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Performance Evaluation of a Dynamic Inverse Model with EnergyPlus
Model Simulation for Building Cooling Loads
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ABSTRACT: This paper describes the application of an inverse building model to a cali-
brated forward building model using EnergyPlus program. Typically, inverse models are
trained using measured data. However, in this study, an inverse building model was trained
using data generated by an EnergyPlus model for an actual office building. The EnergyPlus
model was calibrated using field data for the building. A training data set for a month of
July was generated from the EnergyPlus model to train the inverse model. Cooling load pre-
diction of the trained inverse model was tested using another data set from the EnergyPlus
model for a month of August. Predicted cooling loads showed good agreement with cooling
loads from the EnergyPlus model with root-mean square errors of 4.11%. In addition, different
control strategies with dynamic cooling setpoint variation were simulated using the inverse
model. Peak cooling loads and daily cooling loads were compared for the dynamic simulation.

Key words: Dynamic building model(5% AEX ) Inverse model(218]~ 2 &) Cooling load
(95-3}), EnergyPlus program(EnergyPlus 22 13)
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Cooling Load Savings
Peak, kW kW(%)
Daily, kWh kKWh(%)
. 102.7 -
Conventional 996.1 B
68.0 34.7(33.8)
Test A 865.4 60.8(6.6)
107.8 -5.1(-4.9)
Test B 984.9 ~58.8(-63)
= A%S HAFAY. Test BY ZASole 0%
o] HAHEEE Aoz F/AZd wak ¥t
Rope gades Pas 43S veiR
2% Aztdel dig ¥a WwuRsie) = oA
A e AA WEAzbdle WyRe 2 oA
@S Table 19 Yetd At 7|&242 8 1
WrlEoe R 3t Test A7b 3 BubRalel Wby
wabe Aol Sweld slEe LA g
o 33.7%% 68% &#E 7t dehdfivh Test

Bl 3%, warsis e3d o 49% FHE9
3, PR RFE O 63% T,
3 8 astane Wragese
2

_{

;t% uvpj now waw + . o

= ABEE Yol vherg
of golg Mz ®
AR O Eas

2
fu
Y

E N R 3
.

wh o

_(,;'L
2
s £
o o
o

Ava 2dg RS A8 WIRe o5
AtA Z1F-ElolE Rl 7|2 Eek BYEAE A
g3 d=d Aos 7P Zolqinh dAg A
T, 7122t HEEAE EEY ERds T
gt} ®A dFEojop Ak 97 2E A, F
AR RS Ko7l wfEel wuH folda A
gatAl dFol ZhedtAlwt, BEEALY dqFe T
£ W3ty 2FANoR QAdlY dEo] ¢S o
"ot shARL V) FAEFT I He 2 E RG] W
st Wik drzEI}E o] §rtsEthE, olF o
Fol g8 F A& Aoy, o5 VTR o



212 o] % « James E. Braun

el H

E AE9 ZAHHE o] &3,
o Oig 228 2de mulvE
3718l M~ Bdy sge] A
3 Ao 2 EnergyPlus ZE A& o
IWE o] &3ty HA B g =d
g T /‘a‘ AE2HE Y A&dolyE
i, o] EnergyPlus 7E22d=2
A 2dgS 93 HolEHE AEgolHe
27 He) d&gozy 719
713ttt EnergyPlus AE52d9 A&
A 743He AEHEHE o] §3)
W2 wde] sedeE F45a, 7

1o} 8o *}%QZ] g T2 77 gE 3
EHoldez o&3 4, 84 ¥
Z oAE 411%E UEgtth
FAE 2 2dy JHE g
d=a Ao nstel
Ao 7t BrA ey
ot T3, 54 A EdolAE 9sted Ay HAe
5 Azt we bd ANAZCEZA, Jayy
Fatet 315 F WWEsHY nAE dFgS &

o 9 PFLERAH e
42
H

Hy o
b
>
Py
g

Ihlé%J

ki o O o rx oo Mt rf
o o o
o
£
4
ol
3_1_1{

Hﬂ oz

AMAmd 7HS B H&g H$-9
W dEAdTE dojee exst A=
EnergyPlus® @¢] 83 Ao vlso 2 A
ol A& AHsH 7= stgey, d=x7 } 4 U
A BAE S/ ARRE AA N5z
E}L]-Z] Fe Fog B 4 glon, A d%
2 YRt & HYERZ o875 E Ao
13119‘4

Awz Wl Jgel g Wi atd Sl A
971 Est IR BT ASE A9E
A% A9Z A7 o FjAT. 2y o5
AZAHEI o FA WP S0 L )
Ao d# A77 Bash T3 %9
Pre F AAR Tl gg 2o L] g
A gerz, oF XEd WRsdE slyo
= ngsolof ou, o2RE AE Wi mE
A7) EE sbs Fol olyxaulge] wrh A%
A AZ7bsd Aol

A v Mﬂ%d_z.} g sﬂi%ﬁ“:‘o} %}
< 3 $AV|IY Ao 83 4 glom, B
1, £84 A" LAAAVY Mg &
s 2 TE o] 7|HE WREd S F
£ e, e lzoﬂE 247158 Ao
W, &3 dE9 FAAY AquAAIAE 4
3 Axdd dad AR duARde g T4
842 449 F g Ao 71U,

z 7l

EnergyPlus Al B @ o)A 3 71&H =&
7 &3 deojy AlFd w3t LBNL(Lawrence
Berkeley National Lab.)®] Dr. Peng Xue°l ZA}
g ®3ic

Aned

1. Chaturvedi, N. and Braun, J.E. 2002, An in-
verse grey-box model for transient building
load prediction, HVAC&R Research, Vol. §,
No. 1, pp. 73-100.

2. Gouda, M. M., Danaher, S. and Underwood,
C.P., 2002, Building thermal model reduction
using nonlinear constrained optimization, Buil-
ding and Environment, Vol. 37, pp. 1255-1265.

3. Lee, K.H. and Braun, J.E., 2004, Develop-
ment and application of an inverse building
model for demand response in small comm-
ercial buildings, Proceeding of the IBPSA-
USA SimBuild 2004.

4. EnergyPlus, Energy Simulation Software, DOE,
USA, http://www.eere.energy.gov.

5. Xu, P., Haves, P, Zagreus, L., and Piette, M,,
2006, Peak shifting with thermal mass in large
commercial buildings (Field tests, simulation
and results), LBNL.

6. TRNSYS, Transient system simulation pro-
gram, Solar Energy Laboratory, University of
Wisconsin—-Madison.

7. Seem, J.E., Klein, S.A., Beckman, W.A.
and Mitchell, J. W., 1989, Transfer functions
for efficient calculations of multi dimensional
heat transfer, Journal of Heat Transfer-Tran-
sactions of the ASME, Vol. 111, No. 1, pp. 5-12.

8. Compaq Visual Fortran Math Library, Com-
paq.



