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ABSTRACT: High economic growth causes increase of the building energy consumption. The
energy consumption for HVAC system accounts for 40~50% of the whole building consumption.
The trend for building is large-scale and high-rise. Because of the trend, the energy consumption
is becoming bigger than before. Nowadays, HVAC system design are recognized as the solution
for a energy—saving. This paper is focused on the energy performance evaluation of central air—
conditioning system(water-based) and system air-conditioning that were applied to the office
building. The systems are modeled and simulated by using EnergyPlus Software 6.0. After the
Simulation, annual cooling and heating energy consumption were calculated. It was found that the
system air-conditioning can reduce the energy consumption approximately 55.24% annually
compared with the central air-conditioning system(water—cooled). In addition, about 46.13% of
annual operating costs can be reduced by use of system air—conditioning.
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Plan of office space.
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Table 2 Construction of thermal mass offices

Material Thickness Conductivity Densit Specific Heat
[mm] [W/m - K] [kg/m’] [J/(kg - K)]
Liner Board 25 0.37 900 1674
Arson Gypsum Board 45 0.19 800 1008
External Water Proof Gypsum Board 125 0.21 800 1008
Wall Mineral Wool 75 0.036 50 1030
Tile 15 1.1 2300 1000
Aluminum Panel 65 160 2800 880
General Gypsum Board 25 0.18 800 1008
Liner Board 25 0.37 900 1674
Arson Gypsum Board 19, 45 0.19 800 1008
Invtggﬁal Water Proof Gypsum Board 25 0.21 800 1008
Mineral Wool 65, 70, 75 0.036 50 1030
Air Layer 1, 10, 30 0.025 1 1024
Tile 15 1.1 2300 1000
Plain Concrete 125 1.6 2200 837
. Mortar 20, 30 0.88 1865 837
Ceiling
Water Proof Gypsum Board 3 0.21 800 1008
Glass Wool 110 0.04 12 750
Concrete 150 1.35 2200 879
Floor .
Plastic tile 15 0.2 1050 1214
Table 3 Technical data of system air— 7VeE& FA8hE Aol
conditioning AWHAAH == Agde] HAS 2012d 1€ 1¢
Components EA Specification FH 1€ 1847HA] T Alo]7] 7)o AAHH 25
Heating Cooling 26CE A&et9a, ofFHe A9, ouxaey &
Rated Rated ol A AAISHE AHFEA T3] Al =91 20T
EHP(1) 1 ca[ie\;(\‘}l]ty 78.4 CEE?{%(\:ZI]W 69.6 2 Hasdact
Rated COP 4.5 Rated COP 3.67
Rated Rated 3. EnergyPlus Al E&l0| M4
capacit 84.9  capacit 75.4
EHPQ) 2 “pay) W] ST
Rated COP 4.61 Rated COP 3.7
PASASIE* czaaszi%y 8.1 cfpaafce;éy 72
(kW] (kW]

Supply air flow rate[mg/s] 0.55
ERV 5  Exhaust air flow ratelm’/s] 055
Nominal power[W] 550

T3V Ve AES g T4 ATIVE
[e)

IRre.z A AT THEAIRR: 2.4 TARE 23
Al7kA ol 09 1 505-E 12100, 17 : 50F-E119 : 00 Fig 2. Isometric view of the analyzed office
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Table 4 Internal heat gain measuring overview

Contents
Period 18th January, 2012
Interval Hourly
Time 09 : 00~22 : 00

Total number of occupants

Occupancy
Occupancy schedule

Type, performance and number
Light of the lights

Light schedule

Types and number of computers,
Equipment monitors, printers

Equipment schedule
Name KEM1000
Range 0.2~4416[W]

+1% or
+02 W

Instrument

Accrancy

615

Table 5 Internal heat gain densities
Occupants
. (number of the .. .
Division lights and Electricity  Density
equipments)
0.09
Occupancy 140 - [perso n/mz]
Light 690 28[W] [Vlvz/'rlfz]
Computer 110  87[W]
Equipment Monitor 3 36.2[W1] [\;:;/'?IZZ]
Printer 52 31[W]
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Table 6 Internal heat gain schedules

Division Internal heat gain densities[%]
Time[Until]  Occupancy Light Equipment

08 : 00 0 0 0
09 : 00 68.6 100 62.3
10 : 00 52.1 100 52.7
11 : 00 52.9 100 455
12 : 00 95 1 50.4
13:00 48.6 100 51.2
14 : 00 54.3 100 55.2
15:00 48.6 100 46.7
16 : 00 48.6 100 50.7
17 : 00 57.1 100 60.7
18 : 00 52.9 100 52.4
19 : 00 55 100 535
20 : 00 329 100 37.8
21 : 00 14.3 100 14.6
22100 8.6 100 9.0
23 :00 0 0 0
24 : 00 0 0 0
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3.3 HVAC AlAH =HZ
g g FxWAE oux HsH7tE AA
7] S8l A HeH AzE ool WAz g
Table 7 HVAC Specification
Division Type EA Specification
Heating Rated capacity[kW]  78.4/84.9
coil Rated COP 4.5/4.61
Cooling 3 Rated capacity[kW]  69.6/75.4
coil ' Rated COP 367/3.7
Efficiency 0.7
Supply -
fan 3 Maximum flow rate /7%
[m3/s] ’
System
A/C Efficiency 0.7
Return 3 Mo a :
fan aximum flow rate
[m’/s] 7/7.26
Supply air flow rate
[m’/s] 0.55
ERV 5  Exhaust air flow rate 055
[m7/s] ’
Nominal power[W] 550
) Rated capacity[kW] 248.2
Boiler —
Efficiency 0.85
) Rated capacity[kW] 220.4
Chiller —
Efficiency 45
Efficiency 0.7
Supply 1 :
fan Ma){lmum3 flow rate 347
[m/s] '
Efficiency 0.7
Return -
fan 1 Ma){lmurn,g flow rate 347
[m’/s] '
. Rated flow rate[m’/s]  0.014
Water-  Cooling Air flow rate[m’/s] 9.48
based tower
Central Nominal capacity[kW]  272.21
A/C Rated flow ratelm’/s]  0.0039
Hot water N
Circulation 1 Rated pump head[pal 168791
pump Rated power 1.02
consumption[kW] ’
Rated flow rate[m’/s] ~ 0.0036
Cool water N
Circulation 1 Rated pump head[pal 168791
pump Rated power 0.93
consumption[kW] )
Rated flow rate[m’/s] 0.014
Condenser
Circulation 1 Rated pump headlpal] 168791
pump Rated power 371

consumption[kW]

73 2}

3.3.1 A|AH! of oA

EnergyPlus’doll #+8¥ Al =8 ojojzd w2 9
12} A]2=¥e EHP(Electric Heat Pump)® T4
Hol o, Aol AUYZ Four Way Cassette
2 AdE s ol 3k 3= dyA 3+F
Augk A2 A" = B3E 24
3+ ERV(Energy Recovery Ventilator)7} &9 3}
55 Hofgith

EnergyPlus’doll 3719 A|=®lo = S5 o] 9l
o, I T EA A|xE ofojA whA o] s
=+ Fig. 49} #t},

Al2=gl o o) WAl e ASH -
T 2 P = ] e = B o )
= AAEo] dom, At
olal d w HEHEE HA
A 7] 3| €] (Electric heater)E ©]
78lE “Resistive” S4S A&

O -
S

LA
A

o
Q.
o

5]
a3

w
w
[
>

N
N
o
o
fru

(

>«
T,
Mo
o

>

i 2 o &
L2~

i
|
g
A
ir)
rir
2
e -
o
— O
ofo

ofo
o
£
e
(e

> O

(g
o =

<!
o
==

ogii;g—"

o

>

o

fu
oot 4w o

o o

4
_0|L
1o
o|\
oy =
2
b
2 of
OX.L# m-ml
©o

ol
2L
o%
ofp

ol
R
=

N o

—~

22 Koo N oox x

oo

i,
oy I
o2
olf 1>
S
o%
1>
ol
1>
Ly

Qutdoor Air

i

OA Mixing
Boxl

Relief Air

DX Cooling Coil DX Heating Coil

Four way
cassette

FY
[
£
E
z
Z
&
&

Il
)
S
@
£

e

z

=
4

=
F
&)

Fig 4. The scheme of the direct expansion

air handling unit.



617

Cooling Loop

Plant Supply Side

Jw.a Demand Side Loo|
Cool
Tows

Plant Supply Side
Heating Loop

Zone Supply A Spitter

| — Q
O B
E [8228|8|2
S —| S| OO
% E8Z|ECO '@
jon lmW
) 8 3
c SER! g 2
) O c 30O b=l ISt
m 7y SHNe>)
= > | 8o
3 n 62
2 o
© o 2 ElQ
5 2 23 b
— | O
< 5| g TEQ &
22| 2= | EST ||
. =% = = O n| S
c nW < S| =
g E 3 = (G Te)
a2 2 ] N
£ 2| ¥
S 3 = m Q
g Q
I 29 |28
(a\]
<L
5 e
= MO =

Cond Supply Side Loop

429

242

583
5,027

376
113
4
1,949
3,164
5221

1,752
1,398
2,352

20,096
12,863
4,562

7,897

6,635

2
3
4

Fig 5. The scheme of water-based air

conditioning.

3,352

600
20

315

3.4 7| &¢diolH

6,173
7,966
8,565
6,146

21

5,963
3,089

50
916
5,556

2aPE 9
=5 o

14 METEONORM

Fol YAl HA 309 71 dHolE R

3,185
207

1,816

1,355
9,472

10

11

12
Total

tack ™ 71 Eolg

4 g5

=
=

o] 7174 dlelH

e

2e

58

1,323
1,966

502
39,591

335
22,681

105,947

59.92%
(When applied the system A/C)

20,267

8,442
42,460

—

epw W22l 714 HlolEy 9¢

™
oy B
bo o

41.97%

Savins

il

<

k<3
g oyA 2ne]

=+
Wl 5

col

o) T
K

olo

B} 41.34%(119) ~63.90%(14) T At

= Uepst,

(GE~10¢) ¥ oy~

ol &4

g

3}, Table

o] T8

~61.23%(549) 27 YeEst 22

AR oldA LM S W

Al
S

1t
I

svero] 714 2 YEhd o

I

o 1] %

)

Ao wepA A

o197 o]

1
.

JiH o2 ERVolA AH]H

T
B

At A= AZE ol

511_

Ao ol | A ALg- S Hlal

Bt = YEs

o} olel @ of

71 At ek



618 HI3A - 25

Table 9 Analysis of energy consumption

components
System A/C
Division Energy consumption o
cWh/yr] Rate[%]
DX Heating Coil 29,328 45.02
DX Cooling Coil 10,973 16.85
Fan 2,008 3.08
ERV 22,831 35.05
Water-based central A/C
Energy consumption o
[kWh/yr] Rate[)
Boiler 94,985 65.27
Chiller 16,348 11.23
Fan 17,684 12.15
Pump 16,520 11.35

Fan

oo 'ff
P ERV

. shmi I—
[35.05%] [11.35%]
Chiller

Percentage[%]

System AJC

Central A/C System

Fig 6. Analysis of energy consumption

components.
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Table 10 The prices of energy in Korea
Basic cost Cost
Division Contens [won/k
k
[Won/kW] Wh
G - Heating (October ~ April) 64.29
as
- Cooling(May ~ September)  40.21
Under Load
52.60
(23:00~09:00)
Half Load
Summer  (09:00~11: 00,
100.40
(July ~ 12:00~13:00.
August)  17:00~23:00)
Peak load
(11:00~12:00, 17290
13:00~17:00)
Under Load
52.60
Sori (23:00~09: 00)
(le;l{ Half Load
(09:00~11 : 00,
June, 68.20
Electric 6,470 Fan 12700713700
’ 17:00~23:00)
(September
~October) Peak load
(11:00~12:00, 91.30
13:00~17:00)
Under Load
56.70
(23:00~09:00)
Half Load
. (09:00~10:00,
Winter 12100~ 17 : 00, 98.70
(November o\ 02 00)
~February) i -
Peak load
10:00~12:
(10:00~12:00, 142.00
17:00~20: 00,
22:00~23:00)
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Gas
1,652,545
1,291,957

826,930
293,287
24,141
787

Electric
251,011
198,919
969,19
202,666
349,131
429,772
892,515

Operation Cost[won]
System A/C | Central A/C System

Electric
806,465
850,326
588,542
313,401
198,268
167,342
503,277

systems

Month

Table 11 The operating cost of the analyzed
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