 136 131 700 -05 -3.0
10. Jun 15 213 213 203 700 -1 5.8
10. July 19 252 252 242 700 ¥ 5.7
10. Aug 21.3 245 245 241 700 -04 -3.0
10. Sep 21.3 19.2 19.2 19.7 700 05 18
10. Ot 19 11 11 126 700 16 7.2
10. Nov 15 17 i7 41 700 24 121
1.0 Dec 10.2 5.7 5.7 -2.8 700 29 144
2. RAAE o] g Lol
7}. GAHX 2EAl
o 5714 AFBug7]9 ZAolE AAlste REAIZ VIad(2011)F Paepe(2003)9] Al4AHA=
Azsto] Adstelon, 7|24 E9st I FAI9S gAES 28T
o Fugt7|o] ZolZ 4Mgdsty] flsl Hast YU olH &2 molmZof o I U4, A=
Lt 488 3719 7E 2= R A Al 5ol ey [® 3-12]0f ApAISHAl YEHE.

(& 3-12] 5714 A5 EuE7|(GAHX) @A 4= dlolg
g5 7|5 =+
mjo] & 97 De mm
o] = 7 Di mm
ojo]|o AXE T W/mC
molx & wet a8 € -
5719 A& 93 Va CMH
o7 7] % Ta.i °C
3719 A= : ke/m’
5719 SRGAS v (m?/s)*107°
oHE 5 Pr .
5719 v|d Cp J/ke'C
27]9] AAE T \a W/m’C
R ts °C
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2t. GAHX 274 Zx}

o2

o 9A Ziete o] Agsly] Yt AAAK| AFYLS [& 3-14] o BA|SHFS.

[® 3-14] 5714 AH5LEu&7]|(GAHX) BA =71

gd= W =
A &% 7.5 kW
mo] & 97 250 mm
ool W 240 mm
molT JXEE 0.19 W/m K
A QT2 e -10 C
A RS2 0 C

9 ABAl JIZez AA Al 7Ieke 22 10 °C, A
A

C,
CAARAAAM 7.5 kWl B2 ABAtsh ] Sl Bash R

L o

71, = B, e 719 HIE, m2 AFRTY, ATE EUTY =AY

o matA 75%t 85%°] Awg F&oA 7.5 kW A& A4tstr] sl oF 2,750 m’/h,
2,420 m*/ho] QFo] AGE S goz #a(Path)9] 2|AstS fls &
o

o) sl TE S350 Ao, GALAL ANEHAS. AT L GOz T B
@ Ajo] yhedstol Kl%%‘ﬂ%mﬂ Zol5 Agslole. 1 A} & sl wEe dAHS
o, A% ARl "Rt AFFRe|o] 2ol ZH7t 883 m, 111.7 m7} Wast o
A RS

o ¢ AAZolE &8oty UdHLEAE AAGIRS M, 75%2] && L 85% a8&9 72 &F
1t ZoloA k= 2Ale 364.8 N/m? 372.6 N/m’% 741&54042 o] S AY Ax|o
ojlgd 7|8 Mo A4 Hdet vluwstFS o, HAR|O] 7k wro2 o] upESHe}t
GF WS Ho37] ds Aojgt TWHEAS. metA AFEueU| #H2E VfEE 5
M=z AAsto] 7.5 kWe] & AAtstr] Qs BQst zF #r=20o] Zolot A=Al S Alitst
od O
AN O -

r

0 7 #2E UIMRE S/tAl Lasto] drAstAe w 75%9} 85%9] Jwg &
7.5 kWO g AASDY] SJ3t W2e| Aol F w29 ol w2¥ §F U F YALA
2 AAarstof ofefe] E2 e
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ol 7o mtR o2 [J 3-16]oA= dusdt g80] 85%Y wjo] At 7FS JmA|FIAL.
[® 3-15] 75% Yug §&5oA9 HZ2HA 2t
2o A 1 2 3 4 5
B2 d g7F (kW) 7.5 3.8 2.5 1.9 1.5
Hg o 2ol (m) 88.3 59.4 48.7 43.1 39.4
&= 2ol 70| (m) 88.3 118.7 146.1 172.4 197.0
g ok 92k (m3/h) 2750 1375 915 690 550
& orla Al (N/m2) 372.6 125.2 68.3 45.8 33.3
[® 3-16] 85% Eus g50A9 #2444 2t
2o & 1 2 3 4 5
T2k o g2k (kW) 7.5 3.8 2.5 1.9 1.5
Bz o 70| (m) 111.7 76.1 63.0 55.9 51.4
& Wg9] Zo] (m) 111.7 152.3 189.0 223.6 257.0
*g o o2k (m3/h) 2420 1210 805 605 485
& oradaAl (N/m2) 364.8 124.4 68.3 45.7 33.7
o %271 U € o RH5Bugr| HAAdol= 27z 88.3 7 m=zZ A RN, &
2 2,750 m®/h, 2,420 m®/h7} Q3 7oz ERLIS Ao 7hz) .6 N/m?
364.8 N/m’Z dutxlo]l t}oly £&7]9] HUAMNLSS 125 o, 1709 Tza AA
= O £5719 50 dFE = =2 R oA 2719 T2 ooz AASHY
Of st, #Z2O| AP} Woldas 7 w20 QL o=kut UedsAle ZFASHA|E & of
o] Zo|7t F7tsto] £7|d|go] Wo] AQ% 7oz o4t
3. GAHX 7|1:A1d 4 ZA3 &4
o 7|ZAIYEY A2 3t Zo] Qofsh 4 Q13
AR, ASEA AA A 7|2AES B0l GAHXQ] H5 E4S BESH =5
=M, GAEA =2 02 7F AR|21 &, PIPE A& & @F=o 2 ARZE 5
9= AR S AAIARE S Boll AEsH= =4,
AR, GAEAS] siiAZAxtet AXAIE dlolg At ¢FS vluste] =2 T80 98-S 25




A Yol 712AE 2Rt Zo] 37HA] Typed RS A55HA

oF 2
(a) Model A - PVC Tube w/o turbulence
(b) Model B - PVC Tube with turbulence
(c) Model C - Steel Tube w/o turbulence

rlo

O

o 4o

7}. GAEAS Z8&3 GAHX 7|RA|FRE HA] 24

[E 3-17] GAHX 7|& Al 2dld e

GAHX 7| A& nd
Demension Property
Model A Model B Meodel C
[ PVC w/o turblence] |[ PVC with turblence] [ Steel w/o turblence]
Material PVC PV Steel
Pipe diameter (mm} 250 250 250
Grid number (line) 1 1 1
Depth of pipes{m) 15 15 15
Pipe
Total pipes length(m) 20 20 20
Distance between pipes(m) 15 15 15
Material PVC PVC Steel
vortex X [P X
Volumatic flow rate 700 CMH 700 CMH 700 CMH
Air
Climate cond, Daeson Korea Daeson Korea Daeson Korea
Operating Condition 6hr/day 6hr/day Bhr/day

»Model A 8% : PVC Tube w/o turbulence
Temperature
Sensor
(OUTDOOR) Airflow
Meter
Ambient Conditioned Air
Air
1.0M
Blower
g 2 S 3 S
n r r I n GL
~N N
15M
Temperature Temperature Temperature
Sensor Sensor Sensor
(IN) (MID) (ourm
Temperature
Sensor
(underground)
0.5M 2M 10M 10M 2M 0.5M

[2™ 3-17] GAHX 712 Ald B8 HAE : Model A - PVC Tube w/o turbulence



» Model B &H = : PVC Tube with turbulence

*Lum

~
Blower

- A

7

Temperature
Sensor

Temperature
Sensor

T I
N urbulence

1.25M

.5M 25M © 25M° 2.5M

R132mm

R107mm

R132mm

R107mi

IN

[23 3-18] GAHX 7]& Al ool HA L :

Model B - PVC Tube with turbulence

»Model C #HE : Steel Tube w/o turbulence
Temperature
Sensor
(OUTDOOR) Airflow
Meter
Ambient Conditioned Air
Air
1.0M
Blower
s ) s 3 g
o n n n N GL
N N
1.5M
Temperature Temperature Temperature
Sensor Sensor Sensor
(IN) (MID) (oum
Temperature
Sensor
(underground)
0.5M 2M 10M 10M 2M 0.5M

[ 3-19] GAHX 71x Ald 2@ HAE : Model C - Steel Tube w/o turbulence

< 4R gRo me

« Ao o2

A= d|1 : Model A & B
A= d|al : Model A & C



. GAHX 7]|ZA|ERd A2

Mode

[H8I10] 81] s2t019A [RLIEE]
[1™ 3-20] GAHX 7|Z2A|d 2H




t}. GAHX 7| ZA|@d 99 ML Ty}

i &
Maz=d Model A Model B Model C
[ PVC wyo turblence] |[ PVC with turblence] [ Steel w/o turblence]
Material PVC PVC Steel
vortex X O X
Climate cond. Daeson Korea
Operating Condition 6hr/day [00:00~06:00]
Volumatic flow rate 700 CMH
(2) 271 ANE A
* Result (1) : GAHX £F/HE 45 HoH

[ 3-19] Model A : PVC w/o turbulence

Soil Temp| Outdoor Real Test Result

DATE 2 temp. EHX Air Temp.(°C) Air Elow AT
2 e Inlet | Mid | Outlet | M3/hD) | (O

27 Jan 641 -6.51 =381 =291 -1.66 676.53 2.25
28. Jan 6.27 0.52 114 149 195 729,72 0.81
29. Jan 6.08 1.00 167 198 240 74913 0.73
30. Jan 5.8 -2.04 -0.48 0.07 0.81 709.58 1.29
31. Jan 595 <3595 -2.05 -1.33 -0.37 682.15 1.68
01. Feb 5.89 -7.28 -4.99 -39 -249 673.28 250
02.Feb 5.80 -7.28 -4.68 -3.68 -2.33 67148 235
03. Feb 5.67 -4.62 -2.29 =1:58 -0.64 682.88 1.65
04. Feb 5.62 -2.79 -1.01 -0.49 0.25 700.37 1.26
05.Feb 557 -3.68 -2.02 -1.34 -043 684.01 1.59
06. Feb 553 -8.54 -5.76 -4.68 -3.21 690.59 2.55
07. Feb 545 -1.67 -5.03 -4.04 -2.68 68813 2.35
Avg. 5.85 -4.37 -245 -1.70 -0.70 6594.82 1.75

9.26

710

5.98

6.76

9.96

9.26

043

738

59 —




[ 3-20] Model B : PVC with turbulence

. o ot :trgoor : Real Test Result
€O mp. EHX Air Temp.(°C) Air Flow AT
Inlet Mid | Outlet | (m3/h) | (O
27. Jan 6.41 -6.51 -4.19 -219 -0.53 62527 3.66 8.64
28. Jan 6.27 0.52 1.09 1.76 240 63545 131 4.49
29. Jan 6.08 1.00 162 21 277 630.85 115 3.86
30. Jan 5.98 -2.04 -0.56 0.53 1.50 620.35 2.06 5.45
31 Jan 595 -3.55 =212 -0.68 0.58 604.76 270 6.63
01. Feb 5.89 -7.28 -5.17 -3.08 -1.27 628.86 3.90 897
02. Feb 5.80 -7.28 -4.98 -3.02 -1.25 63124 373 878
03. Feb 5.67 -4.62 -2.56 -1.17 013 606.67 2.69 6.80
04. Feb 562 -2.79 -1.13 -0.08 094 61326 2,07 5.65
05. Feb 357 -3.68 -2.09 -0.83 040 607.21 249 8.33
06. Feb 553 -8.54 -5.89 -3.66 -1.63 62513 4.26 912
07. Feb 545 -167 -5.31 -3.37 -1.53 61314 378 8.73
Avg. 5.85 -4.37 -2.61 -1.13 021 62018 282 0.63 6.95
[E 3-21] Model C : Steel w/o turbulence
o o 6 tutdoor : Real Test Result
€0 ecrap. EHX Air Temp.(°C) Air Flow AT
Inlet Mid | Outlet | m3/hD | (Q

27. Jan 641 -6.51 -3.62 -118 0.22 70132 3.84 7.96
28.Jan 6.27 0.52 117 1.90 249 598.62 132 441
29.Jan 6.08 1.00 170 228 281 627.01 EEl 3.80
30. Jan 5.98 -2.04 -0.29 0.96 192 715.95 221 5.09
31. Jan 5.95 =355 -1.54 -0.03 118 726.76 3.02 6.16
01. Feb 5.89 -7.28 -4.69 -1.89 -017 697.11 4.52 811
02. Feb 5.80 -7.28 -4.37 -1.85 -015 688.72 4.22 787
03. Feb 567 -4.62 -2.08 -0.42 0.91 681.63 299 613
04. Feb 5.62 -2.79 -0.78 042 152 67515 230 516
05. Feb 557 -368 -1.76 -0.16 112 707.65 2.88 577
06. Feb 553 -854 -5.39 -2.60 -0.67 680.77 472 8.34
07. Feb 545 -7.67 -4.72 -2.20 -0.34 695.84 438 778
Avg. 585 -4.37 = ¥ -0.40 0.90 683.04 343 077 6.38
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« Result (2) : & @A 9.%0] G2 HLEAN 2 Aut
» Model A : PVC Tube w/o turbulence
» Model B : PVC Tube with turbulence
Model A : PVC w/o tub Model B : PVC with tub
@— Model A - PVC w/o tub = 50il Temp —&— Model A 1 PVC w/o tub & Soil Temp
8 8
5.85 5.85 5.85 5.85 5.85 5.85
L ] Il 6 O o
U a & oa
§ 2 g 2
§ D70 g 0.21
e -1.70 o )3"/'//’
-2.45 -2.61
2 | 2| —
-4 -4
0 10 20 0 10 20
Length (M) Length (M)
: Model B ; .
length (M) P\Eosi ;t\ulb Soil Temp length (M) B\ Cow?th tub Soil Temp
i} -245 5.85 0 -2.61 5.85
10 -1.70 5.85 10 -113 5.85
20 -0.70 5,85 20 021 5.85
diz1.75 6 dr:2.82C
[72] 3-21] Model AB 2% EX
o 5 ZaF AAsH (700 CMH) ¢& @4 2o e} ¢e sHEe 83t Model BY
dT7} PVC tju] 0.65°C =7 YERY =



—i—Model A : PVC w/o tub —#—Model B : PVC with tub
120
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(22 3-22] Model A, B 2% Heat Flux £4]

4 Model A: PVCw/o tub + Model B : PVC with tub

1.2

1.0

9
y =0.064x - 0.035
IO v - 0-062x-0.035 | |

y=0.101x-0.084 ’ )
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0.0

0.2 PO Sy il

"
L

04—

-0.6

-0.8
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[2= 3-23] Model A, B LMTD 7]|%& Heat Flux 8]

0 ¢ HWS Mgt Model B U Heat Flux’t ATHE] £& S4S 7Hal,
o Heat Flux 0.0 kW2 7|02 0.0 kWo|3}9 Zte Q¥ 377} GAHXES A|UHA
Cooling S-S 2Ju|st1, 0.0 kW o]Are] Zre QE 7|7} Heating £]9le.9 ojnjat,
o LMTD 7]& #4243 df XHS A8 Model B7F B 52 X A& 7HX|2=, ¢

o S () (] AN o
=2 Fug 452 M A2 E 2 s

o GAHX ZoJo] o}a} = 7}X] Model @5 Heat Flux7} H]g|&A o2 Z7lst= Ex

o B+ Heat Flux= Model A7} 0.43 kW Model B7} 0.63 kWO 2 Mode
£ Ans Y52 ML o2 Uepte.
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* Result (3) : GAHX AJAIH

[ 3-24] Model A,B GAHX ZoJo] 2 Heat Flux

W Model A : PVC w/o tub

B Model B : PVC with tub

v E )=
e B

2

Temperature("C)

0.7
0.63
y=0.216x-0.226
0.6
y=0.313x-0.308
0.5
2
% 0.4
=
5
W 03
L
=
0.2
0.1 s
0.00 0.00
0.0 :
oM 10M 20M
length(M)

» Model A : PVC Tube w/o turbulence
» Model C : Steel Tube w/o turbulence

Model A : PVC w/o tub

Model C : Steel w/o tub
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i length (M Soil T
length (M) PVC w/o tub Soil Temp ength (M) Stesel Wwio tub oil Temp
i) -245 5.85 0 -2,22 5.85
10 -1.70 5.85 10 -0.40 5.85
20 -0.70 5.85 20 0.90 5.85
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[7% 3-26] Model A, C ¥¥ Heat Flux 4

&7t =& Steel AR (Model C)o] PVC tfH](Model A) ¥¥ Heat Flux’t =&
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A Model A: PVCw/o tub W Model C : Steel w/o tub
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® Model C : Steel w/o tub

 Model A : PVC w/o tub
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[ 3-28] Model A, B GAHX Zo]of|] T2 Heat Flux
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[E 3-22] A Ayt :PVC W/O turbulence

GAHX (TP)
Ground |Outdoor LMTDI| AT
Tem Tem Tem Q
Time | temp. | temp. P P P lair Flow[[Air/Gro| [Air | Q
Om 10m 20m /LMTD
und] |[In/Out]
(°C) (°C) ("C) (°C) (\C) |(m3/hr)| (°C) (\C)  |(kcal/hr)(kcal/hr’C)
08Y 13| 22.5 33.4 32.7 29.4 26.5 624.6 6.7 6.1 1183.0 177.2
08¥Y 14Y| 22.6 35.4 32.5 29.7 27.0 627.7 6.8 5.5 1065.8 156.2
08Y 15¥| 22.7 34.5 32.2 29.6 26.9 627.0 6.5 5.4 1038.6 159.3
08¥Y 16Y| 22.8 32.0 32.5 29.7 27.0 648.7 6.6 5.4 1087.6 165.6
Avg. 22.6 33.8 32.5 29.6 26.9 632.0 6.6 5.6 1093.8 164.6
[E 3-23] AF Ayt :PVC with turbulence
Ground | Outdoor GAHX (PP)
. temp. temp.
Time S — LMTD.| AT
(°C) (°C) 0 Air Flow |[Air/Grou [Air Q Q /LMTD
m 10m 20m
nd] In/Out]
082 13¢ 22.5 334 (°C) (°Q) °Q) (m3/hr) (°Q) (°C) (kcal/hr) |(kcal/hr°C)
082l 14<| 226 354 324 30.3 28.0 655.7 7.5 4.4 889.4 118.0
08€ 15¢| 227 34.5 32.3 304 28.2 661.3 7.5 4.0 825.1 110.1
082 16¢| 228 32.0 31.9 30.2 28.0 656.5 7.1 3.9 784.1 110.5
321 304 28.0 6814 7.2 41 852.7 118.7
Avg. 22.6 33.8
32.2 30.3 28.1 663.8 7.3 41 837.8 114.3
0 7t FY AR UY FASFL o7 A AFRE LExjo] W} WIPL AAY &
1. WA wjTe AY W el UE ST 0E Y dngy uug Ys)A
LMTD 7198 =3t
o UE WY SR T Y5EY BA Aut ol AFES} Zou Y B £l
(700 CMH) Wf @4 950 met 3f sd8e A8s 2o] dT7} vlojFu du
2.64°C =71 Yetgon ol IAMdE Hulw AJge] 0.65°C ojH] E53%h Aoz, o=



(5HAl) pvc with tub [Temperature]

(SkAl) Pvc w/o tub [Temperature]

—fe PYC with tub ==Ll nderground =PV with tub =fi=Underground
40.0 350 =335
- 30.3
35.0 1&-__—_3& 30.0 2 254
~ 300 - 215 s
3] T ———— P 250
F 250 7 L #
i [ = ] € 200 (221 22.7 227
B 200 22 27 22 3
£ 150
£ 150 %
£ 100 2 100
5.0 5.0
oo 00
0 1o 20 o 10 20
Length{m) Length{m)
Length{PVC with tub| Underground | Outdoor | Flow Length{PVC wio tub | Underground | Cutdoor Flow
() o e} £ [CMH) (m) =) o 0 {CMH)
o] azs 0 320
10 307 227 3416 | 67748 10 303 227 3416 | 68368
20 275 20 233
. - o - - L
dT [Air In-Out] :6.38 C dT [Air In-Out] : 3.74 C
H7 A== SETZUOML dTERE sl B £0| ofd =7 STLUE TIHE
=] = 1=
(23 3-29] H&o & 2= 54
Field test : Energy Gain (Daily average)
—+—PVC with tub -B-PVC w/o tub
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5, s0o e
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200
0
gE 13 88 14 82159 82 16
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(2% 3-30] R0 T2 U Heat Flux 54
o &7 @RS A&t Model Bo] ¢'¥ Heat Flux7t AtH] &2 5445 2.



o GAEA dudvlo] s|my Hg
WE §iste] 87leE U Eafol

Cooling(summer)
e PAC wiith tub ===l nderground
400
350 238 —
~ 300 - 275
——
T 250
[ 1 i |
£ 200 1227 237 223
B
E 150
= 100
5.0
0.0
o] 10 20
Length{m)
Length|PvC with tub| Underground | Qutdoor Flow
(m} (] £ (] (CH])
] 338
10 307 227 3416 67748
20 27.5

dT [Air In-Out] : 6.38°C
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[0&] 3-31] U&o] @& LMTD 7]& Heat Flux H|ul
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O Qw45 M A2 & 4 98
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Heating (Winter)

e PVC with tub ==L nderground
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% 20
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-40
o] 10 20
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: = s
dT [AirIn-Out] : 3.36 C
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[2™ 3-32] PVC with tub Heat Flux v]1L



Cooling(summer) Heating (Winter)

== PV C with tub === ) nderground

350 e PVC with tub == nderground
= 32.0 8.0
— 303 283
30.0
- 6.0 £
P 250 —_ 50, 55 5.5
= & e £ a0
g o0 227 227 227 7
E 2
g 150 £ 20
E :
o 0.0
2 100 g 12 L
5.0 50 -2.3 —
°° o 10 20 e
O 10 20
Lengthim) Length{m)
Length|PVC w/o tub | Underground| Cutdoor Flow Length|PvC wio tub | Underground | Qutdoor Flow
(m} (] (] ast) (CMH) (mi (%] ] ] {EMH)
o] 320 Q =33
10 303 225 3416 683.68 10 -2.3 59 -4.94 678.87
20 28.3 20 -1.2

dT [Air In-Out] : 3.74°C dT [Air In-Out] : 3.74°C
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[Z2= 3-33] PVC w/0 tub Heat Flux B]ul
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[ 3-24] Al=doldat AA A Z2ugh Hlu s
Heat Flux Z1}Z} (kW)
LMTD(C) Al 0j4 x| 4
[GAEA] Model A : PVC w/o tub | Model B : PVC with tub | Model C : Steel w/o tub
14.4 0.7 - _
114 0.6 # -
» s 0.4 0.59 0.79
) (LMTD7.1) (LMTD 6.8) (LMTD 6.2)
1.6 0.1 - - -
o . -0.31 -0.27 -0.48
' (LMTD -3.0) (LMTD -2.5) (LMTD -2.3)
-5.8 -0.2 - -
-5.7 -0.2 SO -
(LMTD -5.6)
-3 -0.1 - - -
LMTD7 C 7| =
0.9
197%
0.8
g 0.7
<~ 0.6 = :
= Simulaion
> 0.5
i Result
+— 0.4
@
= 0.3
0.2
0.1
0
Al=gfo|M A A A A4 A4 4=
[GAEA] [Model A : PVC [Maodel B : PVC [Model C : Steel
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[73 3-35] U6 GAHXC] AR}zl

[ 3-36] T3 (Corrugated) GAHXC] ZAARtR ™



T T

[0 3-37] UAE ArAd(Helical Insert) Ax|Q] AXTZH

(73 3-38] LI (An}o]2) GAHXO| ZAnd

o U E =z AL At PVC(Poly Vinyl Choloride), PC(Poly Carbonate), PE(Poly

=2
Ethylene), STEEL A1 2851911, 7 24| (& 3-25]9 22,

[# 3-25] Algdlold sy 244l

Material Properties
Steel (for all
PVC PC PE inserts)
Density (kg/m3) 1450 1200 960 8050

Thermal Conductivity

0.28 0.25 0.33 16.27

(W/m-K)

Specific Heat (J/kg-K) 900 1300 1850 502.48




[# 3-26] Alg2fo]d AR

Turbulent Plate

Date Ground Temp Outdoor Temp Inlet Flow Inlet Velocity
Aug 13 22.5 33.4 624.6 3.53
Baseline
Aug 13 22.5 33.4 655.7 3.71

[# 3-27] Alo]AE 2= s At

CASE 0 m 20 m AT (20 m - 0 m)
Baseline 32.0 27.4 4.6
Turbulent Plate 30.9 25.8 5.2
Corrugated Pipe 30.3 26.4 3.9
Helical Insert 31.0 27.1 3.9
Sloped-spiral Pipe 31.1 27.4 3.7
33

=@=RBascline
=dr=Turbulent Plate
=@=_orrugated Pipe
26 =@=Helical Insert

=g=Sloped Spiral Pipe

Temperature ("C)
| e~ ]
b=

0 Location (m) 20

(73 3-39] UPPE 2= o4 A

R



=) Helical Insart,

x=0m-

) Helical nsert,

i) Sloped-spiral Pipe. i} Slopad-spiral Pipe

x=0m., x=20m.

[ 3-40] Alojl2¥ dH2E 2% (Om, 20m)



Temp (C)
33.4
323
31.2
301
29.0
279
269
258
247
236
225
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g5t (1" 3-43]at o] dFM-S AANSE Turbulent Plate Alo|AZF 7H 3A U

P, o2& myd¥(Corrugated Pipe)oflA] 2 £X]15 EY.
o YHEEES 125 E T Y¥t(Baseline), YA P AT (Helical Insert), W13
(Sloped-spiral Pipe)o] tjixlez IA £2 de5 EY
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> GAHX Pan SEAIZ TE AZLE Wal o 314 ool

0 YTLE U 272EG} AFLEY Ao|S S5 GAHX Alojo] 0§ 7153,
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2} GAHX & [PVC, STEEL PVC + vortex fan) S2gt HE

Blower Temperature
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| Sensor Sensor Sansof]
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A 32 9%kWtg AFoux] B4 A|AH SR JiE

1. 9kWtg EiFEZ(PVT) A|2” HA

2 Apo] AAH 5T SEAY A kWe o HlYEY AAHS M) Asto], 43
SRS R0, 3 YULAS o]2HOR AL Y3l o2 ATES 2HsHAS.

o (4 3-13)e HEo] g 24S ANT 4 W AW Heo U HE Aoz B
2 5 e ARYY
L1
L] b 8
p=13. et (] 3-13)
(a+b)

o714, D= € HERO SAY, o= TR o], b= AW Hold.

o ¢ A2 &8sty Uetd shht=as [# 3-28]0 £=3.

AP GES THTE (B9 cm)

=
xro 5 10 15 20 25 30 35 40 45 50

5 55

10 7.6 10.9

15 9.1 13.3 16.4

20 10.3 15.2 18.9 21.9

25 11.4 16.9 21.0 24.4 27.3

30 12.2 18.3 22.9 26.6 29.9 32.8

35 13.0 19.5 24.5 28.6 32.2 35.4 38.3

40 13.8 | 20.7 26.0 30.5 34.3 37.8 40.9 43.7

45 14.4 | 21.7 27.4 32.1 36.3 40.0 43.3 46.4 49.2

50 15.0 | 22.7 28.7 33.1 38.1 42.0 45.6 48.8 51.8 54.7
o Wolp A UR2 FI7L AUle 228 9302 HEY xS0 TUNRS O,

4n J$

169 mm 2 $Hifo] Huf, SE Yo w2 JeIS nesto] YPUolE GEZoY
Bl falsto] A,
o W2 ol HFAUA AL AlAHC] REJNS} BE AZ WM Bastel 47tA2



TEoral, 1 Y82 [1F 3-46]1F ZZ.
o S|EEIO] 94 RS J|EFYE Jes 1Yot EY & fE= s n, 5%
W pEeFo 2 1po] Zkzb 1,500 CMH, 2,500 CMH=Z AAtsh
o YA AN [E 3-200) Zov), ARl £F710 A5 melstel b
AAR = ZZ7H(1,500 CMH)oA] 10 Path, 5 Path, 1Z=K1,500 CMH)o|A] 10 Path=
AA7F Hojof &
L I I I I I I o T o
m=5‘35m_ B=T[]‘5[]m} In Ot In Dt in Ot In Out in Ot in  Qut In Ot in Ot n Ot in Ot
5 Patn 1 | | | |
Path 20| b oo o N o 0 b o © 0 b e ‘-o b b o ‘-oo
[A=12.70m, B=21.6m] m ot WO o m o o n o out oot n o m o out n o out
3 Patn I | | |
Path Z10| b e o G o b b o o & o & b e o O o O o O
[A=21.17m, B=36.00m) |m oz n out n Ot n Ot m Dt N ut m out n out n ot n out
2 Path I I
Path 0] 6 oo el—fe of—fo o+—fo & ol o ol—fo o o e—lo b
[A=31.75m, B=54.00m] |m o n Dt n ot n Ot n Out n ot n Out n Out N Out nOut
(77 3-46] PVT A|AE o2 AA (9
[# 3-29] PVT Al2%) 2 20 T} @gaa el
| zguas _
slegn AT (O |mao o | B2 T B2 T 27| 34 |3 guen
33 (CMH) 4o] (m) | F (CMH) | (m/s) | (mmAq)
20% | 30% | 40%
10 10.80 150 3 7
1,500 5 21.60 300 6 27
o 8 12 16
(53%) 3 36.00 500 10 76
2 54.00 750 15 171
10 10.80 250 5 19
2.500 5 21.60 500 10 76
= 4.5 7 9
(L5F) 3 36.00 833 17 211
2 54.00 1,250 25 476




[=2]
[}

. — - ~ B0Hz
g |Tis-200FsIFT][ - 50Hz
< 40 AN
E T TIS-280F S/FT)
a | _38_ ___________________ ‘_; _____________________

dARS F4S AT A=E4 XA
[nl_ﬂééul 2 G S 25% A8 A

PRESSURE

— -
0 1200 2400 3600 4800
Air Volume(m'/h)

(78] 3-47] TIS-290FS &E7]0] A=A
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0

300 \

20 A

200 \

150 *

Pressure drop (mmAaq)
@
Fd

100 ~ 5
S Sw CeJA| 52 3] Fan BHHIM
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[ 3-48] = 3 &$57] st A

2. 3714 X522 7]|(GAHX) Al2H" A

® oljo] B3 E3F AMA WA 6.0 kWth, 2 9.0 kWth , PV 3.0 kiWe 242 ojaf
w9 d¥o® AMgE GAHX9 Al YYAAl E¥% S|IEE=ZO Hu F2(1.5

25t z|ZE 7.5 kWthE. ES ExE 519 A8 =z 728 (GAEA Program)g 28519
AL T3PS, o]2 3l WA 1 Pass ¥ 2 Pass GAHXE 200m 7]&C& AASIL
Aol =79 E}E offux] ==t 5tof 7hser ugr| ZolE WA AAY 24 7l
] =

Pt Y O oo ng

k
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o
wm=
A2 otelie] met Zo] XY Z 7[& 22 519 Input ParametersE Al7dsto] #A4161%1



2714 AEE wEr] 4A

o WAL GAHX Zol7} Solda= oux] HEae Hat Sofun], 1 Pass Ana|o
u]sto] 2 Pass AR7|o] Qs o] oF 20% 71 ¥ UpERFoon] o dwst £
o] g Zukel.

o B A BE2 st 7.5 kWt G52 ¢siAE o] 1ejme} ol 2 Passz 3}
o] EaFe 1500 CMH, Ha&7] ol oF 150 m o]4te] 7o BrUHo| oA,

[E 3-30] GAEA Al=d°o]A Input Parameters (1)

Input Parameters
Dimension Property Value Unit
Pipe Pipe diameter(exterior) 250 mm
Depth of pipes 2 m
Volumetric flow rate 700 / 1000 / 1500 CMH
Climate cond. Daejeon Korea -
Air Max. monthly value 29.8 °C
Yearly mean temp. 12.1 °C
Min monthly value -5.6 °C
Density 1800 Kg/m?®
Soil Heat capacity 1.34 ki/(kg K)
Thermal conductivity 1.49 W/(m K)

g | —® 17T00CMH  --0--1000 CMH —— 11500 CMH /"'".

—— 2-700 CMH ®—2-1000 CMH  —®— 2-1500CMH

30m 80m 110m 140m 170m 200m

[12] 3-49] GAHX Pass, &%, Zojof @2 Energy Gain



o ol2igt Auwg uigoR AF orele MAII FHA SHe nYso AF 5
Pass TJAFQIO 2 7} Parameters ofefel £2 xHo02 FMsHH, 53] W4yl SoA &
| @ Holel TAE 06 mol 2.0 w1 AN ol ASTE 2AcAE

o BH7Z3 Pipe Alo] W0l W&4S oA AsFe FUkI, FraEE HAH 7187
7F Qo= Row Jg‘@. Pipe 114 1.2 m ool = oHA] 53] F71E0] £}
EE. Ale Al EAPE S5t Hes @7 stH EX9 1~1.5 m A=W Fdst {h
A 1.2 m, ZJo] 1.5 m, 5 Pass Grid, &% 1500 CMH Z=ZoA oUyXx] EEZFL 7.8
kWthz Zu5 24g 4+ AU

(£ 3-31] AFRwE] Lol(Gadnw)d 2452 =4 Holg

HEAT FLUX (KW)
Pipe Length REMARK
1-700 CMH | 1-1000 CMH| 1-1500 CMH | 2-700 CMH | 2-1000 CMH | 2-1500CMH

50m 1.7 2 2.3 2.6 3 35

80m 2.5 2.9 34 34 4.1 5

110m 3 3.6 4.4 39 49 6.2

140m 35 4.2 53 4.2 55 7.1

170m 3.8 4.8 6.1 4.4 59 79

200m 4 5.2 6.8 4.6 6.2 8.5

[E 3-32] GAEA A]&d|o]A Input Parameters (2)

Input Parameters
Dimension Property Value Unit
Pipe diameter(exterior) 250 mm
Grid number 5 line
Pipe Depth of pipe 1.5 m
Total Pipe Length 200 m
Distance between pipes 0.6 ~2.0 m
Volumetric flow rate 1500 CMH
Climate cond. Daejeon Korea -
Air Max. monthly value 29.8 °C
Yearly mean temp. 12.1 °C
Min monthly value -5.6 °C
Density 1800 Kg/m?
Soil Heat capacity 1.34 ki/(kg K)
Thermal conductivity 1.49 W/(m K)

— 82
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Blo w& A9 dugty] ZR(XHAE) AAEAS &g 4 AMS

[E 3-33] GAEA A|=3|o|M Input Parameters

EHX
Number of pipe path 5 EA
Length of pipe 200 m
Pipe diameter 250 mm
Distance of pipe 1 ~2m (0.2m 7t4A)
Pipe depth 1.5 m
Soil
Soil Density (kg/m3)) Heat capacity Thermal conductivity
(k]/kg K) (W/mK)
moist loamy soil 1800 1.34 1.49
sandy ground 1520 1.65 1.24
clay 1500 0.88 1.28
HVAC
Ventilationflow 1500 m”~3/h
Set point temp 20 °C
Boundary value for heating 18 °C
Boundary value for cooling 25 °C




[# 3-34] EY &7/ R SuV] FAREXAEA) g2 AT oAU R] 5%

Distance Area ‘ Heat gain (kWh) H] 1
(m) (m?) Moist loamy Sandy Clay —
soil ground
1.0 150 19,865 19,530 19,326
1.2 180 20,532 20,287 20,057
1.4 210 21,028 20,863 20,612
1.6 240 21,401 21,303 21,034
1.8 270 21,680 21,639 21,356
2.0 300 21,889 21,894 21,599
[# 3-35] Bug7] AEAHEA) T2 Y&+ == R E &3 HolH
Distance (m) Area(m?) Temp. inlet (°C) | Temp. outlet (°C) Heat flux(kW)
1.0 150 -5.7 8.5 7.6
1.2 180 -5.7 9 7.8
1.4 210 -5.7 9.3 8
1.6 240 -5.7 9.6 8.1
1.8 2770 -5.7 9.8 8.2
2.0 300 -5.7 10 8.3

o A YAl FSH2 19 6ARF 7hesor 5t glo] F U] A TiEer F
4 olion], B0} 58 U dmas] 770l ajet ofuxl ASE 2 Rfo|Z wGAS.
o YA &E5F FHOAME= THs] Moist loam soil, Sandy ground, Clay ¢£02 e

o2 ouxl S| gEe (1Y 35117
o] o

AN a
0 & EY FF0 m Querlel M| AL tha 20l M5UL ¥ 4 S,
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Daily heat flux (kW)

.é_ g
S 8@
7 C
—@— Heat flux (kw) ®
B - +
@ f
5 ! ° 7
s =g *
1 '\ -"' _.'.
b ®
0
121 2218 321% 4218 5218 6218 7218 2218 sE1E 10812112180 E1E
[T 3-54] €2 oYX =5 vl (4 23h)
A= oux] g5F 24
gh71e] A= oux] Bt Jgme Il GAEAS S5 B4o

| 7t

WO o

File Edit View Window 7
{8 GAEA Earth heat exchanger (2= [==]
- EHX Soil Climate | HVAC ‘ Cost ‘ “Vear | Day ‘ Optimum
Pipes- \ ~Number of pipes-
s
Please define the g -
pipes withinthe | eng of pipes inm
graphics or by filling 160 >
in the numerical
boxes. ~Pipe diameter in mm
260 -
[~Distance between pipes in m-
15 -
| [~Depth of pipes in m
0
2 =1 I
| Ttance from bulang m M
a
4 =1
~Fan
(" before (% after EHX
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ot719] 2749 250mm #739] bpath?] & 200me] A|&HEHwWs7|=

= o = a -

A7), 2= 9 HVAC(SE7]) A7 GAEACIA AZEl: 7|2 3e 283
A@#7]o] Zlojt AWOR 0.5m Zlo|RE 0.5m A0 A3 & Zoletl WrEE
oF 3.5m 71A] Ao H e 883

[# 3-36] Bugt7] A Zloj(d=)E AU R] &S5 Xpo] vl

Ground depth(m) Heat Gain(kWh) Heat Loss(kWh)
0.5 3,947 336
1.0 3,954 329
1.5 3,956 329
2.0 3,956 329
2.5 3,956 329
3.0 3,956 329
3.5 3,956 329

E2F0] xjol [E 3-36]7F Zon, HluwA AdXsE & OX|5t=
= AZYR] AJArsFe] xpol7t A9l QlS.

o o2 ulgo2 XFARE7|O] FAZol 1.om olate] Fe WHEMA de an] ol

vetne B A ofux] AJAb AS AJARIAE HA Zdolg majsl 2.0m o= A



HEAUR] BAAARLS FASH] Yol A5E8FY 9 kWt dis 55 & e 3714F
o SlEFIE Folugre AolAt 11 kWt ol 71 A g0z FAIEIIT, Algeol
A A7 AR dA0] Bast BE xZQlE JFHoHE AlEste SIEEE & &l S Al
202 HAASIHS. AAFY s|EFEZE= Mammothiite] @F 9.5 kWt | Wik 8 kWtE 53
4 9% 371 O 2 SIEWEQ MKLRS-8)1PS AAsIaS. AFE s|EWL Ajgfe o33
iRy

[# 3-37] MKLRS-8J1P S|EH o] A}CQF

o2y MKLRS-8]1P
A (V/Ph/Hz) 220-240/1/50
Her e ek kW 9.5
Be 3 A CREELINE kW 2.45
COPh W/W 3.9
Lelg ek kW 9.5
W 2 I A CREEEIEE kW 2.80
COPh W/W 3.4
WL kW 8
wjap SEEENCIPSE! kW 2.75
COPc W/W 2.9
war m3/h 1.8
#8593
Lhat m3/h 1.5
Water resistance kPa <10
Compressor type EVI Scroll
Refrigerant R407C
Stacking layers layer 1
Water pipe connector mm DN25(1")
Ambient condition °C -20~60




[# 3-38] MKLRS-8J1P s|E™ I Uuly L

=N

Hakn e (EWT 45°C)

Q)71 2 =(C) - 8Z(kWt) A8]H (kW) COPh

-15 3.80 2.18 1.74

-7 6.08 2.69 2.26

2 8.00 2.86 2.80

7 9.36 2.92 3.21

21 11.77 3.18 3.70
delg e (EWT 40°C)

Q712 %(°C) -8 Z(kWt) A8]HH (kW) COPh

-15 4.05 2.00 2.03

-7 6.34 2.49 2.55

2 8.34 2.68 3.11

7 9.50 2.80 3.39

21 11.98 3.06 3.92
dytm e (EWT 35°C)

Q)71 2 =(C) - 8Z(kWt) A8[A (kW) COPh

-15 4.25 1.94 2.19

-7 6.68 2.32 2.88

2 8.56 2.54 3.37

7 9.89 2.69 3.68

21 12.54 2.94 4.27
dytm e (EWT 30°C)

Q)71 2 =(C) -8 Z(kWt) A8]A (kW) COPh

-15 4.50 1.84 2.45

-7 6.97 2.29 3.04

2 8.69 2.47 3.52

7 10.24 2.54 4.03

21 12.71 2.77 4.59




[# 3-39] MKLRS-8J1P s|E™m WyulAd L glo]g]

Waltn e (EWT 20°C)
97]- &£ (C) F-82HKWY) A0 2 (kW) COPc
21 11.51 2.42 4.76
35 9.82 2.98 3.30
43 8.56 3.27 2.62
dultn e (EWT 15°C)
9]7]- &2(C) F-82HKWY) A0 2 (kW) COPc
21 10.42 2.37 4.40
35 8.70 2.80 3.11
43 7.52 3.14 2.39
dto e (EWT 12°C)
9]7]- &£ (C) J-E2HKWY) A0 2 (kW) COPc
21 9.76 2.35 4.15
35 8.00 2.75 2.91
43 7.21 3.07 2.35
wdto e (EWT 10°C)
9]7]- &5 (C) F-82HKWY) A0 2 (kW) COPc
21 8.98 2.27 3.96
35 7.53 2.71 2.78
43 7.02 3.01 2.33
o WAL o7]er e ~15ColA 21C7K|9] 57K ZAER HsrolE S A s,
PPAL Q7| 20CAA] 43| 37HRIe] BIAES] HErolEE B Qejite}
) dlolEle] 97| MR E ulLshHe o F2s] AsulolE] WY oA s|EBmO A
S2 5% 4+ A
o [ 3-5712 slEHm Y5rolE S FLsto] HJFABPVT) B¢ 2ET 2714l X5
WF7|(GAHX) 9] 2§ £72ES ulgoR s|EWLY| o5 COPS AAtsts 221
Q. YA o)yl emet FAT(PVT) B9 BE F714 AFLLE|(GAHX)
U9 mEo] £78E 101 90| Sofzt. slEdmo] AExio] WA H5aAe Me
St AVEOIUYA] AIAM|AELS 383t S|EBT COPTL of5o] &0f, 9)7] 2% F0|A )
RS £l Tet vt JPsstEE COP 5714 23 &
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[22 3-55] MKLRS-8J1P s|E® T Ud}l Higolg] ZA
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Tri-generation COP calculation system

Property Value | Unit | | 1.Performancefactor | 0053] 29134 Property Value | Unit
1. Ambeint Temp 10 *C 1. PVT outlet temp. 18.00 C
2. PVT temp diff. 8 °C Heat pump performance curve 2. PVT heat gain 6.69 | kw
3. GAHX temp diff. 5 °C Mode EWT a b 3. GAHX outlet Temp. 15.00 58
4. Flow Rate 25001 CMH 30 00601] 34293] |4. GAHX heat gain/loss 4.18 kw
. 35 0.0567| 38157 |5. Source temp. 18.00 C
Heating
40 0053] 29134 6. COP 387 =
1. 97|25 2HE 4 Fict, 45 00554 26528 |7. COP increment rate 12.31 %
2. PVT 2231 YE5iLH 10 -0.098 6.7907
(S, HarA|0l= 022 E01) g _
3. GAHX 2EAHE Y5}, Cooling i; ggg; ggggj 1. PVT §725 (LAl
4, 5|SRI @olE 22 9 FC} — . 2.PVTES €8
- - 20 0075] 5492 |3, GAHX SFEE (W/LHuAl)
(LAl PVT 2 GAHX 3 £2 257t 52 4. GAHX &S/2d €3
=2 M=E|0] 5|EFE0| ERo = 0|8 . 5. 25 A2 2
WAl GAHX BRISE |20 24 ©.) SEHI HsHE RS0 RHRUY Y= 6. COP HAtgt
- d=H=E g 7. COP 37123 (7|2 2| 7|2 0|8 thH|)

a ] = ]
Eidg. ole I3 ZAYSS AFUAYA A ARG ST AUE FU]0 L& A3E
W7t EOHE A T 4 S COPO FjATe AR eAld me} S7lstn], 97|k
b -10C ¢ w2y SEAPH 15CAA of 33%e] COP Haadt tEde O 4

[# 3-40] FYREA Y Y & 2&=AHdT)of 2 COP o=

Hrm e (EWT 40°C) =24
Q712 % (°C) 2% & dT (°C) COP COP &7F& (%)
0 2.38 -
5 2.65 11.22
-10
10 2.91 22.24
15 3.18 33.36
0 2.91 -
0 5 3.18 9.1
10 3.44 18.19
15 3.71 27.29
0 3.44 -
5 3.71 7.7
10
10 3.97 15.39
15 4.24 23.09




[£ 3-41] PYREoA] G 5 2EAHdT)O] T} COP o5
ggtn e (EWT 15°C) &4
712 % (°C) 2 %At dT (°C) COP COP Z7te (%)
0 4.21 -
5 4.63 9.83
20
10 5.04 19.65
15 5.46 29.48
0 3.39 -
5 3.8 12.23
30
10 4.21 24.46
15 4.63 36.69
0 2.56 -
2.97 16.19
40
10 3.39 32.38
15 3.8 48.56
o [£ 3-411HE FFEAY T S|EPmO AUR &0 T o5 COP FL A
AT, 971e% 7o) 40C U W, BULE JJAo] T} COP F7Io] Mg A U
RS, ot Wed LSoA erleEst B RAUSE AFNUAGA 2L @
B3 G 719 2L} WS COP/F ke 212 & 4 8. COP) AuTe o
AR o] met 37110, 9712t 40C U ), YR LA 15CAA o 49%
o COP g2aip} Uerde & 4 g

4. BFNAA] P4 AAE AFUA

7F ASold R A Al A" AFEA] EA

o Twin Test Cell(o]s} A& =eN) o erd ABTA Hx|o] 24 Asty, 32U L Al U
ASAE A=sty Foldeols AA AIAEe A4, BiR], FFEA & BAE A¥eIA
S ARAQ FHAL ofuA] 242 CanmetENERGY ZoflA] A|g§stnd 2 Cjx}Ql A0
Ne A2RlY] aae ASA™S] A 7IEA] WEES dARlstH £& Canmet
ENERGY =] siH Zatet ddd2a &4 A47F 82 A4,

3



96120 7) WarEst 129 kcal/m?hrg, WetHYst2 = 89kcal/m?.hrg ALs5t32.

o dYXAu|: i A2 PVT 3.0 kW(20 m?), GAHX dustr|= 7]& fARQIti2 250

mm 2|7, 150 m Zo]9] 5 Pass Gugt7|E A5t A 6AIt 7FeRH0R &S
ArQrS.
HolhgAl Zif [ 3-42]9F Zo] HIYE oEE 31.6%. ABYEE 24.3%, 571E J&EE
47.9%= 2A%0] 80m2 F29] FEO| oY= Hu|H T FUt glv #5082 FIHE o
A3 zElo g o]l2 272 §lo] EWOJE}D% st 7R 13 Y82 A29 FotE HsiA
Aol 3715 A tiidAat FUotA AAlstH AT Ate] I Aol Aeko g Qlsf Fao}
F2 AAEstE Adst 94 AFFES HARIsHR &

g = 2 1
b E s} (Kcal/yr) 20,010,480
f‘ JEpu 5] (Kcal/yr) 2,426,784
i 27 (Kcal/yr) 22,437,264
yurH 5] (Kcal/yr) 2,958,400
& A ( Geal/¥) 25,395,664
B2 AHKeal/yr) 8,018,368
IYy XA AtF (kcal/yr) 6,175,488
2719 A§AKKcal/yr) 12,169,469
g A ( Kcal/yr 26,363,326
BN EE(%) 31.6%
oEE KGOl E&(%) 24.3%
571 BEE(%) 47.9%
SA JEE(%) 103.8%
[® 3-43] 2} B2 AFS AXF
no g A T+ 4 > =9 L1 -
1 PVT 2.0 m? 12 (20) &} (m?) PVT
2 GAHX @w3t7] | 150 m, 250 mm 150 m 7.5 KW
3 HYd =dx 1,000 ¢ 1 '
4 %9 &3En fg& mf8xm3£ 1 o 0.2 KW
5 SErd w3ty 18,000 kcal/hr 1 o Lﬁfjggﬁ;’c




HE2 [® 3-43]3F o] dAAstYS. 53] HY

AXTE oRFRSHE 2 7MY FHEIQ] E4& whYsto] ASHRAE 7] S
50882 AAsIdon, ZEdnstyl= LMTD 17.4C2 3t dussdd

OOkcalz= AABIAZ. Alet AAYE2 1AM = AAS BT o= 2APd =0 He3

Fof 2E B Ao ¥rgstuxt .

1SR 152 Y AA dolHE 7|¥tez 77 Q@ARES YRlsto] TAre] A&

Alof 5 A, 7IAA 271+ 712 bm , A= 12mo|t Ti/gAl, vlwA, Z7|AIZg8|A
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& Fan Coil Unit
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Tap sol
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[22 3-61] X &L W37 vjR] =
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. AFEOIUA] A AT RUER X AH

(1) 2UE AJ29 7iQ

o AZTA BUHYL AFAo|Eo] &350, CanmetENERGY £¢] CFD Zutet A4
1ol vlw EAMS Eoﬂ at A AEl0] Hio mylsly] 9kl

o RUEH2 37 Reference model#t 3-GEN ZH-S v]wst7] st A|AHRIS LS 1,
ofefel Zo] FUFY Tt IAT.

o Heating & Cooling Source

Reference model - Cooling : / (Air-source)
- Heating : Gas (LPG)
3-GEN model - Cooling : H/P 3-GEN source)

(
- Heating : H/P (3-GEN source)
o Adjusting TTC Heating & Cooling Load ( Dr. Living)
Cooling Power : 4.9 kKW x 2 EA x 1.3 (working allowance) = 17 kW
Heating Power : 10 kW x 2 EA x 1.2 (working allowance) = 25 kW

(2) AAzTHX] RUE= Schematic.

o AEHA et RYEHZ sl 19 /HaoA AgH 2 Al
2A35}0] offe} 7ol Schematlc2 g BUEHY A|lAES
ANEH, 53718 ALY, Fotdes 588z RYEY & 4 QA st
R AMEZE AestA vlugAd 4 A &

o O = o

el2} TTC AACII0]

Fe 59y, A1F

=

5% & KA

» < -
3xWellnvert)) {
1 []
3kWelPVT)
3-GEN H/P
. 18.5 kW) Chiller ( 17kWe)
p— o H/P
. - - o (8.5 kW)
" *
g o~ Load Tank
(1,000 liter) With
25kw Heater)
~ B
-
/ Heating & Heating & ]
Load adjust Load Adjust
FCU FCU
(Heating & (Heating &
coaling} cooling)
L
Storage Tank i Slorage Tank
1000 titer [3-GEN Chamber] [Reference Chamber] I1nn: h Tas
A
GAHX(PVC-5path)
Without turbine NO te |
e
I - —
l Temp Sensor B Power Meter @ Flow Meter 0 Pump ' Pyranometer
— —

[ 3-65] ASHA] RYUEZH Schematic
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o 579 2 LAEQ] gre ofzfet 2ol £ A A WP AH a7ske ouxl el
A% Zolo] AIRIH2 BUEYstol CanmetENERGYOlA CFDZATIY Awge] A}

0 £ A7 2APdme] CEHl o] U ARA 2o et 3 o
O BUHIA B dpeest pasE WA Aol S don dy
2517] e ARA 2

wol 3502 Yeslol AW

[o

[ 3-44] RYHZ A 4

Classification Detail Specification Remark
PVT Collector 3 kWe With Invert
3-Gen H/P 8.5 kW (3®9380V,50Hz) With Hertz Convert
H/P (Referenge) 8.5 kW (39380V,50Hz) With Hertz Convert
Chiller 17 kKW (39380V,60Hz) For Adjusting Cooling Load
. . Heating source for
Equipment GAS Boiler 17 kW
Reference Room
GAHX 250mm(0.D) * 150m (5 path)
Storage Tank 1000 liter ( x 2ea ) Buffer Storage
Adjusting Load Tank 1000 liter ( x lea ) Heater Included (25 kW)
FCU 5kW (x4 ea) For Room Heating &Cooling
Temp. Sensor T- type ( x 12 ea )
Flow meter for Liquid Max : ~ 100 LPM ( x 5 ea )
o Flow meter for Gas Max : ~10 Nm3/hr ( x 1 ea)
Monitoring
Power meter x 5 ea

o Internet, Remote control, Remote
Monitoring System

monitoring
g . ] Device Prepare
Test Design Design Review
9 (Order & Manufacture)
® Parts & System Design ® Equipment ® Equipment install ® Energy consumption |
- Electric
® Monitoring System Design (~2017. 6 ) ® Monitoring Device ® Plumbing - Gas
(HW, SAW) ® Energy production
® Control HWW ® Electric work - Electric
- Heating / Cooling
® Control SIVW ® Test equipment ® Adjusting Load
- Heating Load
® Monitoring system - Cooling Load
REPORT
Daily Report
Manthly Report
2017. 3 2017. 4 2017. 6 2017. 9 2018. 2

[13] 3-66] Monitering schedule
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= =2 a
Conditi d-Aj Thermostat Peak D 4
Mimicked Testing Condition onditione i Set-point ea eman
Flow (kg/h) | Temp. ('C) °C kW
Heating Mode
Test 1: Winter Heating 2,500 10 22 9.6
Test 2: Spring

) 1,250 10 22 4.7

Shoulder-Heating
Test 3: Fall

) 625 10 22 2.7

Shoulder-Heating
Cooling Period
Test 4: Summer Cooling 2,000 30 22 4.9
Test 5: Spring

. 500 30 22 1.0

Shoulder-Cooling
Test 6: Fall

. 1,000 30 22 2.4

Shoulder-Cooling

[# 3-46] S NUR] AAFA] A

B Az Alg o]& ZaHTRNSYS17 Algo]X)

Primary Energy Consumption Primary Energy Saving
Mimicked Testing Condition | Conventional Trigeneration
kWh/week %
(kWh/week) (kWh/week)
Heating Mode
Test 1: Winter Heating 1961 1290 672 34.3%
Test 2: Spring

. 983 487 496 50.4%

Shoulder-Heating
Test 3: Fall

) 571 151 420 73.5%

Shoulder-Heating
Cooling Period
Test 4: Summer Cooling 1315 676 639 48.6%
Test 5: Spring

) 294 68 226 77.0%

Shoulder-Cooling
Test 6: Fall

. 654 191 464 70.9%

Shoulder-Cooling
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A 472 9%kWtg HAFolUX] B4 A2 ASHEHR]

1. HIFEZPVT) A28 % 35

B

2 ool AA®l B8 2mxQl A 3 kWe 2O EjFAY A|AEIS E5H] 9sto,
S-Energy?] 310 Weg SN310P-10 2@ 10A+S AFEoH3 2.
[ 3-47] PV ©¢] Z5 AIY
38 e N
nddy SN310P-10 (Polycrystalline)
HA 1.95 m2 (1970 mm X 990 mm)
Elpsiss 310 watt (at STC)
e Ea ey 36.3 V
ES N FoR=S 8.54 A
ZHEA QF 45.4 V
iRz = 8.96 A
ElggeR=3 15.89%
Power tolerance 0~+5 W

OND e 02
BEA

Hs

435

|
)

[1& 3-67] PV 25

- 103 —



g
- ]
.- :

[ 3-70] PVT AXA]
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[E 3-48] INVERTER A}oF

oo SPC-3200 v
AR WY 100~600 [Vdc]
Qle MPPT ¢t ¥9] 186~480 [Vdc]
A KoY 370 [Vdc]
BAEHET 3.100 [W]
sy M= 14.1 [A]
. AR AY AC 220 [V]
AEZA Fupa 60 [Hz]

ZE) 28 96.87 [%]

4 2y

[ 3-71] INVERTER AX]

o G EBF(PVT) Al2H" #rz2= & A2 10 Pathze HA|stH, HA= 3k =2

x5}
= a-
o PVT &% EZ ujityt 7|4 A5 Eugr] i Z=HA|S Hjoz A4S o, E
Z Ui 22 &
. =
10 Path 1 1 1 T T ] T 1 T T
O 0 a0 L] & G L] o a oo b o o0 o O
T n oo noDg T R T "o n O N T

[ 3-72] PVT A|AH Path
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[ 3-73] PVT v AR (K] &)

(2™ 3-74] PVT sl A2X] (HH)
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2. 3714 X522 7|(GAHX) Al2® % 15

=2

tatet Zro] 250mm Steel B3-S 5 Pass=z

B ool B B AL B9 6.0 kWth, €% 9.0 kWth , PV 3.0 kWe 24& 5 3
220l ddoz AMgd GAHX9 &2 AAj3
Al52F

@ JIAA XS

Tap sol

R |
A2 - - I8
Tee

T

(23 3-75] GAHX 2 7]AA HjR| =

0 30m X 6m X 1.5m 2 GAHX tjd BX] x=7

1 g S S s e

[ 3-76] GAHX mfd ¥x] =4
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[ 3-77] GAHX A|&<Lugtr] A]

\ 9

ol
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B 75

371 W =

71 $sl A7d"l Mammothijit 9]
7t Al AAIESE I7ES Hsto] A2 SOCUL-105A
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bl

o 3 GEN H/P, REF H/P9] =%

J Mixing Box

ojng wHIs7] SIsto] $% A

PVT Blower
GAHX Blower
Outside air
damper
[ 3-84] 3-Gen S|EHIZ 7} B A

o 3 Gen H/P?t REF H/P E& Z4-8 TESTO 410-1 Z&7& o]8&cto] Atey m-E 25

N FEoZ o] 57,
0 3 Gen H/P= GAHX, PVT, 97]2 Lbro] &

7
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(£ 3-49] & 5 A8 2
3 GEN REF
GAHX 7}= PVT 7}= Q7| Q|7|
A 5t A 5} A 5} A St
1 4.1 438 4.2 0.5 31 4.1 5.0 4.9
2 17 49 45 0.7 33 0.5 6.8 6.6
3 0.4 42 5.0 24 2.1 1.0 6.7 6.5
4 24 4.5 39 2.8 2.8 3.8 6.3 6.6
5 16 5.2 2.0 15 33 1.0 6.0 5.7
6 16 2.2 5.5 23 16 0.8 6.6 6.0
7 14 1.2 45 31 16 11 4.4 4.9
8 1.4 16 3.2 2.7 14 1.2 53 4.4
9 11 3.2 36 2.8 2.8 3.0 43 5.4
10 3.0 5.2 14 1.9 4.4 36 5.5 6.1
11 14 2.8 39 2.5 2.1 14 75 7.1
12 16 0.8 2.7 19 14 11 3.9 37
13
14 1.2 14 24 1.8 16 14 31 1.8
15 1.2 2.2 4.0 2.9 14 1.2 4.8 4.1
16 2.9 34 37 2.0 2.8 3.0 5.5 4.7
17 3.2 5.3 35 2.7 46 3.0 73 7.3
18 13 29 31 2.7 12.0 14 6.3 5.6
19 1.2 1.0 24 26 0.8 15 4.9 39
20 1.3 2.1 31 2.7 0.7 2.3 3.8 3.8
21 1.8 4.4 4.2 2.8 17 31 6.4 5.1
22 1.5 5.3 4.1 2.7 37 3.8 7.2 6.9
23 1.2 48 39 2.5 3.2 29 6.6 6.8
24 1.9 5.8 4.2 2.7 37 39 6.2 5.6
25 4.4 49 5.0 2.0 4.7 49 6.5 5.5
Z2 WA(m/s) | 1.867 3504 | 3667 | 2300 | 2950 | 2292 | 5704 | 5375
Z2KCMS) 0.304 0570 | 0596 | 0374 | 0480 | 0373 | 0927 | 0874
ZaKCMH) | 1092.652 | 2051.162 |2146.281|1346.304|1726.781|1341.426|3338.931|3146.253
Zak SHCMH) 3143.814 3492.585 3068.206 6485.184
o £37] 7t Al B =BHi7t 455 HA gon, H/PY Fugr|oA FAEd Fugh
o] ¢tE]= Zom WHE.
o Y BHlE #5oH 5171 Hsto] 3 Gen H/PO| HAbsto] 48719 7hole A&S st
Ay 9 Alo]AJo] zjdA L A -go] ojof g
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[ 3-50] &4 3T Ald 2
3 GEN REF
GAHX 7t= PVT 7t= Q|7
& Bl & St & St

1 6.0 6.3 5.4 49 5.8 5.6
2 6.5 6.3 6.2 5.8 6.1 6.0
3 6.8 6.6 6.4 5.9 6.3 6.4
4 6.3 6.4 5.6 5.1 5.0 5.1
5 6.1 6.3 6.7 6.1 6.5 6.4
6 5.5 5.4 5.2 5.0 46 46
7 2.1 2.2 2.8 2.9 2.3 2.1
8 47 42 4.4 43 43 4.0
9 5.2 6.0 48 5.5 5.0 5.4
10 43 36 49 5.0 5.4 6.7
11 6.6 6.0 6.3 5.9 5.9 6.1
12 44 42 43 36 36 3.8
13
14 47 41 4.0 46 3.8 39
15 6.4 5.9 6.4 6.0 5.1 5.6
16 44 44 45 3.8 37 48
17 6.2 5.0 5.9 6.0 6.5 6.3
18 5.5 5.5 47 47 48 5.3
19 3.0 35 3.2 2.6 2.9 36
20 5.2 5.5 55 5.5 3.8 42
21 5.5 5.5 49 5.8 5.0 5.2
22 6.2 6.4 6.7 6.1 6.1 6.7
23 5.8 6.1 6.8 6.6 5.7 6.6
24 6.4 6.0 6.9 6.4 5.4 6.2
25 3.8 36 6.0 44 46 5.4

=2 Hi(m/s) 5.317 5.208 5.354 5.104 5.704 5.375

Z2HCMS) 0.864 0.847 0.871 0.830 0.927 0.874
Z2HCMH) 3112.1076 | 3048.6948 | 3134.058 | 2987.721 | 2882.846 | 3073.084
Zaf SHCMH) 6160.8024 6121.779 5955.93
MAAE ] 289 AloldE A2 & 387] 7' Al 3-GEN H/P & Ref’ H/P 59| 5%

O

ol QA 57

=]
a -
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4. AFoHA] AL A|2] ASER] dF 5

£ 3-51] 2} B& A1}

no 3 A T+ 3 > =g W 2
1 PVT 2.0 m? 10 A} (m?) PVT
2 GAHX €w3t7] | 150m, 250mm 150 m 7.5 KW
3 Zdx 1,000 ¢ 2 of 3Gen, Ref’
‘ L ®20mm x 35 LPM
EX N
4 |2 X a X8mH ]- EH 02 KW
_ . LMTD17.4°C
5| =4dx
5 15 =9 21,500 kcal/hr 1 o A=3.3m?
CITY WATER (154) ’_._| '_fi_| — :‘jmr
| ‘ : @ .
S — | 1] 11 L

i : @D ="
e+

b4 4

N IS XS

(2™ 3-88] 7IAIE 8] HiX| =
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(2™ 3-89] 7IAIE 712 B HEX HiX|

(23 3-91] 7IAE 7I2+x ¥F
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A S 2 9%kWig HAFoux] 4 AlAH U™

L BUEY A2 75 2 4F A

HEoluA] A AlA] RUEPES fsiA ZF de] A9 2k, /5 AHT, QAT 52
E8T 2 e ANAE ZX5IAS. 2% AlA= EAd(Thermocouple)& AEstAow, AA}
A g7l AelEErle] AYAS ol §stol 7t SIR|o) MRS

A. Load Storage Tank Chiller () Thermometer
() Flow Meter
() Power Meter
=L\ Pyranometer
p»  Flow Direction
i i Ref HP
_(l P2
7D @ TI6() ()T15

Qutdoor

) 126 M M @

== FCU[A. Load)

Boiler
O 19
Ti0 c’{§
FCU
Storage Tank Tar Room Ref Room Storage Tank
Twin TestCell

(2 3-98] 2UHTY A|AH 7Ha e
A TR, AHFA W, SAFEA ViR AdE
0 K}*ﬂo} Al zh RUEE [ 3-98]ol EAIE O] QUg.

]_

ZRAE=
o [11 3-98]9 Z} Al Wied A2 [# 3-52]% &5
o RYUHH A& Ayl Agilent 34970aE 0|

OPO
ol
ol
8
|o
)
w
)
1o
=
c
>
fuju
o
e,
U
re,
Y,
%
A

Yt
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[# 3-52] ZUEZ AA 22E

Lists M-CH Sensor Description Type Unit
T1 M1-ChO1 Temperature Target Room TC T-type °C
T2 M1-Ch02 Temperature Target FCU outlet TC T-type °C
T3 M1-Ch03 Temperature Target FCU EWT TC T-type °C
T4 M1-Ch04 Temperature Target FCU LWT TC T-type °C
TS5 M1-Ch05 Temperature Target AWHP LWT TC T-type °C
T6 M1-Ch06 Temperature Target AWHP EWT TC T-type °C
T7 M1-Ch07 Temperature Target artificial loads FCU EWT TC T-type °C
T8 M1-Ch08 Temperature Target artificial loads FCU LWT TC T-type °C
T9 M1-Ch09 Temperature Ref room TC T-type °C
T10 M1-Ch10 Temperature Ref FCU outlet TC T-type °C
T11 M1-Chll Temperature Ref FCU EWT TC T-type °C
T12 M1-Chl2 Temperature Ref FCU LWT TC T-type °C
T13 M1-Ch13 Temperature Ref HP(boiler) loads LWT TC T-type °C
T14 M1-Chl4 Temperature Ref HP(boiler)loads EWT TC T-type °C
T15 M1-Chl5 Temperature Ref artificial loads FCU EWT TC T-type °C
T16 M1-Chl6 Temperature Ref artificial loads FCU LWT TC T-type °C
T17 M2-ChO1 Temperature PVT surface TC T-type °C
T18 M2-Ch02 Temperature PVT outlet TC T-type °C
T19 M2-Ch03 Temperature GAHX outlet (front of Fan) TC T-type °C
T20 M2-Ch04 Temperature GAHX outlet (back of Fan) TC T-type °C
T21 M2-Ch05 Temperature Ground Temp TC T-type °C
T22 M2-Ch06 Temperature Ground (between pipe to pipe) RTD PT-100 Ohm °C
T23 M2-Ch07 Temperature GAHX pipe 1 (middle) RTD PT-100 Ohm °C
T24 M2-Ch08 Temperature GAHX pipe 3 (middle) RTD PT-100 Ohm °C
T25 M2-Ch09 Temperature GAHX pipe 5 (middle) RTD PT-100 Ohm °C
T26 M2-Ch10 Temperature Ambient TC T-type °C
T27 M2-Chl1 Temperature Target HP Chamber TC T-type °C
T28 M2-Ch12 Temperature GAHX Inlet TC T-type °C
T29 M2-Ch13 Temperature Target Storage Tank TC T-type °C
T30 M2-Chl4 Temperature Artificial Load Storage Tank TC T-type °C
T31 M2-Ch15 Temperature Ref Storage Tank TC T-type °C
T32 M2-Chl6 Temperature Extra TC TC T-type °C
F1 M3-ChO01 Flow meter Target FCU E-Mag-I LPM
F2 M3-Ch02 Flow meter Target AWHP E-Mag-I LPM
F3 M3-Ch03 Flow meter Target artificial loads E-Mag-I LPM
F4 M3-Ch04 Flow meter Ref FCU E-Mag-1 LPM
F5 M3-Ch05 Flow meter Ref AWHP(boiler) E-Mag-1 LPM
F6 M3-Ch06 Flow meter Ref artificial loads E-Mag-I1 LPM
F7 M3-Ch07 Flow meter Ref LPG - LPM
P1 M3-Ch08 Power meter Target AWHP 3169-21 w
P2 M3-Ch09 Power meter Ref AWHP 3169-22 W
P3 M3-Ch10 Power meter PV power 3169-23 w
Gl M3-Chll Radiation Radiation LP PYRA 02 AV W/nt

- 120 -




o RUE] A]AE2 NIALS| Labview 2017& o|gsf
AE G, AAZro2 " o] 7tsgth

detd, 60 T2 dlolE7t A

_ - = 1o
o [® 3-49]9] 7} AAE= fojg7} Al glojg] md PAoz2 MAED, RYEY gtHE
ofzf} [ 3-99]9F #S.
PR ' = B S Chiisie 09 sy Masn g m =E=
oYM BEE 2V Z=2EEF 230) =70 S22W) E22H) x O= ol s “' * Dﬁ i gu i &
#E@N B @
Main Moni 'ITCBITG“ itori it ita '__71—“
CDate | 20171208 DATA
Time Q% 248 ' — ﬂi—
A il '[ % T1 2587 T17 356 F1 1317
- o Fkwe(lnvert)) o
Time Delay 60  seconds (] | T2 2581 T18 7a5 F2 4643
g
3kWelPVT) | 1108
T-GENH | T3 a7 T10 gey F3 A
STOP ) Chillor { 17kWe) [ ] ) F4 12
: } T4 4249 T20 659
> = W A F5 4694
Constant Data 8 plmem ‘.j TS 4733 T2 766
Airflowrate | 50 [cMH] b e ‘% T6 4977 T22 3057 el
F7 -0
Air sp. heat |1, v ) 17 T3
p.heat 11,275 [kg/m3] J 7 ez T s (e
Cpar 1000 g M L [Mimies T8 1L TH OB, e
Cowater | 4184 [ikgq] ! T9 2442 TS 362 p3 g
Analysis Data (m:lcllr:u mnﬁ'n’u x T10 2561 T26 042 61 672
- cooling) cooling)
Rad 672 Wimd]| dTput 043 ] TH des T2 31
o 01910 Qpat| 8 MO A vetes el S e
) — T13 4561 T2 4769
Qoahx 3 [W] PWpvt 0 [W] GAHX(PYC-Spath) Note ]
| Without turbine - T14 4757 T30 907
PWT 2006 PWR 1600 W] f 115 131
h W " Temp Sensor é Powar Meter éflwualnr 0 Pump ’ Pyranometer = [eA0L L 4030
Qin.T 195k [W] | QinR 181k W] . D1 116 1285 732 6m2
QA JRE M | R SN T VISA Resoutce Name Slot 1 Channels Slot 2 Channels Slot 3 Channels
COPT 237 COPR 240 % USBO:0x0957: j 101:116 201216 301:311
AELEIR]

(22 3-99] mUEE A]AH 31

o [® 3-49]9] 7} AMAEE glo]gjrt Al glojg] mY Al
ofaf [ 3-99]°t #-2-.

o AAE], RUEz

- 121 -



» TTC Test Plan(Winter Heating Season Test -= Spring Shoulder Season Test -= Summer Cooling Season Test)

Flow (kgfh) | Temp. (°C) (Supply) Natural Load + A. Load
: Week 1(2018.01) 2500 10 22 9.6 1612
Heating
Week 2 (2018.03) 1250 10 22 4.7 790
Season
Week 3 (2017.12) 625 10 22 27 458
Week 1 (2018.04)
Shoulder
Week 2 (2018.05)
Season
Week 3 (2018.06)
; Week 1(2018.07) 1000 30 22 2.4 397
Cooling
Week 2 (2018.08) 2000 30 22 49 822
Season
Week 3 (2018.09) 500 30 22 1.0 166
> WWeek 3[20T801 Heating Test Sefing

» Roomsettemperature :22° G/ Storage tank temperature :43° C/ Artificial load storage tank templwaterl:10° C
v Tar HP Heat Source : GAHX + Outside air or PYT + OQutside air / Ref HP source : Outside air
» Week 1(2018.01) Heating Test Setting
» Roomsettemperature @ 287 G/ Storage tank temperature :43° G/ Artificial load storage tank tempiwater:6° C
¥ Tar HP Heat Source : GAHX + Outside a&ir or PT + Qutside air / Ref HP source : Outside air
=1on1s] A
[ 3-100] AEAE 23
3 100%
Tar s  Heating Period
/  Cooling Period
Annual [Owerall)
o / 30% 0% i
a' / l —
= &
m g
E e Incheon Ottawa
- % wh
i 2 FEE
25 i}
@ E- 0%
: £
= &
E 20%
- i
> Caza2
Primary Energy Requirement(kWh) Ref [GAHX-PUT-AWHP)
Expected result(IET) Simulation result(T17) ICN/OTW

(2™ 3-101] o A9 2t

O

o WAL (13 3-100j7 Zoul, FPAF 38, WPUF 387t A o] A W

P AFOIA A Al2ES] PSS WIS AYOR 3xpdnd] Y U
o @)
2 Juto

2 AFOUAA| ARN(PVT-GAHX-AWHP) A|AEIm}p 7] EA] AR (H A2

et

B0 >

371

’

(0]
o dZ2ate [ 3-101] Zon AL=® 30% oYA] 2d& E4 1AhdE Al&do]
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2. AFoUX] Al2” 7] Aled " AA

AR AL Al AR S0 A AdeBluo] 8 ABVF H= SIEFEI g5, Yy £
sk Aitste 8 A9 Z2]Beo]d(AL &7|2h)E $°8%. AjEdolde J=2 5 &

85101 0~40°C WSIAO) 25 BhAE Sl ZF AAS Abolo] QAtE WASHS
T_revised = a*( T_tested) + b (Al 3-14)

o ZAuold At HAPALZ [ 3-14]eF 2o, 2t B g2 offe] [& 3-53] &=

A WS a b
T3 1.0083 -0.1719
T4 0.9948 0.1093
T5 1.0056 -0.3932
T6 0.9903 0.5921
T11 1.0023 0.213
T12 1.0085 -0.4394
T13 1.004 -0.918
T14 0.9862 0.1819

600

0.0

805

E‘ il
3
3 200
:
108
i Ki
=1+ 1003 20.0 Sl &00 50,0 B0
Rederenod Temperturé
T3 T4 TS TE T11 Ti2 T13
(23 3-102] 2=A1A Z2]Hefo]d ZAxt
o 7E2|Bo]d A% & SIEFIE AlRAlS stfien, 1 At [& 3-b4] £2.
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[# 3-54] AEUAR] AJLR) 271 Al At

g | Jar P | Tar P | Ret WP | Ret WP | Amb. | ol | o tura| Power | Power [2 hedt Tai G heat
. [LPM] [LPM] | [kwh] | [kwWh]
10:10 45.18 44.74 45.22 44.79 22.72 35.00 33.52 436.80 419.60 1.49 1.24
10:20 44.31 40.98 44.74 41.30 23.15 42.94 41.90 2297.90 2178.30 9.95 10.03
10:30 41.66 38.42 42.23 38.57 23.28 42.90 42.01 2334.00 2247.40 9.71 10.71
10:40 38.93 35.72 39.50 35.94 23.41 42.92 42.03 2339.30 2244.00 9.58 10.41
10:50 36.30 33.10 36.85 33.35 23.65 42.94 42.03 2340.50 2244.50 9.60 10.23
11:00 33.70 30.54 34.27 30.78 23.44 42.94 42.05 2324.90 2236.40 9.46 10.23
11:10 31.13 28.07 31.70 28.29 23.86 42.93 42.09 2332.60 2248.90 9.16 10.00
11:20 28.68 25.68 29.12 25.83 24.08 42.89 42.08 2329.70 2249.70 8.97 9.65
11:30 26.31 23.34 26.71 23.43 24.30 42.88 42.10 2331.10 2248.40 8.87 9.60
11:40 23.93 20.98 24.34 21.02 24.38 42.89 42.13 2323.80 2238.50 8.81 9.76
11:50 21.62 18.86 22.03 18.78 24.26 42.90 42.15 2295.10 2225.60 8.25 9.55
12:00 19.45 16.86 19.78 16.74 24.14 42.88 42.18 2298.20 2226.70 7.75 8.94
12:10 17.60 15.11 17.80 14.92 24.31 42.82 42.14 2342.30 2226.20 7.43 8.45
12:20 15.90 13.53 16.03 13.30 24.22 42.83 42.14 2293.60 2212.20 7.08 8.01
12:30 14.37 12.09 14.49 11.92 24.48 42.80 42.14 2253.10 2213.80 6.80 7.57
12:40 12.99 10.83 13.10 10.56 24.26 42.76 42.15 2186.30 2164.40 6.43 7.44
12:50 11.78 9.75 11.70 9.33 24.52 42.76 42.14 2193.30 2158.00 6.05 6.94
13:00 10.73 8.72 10.56 8.23 24.67 42.76 42.07 2205.60 2129.40 6.00 6.83
13:10 9.73 7.80 9.56 7.28 24.86 42.77 42.07 2173.70 2120.40 5.76 6.69
13:20 8.85 6.99 8.67 6.47 24.98 42.76 42.03 2178.60 2112.80 5.55 6.44
13:30 8.25 7.18 8.01 5.84 24.39 42.74 42.12 1089.70 2078.30 3.43 6.38
13:40 8.87 8.98 7.90 7.30 24.18 42.75 42.07 1.00 619.90 0.31 2.01
13:50 9.69 9.79 9.04 9.03 24.37 42.73 42.05 0.00 0.00 0.31 0.04
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12.00

~7 y=0.8947x

10.00 R?=0.9499
£
£ 800
o
=
2
= 600
an
=
S
(=]
o
g 400
T
i
&
2.00
0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Reference Q Cooling (kWt/10mins)

(2™ 3-103] AEoUR] A A " £7] F AR 2t

4.50 Refcop A
3.90 ,
&
4.00 R 870
= .~ Tar COP
3.50 P
3.50 £ L3
® oeith. hat el % 7 o
3.00 LB Lt g8 340 .
A &7 n-
‘ vl m
s 2.90 g
2.50 B Performance Data Baseline ‘A
2.70 L
4 COP_tar /
* COP_ref ;
240 = ’ 502 50 3.00 3.50 4.00
8 10 12 14 16 18 20 22 ’ ’ ’ ’
Cooling EWT Base Line COPc{Performace Data)

[2d 3-104] AEUA] A4F AlA" AWHP £7] Al /d5 Bl

o £7] AlA Hlolglg #AZ1} Target 5|EHZQ} Reference S|EEHZO] 7|& A ZA49]
ds APF 10% A= Ues S Qlstdion, O dolg+= ol [# 3-55]9F #3.
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Flow rate Q_HP Power
EWT LWT COPh
(LPM) (kW) (kW)
Tar HP 27.99 31.57 43.4 10.84 2.53 4.3
Ref HP 27.69 31.62 43.1 11.79 2.57 4.6
o Target 3|E®E L9} Reference s|EE O] Uul M= sl A= 0bkx7] Q5|A] Target
S|EZmo] EWTeF LWTQ] /d5 tRAS #3853, 1 A= [E 3-56]0] YEYAS-.
[E 3-56] ICX ojAl & AWHP A%
Flow rate Q_HP Power
EWT LWT COPh
(LPM) (kW) (kW)
Tar HP 27.79 31.62 43.4 11.60 2.53 4.6
Ref HP 27.69 31.62 43.1 11.79 2.57 4.6
o0 ‘d5 U\ & Target S|EZ IO} Reference S|EHL= oF 99.87% [FARE H/d 52
SIStE]

[# 3-55] ICX ofd A AWHP &

COP Tar HP

5.5

5.3

8 |

4.9

4.7

4.5

4.3

4.1

3.5

3.7

3.5

o After Matching

o Before matching :
y=0.9987x

$Gc& o
| B g 857
00 B
E%’gﬂﬁgi@@@%
%éﬁ% o
37 39 41 43 45 47 49 51 53 55

COP Ref HP
[O™ 3-105] AWHP ICX tfa] A3 d]a

— 126 —



o O O

=
=

501)
o =

A AT ARALY AR vigos FA dudol IWE.
WuraEe 201849 24 159 ~ 24 229 7UTH1EY) DS

L R

AS 717k ¢ 2018.02.15. 00:00 ~ 2018.02.22. 24:00 (7471

AY Bsl 27 Wlme Alger of= 28 °C £ x7

g Ha} &7 : QZ2Hs5tx A% 10 °C / Fan-coil 83 12 LPM(Y

a4 27 . Target H/P - PVT & GAHX (RXI-2A|o]) / Reference H/P - 2]7]
W 2 79 "9 7]e% 1 -1.30 °C, Ha YA : 606 W/m? (10:00-17:00)

dlolg ¥4

D 60x

60% Tolo] WaAdolel2 1A &

Temperature

=T 26 [*C]

dT PVT

(2.00) I

I
i

il

1“"&.1

1 3 5 7 9111315171921 23 25272931 3335373941 £3454749

WY T
o ) GAHX —e—Geo_out —s— Geo iniAmb) -dT GAHX e
£ <
T 600 =
2 L..L.u"'E;'
= @
5 400 - T
o 500
£ 200 |
e E‘ .

000 T 400

4 i

200 " = 'iir “'+ 300
400
u:? | ﬂﬂs 'E 200
'\ o
6.00 5;&‘ S ﬂ .
-800 | ‘ i | ! | ‘ s
10.00 - I — -1 000
1 4 7101316192225283134374043464052 5558616467 70737679 828588919497
[2= 3-106] GAHX d4g7} &4 At
450

Lom e s N o . 5

i S T e R ) N S ) R

i T = T v T o HRE = T - T = 2
Heatrkw)

[t
i
fa

]
ft
[

[O™ 3-107] PVT A4}
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o [1Y 3-106]2 5714 AFEu&7(GAHX)Y T 2 235 YERE.
o AZEug7| &7 FF2 2,791 CMHo|H 2O 6.3°C] 2=AHS UERE.
o 177t XEAwstr]o] A AA2FS 287 kWha LteRd,
0 [13 3-1072 EJYRT(PVT) A A%0] Wy 28 Aot Lehd,
o EJFATHPVT) AlAE] 27] S22 936 CMHo|o] &T) 12.9°CO] 252 LERo]
2} 4582 38%= LIERE.
0 1227} EJFAF(PVT) A|AEIO] & ABARFS 115 kWhon|, 27t B RE L 22%2
erd,
o 5714 Al B’ (GAHX)e} BG-GB (PVT)Y 2t Y A4 2o+ [& 3-57]¢F &Z5.
[# 3-57] GAHX @ PVT W&t &4 Zxp gofF
Weekly average Weekly sum Weekly peak Flowrate
T+ dT(°C) Q_heat(kW) | Q_heat(kWh) dT(°C) Q_heat(kW) CMH
PVT 7.44 2.35(22%) 115.22 12.91 4.08(38%) 936
GAHX 3.11 2.93 287.27 6.29 5.93 2791
S 1860 Tar HP Power et HP Power —e—Ref source Temp = Tar Source Temp =—e—Source dT 1000000
T i i | | 9000007
= 100 H 1% g 1 N 5
| ' [ ) It I\ 1 soo000 2
2 2\ /2 J\ 4 8
[ 4 R fl [ENl [ A 5
g \ T '_ ?.;_; | " ’: | f i | *?‘_r’ T 7000.00 §
500 ‘ I ‘I:" ¢ jud !;. i 4 \
23] | [ | Y % 60000
. [ ’l [ :'.« 17' r
- \| | ‘: r: ‘J‘ ‘If-. ‘.! b". ; Y csoooo
'y 4\ N | | \ { i
_ v 5:\ hﬁ'@ A 1% | f} | !}. 400000
(500) [ E ] = A j 2 {7 'L; 1
(K] Y &) '| _;T 1 il E. 360000
- 200000
1000:60
(15.00 ‘ o
SR gy :ﬁ.;-r..r.ﬂiar.sscg;x.,:;baa:;:;ggﬁdqqi qqqqq r:_:ggnmnsmprr.
(2™ 3-108] AEolUA] A4k AlAH" A T =424 (15)
o AEAYAl A AR A G4 dlolH = [1Y 3-108]1 2.
o AEAYAl HAAARSY] A S Avbs [# 3-58] E5
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[ 3-58] AEoA] AR 28] @8 AT} o

HP Q-heat Primary Energy|Primary Ener
Q COP COP increment Y &y 'y &y
(kWh) (kWh) Saving (%)
Target 1098 4.0 17.6 % 715 45.7 %
Reference 1138 3.4 - 1318 -
-Target Room <Reference Room
Reference source Target source
30.00
25.00
o L PVT Impact
E 15.00 (dT 8.5°C f COP 14% 1)
2 15
g 1 4
E 10.00 i
E _
= 500 '
0.00
-5.00 ' GAHX Impact
(dT 4.8°C f COP 7.5% 1)
-10.00
100 105 110 115 120 125 130 135 140 145 150 155 160
Time Step(hour)
(2= 3-109] GAHX ¥ PVT 44}l 7]of &3}
5
H/P Circulation Flow Condition
2.6 mi/h (Manufacturer 1.8 m#/h) ®
4.5 Tested EWT Range 38~45 °C
L ]
4
GAHX Impact =
sy |WTARCHCORTSEY) PVT Impact
E ’ (dT B.5°C / COP 14% 1)
S |
2 3
2.5 Heating (EWT 30)
Heating (EWT 35)
Heating (EWT 40)
2 Heating (EWT 45)
& TAR HP
15 A REF HP
-20 -10 0 10 20 30

Heat Source Temperature (°C)

(23 3-110] $74 43 27 sEHL 45 0y
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o [1F 3-109)= A¥ +4 & 3714 AFEueV|(CAHX) EFFB(PVT)9] 2=
7l g8iE ARPER Btste] Hoig.

o NIFFGugty] Al 4.8C LAt oF 7.5% COP WM &S eI 1, PVT &414]
8.5°Co] 2EAr&02 14%9 COP M &aS UL,

o [13 3-11012 %A 29 AAHPO| JsaAlol A AUolE S AR ZRIE
oiRe Ay,

o A=A d5tloly AFxAut 22 f¥2e ol8stlen, EWT 2&7t fstof

o Wohe A7olA 2

uju

r2
ul)
32 I
gjo

o Al&EAR] Adsdoly 2UM AA| XA FLet A5 FHAE UERE.

o AEoHA] BAAARC] FA £ HYA AuF 7|EQ] s|EfI AJARL OjH] K 7] o
YA 71% 17.6% A=A 7] Bde] AJAR Oiu] AdT®Q] oyx] gH4E 71E oF
45.7% BE] = 712 &olst (A& / Electricity = 2.6, N.Gas = 1.1)

AEoUR] A2 @ A At

0 M ARY APALY YAUE vFoR $7 WPuYol Ny

o YA 20183 29 1569 ~ 24 22% 7LIHIFY) AP A=

- Alg 717F 1 2018.09.06. 00:00 ~ 2018.09.12. 24:00 (7¥7h)

- AW Fst 24 o dgRe, AYyee 4F 22 'C 59 21

- s Rl 27 1 JdeRstr A2k 47 °C / Fan-coll 5% 12 LPM(YE 59%)
- g 27 : Target H/P ~GAHX / Reference H/P - 2]7]

- 71 2 0 7Y B 7] % 0 -1.30 C

- BYEE 14 1 60%

- HlolH A4 ¢ 60x @99 AdUolHE 1ARF @2 Bt ol&

o [2d 3-111]2 2AEoHA] A4t A|ARIS] £3F 517 Ad ElolHE UEHE.
o [& 3-55] APEOIUIA] AAL AlAlo] 231 oA AR Aut 0bg Lehdl,
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Temperature

25.00

10.00

500

[
=]

Tar HP Power mmmm Ref HP Power ——s=Ref source Temp=—e=—Tar Source Temp A

T
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4
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o4

i A

mg“‘ bl il gkﬁizé bl

B
— D e
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=

=i
un

A —

36

250000 =
o =
Source dT E
=
il a
=
E
3
Ann B2
200000 5
(%]
b1
2
(=]
[+
- 150{0.00
- 1000.00
- S00.00
I o
A 14
5.|'Hrg¢,. 1T L111|
o MDD D i 2
o T T (s Bkl [
Nmm= T hng £ Time Step(hr)
vt 2™ AY (15
T 24y (15)

[E 3-59] AEoHA] LA AR WA Ap g of
HP Q-heat Primary EnergyPrimary Ener
Q COP COP increment 4 &Y .y &Y
(kWh) (kWh) Saving (%)
Target 533 3.9 18.2 % 360 29.9 %
Reference 658 3.3 - 514 -
—te TaErget Room —=—ReEference Room
== Reference source Target source
Ja.00 I
GAHX Impact
30.00 dT 6.8 f COP 18% T

Temperaturel'c]

12.00

10.00

0 15 20 25 30 35 40 45 50 95
Time Steplhourl

60 63 70 73 B0

[0 3-112] GAHX g4} 7]o]
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2 HP Circulation Flow Condition
1.5 m¥/himanufacturer 1.5m3/h)
15 Tested EWT range 8~12°C
A R GAHX Impact
.| dT 6.8/ COP18% "
o "T{t, =
B 35 \"{"%‘-.
| S— AW
e ooling (EWT 101 NN
»(ooling [EWT 12] e
25 | ®Cooling [EWT 15] N
“ | »Cooling [EWT 201 Ny
o TAR HP =
9 A REF HP
13 20 2] an 30 a0 45 an
Ambient Templc]

(23 3-113] 37 AF A 3]

ol
I=!

A5 A

o [18 3-112]= A¥ &4 5 3714 A5 Eug7|(GAHX)Q} & 7]ojguts APE=
gYatoto] Hoj&.

o M YulA3o] x5 ugty] &MA] 6.8°C =At2 oF 18% COP /A &ntS JEpd.

o [1d 3-113]2 oA A= AAHPO] “d53Aol oA AU olEE 1A ZRIES
uj7get Autoln], AEARe] Adsdoly 2 AAXHA L3t S FAIE HEE.

o AFOoHA] ABAFA| AR 5711 20 dyd A 71E9] vl "7] o

S S|EEI A|AERD O
YRl 7% 18.2% AZED 71E0) el A48 cjul 9gke) oulx] @4 71E oF 29.9%
AL = 712 sholsh (%_}/1\_}7]—75-_—/ Electricity = 2.6, N.Gas = 1.1)
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PE(Processing Element)=Z 0]
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—

[

At

cujob gt

e

AN

| e AEH A

[9

el

At
FaL A]

9

A 25

ER
=H
ol

A olux] 44 Al A= AI(ANN, FL) Ao 7§
I;]'

9,
=17} of

o

]

S

A 62
(@]

2]

|

2o] 0|83 4 9t WA ol

|

1. ANN(Artificial Neural Network)?] 7jQ

(0]
(@]

o
e

o

F;

an
&1

(2% 3-114] AZAHY 7]

=
e

ok

152 APy glo] oRe
ofq9lon ogHozt shtol
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2. FL(Fuzzy Logic)?] 718

AsoUA] ABih AlAEOA AA9) RS oA Alojet W aart ole Fed. et
On-Off Aof Yol £5 ABEA, $EHU LV ¥ 4 YUcke WAl S, 53] BEF
Elo Aol &Rl AsoUA] ALt AlARIY 2AS Qs wlAdFARl A oF E7hset A
), @ 40, BYSA e Aas A5 5o sl & o AsAel A2 wel mad. 2
HL=L ANN(Artificial Neural Networks)o]] 7|¥Fe &= XIH A 0] WlHES xotsfjet-8-. ohA| gt

A olEl7} Wask PID AES oA] Aot

ANNo| 7]3he & §Ugt Alol2 lsiAl thael Fug o

AT, MAZIOZ Qe PIDE 2517] sl HAIAEAHo}7L ALgFolofet BEAQl oifx]

NAES &S AL & 9lg. Algel QAlolu 2] PO BALS SEE F FL(Fuzzy Logic)

S 2 W o8 4 9. olad FL Wye stolzec

AEAONE A gElo] AT et T ALKl S| EHE A|AHS] GHolol %

3} 713 vlZstel YO Fe AZte] AA7HsHL, ANN
1

dolmoz 47 EAY
sl ol FRIRt S 7Pd Bok ofel Alojchye 4etdoz ats] TARY 4 Gk A
9o Aojchgel Yeut FYUA Vo HYF Y52 WAL wAF o)L oxtS UPow
olgstol MAEES 510], HAIEE] Az AoYY WelHe FHOR SASH ©

— HX| & | |— FE7| —— H|HX[E [

HX| 14

[ 3-115] ¥u¥bA ol MX|Ho]7]9] L&

9 S1ISJ AWH HAA|) a2 Yepd, uﬁ]a}% IEEECRFES BN
sto] x| o] 71
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MBATR A 2Y SIEB(0]st GSHP)E AT ARFA(0Is} FC) AEE Al28e] A A}
of AU ABALAI AR Al 719 A g stuA 3 A POIA L
2(GSHP)%t ARAAIFC)S E£E ttol 32 Aujelold AlAslo] & &3t AR,

o GSHPS} FCO| 2He e4xe 2& 121 @rjo] Alewe Agewete] 2atol
G o] % 7bAle] o] s SAIE. ot 4% MY 2R 2wt dYAZ o g
L ouleo] Yaxo stesr WAIZe] ASIICHE Zos 2. o] & b U3 wWa
© A9l 79 GSHPAIAELY 712 AQl BAS ofsfstit] 7MY 2 9T Fi Ao
= 2. FLAEZQ FLIESY) 23 e AR/l A5 22 0 0, Huyst 45
AE 12 21, 088 17PA9 vjge] 431 e Yepd

o YT &Y e dAolgoe [E 3-60j EATo] YU, FL A2%0] Wy A4t [1
Y 3-116]0] YER} 918, o Wul 4t 2 Al 4EY 32 0014 1ato]o] Wy
A oz ofgA Wl Hojsts 24

[# 3-60 GSHP A|2HS 9t FL Aloj9] £ 42

Hot water temperature in L M H VH
HW storage tank (low) (medium) (high) (very high)
Cold water temperature in VL L M H
CW storage tank (very low) (low) (medium) (high)
Room temperature
] ) Large Small Small Large
difference between its i . None N o
) Negative | Negative Positive Positive
actual value and set-point
. L M H
GSHP operation state Off } ,
(low) (medium) (high)

o 77to] Wu7|7t Eote] GSHP HEE A5 S 93t FL if-then 7412 [& 3-61J0] U}
3 5]

1=
AR Aol Z1REE 7ol 2RHAS
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[® 3-61] GSHP At& Z70|A 9] if-then A

Hot Water dT=Troom=Tset
Storage
Tank Temp. Lg Neg. Sm Neg. None Sm Pos. Lg Pos.
L H H M L L
M H M L Off Off
H M L Off Off Off
VH Off Off Off Off Off
Cold Water dT=Troom=Tset
Storage
Tank Temp. Lg Neg. Sm Neg. None Sm Pos. Lg Pos.
VL Off Off Off Off Off
L Off Off Off L M
M Off Off L H
H L L M H H

* Lg(Large), Neg.(Negative), Sm(Small), Pos.(Positive)

N

o Wy e AE A] GSHPO| A4l FL MES EUS (23 31150 247 &

el
in
)

o
=

-y
«s EIREENIOICE.
oot e I T T b

(a) Heating mode. (b) Cooling mode.+

(23 3-116] GSHP Y'dd A REoAe] FL Aol £H

o A2 X|(Fuel Cell)s= HAzo 1 A7]5 A0 55 &
Ar=o uubr|7to] 37pX]9] e =,
GSHPZAz1t H| 4510, & 24%29 259t AN AYret 2 &4
Apolel. x| UH WAL= AaMX| 9] g st

a 7

Bl 1atole] Zhe 71l wiof



[® 3-62] FC A5 27049 if-then 3]

Q.
T

=
o A=AA] Asaleo

=0] Zfo]o] HujA
st FL if-then

Y @4t GSHP A|ASloA AME3IE 27
AL [E 3-62]004 Liehd.

e Fgst7t 71 mizoll, of 7I1te] AxAlY 42 =24 A

7o

LOW electricity demand
HW Storage
dT=Trcom= Teet
Tank Temp.
Lg Neg. Sm Neg. None Sm Pos. Lg Pos.
L H H H M L
H H M L L
H H M L L L
VH M L L L L
MEDIUM electricity demand
HW Storage
dT:Troom_Tset
Tank Temp.
Lg Neg. Sm Neg. None Sm Pos Lg Pos
L H H H M
H H H M L
H H H M L L
VH H M L L L
HIGH electricity demand
HW Storage
dT=Troom-Tset
Tank Temp.
Lg Neg. Sm Neg. None Sm Pos Lg Pos
L H H H H H
H H H H M
H H H H M L
VH H H M L L

* Lg(Large), Neg.(Negative), Sm(Small), Pos.(Positive)
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(c) High electricity demand

(23 3-117] FC AL E=0|Ao] FL Alof &¥

Ae FFA ok el dulstel B
AEPOR suRo JtAVEY]E AL§R. of BAIEIIY AFL AY =27] G
ghdo] 7| &xsh Al MALr= uh 21°C, Wy 25°Coln glewls s 1°C2 g

1= a- o

o AefAl+= YAV EFor AHA0R AEsiYlS O 7P 22lu Ay AARE
£ HUAl 21°C, @gA] 25°Cola dEdic s 1C2 &

o Al2®l wdl Jjdo]= TRNSYS7h ARRE|QIY, FL AEEZHZ AdPS ¢sl MATLAB
Fuzzy Logic Toolbox& AHEstAS. ESH AlEE0]MS ol Ottawal] HAF 714 tlolH
S o]8oldS. I AlEeolid ZAxto] ofst W&ut uA2 ofefiet Zg.

o 71249 oA AAF2 [ 3-118]0] GSHP-FCe} GSHP AJARIo] tjjgt On-Offet
Fuzzy Logic ZAEES 27 BISIAS. L A= Fuzzy Logic AEES ARESH A|AH]
o] A 7] AYX] AH|FE 2= A& Hoj&E. GSHP AJAHIOA AW & Fuzzy Logic
ZAEE2 On-Off Z1EE ojy] oj=zf A 12%9] ol|A] A4 B S. Fuzzy Logicg o]
83t GSHP-FC A|ARIO|A &= AR AH] AAeFe 18.4% FA=2 H 98-S, of7|oA

g

>{\I
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F9 ofuAl Aol £ AAROA dTIzuch Wizl o 2 o] £3% 9 3. ol
L OttawadlAl: A% JWRsl dystuct Ae o] 59 olgo|o], FL AEESS
g o zM GSHP AlARE AAe Avlo] We 8oz AFAL 4 A%7] B,

200

GSHP-FC System

g

On-Off

3

On-0ff

=
In
=]

e
b
[=]

g

1355 W 1122

-23.8%
FL

Heating Period Cooling Period Annual

a0

On-OFF

Annual Primary Energy Consumption (kWh/m?)
g

20

[ 3-118] GSHP-FC A|ARJoA 2] On-Off Aloje} FL Aloje] ARl oluA] U< vl

o &¥ste, 7|29 On-OffA|~B#} Fuzzy Logic Z1EZS 0|83t GSHPF GSHP-FC A
AHo] oiux|e} B EEYS BEE 4+ Ue AS sl BoE. GSHP-FC Al AR o)A
ozl 48] 22 ¥ &2 18.4%S Ho50, ¥&2d JA] 10%°] 77te. AEd 2
EE A2 ARgshs Aulet AlA”] FAstz oto]3z Auold AlARIZ § B2 o

At v &2dS 24

N
T X

o]
ik
o

o
=

4. A5oHA] 44 A]~" AI(ANN, FL) Ao] 7Y H& Al ol

Micro-generation A|AEIS] Fu}t 2]of|A Z| A e}
A2 22 ARREY, 7P 2 ©A2 dufolAao] 5§74 .
Micro-generation A|A®IS] ga4Q1 7tE 53] AR AFANA vAFA HeE 22
X719} doyA] $Q; BEYsE Micro-generation A]AEC] AL = mijcro-generation A]
& ArsolA A]sAQl o] Hash

>

e
o Fuzzy logic g2 Qo] A4 E= JARRE 50S RYshs Jlg SRE o], S4det
Micro-generation A|ARlS O-F 4 Q5. Fuzzy Logic Alo] WAl SR8y} 274
‘gol EAlste B A|IARS Oh2=d Addsiy, 23 2AFS AMEShe A BEop A
=X Alo] M Qst o] Aetdh. ol2fgh o]f = FL AH2 7|E€9 On-Off Alo] WAy} ]
wsto] 7hsst of|qA] & v]g ALZ Ao AREEY Q1. FL A2 A5 7)e)



O o = L= |
ks Ashs ol g
o 871-% S|EBI} MR oA AlHA TS 31, o] AAYE FL E& On-Off
Aol s Sdll des =AM Ea

5

o 13*- TRNSYS Algdo]d AnEQols Al
Fu

]_

R0l AFE-E]QIAL, Matlab zzy Logic Toolbox+= FL A|oj& Adist=0 AME. 57|-=
S|ERI AEsh=r AA| 250t MUARH Al AQIE 2% i}— U wWohd £= F
7N o]de] A H-FHRE F st WHo=r Aoyt AbsE|L, o] & Jf o9l 4
¥ 571-= S|E"n AAHRIS] J|E2EAS A4St ol el Ty 9T e |
2 3

[E 3-63] AWHP 9] Fuzzy Logic A|AEIQ] Q& Zrut

43 W 29 W Ao =

Linguistic Description

el

Room temperature

difference between Large Small None Smal Large

its actual Negative Negative Positive Positive
value and set-point

Ambient temperature VL b A i VL

(Very Low) (Low) (Average) (High) (Very High)

L H H
AWHP oerating state Off ] ]
(Low) (Medium) (High)

=3 12
lgheg. Smheg None  &mPos LgPas = Very Low Low Mverag fiigh High
1 | i \ T 1
\ f 1\ | [ | |
". “ ‘|‘|‘ \ ‘I|‘ l\ I‘I |
‘- /‘ A [ ]
£ \ \ \ | [
1a \ A 1 vy LY
3 T Y : \f | |\
: \[ 3 Y o f
ga \/ \ I | i‘f-_vn ﬁ \I | |/
ﬁ 1| | = [\ | :
| \ [ I\ ‘ IIG | I‘I ;l‘
A \.‘F I |'f \ b ] Il‘
AWLINA N
a - — "] —
A o 1 e 3 25 I 5 1 ri} is
T ("C}=Troom-Tset Outside Temperature ("C)
12
of Low Mediun High
2= g
\ / /
\ / ’\'\ /
Bos{ | / \ /
P /N /
E / [ /
£as '\ ’/a \.“ /
T \ \
Bl | / \ /
8 b \ /’
\ / \ /
0z I\I’/ \\ /
A A /
a az 04 s 08 1
AWHP Operation State

[O1F 3- 119] 9ot 2w At 29 V| % 12]il AWHP
AFER O] Membership Function
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o Fuzzy Logic Alojo|A 00 17X =ALS 2= 3IEEZLO| 252 02 OFF/AJEfolY
12 Full Load At& AJH. 945 A v &3
o

HA
Membership Function2 4= = &3 19

3-119] Zf=Ad ®7]. o] ZmolN FAH= S =#JZ 4 Qli, ol Fuzzy
Inference AJAHIOl E2HdS OFv £2 YHAS 29T, ol me Y7o AWHP
7b Qdo}d Al(Linguistic Rules) o2t 259 71 o]nf wibr|o: wf2 A5
[# 3-64] AWHP Atz FL-1 Ao} 9] IF-Then Rule
dT=Troom=Tset
Large Small Small Large
Negative Negative None Positive Positive
(Lg. Neg.) (Sm. Neg.) (Sm. Pos) (Lg. Pos)
Heating Mode H M L Oft Oft
Cooling Mode Off Off L M H
[# 3-65] AWHP A1t FL-2 A|o]Q] IF-Then Rule
dT=Troom= Tset
Large Small Small Large
Negative Negative None Positive Positive
(Lg. Neg.) (Sm. Neg.) (Sm. Pos) (Lg. Pos)
Toutside Heating Mode
VL H H M Off Off
L H M L Off Off
H M Off Off Off
H M L Off Off Off
VH M L Off Off Off
Toutside Cooling Mode
VL Off Off Off L M
L Off Off Off L M
Off Off Off M H
H Off Off L M H
VH Off Off M H H
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43 82 g4 57 55 53

o FL-1 A|oj7]e} vlugliE ©f FL-2 Aoj7]9] A2 &9 F 3715 185t s|EfHT
b S Yob eEAN Yok AU eEg gAlshedl o Me §3oIN AEEH
FL-1 Ajojz]o] vlsf A1 ofvx] A sa5 42 2 S

o BitRR 200 m® ¢l %%} Zeo] F7]-2 Awer|E JHA L FL EE On-Off AlojE o}
of, QA ZIGEIoIHE AREStaL T 21°C Y 24°C2 A2AB M-uQlES HAY & <
1 AlEEolds AAY. 37]-5 S|EE | dis] On-Off Alo] ®HAlat Fuzzy Logic Al
of Yrlog AojE Ad & o v Av|Fat A7] oYX FHoF vlgS o 1z
A YUEYo Fa Qlo Als)  7]7F2  Heating, Shoulder-Heating, Cooling,
Shoulder-Cooling, Annual °o|#A & 5 7IX|2 1243

o FL-1 AJABLS Qi7F 55% A2 Au] Hokg &4 9t Zo| v]s) FL-2 AJARe Az
8.0% A3 Av] Aokt £ Qlom, Es] & A|ARISl A Av] Aok H|E HuE
Shoulder-Heating 7]7tof] FL-1& 2.2%, FL-2+= 11.9%=% o] 7|7t9 714 2 Xjol& H
. o]/ o wHH o] Wyt HAstY A|AH0] HEA| 2 e Tri-generation A
AR O B2 oUR] Aokt 2AVEA WE RS E 4 Tl o,

[ 3-66] On-Off A|ojof v]sl| FL A|oj& A&l o A 4w Fof vl&
FL-1 FL-2
Heating Period 7.3% 8.0%
Shoulder-Heating Period 2.2% 11.9%
Cooling Period 6.1% 5.8%
Shoulder-Cooling Period 3.4% 6.9%
Annual 5.5% 8.0%
E 40 ’E’;‘O” _.14% ::
£ ac - £ 119%
E 30 Elzq{
:é - ‘E 10%
E‘I 25 E 0% B.0R
5 3o ok
i 2 E 6.1% .
E 149 ;ﬂ 6% i 5.5%
.L';. 10 E 4% .3.19&
g 80 15 78 3
é

CoolingPericd  Sheulder-Cooling
{luly . Aug.]

Annual

JJJJJJ

D, How., Mar., Apr.) My, Jure, Sept., Dt}

[1=d 3-120] Fuzzy Lugic Aojo] o=

0
Heating Periad Anrual
(Dec., larr., Feb,)

Shoulder-Cooling
Period
My, June, Sepl. Oct. )

Sheulder-Heating Cooling Period
m uly . Avg.]

Perio:
|0k, How., Mar. Apr)

AWHP AF5A] A2 Av] 8]
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5. AEOIUA A AAR Hoj2Al A U AA HAs} AL

A A VoA A Ao} 7122 viFoR AFOUA] AlAse] Holg Fa) AL AA
3t Aot WIH A AFoUA] AARY ouA AAFES DIIHOR §U 4 UL TAA A
ekl Ao Aolzslel Jpol WA JlEsel Aoi2AE e Hslol BAE Ad A
o 1gEE 129 3114 B DYl BT BE A Ao L8 A4 ot
of, 2} AL EBYA/PVT)Y e, 714 AFLLI|GAHX 2=, AUes

xo] ex2 Ued. 7 Age ek AFOUA A ARE Holst] 3t

n_kﬂ e

PVT : i Fan Coil Unit
o0 T
Tpvt/e _;_ :
|I O, a

— ~————

Electrical Supplement Heater
i 5 [
| H Tte =+ City Water
— T LY
g Heat Pump Storage Tank
(Adr-to-VWater 3 5RT)
G.HE

(2 3-121] AEoYA] A2 Ao g

o 7t A 2= MME olgstel AYA WFUA AN A A
3-122]9} 2. Alo] BZECA Alxgo] AFHA A HYLEES 5
Tet dRe, gFRE, YYRee Assh IR AYstH F4x 225 549

o 5E&xQ %7 40°C 0|Fto]H Htzm T C
of Slesun 10ColY Bl gof YRRt B ko uye
2E7h 20°ColA 26°C WYOIHE FFBET}

Hel gYBE A 3GOc B AAY HA)
WRS At AR 2 guy 39 oo o

a
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Twin Test Cell Control Flow Chart

Heating Mode B

* Tr: room temp., Ta : ambient temp., Tset : room set temp.,
Tpvt : PVT temp., Tt : storage tank temp.

Heating Mode G

gs
DHW Mode B

Heating Set Temp. 20=C
Heating Tank Temp. 40 =C
Cooling Set Temp. 26°C

DHW Mode A
Mode Detail
Heating A Storage Tank Heating Mode
+ B GAHX Heating Mcde
DHW C PVT Heating Mode
A GAHX DHW Mode
DHW
B PVT DHW mode
Cooling A GAHX Cocling Made

(23 3-122] AEolUA] A AE Aol s5%
o U¥RE Ax HIEAZRO HIAH AUAE o]&ste o] o]&ste REoln [1Y
3-123J1f Zo] HEx0] HEH =2 WY FHo= Yo o] &3t
Heating Mode A (Storage Tank Heating)
Tr e
PVT| : Fan Coil Unit
Tpvt® ] ‘ : 3 T et
}?’ Electrical Supplement Heater
[ L WES=g
‘ Tte L—-;‘— City Water
-
‘e Heat Pump Storage Tank
GAHX

[ 3-123]
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[0 3-124]2t

A
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Heating Mode B (GAHX Heating)
PVT[

o Yz E B

7o Ol
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Storage Tank
[0 3-125] Y&tz C 7@
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DHW Mode A (GAHX)

: Tr ®
PV'I: i Fan Coil Unit

X
¥

Electrical Supplement Heater

i ‘

Ll'll‘

Tte L.-fh City Water

LI R R RN

.ﬂ'lll.-llll..
[ ]

'gF? Heat Pump Storage Tank
[} {Air-to-Water 3.5RT)

- BESEBEZEZSEEEEN

sEssssswBEm

GAHX

[ 3-126] 9525 A 8%

DHW Mode B (PVT)

Tr e

peeney
PVTE.. : i Fan Coil Unit
Tpvt e E : I Tset
:: : ;.-Inl L]} w l-l@ it e i A s
._;:__- : : : \.; Electrical Supplement Heater
L : s :a-o-n-u:i‘ <z 34 1 =
:- sessEnsees snd Tt L L —_ C|ty Watef
T |

Heat Pump Storage Tank

(Adr4o-Water 3.5RT)

GAHX
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o YFLREE AFAuTV|E o] &sto P4 F7IS BEoz o]gst S|IEHE
olt, fAl 25+ [1Y 3-128]1F #=
Cooling Mode A (GAHX Cooling)
Tr e
PVT| ~ ! Fan Coil Unit
 Bmmmmane o aa bl
Tpvte E E T T LY Tset
La b — \ NSieetiaNiasiasIaRNATIseRNasIRONASRIAR RS
:-I—I—I smg . -l-@-l-lr[il r C
: : ‘ éz“ Electrical Supplement Heater
» :.---ﬂr--i = =}—
:_: :'IIIIII-I.I-III; ‘ Tt. {_:f_:— C|ty Water
C Tg¢
$ : Heat Pump Storage Tank
L " (Air-to-Water 3 5RT)

GAHX

[ 3-128] W2 E A Vi@

o AEAUA A28 FAstE ¢

3-129] &3

| z Load

@ O

o it number of houses

wsto] ape

Fow BT G for Homa nas O

0

-

AMain Pa
IWay vabe

T

U] §3/ el Aele oo (13

B 5 Y
N
'EI ® O B R
1 ]
-
| [ = \
| L@J A 3 ©
[ 9 g | ZI: o0a m i number of ollices
) 1 2 3 4 5 6 7 8 9 10 11 12
i
Main  |House/| Fan coil | Main GSHP GSHP| GS5-Tank | HW | CW | PVT | PVT [Solar pre-heat|Solar tank cir,
component| Office | unit  |pump pump| pump | tank [ tank | system | pump tank pump
Quantity 1/1 2 1 1 1 1 1 1 | 1 1 1

(23 3-129] Al~H &Kt AR /Hd e
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[ 3-67] A28 Kot 24 B} Al

Incheon Five Houses + Two Offices
Multiple Buildings) (5x200 m2 + 2x500 m2 = 2000 m2)
Case 1 Case 2 Case 3
. ~ Boiler+Chiller | GSHP GSHP+PVT
Energy Intensity (kWh/m2-yr) FqpisrE UM sapp | PVT=60] PYT=0 [PVT=60[ PVT=0 [PYT=60
(REFERENCE) PV=0 |PV=120|PV=120|PV=240|PV=240
Space + DHW N. Gas 55.9 3.6 0.7 3.6 0.7 3.6 0.7
Heating Electricity - 13.5 11.8 13.5 11.8 13.5 11.8
Space cooling Electricity 16.2 8.6 7.9 8.6 7.9 8.6 7.9
Fans 4.2 5.3 6.0 5.3 6.0 5.3 6.0
Pumps 0.8 3.8 3.1 3.8 3.1 3.8 3.1
Non HVAC (lighting, equip.) 43.9 43.9 43.9 43.9 43.9 43.9 43.9
FElectricity Production 0 0.0 -3.8 -19.0 | -22.8 | -38.0 | -41.8
Total (Net) Energy Use 107.6 78.7 69.8 59.7 50.8 40.7 31.8
Energy Savings - 28.9 37.8 47.9 56.8 66.9 75.8
Energy Savings (%) - 26.9% 35.1% | 44.5% | 52.8% | 62.1% | 70.4%
InCheon W PVT Electricity Prod.
120 # Non-HVAC
99.8
= 100 ® HVAC Electricity
"é_ = Natural Gas
g 30 - 1 m
-E- &0 ) . i 52.6 42.0 33.6 23.0 14.6
o
-E 40 4 M 3 -2 “a"g' g | 3 L |
| ‘s B l s . oF s .
el -3.8
S 20 1
1]
-60
Reference Case GSHP PVT=60;PV=0 PVT=0;PV=120 PVT=60;PV=120 PVT=0;PV=240 PWT=60;PV=240
System Cases
[T 3-130] A|ARD 2| A sF Aut
o 71ES] MFOIUIA] AT A A% FHa} Al BAL 53] =29 Aue (& 3-6419 2O
o, 2 23S gz Y& [1d 3-130]2 25
E

o 3t A3}t AlE

|o
stgoz 2 A-lE A9 AAst RS =F SIS R

pp 56~68]
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Energy Model
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m
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[ Cost Analysis MO 2 HAl
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N
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Sensitivity e Hol WO AIER
Analysis ] = =l 01 2¢CF.

L] GHG Analysis
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Financial Summa
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B Progect verfication ‘Base case Proposed case
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Domestc kol waler heatng bass demand 03 [ eow | EO%
Totst hestrg nin 40k 1308
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Financial parameters

General
Fuel cost escalation rale % 5.0%
Infiation rate % B.0%
Discount rate B 5.0%
Project ife yr 25|
Finance
Incentives and grants. £ 10,000
Dbt ratio % 0.0%

- Magoiy|, Juy] olef (22 A))

- A28 3}§(§ﬂﬂh 23/x/H| 5) 2=
= EEH i ﬁ'ﬂgl ]‘%ﬁ'h ﬂﬁ

- E{!EI_HE ﬁﬁﬂlﬁ% o
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X723+ (GWP)

=47ta =
: § i co, 1
CH, 21
N,0 310
(F] &3, 7|4E)

B i ZEAEE (291: ko c/an)
C A=
a7 20.20

- XA =2HE X gE

- CO, HiE A4 U (Kg/GJ)
- CH, Hi&EA4 Y2 (Ka/GJ)

— 19.60
- HIE=HA 0
N,O Hi=AlT = (Kg/GJ) LNG 15.30

CO, " ME = HiL{x|AH|E « HAE « HiEHT
(BEHAT, 2012)

[23 3-133] 2AI7IA Y

(GHG MZE 24> (HIHH|S HEE 24 < FXCHY] 2|72 LCC 245

Project costs and savings/mcome summary

Electricity export income: Initial costs L
Heating system 1.3%  KRW 2,408,000 AR o
GHG reduciion income [u] Coolng system 85 7T% KRW 189,000,000 §
Nl GHG reduction o2y 15 E A
Nat CGHE reduction - 25 yrs tc02 3454 Balance of system & misc 0.0%  KRW o |§
Total initial costs W000%  KRW 191,406,000 | ] T - e
123+ 5 8T I},." R MHBEWTAINANN NG
i =
o o o ==
Annual costs and debt payments e
osu KRW o resenon [
Fuel cost - proposed case KRW 27,950 683
Total annual costs KR 77950683 B o i x
i D
Periodic costs (credits)
Heat pump (Compressor) - 10 yrs KRW 2,500,600 Financial viability
Ar-congioner - 10 yrs KRV -5,000,000 Pre-tax IRA - equity % 9.0%
Pre-tax IRR - assels % 9.0%
Annual savings and income
Fuelcost - base case KRW 43,316,358 After-tax HR - equity % 9.0%
After-tax IRR - asseis % 20%
Simple payback ¥r 128
Equiy payback yr 106
Total snnual savings and income KRW 43.216,386
Net Present Value (NFV) KRW 353,338,862
Annual ife cycle savings KRWiyr 14,133,434
Benef-Cost (B-C) ratio 285
GHG reduction cost KRWACOZ {868, 535)

(23 3-134] 2423 Y ofA]
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F(PV) AlAHE2 BioA frotsoRl BjiFgolA A7]ouAE Aditsted A &
A AENO Al PV(Photovoltaic) A|AHES PVT-GHP AJARIO] A7]E AAibsto] 5+
2. RETScreen 2o A|FE = PV AlAHS S GRS 4= BAISHES.
29, 7171 S0l AHEEH= €L A7] AREF2 25.2 kWholo, A%t 9.198 MWhE AR-&st

o2 YA,
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to riT

Fr oL 12 oV
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Financial Analysis

Financial parameters

Inflation rate % 2.0%
Project life yr 20
Debt ratio % 0%
Debt interest rate % 7.00%
Debt term yr 10]
Initial costs
Power system 3 11.136 216.8%
Grid extension 3 5,000 -116.8%
Total initial costs 5 5136 100.0%
Incentives and grants 5 l:l 0.0% Cumulative cash flows graph
Annual costs and debt payments 14,000
0&M (savings} costs 5 l:l 12000
Fuel cost - proposed case 5 o
Debt payments - 10 yrs. 5 12 10,000
Other 5 z
Total annual costs 5 512 8 8,000
. 2 6,000
Annual savings and income 5
Fuel cost - base case 3 778 3 4,000
[other 5 2
Total annual savings and income 5 76 E 200,
g
Financial viability a 1 4 5 & & 5 10 2 14 15 16
Pre-tax IR - equity % 25.3% -2,000
Pre-tax IRR - aszets % 8.8%
Simple payback ¥r 8.8 4.009
Equity payback yr 49 Year

[ 3-135] PV A|2R1f FAIY 24 2

<RETScreen 4 Q ok

- Off-Grid ¥ =aH]& @ $0.05/kWh

- AF 2gH] : $180/yr

7] AHE-EF @ 25.2 KWh

H7] AF8EF : 9.198 MWh

- PV A|AEl : Heliosiit 240W+, ©2AA A
- PV 2& : 14%

- PV Mx] AH : 60% 74AHZE 6.7 m?

- 7]4FElolE] : QIF(NASA Tlo]E)

- Z7)|EX] : $11,136

- o7} Aok u] g : $512

- u]g3]% 712t : of 5

-
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5714 B2 AE71= PVREE Fof #Alstal glew, PV 2RSS stHA A FouX|=
d E= A|E SIEEmO Aledezi IHA] ot AUXE &9%F. E£3F PVREES &
Hees ¥582 PVEEY 882 =0+ 7lee & 3714 HYE AE7IY A8 24=
2385h7] YsiMe A 712 AUl 255 21°CEA sten, 99 7HeARE ARt s 2
5t¥e. Solar air heatere o|Zol|= 7}50] =Y FBoUX| S ARESHA] 9tz GAIE &4
Alofl= AFEES 0%=2 A5t a, EFE0E 50%, sA0E 100% Argshs 7oz AAstR
o

Financial Analysis

Financial parameters

Inflation rate % 2.0%
Project life ¥r 25
Debt ratio %
Initial costs
Heating system 5 3,453 100.0%
Dther | 5 0.0%
Total initial costs ] 3,453 100.0%
Incentives and grants 3 I:l 0.0% Cumulative cash flows graph
Annual costs and debt payments 7,000
D&M (savings) costs 5 ] 5,000
Fuel cost - proposed case 5 471 5,000
Other | s B i
Total annual costs ) 47 H
H 3.000
L
Annual savings and income = L
Fuel cost - base case s 747 1
[other | 3 H 0
Total annual savings and income 5 747 € o] "2 B4 8 8T “)"":/"' 12013 14 95 W 17 18 19 N N 2 1M B
T E 2,000
Financial viability S G
Pre-tax IRR - asssts % 8.3% -
Simple payback yr 125 4000
Equity payback ¥r 111 Year

(73 3-136] 8714 B BE) AR £ A

O

<571 HYE AE7] RETScreen &4 g9k

- 8] &8 ¢ of 58%

- AH] 8% 1 2.99 m? Z7]A ALY * 4
- duju] & © $520/m’

- &7] FAtu]go] of $3,453

- A oy R A $747

- At g1t of 114
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ot A€ 3E

= =] =+ L 3 [e)] o]= . O (o] =] 1_
A8 BIEEZ(GSHP): d®e st 7ls2 7ML e olfl A 2A40AM=
S S =] o == = 5
PVT-GHPO| SA|2slo] chgt A4 24 22t Rl ojs] AAlsk 917] wl2o] Solar
1 = = 311 L [0) = S = i 1o [0) =
air heaterg 33l sg5= 16.4% FoIYAIE Aot A2 s|EHx &F°] 83.6%0l tish 4
) =| o = (@]
Ad A2 sHA =
Financial Analysis
Financial parameters
Inflation rate k. 20%
Project Iife ¥ 25
Debt ratio % 40%
Debt interest rate % 15.00%
Debt term yr 25
Inifial costs
Heating system s -10,520 -3126% I .l
Cooling system 5 5,898 175.3%
[other | g 787 27.4%
Total initial costs s 3,365 100.0%
Incentives and grants |:| 0.0% Cumulative cash flows graph
Annual costs and debt payments 20,000
0&M (savings) costs 5 |:| it
Fuel cost- proposed case g 624 100,000
Debt payments - 25 yrs 5 208 pa
| s 3 80,000
Total annual costs 5 832 S o
E 0,000
Annual zavings and income = 50w
Fuel cost - base case H 3574 8 A
| H 2 20,0001
Total annual savings and income 5 3574 E
Financial viability E ; 3 3 & 56 g5 10 2 415 16 R 242F
Pre-tax IRR - equity % 161.1% I
Pre-tax AR - assets % §7.5%
Simple payback ¥ 14
Equity payback yr 08 Year
= o 1T =
(23 3-137] A|E s|EE= FAY 4 22

<X|¥ 5| E®I(GSHP) RETScreen ¥4 Qo>

- 2R 200 m’

- BakeF 0 HurEsEt 18.4 W/m?, WEurEst 28.4 W/m?

- 71 Al HAZEA Bl (af 78%). FY7] (COP 3)

- B4 ) A SlEED Yuhy

- Au] &5F 7 kW (Amanajt PHD24CO2F1), COPh 3.24, COPc 3.82
- A @7} $99/MWh

- &7] Expu] o] oF $3,365

- ﬁﬂ— oﬂ —]7(] X47]- $3.974

- £k #4712 11
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3. AFoNuR] AFAA" FAG
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247tA BH 2 Y

L EIEICRSE PNE SR BT BP

o 71%101'5% RETScreen} NASA 914 HlojEjel AlAzlo g @dgo] Hof x|elg Aetst
9 22 320uje] J1gdolEE 5T & AS.

o RETScreene ¥'# 7|A4Ho]Eg o &sto] 2 oF 600 20| 7|AtdlolE g Azat. 714

Glolejo] AElA] B4 x|olgh Meslel ALEAOR 2087 W W JINHolHE o] &7}

(e} a -

RETScreen® Inte n'luuna!

HsCrise o

Cieavy Erwweyy Proyect Analysis Sofltware

> NASA DB 7|8 ZUj 7] n!
DB 7& (S 600{ = X&)

e i {t‘} I RETSCREEN PLUS NASA DATA
: 3 g A e i IR COLLECTING MAMNUAL
=" e - .~ R
! - BY s -
X f ._z " _‘u.‘."' *j, ) — * —_—
. C = KT Screwr

g e e

o Py | —

*  [rss e, — L I-n....._.. = ...- '.__._|'m WO
_-'-"l L nas = = 1 i | . L1
e = e @9
Estth eomganaiuts [=] me

Dlmily pelar
iy Frelanive vl aning Anmmnspheni Earth Hleating Conlisg
Mromih twmnpedwtuee  hussldivg hoshairst o pripumd Wid spted peogpbepy Segies-fige gt dags
darmmy [ ﬁlﬁ.ﬁ. : 5 "?é E] ﬁ ‘70‘1'
b i [k i) & T § S ;
Moo ik i {1i) = ; s T ]
o o : = : = —
Sepaarnbr 55 e 53 % St G —
Cicioher i3 FIast =3 [ . % 1Z1
Dotmtn & e i - . & = :
Masnard = S o " " omeTr—e— o
[ 3-138] RETScreen 7]4td|o|E
o RETScreenof|A] A|&st= A&%st Golel= W7t dr|ito] A2 w0 waf A

og_

[e] =
got AAlR=s €8 710y A™a 9 Ahsos ALk, [1™
of T} FExU AAE ] e AFHsE 24 &

o RETScreen® &4 SEH35F AAMA = ASHRAE 90.1 7|&oA9] A8y Add &
& Baere msto] [m 3-64]eh o Fuwats A

-139]9] =
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[ 3-64] ASHRAE 90.1 C}Jgh 7120 9o @2 F&b Waley

Type of Building

Hourly

Maximum Daily

Average Daily

Men’s dormitories

14.4 1./student

83.3 L/student

49.7 L/student

Women's dormitories

19 L/student

100 L/student

46.6 L/student

Motels : Number of units
20 or less 23 L/unit 132.6 L/unit 75.8 L/unit
60 20 L/unit 94.8 L/unit 53.1 L/unit
100 or more 15 L/unit 56.8 L/unit 37.9 L/unit
Nursing homes 17 L/bed 114 L/bed 69.7 L/bed

Office buildings

1.5 L/person

7.6 L/person

3.8 L/person

Food service establishments

Type A - full meal restaurants 5.7 L/max 41.7 L/max 9.1 L/max
and cafeterias meals/h meals/day meals/day
Type B — drive-ins, grilles,
) 2.6 L/max 22.7 L/max 2.6 L/max
luncheonettes, sandwich and
meals/h meals/day meals/day
snack shops
Apartment houses: Number of apartments
455 303.2 159.2
20 or less
L/apartment L/apartment L/apartment
50 37.9 276.7 151.6
L/apartment L/apartment L/apartment
32.2
75 250 L/apartment 144 1L/apartment
L/apartment
100 26.5 227.4 140.2
L/apartment L/apartment L/apartment
132.7
200 or more 19 L/apartment 195 L/apartment
L/apartment

Elementary schools

2.3 L/student

5.7 L/student

2.3 L/student

Junior and senior high schools

3.8 L/student

13.6 L/student

6.8 L/student
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[ 3-65] FUj H712F ol (FRHLFAY <T):U/kWh>

o -=-&(3)) 100kwojget

FEEICES
= wga
TE 71E8s o 2x 2 slex A
A QFA = 5230 96.9 59.7 84.1
JLOFA MEH ] 5550 96.6(95.9) 59.8(59.4) 82.6(81.8)
9B AEE ] 6370 92.1(91.4) 55.4(54.9) 78.1(77.3)
(7.21B)
T28(2) 100kWolA
FEEICES
=]
T ) RE " o= = sled Aed
A¥ 5} 49.8(48.3) 49.8(48.3) 53.8(52.1)
MER ] 6090 Z Y35t 94.5(91.8) 64.2(62.5) 93.0(90.1)
JAA ES A=k s 160.4(154.7) 84.70(82.3) 131.7(127.4)
19UB Ve R=Reld 45.3(43.8) 45.3(43.8) 49.3(47.6)
(7<1B)
AER ] 6980 Z 25t 90.0(87.3) 59.7(58.0) 88.5(85.6)
| T 2.5} 155.9(150.2) 80.2(77.8) 127.2(122.9)
v A= () 1 300kW 0]oF
FEEaoE
;_Hﬂ‘— 7] %‘Q_% =2x] AN O X o x]
o% a O -7]—2 = 7:]E =
AU 6160 105.7 65.2 92.3
TIOFA AER ] 7170 115.9(113.8) 71.9(70.8) 103.6(100.6)
=}
9B AER ] 8230 111.9(108.5 67.6(65.5) 98.3(95.3)
(7.9/B)
o A=) 1 300KWaTo
FEE e
=]
T i BE o2 = sled Aed
4B 35} 62.7(62.1) 62.7(62.1) 71.4(71.1)
MEH ] 7170 Z 4935t 113.9(110.7) 70.1(68.0) 101.8(98.4)
T AA Z| o E.5t 136.4(127.1) 81.4(73.4) 116.6(112.6)
19UB vER=ReT S 57.4(56.8) 57.4(56.8) 66.1(65.8)
(7.9/B)
MER ] 8230 Z Y35t 108.6(105.4) 64.8(62.7) 96.5(93.1)
Z| o Hst 131.1(121.8) 76.1(68.1) 111.3(107.3)
Jure H=(2) 300kWol
o eas FEEIE
" S N s o454 =7red Aed
7990 3B 35} 61.6(60.0) 61.6(60.0) 68.6(67.0)
6630 =535} 114.5(112.3) 84.1(82.3) 114.7(122.3)
( ) F| T &5} 196.6(193.5) 114.8(112.6) 172.2(168.5)
Sorp 8320 Ve A=A 56.1(56.2) 56.1(56.2) 63.1(63.2)
_’:} 7380 =523} 109.0(108.5) 78.6(78.5) 109.2(108.5)
= ( ) Z| ) 235} 191.1(189.7) 109.3(108.8) 166.7(164.7)
9810 4B 35} 55.2(54.5) 55.2(54.5) 62.5(61.6)
8190 Z 9235} 108.4(106.8) 77.3(76.9) 108.6(106.8)
( ) 3w ARy 178.7(188.1) 101.0(107.2) 155.5(163.0)
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[# 3-66] 7t~ Q@& Hloly (A&kAl7tL) <d9:d/M)>

| e
I A} 15.2018
uhat 15.2018
Jovtare 15.7050
57271 15.1917(14.1900)
FL 11D 51471 14.9367(13.9350)
4155 14.9459(13.9442)
BN 15.0675
. _5@7] 15.2170
P sH27] 7.9575
71E} 14.1525
=7] 13.3534
Arolg 51A 7] 12.5956
71€} 12.6185
[E 3-67] 71 X HolH (F=A75Ah <& /1>
7z UFIEH HE3ge AEAH- o A&
20139 157] 2232.21 1954.57 1767.45 1386.08
2013H2%57] 2207.99 1916.94 1715.1 1365.66
20139357 2226.01 1938.48 1735.88 1358.49
2013457 2198.05 1888.19 1700.3 1351.77
20149 187] 2199.83 1882.69 1699.92 1349.09
20149287 2195.13 1868.91 1680.05 1328.74
2014d3%7] 2176.27 1837.83 1641.57 1303.44
2014H4%57] 2079.49 1721.08 1526.69 1214.79
20159 157] 1875.07 1485.36 1312.62 998.12
20159257 1903.97 1543.2 1344.15 969.87
20159357 1895.8 1544.4 1309.28 942.6
2015H4%57] 1829.18 1468.36 1232.63 882.69
2016 157] 1735.23 1362.59 1121 776.38
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L. AFoUx] BAAA” 24 2A(PV+GSHP)

o RETScreeng olgstol AEolulxn AAXIAC] ZAY U LA7tA A7 24E 9
A71E 43,

o [ 3-140] m2AE x|AgtHOo 7 mAEO] Z=(Combined Cooling, Heating
and Power)S A&,

o 7I’JHlolH & diAdxg ez A

%

[ L et Bencour Canadi
-

Fos

RETScreen® International

www.retscreen.net

Clean Energy Project Analysis Software

Project information See project datshass
Project name [ PV + GSHP - Office |
Project location | Taejeon |
Prepared for Dr ElLee- KER |

Prepared by hvor |

Project type Combined cooling, heating & power

Grid type

Central-grid |

Analysis type

Heating value reference Higher heating value (HHV}

Show seftings O

Method 1 ]

Site reference conditions Select olimaie cats bocafin
Ciimate data location | Tagjon
Show data © I .|

[22] 3-140] RETScreen 2R E A|XFsHH

Climate data Project
Unit location location
Latitude N 354 36.4
Longitude 'E 127.4 127.4
Elgvation m 72 72
Heating design temperature . 91
Coeling design temperature 2.6 2o
Earth temperature amplitude = 19.8
Daily solar
Air Relative radiation - Atmospheric Earth Heating Cooling
Month temperature humidity horizontal pressure Wind speed  temperature degree-days degree-days
C % Kh/m2/d kPa m's °C Cd ‘Cd
January -1.6 64.3% 2.82 99.8 16 -23 608 {1
February 0.5 61.0% 3569 99.7 1.8 0.1 490 0
March 5.7 59.7% 4.45 899.5 21 57 381 0
April 12.5 59.4% 5.40 991 21 134 165 75
May 177 66.9% 5.57 58.8 2.0 188 4 239
June 220 72.8% 488 Go.4 18 228 1] 350
July 251 80.2% L7 983 19 245 0 468
August 255 79.5% 415 98.5 T 247 0 481
September 205 TTA% 3.95 59.0 18 20.4 {1 315
October 1389 T3.2% 355 99.5 1.4 142 127 121
Nowember s 71.0% 276 899.8 15 5.4 324 0
December 09 67.9% 2.55 959 14 0.1 530 0
Annual 126 69.5% 4.01 95.2 1.7 12.4 2,634 2,058
Measured at [ 10.0 | 00 |

[1 3-141] thA x| 9o] NASA database 7|4 E
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o [23 3-142]% A2 Ralge U AAA vlns & 71E XaHo] My YRS Yeets
sjHog 7|& JuA ARl 85% R8S ZE landiz HAAsu 71E WA aE
© COP 2.0 zt= M7|s|EHLE AT

o ABFRE Y WAS F 1000 m*2 A4S, 247t Wy 25k RETScreen
HlolEslo] A Fxsto] 40 W/m’, 35 W/m’e2 A%

o [3% 3-143]2 7|EA AT vlEOIAFQl AFEouUA] AJAF A|ARlo R Aelg Yitsle
FRR|(PV)} Pte Ddels A S|EWL A A)(GSHP)S 273

RETScreen Load & Network Design - Combined cooling, heating 8 power project

Base case heating system

Single building - space heating |

Heated floor area for building | m 1,000
Fuel type Matural gaz - GJ
Seasonal efficiency " So%
Heating load calculation
Heating load for building | Wim® 40.0
Domestic hot water heating base demand % 12%
Total heating MWh o4
Total peak heating load KWW 40.0
Fuel consumption - annual Gl 3ob
Fuel rate %G | 17.190 |
Fuel cost ? 6,118
Proposed case energy efficiency measures
End-use energy efficiency measures % | 0% |
Met peak heating load KWW 40.0
KMWh &4

MNet heating

Base case cooling system

single building - space cooling

Cooled floor area for building | e 1,000
Fuel type Electricity
Coefficient of performance - seasonal 2.00
Cooling load calculation
Cooling load for building | Wim® 35.0
Non-weather dependent cooling e 1%
Total cooling MWh a3
Total peak cooling load KWV 35.0
Fuel consumption - annual MWh 42
Fuel rate swh | 0.090 |
Fuel cost 7 3818
Proposed case energy efficiency measures
End-use energy efficiency measures e | 0% |
Met peak cooling load KWW 35.0
MNet cooling MWh 35
(23 3-142] A5 FsHE R 7] e A 4
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|Proposed case cooling system
Basze load cooling system

Technology | Heat pump |

Fuel source Power system

Capacity | 0 30.0 85.7%

Coefficient of performance - seazonal 3.50

Manufacturer

Model

Cooling delivered M¥Wh 24 89 2%

Peak load cooling system

Technology | Compressor |

Fuel source Power system

Suggested capacity KWW 5.0

Capacity | KWy 10.0 28.6%

Coefficient of performance - seazonal 2.00

Manufacturer

Model

Cooling delivered MWh 1 0.8%
|Proposed case power system

System =election Baze load system

Baze load power system

Technology Photowvoltaic

Analysis type 2 Method 1

@ MWethod 2

Resource assessment

Solar tracking mode Fixed
Slope : 34.0
Azimuth > 0.0

(23 3-143] W7t of4 A 20] A8 HFOIUA ABAAAR FR J(PV+GSHP)

0 [13 3-1441 A2} Wb oy 2120 A oAl B AYE And.
(7% 3-145) RETScreen A4 W7t Avolol, v, o714, 27h358,
URAZ, FEHE 5L olofElHlo] 22 5] FAHOR Vst N,

o
o oY

Mg 2440 $AAZ 555 (Cumulative Cash Flows Graph)=2 4174 mpeldh 4~
o, AEUA] A A|A-Y] EAtg &pr|ihe oF 9.790= UERd.

30

. \ \
=i P ower
=l Heating
15
kW [ —a— Conling
10 W
5
Y \.
/
0w -+ *
lan Feb Mar Apr Wiy Jun Jul Aug S=p Oct Maw Dec

(2" 3-144] |7t O A= AuA] fsigd A48 2
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Financial Analysis

Financial parameters

Inflation rate % 20%

Project life ¥r 25

Debt ratio % 40%

Debt interest rate Yo 3.00%

Deebt term ¥r 10

Initial costs

Power system (3 200,000 77.5%

Heating system s 5,000 1.9%

Cooling system § 53,000 20.5%

Other 5 0.0%

Total initial costs $ 258,000 100.0%

Incentives and grants § I:| 0.0% Cumulative cash flows graph

Annual costs and debt payments &00,000

O&M (savings) costs $ [ —

Fuel cost - propesed case s 1,085 50,000

Crebt payments - 10 yrs $ 12,058 o

3 & 400,000 -

Total annual costs S 13,194 ‘g /
H 30,000 :

Annual savings and income E it

Fuel cost - base case 3 14,273 E] T

Electricity export income : 12125 ; 0.0

Total annual savings and income 5 26,349 E o)
E [ 1234/5/6/2/'5'19_—1:'1112.‘31415151?1319202‘22232425

Financial viability a mo00

Pre-tax IRR - equity % 12.7%

Pre-tax IRA - assets % 7.5% -200,000

Simple payback ¥T 10,2

Equity payback ¥r 97 Year

(23] 3-145] AHE0IUIA] AAA|ARI(PV+GSHP) 24 Bt A3t

o [73 3-14612 RETScreen 2471~ e B2} Aumoln, Sjuete] Megat 247}
2wy et 7 SARE RAVLA WS ANSte] J1EA AN WAR 247
2 R FOA] AALA] A8 o]

FAH ST 2/&7}& l?j_lr}\geét% H]jl_ _H‘;__/\-lél—

=2 O a 2 ou v & - a-
o AFoUA] GAA| AR B medoa siHgh 1,000 m* HBoAe]l 2AZFA A TF

[©)

106.9 tCO22 #A4=|0f, ol oF 200) 71¥e] ALFAL WAsh: A7tA0 ot 28,

[l Emission Analysis

GHG emission

factor T8D GHG emission
Base case electricity system (Baseline) (excl. T&O) losses factor
Country - region Fuel type tCOZNWH % tCO2NMWh
[Karea, Rep. of (South) [ Altypes | 1.533 | 5.0% B
Electricity exported to arid MWh &1 TED loszes 5.0%
GHG emission
Base case tCO= 1138
Proposed case {002 g7
Gross annual GHG emission reduction tCO=z 108.9
GHG credits transaction fee E
Het annual GHG emission reduction tC0: 1069 is equivalent to 196 |Car5& light trucks not used

GHG reduction income

GHG reduction credit rate saco: [ ]

(23 3-146] AEAUAR] A AR (PV+GSHP) =4d7FA A g7 At

- 163 —



ot AEoYA] BAAAE FAE Ud e 74

o HEANUR] AR A 7=l PVT A|ARS] AAIHZHo] ©he FAld U= +4
= 8.

o RETScreen ZAAIA BAS #83517] 95 37K AZUE(GSHP, PV, SAH)2 B235}0]
42 Y

o GSHP A|A®lZ 7]&E2 HAH+WF7]|E Eﬂﬁﬂé}b Aladlog A5t AJEAIAR]
BE = oA &83F Mammothiit2] J5EI0IE &

o A|AHlo] Tigh FJHoF A FA0] ol&et HolH & [& 3-71] #&.

[E 3-72] A|¥ S|EHI A2 Ry

I5 AY g U 29
71’0l Seoul

1 A9 714 e [ 420 Just 9.5 W
9] yrst 8.0 W
71E dde Ayl
71E G dr 59 7taH A
71E I AR 2= 85 %
71E ¥ de /3 H7]ofo1d
71E BT ARt 4sA4 SCOP 3 wW/W
Aot 3 gy
Z Jdup) de 5% Al slEED
SlE¥m a8k 8 kW

3 AAEl olm mu | SIEBE WY ARE deA$ SCOPC 2.9 w/W

B slEdm Wy 23 9.5 KW
slEgE Ty ARt 44574 SCOPh 3.4 wW/W
2o I 8% 0 kW
BESH Iy 8% 0 kW
Bx WY AR 9% H7]oflo1
Hx U] 8% 0 kW
B Ju7] AR JeAS SCOPc 3 W/W
BE WY AR 59 7taH A
Bz du] 8% 0 kW
x4 A &8 88 %
Yy 9 B x gy v g
S|EdT Mz /1A 1,500,000 H/kW
] Az 1A (PAE ) 30,000 A/kW
B7] AR 714 ("7]oo17) 200,000 A/kW
A7 8= 126 91/kWh
AAZts a5 21 A/MJ
(") vl &

4. 818 A BE | day] J3 HE 3 %
IE2olA Hl= 3 %
4= = 0 %
LRAE 39 7|3t 25 kel
JAE|Y o Bxg 0 2
4z vle 0 %
& olxtE 0 %
4= 7Rt 0 hu!
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S 135te] SMP+REC 71A9] 3lstalo g vioish,
714l EjQrd Alel x| AEI0] AMR|HAL 3 0kWed EfFY md wWAml PVTO A& g
m _

o

g= AR YL 4 A =

1. Al 718 AE 71%d|ol & Daejeon
2E B¢ poly-Si
AR & 8 3 kW
9d 88 16 %
A /_'\_F%]I Hl—ﬁ {\_}\1 =2 1 %

2 29 9 B et DN TRE Fixed
“dAHZE (Slope) 35 0
HFo17F (Azimuth) 0 o
IHEH && 95 %
PV Ax| 714 2,000,000 2 /kW
A7) mof @7t 200 o1 /kW
Azv] ¥5 HE 3 %

S HIEEA AR oimaon g 3 %
U Fdolg 0 %
n2AE »1 7%t 25 d

[E 3-74] 5714 BIFE A|AH ZH

g AR YL AY =9

1. A9 718 AE 714dolH Daejeon
] 399 1500 m3/h
+Rd 2 (%) 7 A/ 5

2. 48] ddk Jg =8 AR (%) 8 At/
2AY & (D) 2 /%
= AR () 8 At/ Y
71E 3 AAH 7tA 5 A2 (Def.)
s 80 %
HYE 5714 AE 25 HY Transpired-plate
AR WA 16 m2
=g 94 %
o 48|53 7 W/m?2
lq'loolt —7;<—7§| Ho]-}\ﬁ] Fixed
A2t (Slope) 35 0
9o 7F (Azimuth) 0 o
SRS 2900000 3]
X7] @ 126 2 /kWh
MAZtA 93 21 A /M]J

2 24 A Agd] A4S HlE 3 %

A=old v & 3 %
da s 0 %
neANE 29 7|7 25 e
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PVT 714 uiztz2 BMst7] 98] PVT 7t4S 7]

125%2 AAQ5HA S

g

PVTO] 42 EfFF(PV) A|AHIL X5t A3 AFX|Q 7FES £AstY 245 43886t
¥y, AE SlEFHZGE o]fY AL, E Ao JRHSH ARFOUA]  AJAHE
(Tri-Generation)s 0] &g 492 U0l 2A01% 5.
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150%91 4L oF 89, 1256%9] 4L oF 7.29 J==2 PVT A|AHIQ A7PE7bo] whet 1
o|Ato]l BEXtZ &47]7He] Rfolg H &,
PVT 7tAQIZIE A
70,000
----- GSHP only ——BITG(175%) ——BITG(150%) —— BITG(125%)

60,000
50,000
40,000
30,000
20,000
10,000

0

26 28

-10,000
-20,000
-30,000

[Z= 3-147] PVT 714 RIZ = FAof mhg FAH] 477t

— 166 —



E(PVT) FAI’g ¥l

(o] =1
&3

4. Ej

PHEFET L MPeeXTx ©°TEFTX
@R T KT TR = D
NN o O mw NI VI w_m O
%mﬂwﬁ%_w Lo oF W G = _d%mr__
~ ~ IF %o o oR ucw_ﬁ_uuu E o% K
lod —m | o sl oo =
gy ey K L E BT T
wE AN m B0 N Rl
. s 00 &
o_mﬂﬁo__}%@am mwmqqﬁo_mo_mm%mo
o = ol < of o e
T EET L wi T ¥®¥eray

)A_.::._OLI — X 7o) ,._HD.O
<k g A o H_|97]AT_N_A]_ - =
o~ AT T o X EX
T TSGR TN
o3 .H__.\_ n_.ﬂﬁ m _.WA o s} _._._._ E__.: il UT_ S O_
- =) |p _— N

7o D 7 ap O T oy B%

o B olp = i W - % U ‘Wc Mo nMo 3
W oR o _ g ‘ 0 ~ RO
,A_._.__Ho.l,_.%_-,.__/lu_x ,_ﬂolﬂu‘.__/]l,,W]UIlEWHMMlﬂH_M
Np oSy mWERZpRD g7
_ op % © 5o = | 5
,En_u,l._..,._ul K° T 0 _._._oO mﬂ,l‘.rok__.:._
I an yowglmS o<
< = o] - ©° T @momo . D
.A:AAI_,WHUDH,._A_.ﬁ M_uqﬁrmcmiﬁoxoﬂuﬂ
HTm o o= X Do~ 2o o0 KO
d o= ®ogh A o B o Ty,
~ fo J|J ~ ol < N ] ofo s 2 i
NT =85 o - ] o ) oF —
TR E FgEZ TP apRo T2
o2 G _%Vimemﬂm L o B
.A_._.c 1o w —_ ,,W q.._ o ‘ul 0 mﬂC O_\_ <_O1_ ‘uO __A__l .
m ﬂ xr ..m D H__-\_ _1_|1_ ..__1_ L_”ro .m_.: _l]_ n_A:O J_.NO ,_l.Ul M_.: O__u_
TpPews Tazg 5%, %

-+ .m_.:‘l‘l _U_ul_.l LlO‘_O
m_mm_m_ww%m ﬂowwmz_mmmwﬂ%@%

=9 SN - e "
T & L 0 2 <~ N of T X0 X
~Fregdw TlLe  tozTwmow
Ok — 2@ — P lw o m o o o
i N R T A P I
= __omD\W%mV%W% h ~ o N
LTFTRTE AT LW 45 o Ko
T TR - I T LT
WEommzotWok=fdom o X Uk o Ho 3
@] o @]

=

o

15.89 %
45+£3 °C

+ AlEez 7y sl

AN

0]

FAAEHA A7 8.54 A
NOCT

4 &3(STC)| 310 W

- 167 —

Y5 SPEC

3
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723 6x12 wid
310 W
-40 ~ 85 °C
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[# 3-75] W] o4 Hf
BAEHA AL 363V

4 2E 2k




[# 3-76] 7NE AlF ElFEE7] SPEC

@+ A 1970(W)x990(L)*40(H)(mm)| = 2 ool A¥ AFulF

2 A |20 KG 9] A9 g | nswe AEE 39 4o
A o] & 794 6x12 v B4 &9 (STC)| 310 W
254 A 363 V AEIN AE[854 A
A JAESH 310 W DE 88 15.89 %
=X g5 2% | -40 ~ 85 °C NOCT 4543 °C
= QO L i1l =
2719 dua] i;}ilfff i:l; 3719 88 (2069 %
MEg |39 4ET 94 oo |EPDM

o A MBS Muigel 47 S vluthy HYYRE FeIeh AT J1E Y
SEIE 027 2E U0 321% HSE GuL A0 PA Fae A 7
SHol MAlY Mol vlachy AEW FAT Aol g EF /G AEA| T
2L 3 whol Fuey] BA FHo] WAHUS. ElFUArIY FAGRE 40 mm
e T QAHE TANE K8

. @7t vla

o MBS Wit AWEY A AR AL 528 1H0=2 o] st AWtn A%
T 4 9. PEEL obn AL §n W AlEIIE musple oAl tepd
A A7hE Asstel 371 AMSIGS. 208 RE U 3ol J1E AEY SASH]
meo] Zul U Auiweluls 71E HYFLE AxA] WIh&e vt MRS ne
S92

(% 3-77) laA AE AEIEE (FAAES)
A ()
gy AlzA 3 A

(/%) (W /)

SN310P-10 (Z)of| A0 ] 990 x 1,970 368,000 188,600
SS-BM310HA (Z)Al1 oAl A] 1,000 x 1,670 398,000 238,200
PVM M310P/R2 LSAMA & 985 x 1,960 460,000 238,200
HS310ND-AN1 SIEHIYA® 1,000 x 1,994 416,000 208,600
g5 VieE gs 990 x 1,970 660,000 338,400

cf) & 29 AF AL 7} [H 3-74] K= 7}FAY Fo
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[# 3-78] 7HEAlE HFFL7] AEL7HEA

— = & 7HY) > | FAUY) L] I
SIS 368,000.0 1.0 368,000
A | AMEHO® | BAEH|(3%) 11,040.5 1.0 11,040
x
o) AM=RE) 100,000.0 1.0 100,000
L F7H|©
7t
® (M =Y] * 5%) 18,952.0 1.0 18,952
749]@

@A =Y 7 27 497,992

©® dettajy] (@ ) *15% 74,699

® o] &+ ( @+O) *5% 28,635

@= 9 7} 601,325
B 71 7F & A 10% 60,133
237 A 661,458
. 45 "l

o BT 7]9 Adsujo Qo] 7|E PVREI /i B Er]= O Agyy 4 X0
202 I Ao Histes 2702 H|wstES. & 7]£9 PVEEL A JAto] BA
olmz ZAzHsto] AR thgols HEEoA= AQEn, /i g7 = S| EHT A|A
BluF AA5tY 7Hsoty, YARF L Botxdo) weta] PVARAL W 37188 SA] B A
B oz 2lE57] o] aiHdS vluwsh o= ARAA e FAIFdo] Q1S SHA|TE o]A
HolA JA A|ARIY] guts vjwshr]o] 2 AoAe s B HdeS Hu
Hlwsh7]2 5l%-3.

o BT E7]9 452 KSB ISO 98060 wet H5 H7totd 3. ohR|gh 7Y EfF-3 a7+
71&71&0] Q710 BE5o] GAY] AA|R7o] T2 Algo g XIsHsY-S. gt I gHEe
KSB ISO 98060°] Wsts. 5] 5718 oyA] &5 B2 Qloja= 1 453871 7|52
ojfo= AAIE A7} gl7]o] BE5o0] & ALoA AA|SHHZ %1885t S
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5. A5 A] AR AE HA|G v
b A2" 4% vl
o I AlE2 BHYG Al2" R AF S|EFHZ AARIG BARRE AOA AT &~ A=
Zolt, g Al2® 2 SU R HIES E8ote U5 Algez Heo pHdeE
ALGSEA] itk T SEES 20 A7 AT =S
o ol TEOIML J|E F7]Y AlAET R AlAEC] vlRE So) ARHE 6lELEA}Y
= HEE A2 Fee HIEY &8 2o Qo 7Y A|A"A} vlush|ols YR
U e WSyt 71289 AR s 2 AR 71E 371d Aasile) vug §
sl ZHabal 2elo] AR 2elatel e
o YHEAQ BEo dojM= sdst 2ANAMY ARsHE &8 Hlue 2 uA|Y e
&5} orob aleh vlmt ol 9o, Cut A AAES AS 85N S Aad
9l de= EUHz &Yt Bt 7S 4% 71 A=Y oYA] v]&2 ALlste
7}otel S
o HlWLIA A2 SATH FIIF SEWT A2HS VR0 HYYRY] L AFEad
712 £8 Q4% A5 sdst 2o SIGS.
(£ 3-79] A5 A28 U H]@A AR AL}
4w & AAY FEIRE
- (57148) (oA BATAI A H)
A Ta=HKWh) 1,137.56 1,098.06
Al EB(GAHX) 52 (KWh) 172.73
L 5o BGE(PVT) a5 (KWh) 245.66
s|E™n =21(KWh) 335.22 2774.66
2718 ZFHKWh) 405.01
AX dEH 1,137.56 1,098.06
24 AYAH Target GAHX F7]€ 2 E2HKWh) 453.33
Target PVT 57| G & E2HKWh) 644.73
COP_hp 3.39 4.00
N oot 48 %
(A ~E) PVT &8 | o} 181 %
2 A 8 %
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. 97t ua

o I AEL PV 25 H8 U 3719 A2=S OS] AsiA gstelon], ojd e}
FARE Qo] A8 Aade uRthgoR Aston], AlAY) FHAe AFA
FHEL Qe % . AN Agste 718 ALY

o] B& 714 *VEM T‘FE FA, ALE AlEo] o2t ohA Apol= AT ST
W1,100,000/kW ~ #1,400,000/kW Alo] 7}#o] &)1 9S.
[E 3-80] A|AE Y7} vl
T+ B 7]& HYE A2H Mg A|2H= v 1
- &4dx 1 EA
) ~ PVT : 19.50 m?
- &Z9d% : 1 EA
L - GAHX : @250 X
- &7]gs|EHI : 3.0
150m(steel v
A A" 1A usRT 1j ——
- 571€ s|E®EI @ 3.0
- Ao} A|AHE
} usRT 1§
- ™A Al2FAL
- Ao A|AHE
- XA AEFA
71A8¥]=ZAL | W8,000,000 8,000,000
A o] A| AEN W 1,000,000 %W 1,500,000
uj A} W 1,000,000 W 1,000,000
917} B ol 2 A} 5,000,000
T8 | 1z Q2 s ZAL 7,000,000
Qlulaa]y| W 1,500,000 #3,375,000
o] -2 W575,000 w693,000
B 71 A W 1,207,000 2,656,000
&= 2a71A W 13,282,000 29,225,000
. A vl

o AAId A WHl2 T A|ARIS HOiAQl HAIES EQlste WHoz FAstgon, &
AAHIOl £7] BEXH], AZF §AH|THS Hluste] T A|ARIS] X7]EXbo] Ot 3450
ogA Yeh =715 vl 2A01% 5.

o A Aute Hoigo] ot @2t 4 Qlon B oA ALsh Hotg 2 RS
] AJAIFE A FoA 2AsE Aoz BolEFe] 37| @ ujwoji ofyx|do] ot
AR 24 Aoe o Xt E 4 QS 9 BA 2L dubAQl £EI9] uyy Hst
ZFub "ottty & 4 Q13

- 171 -



[E 3-81] A|AEIQ] AAA v A&

7 = Z1E 5714 Al2H N A A H] g At
Z7] EAHH] ¥ 13,282,000 29,225,000 -15,943,000
A7 GA]H] W2,582,644 W818,692 1,761,952
I 15,862,644 30,043,692 - 14,181,048
29 3 18,443,288 30,862,384 - 12,419,096
3d & 21,023,932 31,681,076 - 10,657,144
44 3 | 23,604,576 32,499,768 - 8,895,192
5d & 26,185,220 33,318,460 - 7,133,240
6d & | 28,765,864 34,137,152 - 5,371,288
74 5 | 31,346,508 34,955,844 - 3,609,336
8d & [33,927,152 35,774,536 - 1,847,384
S 949 3 | 36,507,796 36,593,228 - 85,432
& o1 104 3 | 39,088,440 37,411,920 1,676,520
e 11'd & | 41,669,084 38,230,612 3,438,472
ElRS 12 & | 44,249,728 39,049,304 5,200,424
139 & |46,830,372 39,867,996 6,962,376
144 5 49,411,016 40,686,688 8,724,328
15 & | 51,991,660 41,505,380 10,486,280
160 & | 54,572,304 42,324,072 12,248,232
17d & | 57,152,948 43,142,764 14,010,184
181 & |59,733,592 43,961,456 15,772,136
199 & 62,314,236 44,780,148 17,534,088
208 5 |64,894,880 45,598,840 19,296,040

« H]a) 3L FtRA 9 ouA] ¥]-&d

o 7] Exfulo] QojAl Je A|ASjo] W15.943,000 & wHH AZF QAu] SulojAE
A7 W1761.952 B B 4 9. &7 SAb] L A GAUIS TAstel F |82 B
Moto] AxPE RASEH MR F 10WAIRE] PIA A vl RAAE Cfu] AL &
uste AMYLS T 4 U8

0 & 2WFY] VI 20902 sto] A AAHY vE A 5 §AuIES BHR
An 208 Foll J)E AAE Cfe] W19,296,0402 Mok 4 Qo] AT Alxsle] A
9o RN ¥ 2 A

o PVT A4t 2 QIHEIS 5o AFolUA]l PAAAelo] FIHE o2 AN A
g7 A A7 AYS 591 FIUFHREOS T MAWU2 LM G BYSY
E& 278 58 OUY A2 AL BEfo] AV EAUE FY 4 UL HOR
.

o B AAEIY AP BFL SIAL EFYRY] L AA AR et FFEFS OlAs)
of AFol Agel MY 4 Yt 71AS URRisk: Zo] FRE. oba A7l et Ty
9o] 7]%7]F0] WA YT AFL R =] WAES WA Sh= 5 SfAsop
At g

0 3 MFOIUA AL A2 Ay ABQF AR, PN BHE B SRR
9 AR oIFS WG AR B ol 2o oYY,
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A8Ed & 2

CO2 free R4 AFoIHA it 712 A|E
S g5t AF=S ez =4, 94, A48 A4l
SRl Av] HoFZ &r|Ao2 T RSIAF s Z]ed. & Od%wﬂﬁ 3
(PVT-air) & 7]=1 A|E 5|EH(Geothermal heat pump) °]& 7], EH%*W%‘ *li'%]
U U Ao} I ATLE Aojo] o3t oHAx] AW A} 7|& 52 NUFCRH UAEE
Hloll Ao} ofje 7<l aee FUIE 2 Qe FA A7 71eS 7R AR oHA]| gt

]q;q A 7l Vg o= UHE olUAl 22S FAagtsta, =7t o

L A *1”011*14 2EZ FET 2 = Fas 7lsd.

Aty @Y o|A] ik S8 MA= UJAME CO2 free
15 d=o A82 ATt Al
15 As Aol 71&g 7fdsto] Ad &S ez oyA] %

-

i |> rﬁ
ro o rio

7 1 2 PR AT 9 5

AIA BT 0% o1 S PR AY. F Aol 24 498 A2 AF 2E
FoUiA] BAAAE AZAE THS SEE TYU|E0] OFt N L AF 22m AlAEo
gt ASAA A RS 2R AF AW AP4Y AnE YYstA ey 2e.

o HIFLE(PVT) 2L E 7HHE Hsto] 300 Wed(310We, @& 15.9%, -0.43%/°C) Ef
% =

Y RES FH. 400 W/m’g @84 1S flotol Fala AR A F A
AlAfetd . Felldeols Szedistuet Algdold wd= 245 &< 45 A

oF
&
A
E|

7= Eoff N AAES AAESER DL, AR de AlE A A7]as 7R aube ofd
% 10°C 3FZA] o 54%=2 %}cﬂza Ay, A z g
Wt/m?S gAI

o 3714 AFULWIIGAHX) H9IDE] HAZ sl 4gme 3o Alge ol
o1gsto] 3714 AFALWIIGAHX)] AL Zolo] w2 BrE 2estein F71H 0
2 ARAY AFL usto AY ASY AYRSANL 53 HF GHAX 2F 4AS
g VLT A U AFL 2SS, B AAS HPOR AF YA Y MAE
5198

o AFONUIA WAL FAS AT HIPNY 31 kWe DH7F5T EIFBH(PVT) A
A8 4719 29g% 8.0 kWS 2= 3714 A RE7IGAHX) A2 HAS AL
T AEOINE Sl S AFOIAA PAAAES B Jles2n AU FI9
L 29 95 kWt Y% 8.0 kWid 37] o 2 SIEWZAWHPIS Husldy, A5 A
S 5ol WY 9.9 kWiel JRPNF 8.3 kWt DslHon, 3714 HUH
5714 A 5Bug7]|S o]&ste] COPhE 17.6% 7§A, COPcs 18.2% 7RAdstR . F7t
/Y A AES 5O Z1E AAE O] AT B J1E GlA 46%, 3ol
30% o] WYL sholg.

o AFONUIA PAAAH] YA EL TEL A TRNSYSI7 Algeold 22 /e

o ofm

s AR/QER} AIQ] 200 m* FA AR CPFOR J|E] BUR/FFI] ALY
Folun] AAAIARIS] oulx] AF Atolg Bl BA 472 2qstdn 1 Ad AR
15%, QERR} 42%9] AU EAFES DystAs. AT AllArtificial

1%
QT
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Intelligent) 7|¥tQ] Fuzzy Logic @ Artificial Neural NetworkE ©] &3t AOLE Ko 7]
=2 SRS doldrols A4F5oUA] AARS &8st 27 dEol gist oyx] AU
w3} Fuzzy Logic Aloj& A&t oyx] A% A4 A7 233= % 2W Fuzzy

Logic Alo] 7|HE 53t oUx] AZFL 11.9%= EAHEYS.

= 7129 QA 2A7tA BAEE APRoR FUtE 2 Qe SAEEd Brrlsd
RETScreen 24 7]&o] 27§51 A|QtE| !, RETScreen &4 =45 &3 AlAHAE
URIEFEAI AL, S8 271, A8 s|EFZ) Hot AR A4 % 270 1aL, A5
UAl A|AR(PV+GSHP)g Tl o2 gF RETScreen AN At AmEQJo] 555 9t

24 tool AP Jfo] o] ol e, EG AFOIUIA AAAIAR €It Ax Hdole S

o o o L0 =2 a =2
53 A B Ae Age 25

= 7le/E S E5to] AG7HA] BT A4 A2 5515 84, SCly =+
A 24 U =wAR 54, AIAE AR 441, she wa 224,

d, SClg = A5 14, =
1

= =
A 270, AP 17, FAPFY MOU 131, L2338 DB §% 17l0] Apusos

ofn 4>
o
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el FTEVIE .
X 3l N FR'A]
. . Oﬂ 1 O7]O—]
oL == Ul E Yz
- 29 | A ga/an| T T T
(8735 Spec) L
°I= | nexb4)
H] %
%
) lgssz|9saz| a5 s50|  wax
1.PVT <& Wt/m? 10 400 300 400 427
geles
Ay
2. 524 o[ | A W/m?| 15 530 400 530 553
3A|AE] R AAbeE kWe | 10 3.0 1.0 3.2 3.1
4 A AED R XIARRF kKWt | 5 6.0 2.0 6.0 8.3
5 A|AE] 2o Mtk kKWt | 10 9.0 3.0 9.5 9.9
6.24 UdF COPh(AWHP)| - 10 3.3 3.0 3.3 4.0
8.2
X 2 4k Wt
7.GAHX 94 o MAFF kWt | 10 7.5 - 8.2 (1€ A Z A
+
27]€4.2kWt)
46%(5Al) )
8.o|lJ x| A7rer % 20 30 30 30 A5Ed
01]1 ] = [¢] 0 30%(3]—71]) =
ARA o ] LD EY0]
9. 74”4 7t & »d ADEQ
3% 11’d F7T 9 el % 0 100 50 Aol DB
= 52
ARY 5=
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AlBolyR| et B gAY stolEl = St AA/A 7le HE

PVT 2% oUix] A4t AlAE] 23S B3t PV 2AE w2 7]% S0 o3t 1+1 > 2¢)
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o Atget A=

1. AAt A
[£ 5-1] =i/ 284t A= L 70 AZ9] oA du] ExjH]&
- ( 20194 ) ( 20204 ) (20214 )
= e 58 %14 e 58 & 24 e 58 % 34
AR 2.2(%) 70 70 70
= TORHES: o) 50 100 500
B oo HE ) 30,000 28.500 27.000
L0 &-OR (W utYd ) 1,500 2,850 13,500
A 8-2(%) - - -
il Trof RS of - - 200
9l T HE $) - - 27
3l <] uf &-of (2ot - - 5.4
FAF AgAbs2t 100 200 1,000
« A AR B AR ARIEE Yol AlRlshl Qs AuISRIE 1efsiel At el (o T, P S)7 AhY
2. BX AE
[ 5-2] /I Al&9] &4} A (TH¢]: HHokd)
sa ( 2019 4) ( 2020 4) ( 20214)
e e 58 5149 e 58 %24 e 58 % 34
iEEIR 1,200 2.280 15,120
Thofe]u)? 240 912 3.024
EX] - _ _
RHLA] _
= NE/75= - 200 200
A&
7|1 AR5 250 350 400
AREARE S 250 550 600
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