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Abstract The building energy audit is an important process when collecting basic information for improving the energy
performance of existing buildings. Audit parameters should be associated with the energy performance of the building. Such
audit parameters will vary according to an individual building’s characteristics and energy consumption patterns, but most
building energy audits are performed in the same way. The sensitivity analysis (SA) is a statistical method to quantify the
correlation between inputs and outputs that can determine which input is influential to which output. Therefore, an SA can
identify influential parameters when applied to building energy analysis. In this paper, we adopted the Morris method to
identify building energy audit parameters and performed a Monte Carlo simulation for uncertainty analysis. As a result,
this method was able to identify an influential parameter for building energy audits and reduce uncertainty in energy
consumption in buildings.
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’1. Determine variations of input factors ‘

l

’2. Create building energy models based on input factors‘

l

’3. Run energy models ‘

l

’4. Collect simulation results ‘

!

’5. Run sensitivity analysis ‘

!

’6. Presentation of sensitivity analysis results ‘

Fig. 1 Procedure of sensitivity analysis.
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Table 1 Descriptions of building

Category Value(unit)
Number of floor 21 Floor
Gross Area 32,488(m’)
Lighting 15(W/m’)
Ir(l}tz::sl Equipment 17(W/m®)
People 2,500 Person
Roof 0.18(W/m’ - k)
U-value Wall 0.45(W/m’ - k)
/SHGC Floor 0.32(W/m’ - k)
Window 3.7(W/m' - k)
Heating(capa) Gas Boiler(1870 kWx2)
Efficiency 85%
HVAC
Cooling(capa) Turbo (1480 kWx2)
COP 5.5
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o %3 FU% FEGejolth. £ FUe] o]
Rol e Laslel magalr. AAALe A
FAL S TIEeR 250088 AdEalal, kel dl
ol A% 4 A AAEAE xSt
Fig. 4 &2 HVAC Al="e] JgFes el
Ak, BREY) 2719 7hanle 27]e] AgAu s
CAV & 2501 Qv ddAdn] 2 3xdn]o] &
ArAES gaE] 20100 2HUAE EOE 2}

e,

7178 HlolE= 71849 sl dx e

3. a1y e YzHs M
3.1 elajus
71E AF=olA Adexlde] agh o= 471k

Fig. 4 Schematic

W Supply Pump

-
i Supply
o
<
\V,

Bypass

B
diagram of HVAC.

cHw Suel
japs
W

(© SAREK



Bel U4 Au

A=e] FPoR 13k An] %38} Ao AeAst & 2oh AGEL olyA Algdolde] EHs} &

o s AAVGE e 203 f7go] v EEA|7] ) datry. e JHHeE A g & 7AW

Folth, Wzl AAEA % AAE Aol 5 AA  wdslw A A5A% % 540 Aaw Aoz F

Ao AR ES FEote] 7E AFES] AMUALTE Adue FEEZ 483

A8 A B & o27F £3kE JhsAdol 9 Table 2014 N& H79] M3 E Basetw AAIEA &

0 54 delH g olgah AL oHd exE v e AEolAA Ao e ghe ey

Aoz 7HE F2 oA BE s E 545 ™ Min? Max 27 HEgk 4 Hte HEbTh

71 wPsE] i Al 2 43S F HEE Ot e el o6

a AUgee AH: AL ME FaB Aol nda gEmeln, A @ A%, H}w TR

B AT AR oUA sl FFS B4 9 AelEd gdAe) UE, AAEE, NI B 9

EE 0 AHWS BE2 ST Table 290 ARFEIN} YD ASAFE vehick, oo @

Table 2 List of input variables with variation

N Name Unit Min Max Base N Name Unit  Min Max Base
x01 Window : U-factor W/m?k 1 5 3 x31 Fan Motor Efficiency - 0.3 0.8 0.7
x02 Window : SHGC - 0.5 0.8 0.7 x32 Fan in Airstream Fraction - 0.3 0.8 0.7
x03 Window : VT - 0.75 09 0.8 x33 Cooling Coil Water flowrate m'/s 0.1 0.17 0.13
x04 Floor : Conductivity W/mk 0.1 0.5 0.35 x34 Cooling Coil Air flowrate m'/s 50 130 115
x05 Floor : Density kg/m? 22 55 44 x35 Heating Coil U-Factor w/m? 9,000 16,600 12,400
x06 Floor : Specific Heat J/kg - k 1,000 1,200 1,100 x36 CHW Pump Flowrate m'/s 0.1 0.2 0.17
x07 Concrete : Conductivity W/mk 0.5 2.5 1.7 x37 CHW Pump Head pa 100,000 333,200 333,200
x08 Concrete : Density kg/m® 2,260 2,400 2,300 x38 CHW Pump Power kW 93 277 83
x09 Concrete : Specific Heat J/kg-k 810 870 830 x39 HW Pump Flowrate m'/s  0.03 0.16 0.14
x10 Wall : Conductivity W/mk 0.1 0.5 0.35 x40 HW Pump Head pa 120,000 235,000 235,000
x11 Wall : Density kg/m® 22 55 44 x41 HW Pump Power kW 39 117 44
x12 Wall : Specific Heat J/kg - k 1,000 1,200 1,100 x42 CW Pump Flowrate m'/s  0.05 0.16 0.14
x13 Roof : Conductivity W/mk 0.1 0.5 0.35 x43 CW Pump Head pa 156,800 313,600 313,600
x14 Roof : Density kg/m* 22 55 44 x44 CW Pump Power kW 70 210 75
x15 Roof : Specific Heat J/kg - k 1,000 1,200 1,100 x45 Boiler 1 Efficiency - 0.5 0.9 0.85
x16 People Level m’/Person 7 16 13 x46 Boiler 2 Efficiency - 0.5 0.9 0.85
x17 People Radiant Fraction - 03 0.8 05 x47 Boiler Minimum PLR - 0.1 0.4 0
x18 People Sensible Fraction - 03 0.8 0.5 x48 Boiler Optimal PLR - 0.6 0.9 1
x19 Lighting Level W/m' 10 30 17 x49 Boiler FlowMode - [1, 2, 3] 3
x20 Light Return Fraction - 0 02 0 x50 Chiller COP - 35 6.5 5.5
x21 Light Fraction Radiant - 0.1 0.7 0.7 x51 Chiller Min PLR - 0 0.3 0.25
x22 Light Fraction Visible - 0.1 0.7 02 x52 Chiller Max PLR - 0.9 1 0.95
x23 Equipment Level W/m’ 12 22 15 x53 Chiller Optimal PLR - 0.7 0.9 0.75
x24 Equipment Latent Fraction - 0.1 0.7 0 x54 Chiller Unloading PLR - 0 0.3 0.25
x25 Equipment Radiant Fraction - 0.1 0.7 0.7 x55 Chiller Flow Mode - [1, 2, 3] 3
x26 Equipment Lost Fraction - 0 0.2 0 x56 Tower Fan U-factor w/m*: 100,000 2,100,000 1,500,000
x27 Infiltration ACH 0.1 125 0.5 x57 Tower Fan Air Flowrate m'/s 2 4.5 43
x28 Fan Efficiency - 03 0.8 0.7 x58 HW Control Mode - 1, 2, 3] 1
x29 Fan Pressure Rise pa 100 630 570 x59 CW Control Mode - 1, 2, 3] 1
x30 Fan MaxFlowrate m'/s 40 160 137 x60 CDW Control Mode - 1, 2, 3] 1
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Table 3 Influence parameter rank(electricity)
N Name mu(n)  sigma(o) Order
x19 Lighting Level 3,387,036 757,079 1
x23 Equipment Level 1,153,526 103,650 2
x29 Fan Pressure Rise 607,556 398,704 3
x50 Chiller COP 597,840 134,032 4
x30 Fan MaxFlowrate 442,494 337,137 5
x28 Fan Efficiency 386,681 324800 6
x59 CW Control Mode 329,721 249,356 7
x38 CHW Pump Power 302,171 80,122 8
x42 CW Pump Flowrate 186,490 92,789 9
x44 CW Pump Power 151,860 71,032 10
Table 4 Influence parameter rank(gas)
N Name mu() sigma(o) Order
x30 Fan MaxFlowrate 81,415 57,158 1
x45 Boiler 1 Efficiency 67,443 25,240 2
x39 HW Pump Flowrate 59,542 50,534 3
x16 People Level 59,508 30,913 4
x27 Infiltration 54,875 20,346 5
x46 Boiler 2 Efficiency 36,205 24,154 6
x19 Lighting Level 34,476 23,836 7
x58 HW Control Mode 34,072 22917 8
x01 Window : U-factor 31,691 19,958 9
x24 Equipment Latent Fraction 16,733 11,842 10
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Table 5 Energy audit data
Electricity
Order Name Base Measurement  Unit
1 Lighting Level 17 12.8 W/m'
2  Equipment Level 15 12.4 W/’
3 Fan Pressure Rise 570 362 pa
4 Chiller COP 5.5 - -
5 Fan MaxFlowrate 137 82 m'/s
Gas
Order Name Base Measurement  Unit
1 Fan MaxFlowrate 137 82 m'/s
2 Boiler 1 Efficiency 85 71.9 %
3 HW Pump Flowrate 0.14 0.11 m'/s
4  People Level 13 11.8 m’/Person
5 Infiltration 0.5 - ACH
6 Boiler 2 Efficiency 85 65.9 %
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