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Energy Performance Evaluation of a New Commercial Building using

Calibrated As-built Simulation with Monitoring Data
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ABSTRACT: The performance evaluation of a new building is becoming more important
because efficient design alone is often not sufficient to deliver an efficient building. However,
there is a lack of standard evaluation methods to measure the energy performance of a new
construction that has Energy Conservation Design Measures (ECDMs). This study presents
an enhanced method based on calibrated whole-building simulation for evaluating the energy
performance of new commercial buildings and demonstrates its use using a case—study
building, including : an Energy Use Index (EUI) comparison with sub-metered data and an
evaluation of the performance of specific ECDMs. The use of this method has determined that
the case-study building was shown to use approximately 47% less energy than the base-case
building that has the same shape and function as the case-study building (ie., calibrated

2007; revision received January 15, 2008)

as-built simulation model), but doesn't include the simulated ECDMs.
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Table 1 Energy conservation design
measures(ECDMs)

Energy Conservation Design Measures(ECDMSs)

* Low-e window glazing

* Motion Sensors for lighting control

¢ Daylighting dimming systems with light
shelves

® A high albedo roof, tree shading

¢ Dual-duct variable air volume system
(DDVAV) with air foil HVAC fans

¢ Enthalpy heat recovery system

* High efficiency low NOx boiler

* High efficiency centrifugal chiller

¢ Primary-secondary chilled water loops

® Variable Frequency Drive(VFD) on the
secondary loop

® Oversized cooling tower

* Low head pump

7} 22}2(Secondary loop)E TEF 11 23}
Az WMEFX(VEDs)7l AR50 23
H3EE sl gltl. Table 1 gjAA
d F8 AdUAEFEALALE BAFu Yk
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o159 7z wet waste WEs], Wzt
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Fig. 2 Whole-building electricity (WBE) panel
connected to the data logger.

Fig. 3 Motor control center (MCC) panel with
current transducers (CTs).
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Table 2 Monitoring channel description

Items Description Unit Channels Remarks
Building Electricity 1 Phase A(ch4497)
Building Electricity 1 Phase B(ch4498) | WBE 1(Phase A+B+(C)
Whole g ..
El
WBE | Building KWhh Bu{ld%ng ectr%c%ty 1 Phase C(ch4499)
Electricity Building Electricity 2 Phase A(ch4500)
Building Electricity 2 Phase B(ch4501) | WBE 2(Phase A+B+C)
Building Electricity 2 Phase C(ch4502)
MCC Electric Phase A(ch4476)
Mg | Motor Control | g 4 _ Phase A + Phase C
Center MCC Electric Phase C(ch4477)
L&R Lighting & kWh/h | WBE - MCC Weather independent electric use
Receptacles
El ici h. A(ch44
kwhyp |Electricity Phase A(chd478) Phase A + Phase C
Electricity Phase C(ch4479)
Chiller #1 kBtu/h | User Defined Channel(ch4520) (GPH * (supply - return)temp.)/2
GPH | Chilled Water Flow(ch4484) -
°F | Chilled Water Supply Temp.(ch4485) -
. °F  |Chilled Water Return Temp.(ch4486) -
Chillers Electricity Phase A(ch4480)
KWh/h |eonaty Hhase Ale Phase A + Phase C
Electricity Phase C(ch4481)
Chiller #2 kBtu/h | User Defined Channel(ch4521) (GPH * (supply - return)temp.)/2
GPH |Chilled Water Flow(ch4489) -
°F | Chilled Water Supply Temp.(ch4490) -
°F | Chilled Water Return Temp.(ch4491) -
kBtw/h | User Defined Channel(ch4522) (GPH * (supply - return)temp.)/2
Boiler GPH |Hot Water Flow(ch4494) -
°F | Hot Water Supply Temperature(ch4495) -
oF Hot Water Return Temperature(ch4496) -
East(ch4506 + ch4507 + ch4508) .
The 4th Central(chd509 + ch4510 + ch4511) Light and Receptacles
dth | Floor h/h | West(chd512 + chd513 + chd514) Flectricity Use
floor |Electricity kW. estic ¢ < —
Use Receptacle(ch4515 + ch4516 + ch4517) Receptacle Electricity Use
(East + Central + West)-Receptacle Lighting Electricity Use
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Fig. 5 Comparison of electricity use between

Fig. 4 Total electricity utility billing data. utility billing data and measured data.



AEAUA RUEY 2 AEHo|HS 8T A B AUAETHT 159

3. AlE8old =2 3 A

WgAEe ANEHe e BH AreYAa|y =
2389 DOE-2.le(ver. 11908 AM&-39ith DOE-
AEH NS HE 7RI REE 74A Aol
ElE nlg o2 Test Reference Year(TRY)S )&
watstel Abgstgom® dzg sggas 9
W OAALE 2 A dAIRS T e vk AE
9 A& AFY duFe Y3 AFLE
DOE-2 =213 Weather Processore] ¢]&+
Aoz ANsEE Fow rAdxAze 9
o 7)o &ASe AA

N

HEaE2e FEAT4 AFe A2 22 7]
ToR A AMFE2R Yol glon, HE
o) dufes UFEE AolA oFHd aug
ALHESE SRk =5, dE AFA~AHIL
AE HFHo FANET i

o o L
ot
4l
o

PR W
™

o
1o
o

N

32
£

o o 41 o b P
o
£

w W

o K =

N 32

My

W&
ofs
o,
=
-z
i)
ne
N
)
tlo
)
Q
N
oo
o

P
g
N
o

&
£
huj
=

o K

i 3o,
o
0

=
)

o W
fo B T g
RN
>,
e

=
o
to o

o

Hosg N
o)

)2
fo [o b

w & ok

=
o

ol
=

OB © >
2 o
Ul
[}

z
x
&
|
=
%
)

of to ba N{N’
g

~
o
¥
ofi
>
)
N
[o
=z
£
¥
=
30
=g

>
P
>
3¢
v
i
o
o
o
_r\l
I
>
=
oo
Prl’,
3R

ez st
AdApe] (2 1000)8 d™
e & ARSEslen, AdaAEE Ve
B 2AEE(Fig. 8(b) BAs ALgatgich
ZA AR AL AU E] AT Texas
w715 5A4E este] A% 244
ar gtk mEbA ddigtel @4 A4S
skel A7)E flE Ao B st

N{JN oy
= 12 N
offt
e

Hoofy p2
>
&
&2 o
o

i
B
E=)

o of fo ftopE 4N N lo N N ¢ ot 38 T ox8

LR
ful
=
ki

Fig. 6 Rendering of the DOE-2 model used
for the case-study building.
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Fig. 7 Space zoning of the 1st floor.

Table 3 Space conditions for the typical(4th)

floor
Items Space Remarks
Conditions
2 Number of people
AREA/PERSON 255 m (Around 1000)
PEOPLE-HG-SENS 674 W -
PEOPLE-HG-LAT 55.7 W -

L« Based on
PEOPLE-SCHEDULE | Scheduled Lighting Schedule
LIGHTING-TYPE SUS-FLOOR -
LIGHTING-W/SQFT | 13.7W/m’° | Measured Data

LIGHTING-SCHEDULE| Scheduled | Measured Data

EQUIPMENT-W/SQFT| 8W/m’ | Measured Data
EQUIP-SCHEDULE Scheduled Measured Data
INF-METHOD Air—-change -

AIR-CHANGE/HR 0 HVAC is always

on (No infiltration)
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120 — - -—
~—o—Mean

00 == =~ 10th Percentile

e 26t Percentile

s 50th Percentile

g

75th Percentile

Light. Diversity Factors.

90th Percentile

©  Maximum

|5 Minimum

12 34568 7 & 91011121314 1516 17 18 18 20 21 22 23 24
Hour (Periods: 1/1/2001 to 12/31/2001)

(b) Typical floor(4th) lighting schedule
Fig. 8 Weekday lighting and equipment (L&R)
schedule.
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Fig. 9 Transmissivity vs. angle of incidence
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Table 4 U-effective for underground wall

and floors
Underground Underground

Ttems Wall Floor
Underground 2.44m B
Wall Height (deep basement)
Construction . 2.44m, R-10 -

interior, concrete

Conduction
Factor(F) 0.78 "
Effective R
(2K /W) 3.69 176.1
Effective U
(W/m’K) 0273 0.006
Exposed B 0
parameter(Pexp)
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Table 5 System conditions for the typical

AHU(DDVAYV)

Items System Conditions
HEAT-TEMP-SCHEDULE 217 C
COOL-TEMP-SCHEDULE 21.7°C
THERMOSTAT-TYPE Reverse-Action
SYSTEM TYPE DDVAV
RETURN-AIR-PATH PLENUM
MIN-CFM-RATIO 0.6
MIN-OUTSIDE-AIR 0.1
MIN-SUPPLY-TEMP 128 C
COOL-SET-TEMP 128 C
MAX-SUPPLY-TEMP 3BTC/24C
HEAT-SET-TEMP 41T
PREHEAT-TEMP 10C
MOTOR-PLACEMENT IN-AIRFLOW
FAN-CONTROL SPEED
SUPPLY-MECH-EFF 0.51
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Table 6 Plant Conditions

Items Plant Conditions
BOILER HW Boiler
SIZE 44G]
INSTALL NUMBER 2
HW-BOILER-HIR 1.19
CHILLER HERM-CENT-CHLR
SIZE 5.89 GJ(465 TON)
INSTALL NUMBER 2
ELEC-INPUT-RATIO 0.1547(6.59 COP)
COOLING TOWER OPEN-TWR
SIZE 12.66 GJ(1000 TON)
INSTALL NUMBER 2

ELEC-INPUT-RATIO 0.00455
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Fig. 10 Comparison of chiller efficiency
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measured and DOE-2 default.
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Fig. 11 Whole-building heating, cooling, and
electricity use against dry-bulb
temperature.

UAY S duxez nwsr ste] gdad
o]

=] Al A FAFE R APFERA
=9 oA da s vwsgh Fig. 120] e
U4 ARl HAAENe. DY AAAYA Aee
1

AH 2 (No. 3% No.6)¢] & oz A&7} )
wate] FF Fmo) f4xstm gk sAuk ok

Z83 A5 AL THIL 163

-
2
=4

@
b=
a8

500

400

300

Total EUI(kWh/ ft? yr)
Total EUI(kWh/ m2 yr)

Building No. Blec(WBE-WBC) ®BWBC 0OWBH

Fig. 12 Total EUI with sub-metered data.

Total EUIKWh/ ft2 yr)
Total EUI(kWh/ m2 yr)

Building No. @ WBE

m L&R (WBE - MCC)

Fig. 13 Comparison of L&R (WBE-MCC)
electricity EUI for similar buildings.

Az fass Wy Wl
e A7) AgFo R TR
AuA 2H R GBe o

2
i_!“
=
)
>
P
oo
ofl
“
X
ol

a,
N
N

o
2
v
)
>~
>
o
o

g Waaz ok ARENo. DI %% @ )

7o) A7) AL g o

3 wasel mw

AiHes A dehta ° 2

o Agtzdl A Adae) 2% Fuse A
g

Jo
>
>
e
-0,
o)
)
il
z
@]
[\]
fo
Z.
Q

[<Ie] T
Aedes, AEd dd9E /st 779
ANNAEFo 2 FESY vugozs oAl
B folatA o ¢ Qe FHel dA

A
Bl RAS HASIA, olF wigon 24
H 7]e2d(base-case)d} H| W3t thAAE
VS

T 2 A48 HAerd U



164 F & 4
422 AEANAA FFa s ) Table 8% Fig. 143 tiAddE s @A A
B ATdAE gAdEd AL8 oA det g AEHJH HAFE vERI Jom, HAAA
AAa e Aes sty f3ted, A" A Boua Aee TAENA AAAG dALA
Edo]A(as-built) Bl E£FH U dof A ol Ui AHA FIEAE RAgF vk
ALArE 7155 A (base—case)?] 249 A Axxo g RE uxde AALL7 HE8H
2 2A F aAHoE ABEYoAE Sty A E(As-built) ] A o] 2] A5 (43,429 G]) -2
o 71EREe WAAEDY HdE9 e &A 712 d(base—case)?] A 24 5(81,500 G])
7ol TYsH MEAA dALAY TR & I} W wste] 46.7%(38070G)) E&H¢ Ao A
&7 ASHRAE Standard 90.1-1989¢] A %75 7F H9leH, ol AAES V|eeE HA 817%
€ Faste] A3 Table 72 2 A4 o] o dF FHol s|Fetct £, A EE o
HAAS oAk ALY FF 2 TES V) UxHeF HALAE FoA o|FHE 7MHTH
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Table 7 ECDMs studied for as-built and AF H7 Hen WE7)(55%), 7HA W (2.5%),
base-case simulations BY#(24%), 2831 FZ(1%) €22 dUxd
No. ECDMs As-built | Base-case | Remarks o a7t 2l= Aoz HEs.
1 |{hgh efficient | 1 j9mm | 133mm | Heal it iz =
9 High efficiency | 0.1547 EIR | 0.2147 EIR |Electric Input
chillers (659 COP) | (46 COP) | Ratio(EIR) o
5 B Aol M u)=9] Austin, Texasol 91X
3 OVe.I“SlZed 12,66 GJ 1023GJ Base:gase e e o I o -
cooling tower (Auto-sized) FAR ANELE AES Yo AZUA B
, | Cooling Pump | 1525m | 2135m Head ey 2 DOE-2 AEdelAE BEdle A
Heating Pump | 10.68m 183m Head 89 dUAAAEHIE FIstgoen, o]
5 |Air foll e | ypp Ilet | Fan Type stod thgn e A& AEATE S A
ot
6 | VAV syatem | DDVAV | DDCAV | AHU type 1) ABAYA ABAol RN F2 0 AU
7 I\;Vo.wiE Low-e Single Glazing Type L2 gasEe 779 f‘?‘._-% 2 A "5‘, R e A,
indow Bronze a3 7+ AFAZd g3 AEE EUE Yo
Table 8 End-use energy consumption for each ECDMs
. Model , Energy Conservation Design Measures(ECDMs) (GJ) Base—case
ategory Boiler  Chiller Tower Pump Fan AHU Window
AREA LIGHTS 7695 7695 7695 7695 7695 7695 7695 7695 7695
MISC EQUIPMT 8924 8924 8924 8924 8924 8924 8924 8924 8924
SPACE HEAT 9068 10091 9068 9068 9050 8636 16175 18474 31163
SPACE COOL 7026 7026 9409 7044 7068 7171 8645 8462 10698
HEAT REJECT 393 393 395 386 39 404 482 460 400
PUMPS & MISC 840 840 840 840 1229 840 844 864 1382
VENT FANS 7063 7063 7063 7063 7063 8434 13032 9401 18818
DOMHOT WATER 121 121 121 121 121 121 121 121 121
EXT LIGHTS 2296 2296 2296 2296 2296 2296 2296 2296 2296
Total(G]) 43429 44452 45815 43441 43845 44524 58217 56701 81500
Total(MJ/m2-yr) 1438 1472 1517 1438 1452 1474 1928 1877 2699
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Fig. 14 Annual energy end-use for each ECDM.
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