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The Economic Effects and Operating Characteristics of the Outdoor Unit
in Accordance with Zoning Plan of Gas Engine Driven Heat Pump Installed

in the University Building
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ABSTRACT: The purpose of this study is to analyze of the operating characteristics of the Gas

engine driven Heat Pump(GHP) and to reduce maintenance costs through the most Economical

plan. As the zoning modifications that have economic effects were confirmed. Applications should

be made with a similar purpose of the space. The combination of a modified space has led to

reduced operating hours of the outdoor unit. The reduction of the outdoor unit operating hours,

reducing maintenance costs accordingly. When analyzed at six years have elapsed, the amount of

savings through zoning modifications is more than an additional construction cost. During the

design phase, cost-effective operation of the GHP is required for the proper zoning plan.

Key words: Gas engine driven heat pump(GHP), Maintenance costs(+X 2.4~ H]-§), Building

energy(Z1& oY A]), Economic analysis(Zd A4 #41), Zoning plan(Z3d A &)
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Table 1 A target building’s overview

Item Contents
Location Dobong-Gu, Seoul
Floor Bl F~4 F
Occupancy Classroom, Professor’s room

Office, Lab, etc.
14,250 m’
RC Structure

Gross Area
Structure
Climate Humid subtropical climate

The Average Temperature

in August 254C

The Average Temperature

; -25C
in January
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Table 2 The technical specifications of the
GHP(per 1 unit)

Contents

. Cooling (kW) 56
Capacity -
Heating (kW) 67
Refrigerant R-407C
Gas consumption Cooling (N ') 3.92
Heating(Nm') 3.83
CcoP Cooling 1.13
Heating 1.10
Maintenance cycle Syears or
10,000hours
Pipe length(m) 120
Height difference between 15
indoor units(m)

Outdoor units quantity(ea) 38

v

|&—0ut door units

Refrigerant pipe
=r— Automatic Control Line

In door units —SF—#

ired gontaoliers troi g
or individual contro BIF-4th Floor

Connecting to the éé;;ral control computer
Fig. 1 A schematic diagram of GHP systems.
1,360 -
1,320 o

1,280

Cost (1,000won/ea)

1,240 4

1,200 T 1

2008 2010 2011
Year

Fig. 2 Changes in maintenance costs.
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Table 3 Cooling load and operating time
Cooling load . .
(keal/nth) Operating time
Administrative 9:00 to 23 : 00
department and Faculty’s 105~115 (continuous
research zone operating)
9:00 to 18 : 00
Lab and Classroom 200~245 (intermittent
operating)

Table 4 Comparing the original plan and the
revised plan

Original system plan Modified system plan

Heating and
cooling load

Heating and

Considerations .
cooling load

Equipment capacities Equipment capacities

Space program Space program

Objectives
of the space

Objectives
of the space

The time differences
the space used

The initial cost
reduction
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Table 5 The target building’s space program

O ti .
No. tingteez?l(igrg) Space program
1 12560  Classroom, Professor's room #1 ~#5
2 7,065 Office, Lab #3(small), Hall-2
3 2,972 Lab #1, #2
4 8,422 Classroom #1, #2, #3-corridor side
5 7,172 Classroom #3-window side, #4, #5
6 21,127  Professor's room #6~#10, Lab, Hall-2
7 9,806 Classroom #1, #6, Classroom #2-window side
8 7,367 Classroom #3, #4, Classroom #5-window side
9 7,107 Classroom #2-corridor side, Classroom #7, #8
10 7,630 Classroom #5-corridor side, Classroom #9, #10
11 9,973 Computer lab, PC warehouse, Hall-2
12 6,306 computer lab
13 6,131 Classroom(middle) #1, Classroom(small) #1-right
y Classroom(middle) #2-corridor side,
14 6,629 Classroom(middle) #4
15 15,596 SF'Llassro'om(m'lddle) #3, 4F Machine room,
office—corridor side
Classroom(small) #1-left, Classroom(middle) #2-
16 11,639  window side,
Graduate school office #1, #2
17 15495 Warehouse, Office, Classroom(small) #2
i Meeting room, Lab-window side
18 13,617  Classroom, Professor’'s room #2, Hall-2
19 20447 Office-window side, Office, Classroom,
’ Lab—corridor side, Professor’'s room #1, #3~#5
20 15.293 B1 Office, Hall(2EA), 1F Professor’s room,
% Meeting room, Office, Main hall-right 1EA
21 4,763 Main hall-left 2EA, Classroom #1
22 5,878 Classroom #2, Seminar room #1, #2
23 6,617 Classroom, Seminar room #3, #4
24 6,713 Classroom #5, #6
257 14,447  Lounge, Main hall(3EA), Office, Seminar room #7
26 7,645 classroom #11, #12
27 7411 classroom #13, #14
28 7,297 classroom #15, #16
29 9,552 1F Office, 2F seminar room #8~#13
30 Lab, Professor's room #7~#9, Office A, B, Lab
23,101
#1~#7
31 9,249 Computer lab, Network lab
32 20,600  Professor’s room #1~#6, Lab, Main hall(3EA)
33 15414  3F Lab, 4F Lab, Office, Lab #1, #2
34 6,156 Lab, Lab #1, #2, Main hall(3EA)
35 Lab, PC warehouse, Graduate school lab #3~#5,
17,937 ,
Professor’'s room #1, #2
36 ; Simulation lab, Data mining lab-window side,
8,002 )
Professor’s room #3
37 - - Data mining lab-corridor side, Lab, Professor’s
13,532
room #4, #5
38 7,988 Toilet




wjr

)

(GHP) d<2l719] =7 &l ut

G-

5

3] 5] of
29)7)
v o}

X

A
=
=
L
R

g

N o

=

=

71

7F 938t 9= Zo|t}h Table 5914 H

Al

15 = yeEbstth =3 Fig. 59

L

L

1
.

3 A

R

1

S

%

#ol 4,5 7,8 9, 10, 14, 15, 16, 17, 19, 36, 371 4

9717} st ofo whe} s Ao o

[e]

AEA Au A S 7oA 5FHLab and Class-
=

room, LC)2.2 3}
g gk A7)

2e]7]

Lab and classroom

Administrative department

and classroom
pump according to the objective of

and professor' room + Lab

the space.

(4noypoo‘T : AuN) awiy Sujuuny

Fig. 6 Annual average operating time of heat

Kl
g
oK
£
\(

gl

= oA "k

T
q

s

of

NR
~

—

el
ﬁo

o)
_

ATE3h

g

z‘sgz

g AT,

A

]

Al 7ko

o
RS

=
=

AA

11X 744

°F

A 9 H-E

AbeFe] ]7]

2,972~231014]
21719 7% 10,0004 7 Lol uh

L

]

A
=

H

YeEb Az gl
row Apol7b AA YETH 7

o] A7k 30

A 9 HE ©F 647}

of s TdAR &5 AU

o

HolFan glrk. 5,0004] 7kl A

=

=

2

3

D
R4

A)zke]
1000041 7+ A} o] ]
10,0004] 7F

4

A
fals

)
R

Ho

7o
el

il

= T Utk A9

Y%

olol uhe}

gLoA Tt

L

L

°17]

27}

3

L

2

ouigiet. £ A7

L

dol71e] 2 AlRke] SFAAZE 50004 2Eell W A]

A Sk Al

Ho

g o] mE e

Fig. 6= &

& v

Aoz o 156114

K

\HO

!

el

o

il

< 7,383A]

o]7] 22th 9] & A%k

2

KeN
=

3

R
L

ot Fig. 4

©

FIEEI RIS

[e}
ment and Faculty’s research zone, AF), 723}

o 47



74

. ~ N
oy MR
o ~
o X e e R o S mﬂﬁa%?%
) ,mﬂ__OMB \DILPLD“E
—_— WT@@M iy d.o#aﬂmn
; - 5o R R T g o S o —
g —_g < R0 ® e o o 7 T N
9] | n — A d ST . = _IL o )
= = — ) 0 Voo T d
=8 s LELTEIaC = ou IS
3 2 5 9 5 2 ] o,__io,o|mﬂ
2 O a S — 0 i
: : 25 - %afﬂ%M%gﬂ M@%Ma
o E T « — _I 8 o ~ B KO rd NN =) 1
5. T £ 3 w2 g A7 ﬂ%é ! %NxPa
A P Sy B mow e o B B oo I
5 £ < ¢ L & 5 %iﬂ%a_sl.? WL T
2 S5 25 P el ol RS
88 — 23 o = e T o B
; S g ERS n3 S = L Eeme R e
s 5 © —_— 5 % 3 n_rm%%q_ol w o - o) ol L=
Sz 8 9 | 0 = W2l N o ~— - E] N e S
Ega o = | - o — X 0% ol = LT N T N OXTOT <~ S
OHH - mg — 0 w ﬂmM]_ELJvmﬁ‘mWZ_IU_LH‘WM __on_ iOﬂﬂOlll
< .z S 5 — ~ L Q7Mo%%urﬂwa. i ?@rﬂ%%
= T g 8 BRI Neoﬁbgﬁ%%%%u. T ﬁ%ﬂﬂﬂ
= - Q = T do —_— 1% —_—
H Mec . T ! ° [ee) o X iO,DrDOwEnD‘li ﬁo O,I‘Alvﬂo
2 L\ FES g 5 % o %%%ﬁ&ﬂﬁwﬂ_d o0 FTETEE
R, E 3 S > S = ~ A o o )
e B R CH g 8§ § 3 . WM@W%QQEO @
B £ o0 one. eary NN
Q
g F ~
2 < Lliexﬁ
9 OOl il
HE W RN 7ﬁﬂﬂjw%4
T W BT M G E o) ol ﬂﬂ%@r%@i
B TRBHTRE T RN SEFILTE
N W ho N o Ty 8 N o o o T OE R T s oo o fo
I 5 o %:..__ < #ﬂ o B M o2 i T+ = 10 = o m_uu_ Xo o m.w Mll & ) o))
= R X 2w ol S Kd TN o= o S M
o ol o) o B — H o 2o 7Li k) w
: 5 w2 M aﬂﬂrﬁﬂm@i@y 1 omgﬂmo% s
T SerI IR R P AR
IM.M mm zod_]ﬂqo! Mﬂlﬂbwuﬁmﬁowmmﬁv%w Kd mLm,WmﬂmM_i &ﬂ%ﬁﬁ.ﬂ;l@
2 € rra wa%gﬂW§aﬁ W R O P B i
CR- 7o T Neuma;oﬂﬂo@ﬁ% o =2 ﬂ%mﬁwmﬂ
[ T oy [ o it | =W o ~N T o < @ oF Ty
@ o el MV w T SN A N =0 - Y S o NN
M. 2 o N J;\I‘IOT_ 7,UI,AE dﬂ%loll_/x_ = — 0 2 o
5 ° = Pl sRsg N e T i Dl 5l 2 &
£ A 0~ ,Iﬂoﬂ,LH7LMﬂioo‘|r1r or 0 ;OEOﬂN_ g
£+ SR =3 i < 3 a = =N N ol o B | . " 5 ~r =
s EE T 5 % e .1An_rm3|7] H ﬁ]J‘oo;o u;vlo
meam T i) Hm@LMAﬁ o ﬁmrnzsuomr %ﬂ%%ﬂimﬂ
sl o= 3 g o3 o N © = ~ Ho W W oF o &3 RO
o ) 0 . ~— 0 T ﬁi X 1
B SSEEE ST T AT L STipr $5TEIiF
2% c o »m ol < Mo X o 9 ) - B ' PO S
”mmamme o N & wahm%. T on o N T g w SR R
sE 5328 _s%ﬂﬂmpﬂrﬂl%g ok > X Sy S o Ho %o -
38 < a < ?ﬂmﬂﬂ6ﬁnﬂui§%ﬂ7%% < ﬂoLzTuT”mM o o
. T
T © ‘.:‘_ ‘ﬂ;,._ j.L m Wo E ;OC O_ OME ,Ol ‘Alvﬂ Mﬂe ] ﬂﬂ (a0] X
| g = o . DNl i R
&D = oy N
) A ) swy3 Sujuuny = T Ar
. aull !
(1noyooo‘T : 3un) swij



el el dAd 7t E S| EHZ(GHP) H9)7]e] =9dAged e 2d 543 444 a3 7B

ol P AT AFEAITH 7 frASEe] 7 Al
27F Al WASHA] Fervhal 7R A S 4] A
91717} 20,0004 7 1d €] A 2]7]7F 10,0004 7Hs =
Yete] B 93] FA B4 v]-g-o] A EFF ) Table
T 712 2 dHolA 9] ALY FA RS v&
7 PHAFFINS FFEE AR 2YE T
Aatls W H-&S YERd Blolnt 71E9 =Y
(AT 4% 2Bl gk 7 Al e
A B4 18-S 27 2423520099 7 13,464,000 ©]
ATk FA B v]ge gl V|Ee] =Y 4
242 10,771,200 8] 2ol & H.o 44.4%9] A K.
FHE 247 2t Jde Ao® eyt A4
E

200 m F7kek Aoz AHgssinh /e A=
TREG BT 52 Attt wTH|o]

7} A3
ol EF S 49, REQIRE 159 F7F st Ao
2 7148ty AAu 9 w5ule] 10%S 7)€l n)
So7 st AbEe F7HEAL Bl 8- 6,497,232% ©]
At

2005135 2011A7b4] 61 &<t & Al7ke] 10,000
A bE ZAste] A Eg A B H]-§-0] 24,235200
dolm, 29L& FHT 4§ 13464,00099 2] FA B
H]go] 5ol 10,771,2009¢] #A 4
g ik oldl Bl FHE = 7
9 FI7FEAF B 649723290 07 2YS A
Ao fFAESG v A7 R} 4,273 968 A
KeX
2

of HT

%
Fololt}. ojo] ute} AT P AT LA A

GHP®] 9]7]+=
dolehs AR 713t
of 28¥= W&
g71e] A ARE T
4 ezt o
Ae717)r Fdste

(e]

ar
(e}
B9 &4 Az

=

Pump, EHP)¢} A€ 3] EH Z(Ground Source Heat
Pump, GSHP) &< o] &3 oEfe] AJ~gl3} v
sto] AAPS SR 98] 28dk g4t

% GHPE &% wet dAsk= oA H
£ FARTE A8l AEste v&ol g F7t
Q1 ZAbe} EA o] Fast, Ar] 8o e 3
74 @l digk A4k HEVF dasit

7

1. Yu, J. Y, Cho, D. W., and Yu, K. h,, 2005, The
study on optimization of HVAC systems de-
sign in tall buildings, Journal of the Korean
Institute of Ecological Architecture and Envi-
ronment(KIEAE), Vol. 5, No. 1, pp. 11-18.

2. Woo, S. ], 2004, A study of the decision proc—
ess of air—conditioning zone for air-condition—
ing room by fuzzy system, Journal of the Ar-
chitectural Institute of Korea Planning and De-
sign, Vol. 20 No. 10, pp. 327-336.

3. National Institute of Meteorological Research,
Understanding climate change part 3-seoul’s
climate change, 2009.

4. Baek, S. H., Jeong, C. H,, Lee, ]J. Y., Cho, D.
W., Yeo, M. S., and Kim, K. W., 2010, An eco-
nomic assessment of cooling systems in occu—
pied zone when district cooling system is in—
troduced in residential buildings, Korean Insti-



76

tute of Architectural Sustainable Environment
and Building Systems, Spring Annual Confer—
ence, pp. 132-137.

. 7]

i=4

2~
TR

5. Korea Heat Energy Engineers Association,

Thermal management handbook, 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


