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ABSTRACT

KEYW ORD

Purpose: As the recent climate environment changes so rapidly, environmental problems such as hot weather and

LR

JHAS| EHT

fine dust have occurred, and interest in environmental policies and technology development is increasing in XM 7|$|EH T
countries around the world. Similarly in the Architecture, researches to reduce greenhouse gas emissions and to ~ 1X} Of 4 X| &2 &

reduce energy application are actively conducted. Looking at previous studies, it is analyzed that the electric
VRF is more energy efficient than the gas engine VRF. However, energy costs have changed due to recent price
hikes and discounts on gas charges due to high electricity consumption in summer. Method: In this study, the
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Variable Refrigerant Flow

actual building of Gas Engine VRF system was modeled using SketchUp program, and EnergyPlus was used to ~ Gas Engine Driven Heat Pump
simulate actual building. Also, Electric VRF system was simulated, and compared with Gas Engine VRF system.  Electric Heat Pump

Result: The total secondary energy requirement of Electric VRF system was 19.6% less than that of the Gas
Engine VRF system, But when analyzing with primary energy requirement, EHP used 15.8% more energy. CO2

Primary Energy
Performance Curve
EnergyPlus

emissions were also estimated to be 16.9% more EHP. Energy costs were 14.8% more in Electric VRF systems,

because their electricity charges are 0.6 to 160% more expensive than gas charges.
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2.1. VRF 554

EnergyPlusel A= VRF Ad5341S Aoz 3o "rh[5] 4]
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Table 1. Acceptable Calibration Tolerance

Calibration Type Index Acceptable Value*
MBEmorth + 5%
Monthly
Cv(RMSEmorth) 15%
MBEmorth + 10%
Hourly
Cv(RMSEmorth) 30%

*Lower values indicate better calibration
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Table 2. Building Overview

Category Content
Location Seoul Seongbuk
Usage Lectures and research
Number of 5 FL
Floors
Gross Area 5413m*
Axis Southwest
Control System Central Control
System Gas Engine VRF 11 Outdoor Unit, 130 Indoor Unit

3.2. AAE g Jie

K University Building

Simulation Model

Fig 1. Building Image
dEL] REllE2 Sketchup ©]-88111 Open StudioE &5

EnergyPluse]l I5A17T. o] & Bl R H thdE2 Fig. 13}
2ok i AE2 NETZRE St AT A S o) wet Welg

=3 2012
258 Fol A Aelska ik, WebAl chgzize] Algeold &
g T8 A rob 2olEel e Feld, maA, AR, BE

= FESA.

3.3. Gas Engine VRF 2d¥ 7o

Table 3+= 7t A9)7]0] A2H A7) @& Uehi 2 Sl
Table 3. Status of Outdoor Unit of Building
Outdoor Cooing Heating q
Unit No. | Capacity (kW) | Capacity (kW) UCELT? WG
1* Floor 10 Indoor
1 112 126 Unit
2" Floor 14
2 142 160 Indoor Unit
2" Floor 15
3 142 160 Indoor Unit
3" Floor 11
4 116 130 Indoor Unt
3" Floor 14
3 127 142 Indoor Unt
4™ Floor 12
6 142 160 Indoor Unit
4™ Floor 22
7 142 160 Indoor Unit
5" Floor 14
8 101 113 Indoor Unit
5" Floor 18
9 112 126 Indoor Unit
10 142 160 1,2,3 Floor AHU
11 90 100 4,5 Floor AHU
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Table 4. Simulation Condition

Category Content
People 0~40 Person (Survey and visiting)
Lighting 0~40 W/m’* (Survey and visiting)
Equipment 0~10,150W (Survey and visiting)
1
09
08
0.7
Occupancy §06
hours gos
(Except for £os
the 4th floor 2 2
laboratory) o I i i
o
1 3 5 7 9 1 13 15 17 19 21 23
mO: L l‘\\ d. = oo W\ J!
1
09
08
07
Lighting 506
hours gos
(Except for i
the 4th floor 2 2 |
laboratory) ot I r |
° 1 3 5 7 9 1 13 15 17 19 21 23
Hlighting(Weekdays) D Light d}
1
0.9
08
0.7
Equipment 506
hours gos M utmiun
(Except for = o
the 4th floor 22
laboratory) o1 I } [Ii.” % %
. | I I I I I
1 3 5 7 9 1 13 15 17 19 21 23
] days) @ {v d)
Create an EPW file from January 2016 to December
Weather Data 2016 using data from Seoul Metropolitan Government
Buslel AARel, 2R, 7171950} gk e
A st o)A A9 st A7HES 2ot ol ARkl 7}
TUE 2AR1EE AgotHal QAT wad B AN 2 A
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4.1. AA A2 AiAEF 24

20169 1975 20163 129704] 12714 9] tdzdZo] AR8-3h
Z 7tAA g AEALR S Fig, 20] VR oln) & 712t
872 Gas Engine VRF Al28]o] Witk 9Js) AFRqH 7FAAME
e oJulolal F MRS Gas Engine VRFE 715517] gt
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Fig. 2. Monthly Gas and Electricity Consumption of Buildings

4.2. EnergyPlus Gas Engine VRF 2€¥

VRF AIA®19] EnergyPlusyoll A @ H A+ Fig. 3¢ 2
k.

e P —— j ZoneTerminalUnitList |
VariableRefrigerantFlow D l—
2Ly &
A S %]
Pipe i ) Pipe Length L% [
Height o da ZoneHVAC
v G> TerminalUnit
ZoneHVAC: VariableRefrigerantFlow
TerminalUnit
VariableRefrigerantFlow DX DX
Heating Cooling
DX DX Caoil Coil
Heating Cooling i
Coil Coil —H’_\ ‘&
I SRS 5
OA EA
EA
c I
S, Zone Zone
Inlet = ,_.Exhaus(
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_____ S i
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Fig. 3. VRF System Diagram of EnergyPlus
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Ae7le AAH AU719] 55 onlstth. F 11719] s|EfE
(Outdoor Unit).0.2 AAstA T zF 5| El T o] WuHls=a] COP
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(ALh7]: 13004 )
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— - ——  w7zele Ayl 9
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@ Heat Pump 419|7]9} 17| x37] @24

Fig. 4. Outline of the Indoor Unit and the AHU of the Building

4.3. s34 v

EnergyPlusoll A Algsh= VRE 7] As412 A& MARS]
Electric VRF9] A5=40o]t}.[5] tid1E2] Gas Engine VRFE
BEO| AAL AlFo R FRIAl= A AIES] HlolHE(6]elA Al
Sohe oAzt 2789 o84 A(D~@)E viger 4%

%10 ™ Table 53 @] A AI5HH.

Table 5. Gas Engine VRF Performance Curve Coefficient

gt olnf V1€ Hre = &S] mhe] Ae Wl o] WorA

H
7] W& Sl viEet 5719 FHE 9]’[‘01]/\_1 A=
T

7+ Table 63 2},

Table 6. Exhaust Fan Airflow and Operating Time

Category Content
Exhaust Fan 6,120 CMH
Gross Area 5413 m’

Operating Time

14 hours (8:00 am to 10:00 pm)

A=) dd 4% 5413 m= 9] WA HAL)7]= A
S 2 014 1,131 m3/h'm’ o]t} of7]

7] W Sl M |

A Bennett(2006) <] [8]% Ag

d(1,2,129) Ade7I7t e 717t

Hr} wo] A5 7 o 2 Vet 87 (201 1D) 2)[71014 A8

A7 53] AL AY1E

28 71Est 5 gost JerE

ARG £ oA ShA AYATE skl A2 FYe]
718 20 7150 5 Bad A7) Laldmyhent Fhe Mg o]

P

Table 7. Infiltration

Category Infiltration (’/h-m’ )
Mar ~ Nov 1.131

Jan, Fed, Dec 2.262
Average 1.414

- - - " - - 4.5. ALA A AP
ohr CoolC | 3704 | 0393 | -0007 | 0.036 | 0000 | 0001 Ao AFRA, AT, WA Sol A AjlA o & )7
= 355 Q5l771 0] le) HF =2 75k 77 H=12 21
;’F]‘}Fkg""lca 379 | 0393 | -0.007 | 0036 | 0,000 | -0.001 = 31 ARl gl iRl A 7171S kil 7171 ek S A
SHH A4 A& o)A HEAE o] AA| AMgdat v|uwshH &
VRFCoolEL | 4557 | 0432 | -0010 | 0050 | 0.000 | -0.001 -
RFT #J5] Yl A, el ] A RS ARIAE ST
VRFCoolEl
N COEL | 4507 | 0432 | 0010 | 0050 | 0.000 | -0.001 Table 83} 24}
VRFHeatCa
pFT 0317 0.142 -0.004 0.041 0.000 -0.001 Table 8. Status of Using of Personal Heating Equipment
VREHealCa | o043 | 0.087 | 0.002 | 0112 | 0000 | -0.005 | _ Power | Winter additional
p zone People | Product | Quantity | Consumption power
VRFHeatEL | 117 | 0146 | -0.003 | -0011 | -0.005 | -0.002 W EOTIT )
2" Floor 4 E.C 4 20 1,280
NeRHeatEl | 074 | 0004 | 0000 | -0005 | 0001 | -0.002 Laboratory 1 Heater | 1 1,200 "
rd
3™ Floor 4 E.C 4 20 1.280
] ) ) Laboratory 1 Heater 1 1,200 ’
4.4, Infiltration 344 5
3 Floor 10 E.C 10 20 2600
WYl DB Wbl AshelA 2 e 2ok g Omee ] o
_ B 4" Floor .
E2 Gas Engine VRF A|AEE o] 83 /E-3 25 ARS8 Qlo] Laboratory 1| % [ Heater | 1 1,200 1,280
HI o] SV |RIP|E 2Fotal ot thddE-S $471(4,5,9,10 gh floor 5 EC 2 20 5440
TOIESSOr 5
Dof 7|27} 24~26=A W H7] %57 9] HEE 100% 7N Room 1 Heater 2 1,200
© 5t skaor 717}o]] An = AurstH A Sl 7 5 Floor E.C 6 20
& St SRR 11 9]9] 717t HHE JHehd A=) Bolrt 2t Professor | 6 7320
oA 2744 Wl ek eb Qlek wfebd e 8 Room 2 Hear | 6 [ 1200
= 5" Floor
T o] HQiel7] f¥o] Hasitt 2 AQ01D) Q7] AEE Professor | 6 EC 6 20 8,520
AN Bl HAI7 1] et AL AL, AR Room 3 Hear | 7 | 1200

#i7] el gle ¢ w7l e Fol e vl FVIE Her e

E.C: Electric Cushion
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4.6. Gas Engine VRF A2} AlEH0]Ad v

gzl G A oA AHEF T AlE o)A 4] dE o
V2] AR Blalet B3k Fig 5oF &t
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35000 |
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[ GasEngine VRF Actual Gez C: 3 B GasEngineVRF Simulstion Gas O

—sr— GazEngine VRF Actus] Electricity
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Fig. 5. Comparison of Actual Gas and Electricity Consumption
and Simulation of Gas Engine VRF System

EnergyPlus’de] 7FAARSREES B4tob7] 915l TAIZEA(LNG) 9
2 9] ek 9,420kcal/Nm*& 28519t A E2] AA & 7}
2AFEEFS 208,025 kWho T A Bdo]Ad Ate] & FtAAlg ek
203,954 kWhz B7}=|qc. AT tiddE-2 200,076
kWho]1l AlEeo]Ad A2 199,170 kWhg A2 02 AlEdo]
Aol ot g7 HrtEQlct. AlEdolAd At g-E MBEHI
CvRMSE)H<S Soll B34 HEE ofdls o 7tAA8=F
MBE=-1.96%, Cv(RMSE)= 14.68%% uehdal H7|ARg=F
MBE=-0.45%, Cv(RMSE)= 8.62%% Wertt. MBE (X1 =]89]:
+5%) T CvRMSE) (MZHS: £15%)%ko] ASHRAEZ &2
W gEESohs 202 et

5. Gas Engine VRF2} Electric VRF H|i1

5.1. Gas Engine VRF®} Electric VRF 1,22} oUx|A Q7

l:l]_l_]l_

Gas Engine VRF®} Electric VRF 1,22} ol 2] A Q5 H|w

A4 7A=2] Gas Engine VRFE Q29| AX} Al &S AHESE
t} olo] Aol H|WE Electric VRFE AA3S7] ¢sf
EnergyPlusoll A Alg-t= 71275419 241 A& MALSY]
A &S ZAFSH, d/d1=2] Gas Engine VRES} 53t 8559
201399 RE[9]S Al=eo]Adof vhgst it o] F A&l A4
5| W= Table 99+ 2t}
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Table 9. Performance Comparison of Gas Engine VRF and Electric VRF
Gas Engine VRF (A) Electric VRF (M)

Capacity 20HP 20HP
Energy Natural Gas Electricity
Rated Power Cooing: 1.10 kW Cooling: 16.47 kW
Consumption Heating: 1.02 kW Heating: 16.40 kW

Rated Gas Cooling: 41.7 kW
Consumption Heating: 42.0 kW
COP Cooling: 1.31 Cooling: 3.40
Heating: 1.46 Heating: 3.84
Release Year 2012 2013

Control System Central Control Central Control

Performance Company A
Curve Performance Curve

EnergyPlus Default
Performance Curve

Fig. 62 B2 7]1& Gas Engine VRFAIARE Electric
VRF A|AH O = wARE & ARGRE A= 7hARES kWh=
Ak 12 Lot} Gas Engine VRF2} Electric VRFE] 22} ol 2] 4
8% vlashd 7| (11E~29)0ll= t=F 6.4 ~ 16.7% = 2}
ol7h it W71 (6€~9E)ell= 28.6 ~ 39.4% & Aot
7| Bk yib7)o zfo]7}t o A}, Gas Engine VRF2} Electric VRF
o] AZE 24} o ]| 4 QS H| W SHH Electric VRFZ} Gas Engine
VREHT} 19.6% 27 A8 7102 Botsalcy,
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Fig. 6. Comparison of Secondary Energy Consumption by Gas
Engine VRF and Electric VRF
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Fig. 7. Comparison of Primary Energy Consumption by Gas
Engine VRF and Electric VRF

5.2. Gas Engine VRF$} Electric VRF CO2Hj& H|X

ghofl 3ol IPCC(ntergovernmental  Panel on
Climate Change)®] ©t4A1S 2taE v O & o|itabek bl EaF
A& skl lek IPCC= AAIZ 1 717HWMO) o f-allgh
7AAE(UNEP)o] 5-5-0 =2 A=t <l Abst =4 FolA =2 7]
st} A E B bkl oS mhsh= & o)A |oltt. IPCCo| '
Al AmolA EAZEAS] oSt AulEAl = 56.1 kg
CO2/GJola[11] =2t ditd7I& Yol Al Al-gste AbmollA A
7] BalEASE 137.5 kg CO2/GJ2 o] ALES Agsta
t}.[12] Table 102 2} AJA61E o] iboletAnj &gt o] halet 4
ZH|-§-2 UERd 3ot

Table 10. Comparison of CO2 Emissions and Emission Costs by
Gas Engine VRF and Electric VRF

Gas Engine VRF Electric VRF
Natural Ga?t CCOOZZ) Emissions 46.63 0
Electn'cit}zt 8822) Emissions 100.06 171.46
Total %%Zof)“ﬂ“ions 146.69 17146
KRWACO2 21,000 21,000
COZ(IER“{)i;f;‘;;)COSt 3,080,490 3,600,660

A4 201796921 7]E =] HiEE2 21,000
KRW/tCO2 2.2 A= 1ct.[13] Gas Engine VRF A|AHLS A7F
146.69 tCO2E Hi&EsI1 viEHH|-&0 2 SHAksHA 3,080,490
o] olitatetAuliEH]|-§o] =ot. Electric VRF AJAHIQ] ¢ A7t
171.46 tCO2E Hl&3ETL 3,600,66099] Hl&H]-80] £ Gas
Engine VRF A|ARIEL} 16.9% T B2 H|-go] HASITE

5.3. Gas Engine VRF®} Electric VRF U #]H]-§ H]w
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Fig. 8 Gas Engine VRF and Electric VRF Energy Cost
Comparison

Fig. 82 Gas Engine VRF&} Electric VRFS] o] 2] H]-§- 1| 3t
Tzt 7]E9] =<9 Gas Engine VRF AJARIS AZF7EA
AF 203,954 kWhi 9,487 Q9] 7kAALgH]-go] WhAiakT
HAHAREEEL 199,170 kWhz 17,951 Ho] MHALgH]-go] vF
o] % o AAREZE 403,124 kWho T 27,438 A €e] % o
U zJH]-go] WAL Electric VRF A|AR1L0 &2 WAl A7 A
ZAREFFo] 329,371 kWheol1r 31,512 ¢ AALgH|-§o] B
St} Electric VRF A]AE10] Gas Engine VRF /\]/‘E“EE]- A
ARG 18.3% A7 AFESR oA Z|AMEH]-8-2 14.8% ] Hol
st 208 FrtE e o= AEaae7t 7k~ eaw7t
Hop 7] ot} B+ A8 agarH15]= 6~89-2 84.9¢
/kWh, 11~29-2 79.09¢/kWh, U z] &2 57.039/kWhe]at
7tAQFATHI4lE 5~9¥E2 32.69/kWh, 12~3¥2 56.7¢
/kWh, Yz g2 55.39/kWholtt. A=l gFo] 7tAgaHTt
0.6~160% T+ o] H|#} Electric VRF A|Ag] 0] Z ofju] x| A}-g5F0]
18.3% Aol AEAFETFO| Gas Engine VRF A|ARIET} 65.4%
27| fEof & A1 14.8% ©] Fol Wyst= Ao 2 Hrt
=it

6. 28

A= Gas Engine VRFA| AR 0] 285 AA P ES
}O & EnergyPlus® REFRE & Algdo]lAd Autet AAAEZ
Bl STy, TS Gas Engine VREAIAELE Electric VRFA| &
0= SIS w9 AAREZ oA H]-E-S A5k
ol HIF ' A2 g} Zrh

_L i o ok

(1) Gas Engine VRFA| AH 9] AlZ 20| A} ghat i 29
AR A} 2F0] Zpo]7F MBE=-1.96%, Cv(RMSE)= 14.68%%
LR A7AE=F MBE=-0.45%, Cv(RMSE)= 8.62%2 L€t
ok MBE (X129 9] £5%)%k Cv(RMSE) (A1E]H 9] £15%)
Fro] A= 9] Wl Soizteh

(2) Gas Engine VRFA| 28-S 283+ 7483} Flectric VRFA] 2
gl 289 HELH] A%F F- 27 o3 2] A2 87 Electric VRFA|A
glo] Gas Engine VRFAIAEIE T} 19.6% A7 AF80h= F 02 T
7v=| i), 2u A7 E 13} oA A a5k 0 2 H| WSk Electric
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(3) oltetetAulEE HlwsHH HHAEEFo] B2 Electric
VRFA|AHLE 289 7AE0] Gas Engine VRFAARE 2851 A
SR A7 16.9% © ol #iEsit ol & HiEd o R Sk
21,000 KRW/tCO2 7|&2.2 71 520,170 H]-&o] ] WAsH=
2o = PrtEQi).

(4) A=< Gas Engine VRF A| AR & 7}/\/&]-&11]491_
9,487 WY, M AREHEL 17,951 AYoz F oA=&
27,438 o] TAst), Electric VRF A|AH] OE wAsHHE A7k

ABAAH]20] 31,512 A BRSHY Electric VRF A]2E0] Gas
Engine VRE Al2~8lch oui2]AH2 4. 80] 14.8% € Bo] b}
= A0® Pri= ek

(5) 20179 68 71F02 18 a0 7tAag TR ATiE o=
0.6~160% ¥}, o] 2 Qlaf| & Al-g7Fo] B2 Electric VRFAIA
Hl-g 283t AEo] 97t & 23} o[ JR| 48 7F0] Gas Engine VRF

A2RS Hg7 AR 183% HolE oA $-S 14.8% o
gol Wsk 2102 Bt ek
(6) 94 54 FAYFH 4571 34 502 A aFo] /128
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3} Electric VRFA| AEIZEO] 7]17] AAA] 8]} oW 2] @2 HS 0
WE WP FAo] 3290 dagh Ao g woher
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