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ABSTRACT

The study proposed a method of improving the energy performance of a building in the
development of a large-scale complex. In this study, a specific energy-saving method is
proposed based on the case of a building in a large complex in Japan, which accomplished a
high-efficiency energy performance by conducting energy management consistently from the
planning stage to the operating stage. Specifically, the major energy-saving features of this
facility are as follows. 1) High-efficiency district heating and cooling (DHC) energy system. 2)
Energy data collection system for energy management. 3) Construction of energy management
system based on the coordination between the building group and DHC business operators. 4)
Energy management through energy data analysis using Building Energy Management System.
Based on energy management, the achieved annual primary energy coefficient of performance
(COP) was 1.35, which was the third highest among the DHCs in Japan. Furthermore, the COP
has been continuously increasing after the completion of construction, and the cooling energy
system showed an improvement of 10% over five years. This study quantitatively examined the
energy management methods in the design and operating stages and their effects on a
large-scale complex building, and demonstrated the significance of the energy management of
energy savings for an entire building.
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Figure 1. Tokyo Skytree Town ©

Table 1. Outline of the buildings

location Sumida-ku, Tokyo, Japan
use Radio tower, commercial facilities, offices, etc.
Total floor area approximately 230,000 m”
Completion year February 2012
Supply area of DHC approximately 10.2ha
Supply facility 5 facilities
Heat source Chilled heat source 7,240 RT
capacity Hot heat source 9,917 kW
Chilled water (supply)7°C, (Return)17°C
Supply temperature . .
Hot water (supply)46 C, (Return)36 C
Sub plant October 2009
Start of supply . .
Main plant April 2012
DHCHIQIZHHE 3 ABENES AAPbliasy) o= ddr]o] glom 2 AdS

w3t 5 Aol B TS .
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Table 2. Outline of DHC heat source equipment

Machine Machine name Units Capacity CcopP
numbers

R-1,2Y  Turbo chiller (constant speed) 2 C:350RT 5.70

R-3 Turbo chiller INV) 1 C: 1250 RT 5.64

R-4,5  Turbo chiller (constant speed) 2 C: 1250 RT 5.81

. C: 1000 RT 3.88

R-6 Heating tower heat pump (heat recovery) 1 H- 3165 KW 591

. C:870RT 4.84

R-7 Heating tower heat pump 1 H - 2845 kKW 3.03

. C:440RT 4.95

R-8 Heating tower heat pump 1 H: 1514 kW 205

C:50RT 4.51

R-9 Water heat source heat pump 1 H:220 kW 3.06

B-1,2,3" Hot water boiler 3 H : 465 kW 0.83

Chilled water tank 2600 m3x1
Water heat storage tank (thermal stratificationtype) 4 Chilled & hot water tank
1900 m3x2, 650 m3x1

1) Installed in a sub plant
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Figure 2. Heat source system configuration of DHC
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Table 3. Outline of Geothermal system

Pile foundations type Borehole type
Number of units : 6 Number of units : 21
Outline Diameter : 1,900~2,200 mm ¢ Diameter : 179 mm ¢
Length : 18.6 m Depth : 120 m
Install location ~ Under the DHC plant On-site square
U tube type U tube type

Heat exchange tube o ) . o
10 units installed per each pile foundation 2 units installed per each borehole

Amount of heat Maximum calories per each pile foundation Maximum calories per each borehole

collectionand  C: 300 W/m C:48 W/m
emission H:235 W/m H: 40 Wm

OflRZ2IE 25t oILRIEIO[E] A A
ASAFA=R
a8 TAINA AR RS detotA mtefstal, oy 4] *C’#—% /}2]/\]6 71 %’4611*1
=, A=Al od glolelE F5te] 281 o8-8
UL 7 e AM2EE TS5k Ao] Fasith 2 Ao s BE 9 %X}( 43& /\P
o) A} A(d=r, 2= AFshe Ae Yoz AP - SFAE AAsHh EOP
S HidEol 7ol Sho] AREARS] o A8} 1 01

i

d
d

i
m&
o,
ol
_,4
%
oxl
E

ol A ARggE A=l -
o Faro gt s= T QFAIE Tokth FE, AR L] At AlFAIE
Figure 3] FER STt

182

Journal of KIAEBS Vol. 15, No. 2, 2021



Research on Energy Management Methods and Cases - Focusing on the Planning and Operation Phase Methods in Large-scale Complex Buildings in Japan

Motor
Cooli it | ‘ Mot
| |
Hot water | I | ‘ Cooling water
Loy |1 —
| % Uni; |
Air
0 Fan I | | & unit
S FOOOE @ - ran |
Protated by CAV v = + +

opening time

Restaurant & Store Office Office

‘ i L) |©©

Figure 3. Tenant energy measurement plan
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