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Abstract In this study, 21 energy reduction factors were selected as architecture, system & operation, and lighting and equipment
parts to analyze reduction method of the load occurring in office buildings. Energy consumption simulation was performed.
In the architecture part, saving rate (1.53%) of “occupant density” factor was the most efficient. In the system and operation
part, saving rate (1.28%) of “interior VAV and exterior FPU type” factor was the most efficient. In case of lighting and
equipment part, saving rate (12.42%) of “schedule” factor was the most efficient. In the three parts, saving rate of the lighting
and equipment part was 27.32%. This was caused by the “schedule” factor. Saving rates of the architecture part and the
system and operation part were 3.39% and 1.20%, respectively.
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Table 1 The increase of energy consumption
according to the parts*

2010 2013 Increase
Industrial 103,017 118,991 5.2
Transport 41,900 40,281 -1.3
Family 21,924 22,110 0.3
Commercial&Public 17,071 18,965 3.7
Note) Unit : 1,000 toe, %.
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Fig. 1 The rate of energy consumption of general
buildings(ECS 2014).
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Table 2 Energy saving factors according to the parts

Part Factor Mark Base model Input data
Core Core North East West South
wall U-Value(W/m' - K) Wall_U 0.27 0.24, 021
Heat capacity(kg/m') Wall_HC Medium 1121 Heavy 2082 Light 481
U-Value(W/m’ - K) Win_U 21 1.8 15
Window  Window-wall ratio(%) Win_R 60 50 40
Acrchitecture Shading coefficient ~ Win_SC 0.3 0.4 0.5 0.6 0.7 0.8
Horizontal(m) Shade H Non 0.3 0.6 0.9
Shade ]
Vertical(m) Shade_V Non 0.3 0.6 0.9
Floor height(m) Floor_H 4.0 3.8 4.2 4.5
Infiltration(time/h) Infilt. 1.0 0.5 15
Occupant density(persons/m’) Occup._D 0.2 0.1
Type Type CAV+FCU VAV+FCU VAV+FPU VAV+Convertor
Setting Temp. Cooling/Heating(C) ?r?rt:;g 28-20 28~1825~2026~2026~1827~2027~18
System .and Efficiency Fan(%) E_Fan 80 70 60
Operation Heat recovery(%) Heat R 50 60 70
VAV+FCU Control CAV+FCU Proportional Reverse-action
Control Night ventilation  Night Vent. Non Application
Outdoor air intake OA_Intake Fixed Enthalpy
Lighting Schedule L_Schedule  Always on Lunch break off Daylight
and Heat from light(W/m") Heat_L 25 20 30
Equipment Equipment heat(W/m’) Equip._H 20 15 25
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Table 3 Model building
Component Data

Location 37.26°N, 126.42°E
i . 18 Ground floors, 8 Under
Building size
floors
Structure Steel-conc. composite structure
Building area(m’) 1,043.8
Total floor area(m’) 31,3717
Floor height(m) 4
Ceiling height(m) 2.7
Perimeter zone depth
3
(m)
Window 24 mm Color pairs
HVAC CAV+FCU
Control Automatic control using DDC
52.5m
Sm‘l 4.75m‘} 35.9m | s85m | 3m
E, ™ CORE
HEHRES £
a| o § INTERIOR S
Ei / EAST

Fig. 2 Typical floor of model building.
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Table 4 Results_architecture

Energy consumption
Mark Max saving gy P

' (kWh/m' - y)
(Factor) input data .
Electric Gas Total
Base model 181.48 30.90 212.39
180.86  30.97 211.83
Core South o6 £007 V056
Wall_U 021 181.47  30.90 212.38

v0.01 Vv0.00 VvO0.01

181.33  30.85  212.18
v0.16 Vv0.05 Vo021

181.71  30.97  212.68

Wall_HC Heavy

Win_U 15 A022  A007 A014
Win_R 60 gi:gg 306.2619 gg:gé
Win_SC 0.8 19120'.2891 254 .1233 12175 .4034
Shade_H 0.9 1523? $06§582 ivlggg
shagev 09 070 3 210
Floor_H 38 53% 306.6291 ivléig

Infilt. 0.5 158?; iodz‘; zvlé:gg
occup._D 01 17919  29.95  209.14

v229 V095 V324

2.00%
1.00%
0.00%
-1.00%
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Fig. 3 Saving rate-architecture.

SEe] A5, AgFot AuFE Y g Wbl
0 A grsk vershl Lekset

e 49, dwdon ALHL ANRE, ofF
2 AAAF F P2 F akeld B Ane
HY ARRE wsle] Be A7 AEs vkl
Eheta A Ao A%, ma Agel 488 gel o

(© SAREK



UAl Aol g feld grow ddstar s
Wt w2 A7 548 dolry] 98 B e
= Hlastgieh. 1 A3, A ATE 0.8% o Wit
Fate] o= lall oF 7.1%(15.04 kWh/m' -y) A
T ooyA] &an7F Fh8kE Ao® YEhY Bd A%
of 288 AHAGFT} oA didel w9 Felgk gk
ojgt= M HEol AHAGTF %H“ﬂfﬂi HE
A=A aH] Azlel] Wl Fag 249 & 5 9
A= 40% 488 4 1.129%(2.38 kWh/m y)
2 A=)

A w8 8 AT Aok 09 mel B, A
7HEo] 7+ 0.75%(1.59 kWh/m' - y), 0.46%(0.99 kWh/

‘i}i

n - y)2 et 57 Aheke] oluiA Aztel o E 8
4o Ve,
ST 3.8 mel A%, B7E©] 0.32%(0.67 kWh/m' - y)

2 e 1715 053)/h81 A9, d7EEo] 044%
(0.94 kWh/m’ - y)& L}E}”E}

AR EEE 0.1/ m' ) 79, 1.53%(3.24 KWh/m' - y)
2 A7anrr aA Jers

AN|&e- T A 7HA Az 84 oY @
Hsle] e A7 F 7}%} A MasE F= 99 @
S 929 AE3 AEE Table 59F g 29 &9
715 M i WLE 2 Fig. 49F

T2 WFEE VAVEE 957 FPU A<l 7

< 1.28%(2.71 kWh/m’ y)2 A= A=d FPU tiAl
Convector®2 & 7A9-o|= 93|8] oux] Anv|7} =7}
st Ao = vERsTh

¥y AdeEs W 25 28T, Y 2RE
2T S 18T @& #1838 49, 0.28%(0.60 kKWh/m’ - y)
2 A7Ecta ey gy @9l AR en
840 A9, 25 Wbl w2 v Wt FAE
F7k= ERle] g8 W - v 255 7H7) 26°C, 20T

skl wf oA 4H]7} 3.8%(8.01 kWh/m' - y) &
7Vat o o= Ax HEY A AS wEoly A
v "7l & 43S F F AT 2eE Yeuth

A 58S Bl A& A83 71+ ¢ 80% Hrh
WO 70% S A8 A9, 2.75%(5.85 kWh/m' - y)<] o]
YA &nl7) F7kste] o] Al o[y x] 4] ikl v
T T8 248 T 5 9l

of7t 3719 Ag-oll= X“-Lo}xl g wET A8
g w7} mushy Frbeks Aow dEied o=
Wskel A= A7) A] v St 7]

—

A7 Ao e
A 35 ase gk Wabdl e 4y Frsh vy
3 Ao ekt

ARa AR U Au] aad ARE 24

Table 5 Results_system and operation

. Energy consumption
Mark Max saving

' (KWh/m’* - y)

(Factor) input data .
Electric Gas Total
Base model 181.48 30.90 212.39
17793  31.74 209.67
Type VAVHFPU  Cass  a0sa var
Setting 2818 181.41 30.37 211.78
Temp. v0.07 V053 v0.60
187.13 31.10 218.23
E_Fan 70 A565  £A020 A5.85
181.47 30.84 212.33
Heat R 70 V000 V006 v0.06
Reverse 178.98 31.12 210.10

Control

-action v2.51 AN0.22 V229

182.80  30.10 212.90
A132 v081 A0S53

181.19  30.17 211.36
v030 V073 V1.03

Night Vent. Application

OA_ Intake Enthalpy

1.50%
1.00%
0.50%
0.00% I:
oo -0.50% —&& - < &
-1.00%
150% &
-2.00%
-2.50%
-3.00%
Fig. 4 Saving rate-systems and operation.
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Table 6 Results_lighting and equipment

. Energy consumption
Mark Max Saving

(KWh/m’ - y)
(Factor) Input Data .
Electric Gas Total
Base model 181.48 30.90 212.39

155.74  30.27  186.01

L_Schedule Daylight V2575 V063 V2638
163.04  30.42 193.46
Heat_L 20 V1844 V048 V1893
. 164.45 30.44 194.89
Equip._H 5 V17.03 V046 V17.50
14.00%
12.00%
o 10.00%
e 0
téo 8.00%
S 6.00%
©
Y 400%
2.00%
0.00%
L_Schedule Heat_L Equip._H

Fig. 5 Saving rate-lighting and equipment.
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Table 7 Results_parts

Energy Consumption
Part (KWh/m’ - y)

Electric Gas Total

17571  29.48 205.18
v578 V142 V720

179.19  30.73  209.92
v229 v018 v247

12536  29.68  155.03
v56.12 v123 V5735

Architrecture

System and Operation

Lighting and Equipment

Architecture+
System and Operation+
Lighting and Equipment

12646  27.02  153.48
v55.02 V388 V5890

40.00%

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00% —-

Architecture  System&  Lighting&
Fig. 6 Saving rate-each part.
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