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Analysis of energy consumption of office building by thermal
resistance-capacitance method
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Abstract

This paper reports the dynamic analysis of energy consumption for an office building by

heat resistance-capacitance method. If a building is divided into several wall components and

the wall components is replaced by one thermal capacitance and several thermal resistances,

the building becomes an electric circuit. By solving the simultaneous equations of the circuit,

the dynamic heat transfer characteristics and the energy consumption rate of the building

were predicted. Accuracy of madified BIN method was evaluated by the present resistance —

capacitance method. The resull shows that modified BIN method overpredicts the heating

load of the office building 15%. Annual energy consumptions of equipments{fan, boiler, chil-
ler) for various ventilating control system(CAV, VAV, FCU+ VAV, FCU+CAV) were com-
pared. FCU+CAYV shows the minimum annual energy consumption.
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Table 1 Convective heat transfer coefficient in

inner wall surface

Convective heat transfer

Ventilati t
entfiation ratel - oefficient(W,/mi - °C)

Low 2.3
Medium 3.4
High 4.5

Very High 6.8
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Table 2 Wall area of model building

Exposed | Windows
Floor area
Zone wall area | area per
per story
per story story
Interior 377.6
East zone 109.34 66.75 39
South zone| 133.04 89.74 26
West zone 109.34 66.75 39

Table 3 HVAC system data of model building
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Central or Zonal HVAC

Central and Zonal

HVAC system type

VAV, CAV, FCU+ VAV, FCU+CAV

Min. cold supply temp 15C
Max. supply hot temp 40°C
Heat exchanger efficiency 60%
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Table 4 Fan data of model building

HIPE

Supply fan size 41.6m
Return fan size 41.6m
Fan type Forward curved
Fan volume control Speed, Cycling, Vane, Damp
VAV 1.5kPa
Supply total pressure CAV 0.7kPa
FCU 0.4kPa
VAV 0.7kPa
Return total pressure
CAV 0.4kPa
Supply fan/motor efficiency 51%
Return fan/motor efficiency 51%
Table 5 Plant data of model building .
200 |
Cooling lockout temperature 15T 100 F
Cooling equipment type 763kW o
Cooling equipment size Centrifugal, Screw, DX(waler cooling) B -iop
Condenser water temperature 2947TC E 20F
S _s00 F 3
Heating lockout temperature 211T = %0 ; —— 25 mm insulation
- . - -400 b ' TITT,30 men tnsulation
Heating equipment type Steam boiler -~ 150 mm insulalion
~500 | —~ — 200 mm insulation
Heating equipment size 763k W ok
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Fig.8 Instantaneous sensible thermal load of
rooms over 24-hours period in January.
The wall insulation thickness 1s varied.
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Table 6 Running time for computation of an-
nual loads(sec)

23.520
72.910

resistance-capacity method

response factor method
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