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Background

Buildings in USA account for:

Transportationk*- ;

28%

21% Residential

18% Commercial —

"l Computers 1%

I Cooking 5%

I Flectronics 5%

I Wash 5%

I Refrigeration 9%

I Cooling 10%

I Lights 12%

[ Water Heat 13%

I Heating 32%
L Other 4%

"I\ Cooking 2%

I Computers 3%

I Refrigeration 4%

I office Equipment 7%

I Ventilation 7%

I Water Heat 7%

I Cooling 13%
I Heating 16%
N Lights 28%

I Other 10%

Source: Buildings Energy Data Book
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048% of total Green House
Gas (GHG) emissions over
the country.

@Growing GHG emissions at
a rate of about 1.8 percent
per year over the next 25
years.

@5120 billion in electricity
and natural gas used each
year.

@Energy consumed in

buildings is used wastefully
and inefficiently.
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Background

Demand Controlled
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Predictive Control of Building Heating Ventilation and Air
Conditioning (HVAC) systems
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Background

Cooling tower I

© http://www.avenueconstructions.com
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Background

wer I

Cooling to

© http://www.avenueconstructions.com

Focus on Model Predictive Control (MPC) for water loop and air
loop with energy storage element
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Model Predictive Control (MPC)

past , future

Predicted outputs

{T—(Wted u(tK)
! Inputs

t t+1 t+m t+p

E U+1t+2 t+1+m t+y+p

At time t:
@Measure (or estimate) the current state x(t).

OFind the optimal input sequence.

@Apply only u(t)=u*(t) , and discard u*(t+1), u*(t+2), ...

Repeat the same procedure at time t +1

Predictive, Multivariable, Model Based, Constraint satisfaction
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Model Predictive Control (MPC)

t+N—1
mvl,n Z EnergY(xkaukawk)
k=t
( Thyl = f(a:k,uk,wk), k=t,...,t+N—1
=1,... N —1
i, 4o < ur €U, k=1, T+

xpe X, k=t,....t+ N
xy = x(t)

At time t:
@Measure (or estimate) the current state x(t), obtain predictions Wk .

OFind the optimal input sequence.

@Apply only u(t)=u*(t) , and discard u*(t+1), u*(t+2), ...

Repeat the same procedure at time t +1

Predictive, Multivariable, Model Based, Constraint satisfaction
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Steps Towards Success

control action environment constraints

Tr+1 = [Tk, Uk, W), xp € Xy

At step t decide on u(t) based on prediction on W, Wit1, ..., Wit N—1

@ “Good” Dynamics Model
@ Quantifying Prediction Model

Wir1 € Wig1, ooy Wi N—1 € Wi N1

@ Predictive Control Design
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Main Contributions

@ Developed reduced order data driven models

@ Studied uncertain building load distribution
(learning from historical data statistics)

@ Developed a predictive control framework for
building HVAC systems

@ Adaptable to buildings with various configurations

@ Implementable on existing distributed low-cost
o hardware

e Capable of handling uncertain predictions with finite-
support distributions.
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Main Contributions

Nominal MPC Design
Distributed MPC Design
Stochastic MPC design
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Outline

o
@ Nominal MPC Design

@ Water-loop System
@ Air-loop System
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Model Abstraction — Water Loop

—> Chillers -

Teawr

« Switch linear tank model

Terws

campus T,

@ Load Predictions
@ Building Load (required chilled water or hot water to meet building demands)

@ Static Nonlinearities
@ Equipment Performance Maps (Chillers, Cooling tower, Pumps)

@ Equality and inequality Constraints
@ Comfort range
@ operational constraints for chillers and cooling towers
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Tank Dynamics

Temperature spectrum of water in the tank

Teawr

Terws

Temperature (celcius Degree)

campus

Tévnp,s

(0] 5 10 15 20 25 30
height (m)

Tank is 2-nodes switch system with a thermo cline that
separates the warm water and cool water.
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—>

Teawr

Terws

campus

Té771p,s

QAmb>a

Qa>b Qb)a‘

Node B

@
L

QAmb>b
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Tank Dynamics

Mass éb — (mC’I-{WS _ mcmp,s)/p/Ac;
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QSolar,z’n

Load Prediction

Qinternal

QSolar,out
>
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Load Predictor
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Performance Map &randon Hencey

mchzller s

Energy(xt, Ug, ’UJt)

>
chzller r A,{“(‘d Tchzller s

— Enerchhiller + EnergyCT + Energypump

YRR RN

— prediction :
measurement

18 00 06 12 18 OO 06 12 18 OO 06 12 18 00

Standard in DOE2 modeling libraries
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time (hour)
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Control Variables and Constraints

é&ﬁux - mchzlle’r s)

Tchiller,r ﬁ_,("(d Tchzller s

Tor,s Reference of the water temperature exiting the cooling towers
Mchiller,s Mass flow rate of the chilled water supply
Tchitler,s Reference of the water temperature delivered by the chillers

Ustart; tend Charging schedule

@ Operational constraints u(t) = [Tecws,ref; meaws; Teaw s ref] € U
@ Tank level Zb S [017 1]Ztank:

Minimize energy consumption, meet thermal demands, and
satisfy operational constraints.
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UC Merced Experiment

% ] i e, #©) 2012 Google
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Results (MPC vs Baseline)

[ s

e — 81

’ % )'\"»l |.‘l"'
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S1 Baseline control
May 24th-28th 2009
S2 Experiment with MPC
Oct 06th-10th 2009

P ———————— 3

76 1 1 1 L 1 L 1 L 1 1 1 L 1 1 II i
06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06
time (hour)

Daily Electricity Bill is reduced by 20%
Central plant efficiency is increased by 7.4%
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Model Abstraction — Air Loop

@ Network of Bilinear Systems

;i ()
|

Mg | 1 s
lumped state
temperature e

Thermal zone model Q

@ Load Predictions
@ Load (Occupancy/Thermal Comfort, Sun radiation, weather)
@ Static Nonlinearities
@ Equipment Performance Maps (Fan, Coils)
@ Equality and inequality Constraints
@ Comfort range
@ Operation constraints
@ Dynamic coupling: thermal, supply air & return air
Yudong Ma (UC Berkeley) www.mpc.berkeley.edu April 26t 2013 Slide 25



Zone Network Dynamics

@System states

@Disturbance

@Control inputs

7
Uy =

4 0 )
\:
Iy I T
- : T, : —
g | L g
Iun_1p-ea_st—ate
K temperature /

T3 (1), T (t = 1), (¢ — 2)]

:Toa, (t)a Toa (t _

[ (2), T (1))

1), Toa(t — 2), Q% (t)] € W,

ZC%_H — AZZL'% -+ Bzmgt(TSZt — CCB%) -+ DZ’LU%’ -+ ZieA(z’) Azja:i

Zone dynamics are modeled using ARMAX model of order 2
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Zone Network Dynamics

!
e I T.
— 0 T, 1 —
'ns : _____ : mg
lumped state
temperature /
@ System states T = [x7,22,...,2)]
@ Disturbance Wy = [’w%7 tha O 7w2}]

mst — [m;hmst? s 7m;}t]

Tst — [Tgthgtaﬂ'?T;}t]

@ Control inputs

Ti1 = Az + Bdiag(mg)(Ts: — Cxy) + Dwy

Zone dynamics are modeled using ARMAX model of order 2
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VAV B-4-11
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Load Prediction
Qi_y = (T!; — T? 1)/ At
T, Measured zone temperature at time t.

T!i11—1 Predicted zone temperature at time t based on the
states and inputs measurement at time t-1.

°C/15 min
o

_O'éun Mon Tue Wed Thu Fri Sat Sun
Time

Load model is extracted from historical profile.
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® Fan energy

@ Coil energy

Performance Maps
OA SA—> <>_| >

/&/ Tm Y774 7/ %
T Zone | Zone |Zone mé T;’
- - I¢,I I¢,I I¢,l
EA § R <€

Energy(zs, us, wy) = Energy, . + Energy. .

Energy;., = fo + f1(z k) + f2(z )’

€V eV

_ i |
Energy o = ¢p y_ ¢1in|Ty — T
eV

S miT!
Tm = 5T0a + ]. - 5 £V w
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Control Variables and Constraints

OA I SA—> <>_I >

% =
1 - 5 5' Tm Vs /A b s/ brs.
T Zone | Zone |Zone mé Tg
I¢,I I¢,I I‘l,l
EA § RA <

1. Supply air temperature after the cooling coil in AHU
Tg Supply air temperature after the VAV box for zone i
U= m’LS Air mass flow rate to zone i
) Return air damper position
« Operational constraints uelU
* Thermal comfort TP <Ti<Ti

Minimize energy consumption, maintain thermal comfort, and

satisfy operational constraints.
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Results

A. Kelman, Y. Ma, A. Daly, F. Borrelli, Predictive Control for Energy Efficient Buildings

with Thermal Storage: Modeling, Stimulation,

Magazine, 32(1), page 44-64, February 2012.

and Experiments, IEEE Control System
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Results

Y. Ma, A. Kelman, A. Daly, F. Borrelli, Predictive Control for Energy Efficient Buildings
with Thermal Storage: Modeling, Simulation, and Experiments, IEEE Control System
Magazine, 32(1), page 44-64, February 2012.

Time-varying price

O 5 Penalize peak power
Q-/ Q_/ L ]
Q _-----.e- _Zones 1_4 -
2 30 2 a0} ) y
= 5% ' ‘—Zone 5 \ Ny
- (E 1
Q) Q) - - -
Q
qE> 20 820 ......
= u
£ 10 P e UL
N 00:00 06:00 12:00 18:00 00:00 N 00:00 06:00 12:00 18:00 00:00
~ . ; —~ .
> .
51.5 0= E == (C00ling
G 5 = —Fan |20
2 .
2 1 203 2 s Hoatin
Q Q 8 05 0
£ 05 R
o % 5 ;
[9) 0 O
w o : -éo T W o : 0
00:00 06:00 12:00 18:00 00:00 00:00 06:00 12:00 18:00 00:00

Time (hh:mm) Time (hh:mm)

MPC is able to incorporate time-varying energy price and reduce
peak power consumption

Yudong Ma (UC Berkeley) April 26t 2013 Slide 33

Heating power (kW)



Nominal MPC issues

@ Computational complexity
@ Tailored MPC Solvers
@ Distributed MPC

@ Role of Prediction Errors

@ Stochastic MPC
@ Robust MPC

@ Stability and persistent feasibility
@ Global vs Local Optima

www.mpc.berkeley.edu
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Nominal MPC issues

9
@ Distributed MPC

@ Stochastic MPC

www.mpc.berkeley.edu
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Centralized MPC

t+N—1
min Z Energv(zz. u
mig 2 gy (g, uk)

( Tpr1 = f(xr,ug), k=1t,...., 0+ N —1
up €U, k=t,...,t+ N —1

xp €X, k=t,....,t+ N —1

xy = x(t)

\

Yudong Ma (UC Berkeley) www.mpc.berkeley.edu



| Dual
.| Subproblem 1

Distributed MPC

Centralized
Problem

2

Linearized
Central QP

Lz

Central

Subproblem 2

Subproblem 3

Dual
Subproblem j

Yudong Ma (UC Berkeley)

Fast gradient method
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| Dual
.| Subproblem 1

Distributed MPC

Centralized

Problem
v

Linearized

Central QP
\

Central

Subproblem 2 | | Subproblem 3

Dual
Subproblem j

Yudong Ma (UC Berkeley)

Fast gradient method

www.mpc.berkeley.edu
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Distributed MPC

t+N—1
min ) Energy(wy, ux)

k=t
( Tpr1 = f(xp,ug), E=t,....,t+ N —1
up €U, k=t,...,t+ N —1

subj- 80§ e X ket .. . t+N-—1
| 7 = ()
t+N—1
c T T u uT
g ; i Q¥xy + ' xp + up QYug + ¥ up
( Trpy1 = Agxrp + Brug +di, k=1¢,...,t+ N —1
: up €U, k=t,...,t+N—1
subj- 80 0 e X k—=t. . t+N—1
| T = z(t)

Qk, QF are diagonal and semi positive definite
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| Dual
.| Subproblem 1

Distributed MPC

Centralized

Problem
v

Linearized

Central QP
\Z

Central

Subproblem 2 | | Subproblem 3

Dual
Subproblem j

Yudong Ma (UC Berkeley)

Fast gradient method

www.mpc.berkeley.edu
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Distributed MPC

t+N—1
- T N T T NHu uT
lrjr)n)r%' ; r Qrrr + ¢ T + up, Qruk + ¢~ ug
( Trpr1 = Agrr + Brug +di, k=1,...,t+ N —1
: up €U, k=t,...,t+ N —1
subj- 10 0 e X k=t . t+N—1
| 7 = z(t)
t+N—1
- T NHzx xT T Nu uT
m)z\;mx(rj{u% kz_:t xp Qrxr + ¢ xp + up Qpuk + ¢~ Uk

+ i (Agzr + Brug + di — Tgt1)

ur €U, k=t,....t+ N —1
subj. to rxre X, k=t,...,t+N—1
xy = x(t)
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Distributed MPC

Centralized
Problem

Linearized
Central QP

Central
Dual QP

Dual
Subproblem 1

Subproblem 2

Subproblem 3

Dual
Subproblem j

Fast gradient method

Yudong Ma (UC Berkeley)

www.mpc.berkeley.edu
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Distributed MPC

t+N—1
max (r]m)r% g P Q%xr + &l + uf QUuy + & uy,
’ k=t

+ AL (Agzy + Brug + di — Tgi1)

ur €U, k=t,....t+ N —1
subj. to rxzreX, k=t,....,t+ N —1
xy = x(t)

, Coprdinator — Fast Gradient Methods
%c = FGM )\7,;, h)‘?c = (Aka:k + Brup + dj, — ZIJk_H)?;)

LA lu

Subproblem
(T6)i = = 55my [Mer1 — ()i — (Ax Ak (zk)i € Xi
(ur)i = —grgmy; [—(ck)i = (Bg A)i] (ur)i € Ui

L. S. Lasdon. Duality and decomposition in mathematical programming. Systems Science and Cybernetics,
IEEE Transactions on, 4(2), July 1968.
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Distributed MPC

t+N—1
: T T T T
max min E xp Qrxr + ¢ xk + up Qpug + ¢ Uk
’ k=t T
+ . (Agxr + Brug + di — Ti41)

ur €U, k=t,....,t+ N —1
subj. to rxre X, k=t,...,t+N—1

xy = x(t)
, Coprdinator — Fast Gradient Methods
p = FGM (A7, hAi = (Axzr + Brug + di, — 33/.64_1),;)

N 41 (\/(W’n_l)2+4—7n_l) Yurii Nesterov
2
,yn—l(l . 7n—1) Stefan Richt
b= ( n_1)2_|_ "
8 Y

W ENTEA =N
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| Dual
.| Subproblem 1

Distributed MPC

Centralized

Problem
v

Linearized

Central QP
\

Central

Subproblem 2 | | Subproblem 3

Dual
Subproblem j

Yudong Ma (UC Berkeley)

Fast gradient method

Stopping

criteria

www.mpc.berkeley.edu

April 26t 2013- Slide 46



Results

IPOPT interfaced via AMPL

Solver time [s]

Number of zones

Distributed model predictive control enables real-time implementation
on low cost distributed computational platform
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Implementation

) Web Browser

PiA

To
Third Party
Equipment

""" Controller
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Implementation

Web Browser Cell Web Browser
Phone

PDA "

r
A I
i

Server

—

HTML/HTTP

Internet

BACnet®/IE 100Base-T Ethernet

To -
Third Party g Coordinator

Equipment 0
Dual variables

LGR Router
or ME-LGR
Router/Controller

BACnet MS/TF, ARCNET

. - » .
88+ ME line
Controller @  j§l Controller 8 @ Controller Controller

o h Sensor
Supply Far.m Heating coil |, Zone
Cooling coil
VAV damper temperature
damper
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Predictive Control Design for Large Scale Systems

t=N

min IE{ Z Energy(wt, Ug, Wy ) }
5(0) U5l 000 TN i—0
s.t.

Tiy1 = Axe + Bdiag(mst)(TSt - CﬂUt) + Dwy

Ut — Wt(xt)
P{zi€ e X} >1—¢
uwY el Vwg € Wy
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Predictive Control Design for Large Scale Systems

t=N
min E{Z Energy(z, us, wy) }
5(0) U5l 000 TN
t=0
s.t.

Tiy1 = Axe + Bdiag(mst)(TSt — CCEt) + Dwy

Ut =7Tt(CEt)
IP’{:IJ};EV EX} >1—c¢
uwY el Vwg € Wy

@ Computational tractability
oNon convex
elLarge-scale

@ Value of uncertain forecast
oBuilding load non-Gaussian in practice
eNominal predictions
oGaussian approximation
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Predictive Control Design for Large Scale Systems

t=N
min E{Z Energy(mt, Ug, Wy ) }

O] y..s TN

t=0
S0 i1 = Amy + Bdiag(ns) (Tt — Cy) + Dy

Ut — wt(wt)
P{zi€ e X} >1—¢
uwY el Vwg € Wy

@ Linearize system
Ti+1 = Arzy + Brug + Dywy
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Feedback Linearization
i1 = Axe + Bdiag(mst)(TSt — Ciﬂt) + Dwy

wy ~ finitely supported PDF

@ Feedback linearization

7) 7
Let myy = —=—, T51 = —T,4, uy¢ >0, uge >0
th ’U,%t
z
i€V . i€V

Ut = [ult y Ugy ]

Lt41 = ACBt O Bfut O Dwt

@ Mean and error dynamics
T = E{zx} =z — E{z}

it—l—l — A.C,l\ft I Bf’fl,t O D’UA)t

53t—|—1 — Aflvjt —|- D’LZJt
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Predictive Control Design for Large Scale Systems

t=N

min E{Z Energy(xt, Ug, Wy ) }
5(0) U5l 000 TN i—0
s.t.

Tiy1 = Axe + Bdiag(mst)(TSt — th) + Dwy
Ut — wt(wt)

P{z;f¥ e X} >1—¢

uwY el Vwg € Wy

@ Linearize system
Lt41 = A.’L’t + But + Dwt

@ Robustify input constraints
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Robustify Input Constraints

@ Constraints on mass flow rate Uy = mgl, = m;Cx

U — m;naXCQAZ S mgnax mln@(Cf)

Uy — MMRCE > ™ maxg(CF)
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Robustify Input Constraints

@ Constraints on mass flow rate us = msl, = msCx

up — P*CE < mP¥ming (CF) = ™

up — PNCE > P max, (CE) = el

Yudong Ma (UC Berkeley) www.mpc.berkeley.edu



Robustify Input Constraints

@ Constraints on supply air temperature 7 Uy = msls

THn < Ty = BO(8 + &) < T, Vi

u1 maxy, (CT) + u1Cz < TM* g

w1 min,, (CZ) + u1 Cx > TMy,
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Robustify Input Constraints

@ Constraints on supply air temperature 7 Uy = msls

THn < Ty = BO(8 + &) < T, Vi

ulC’aAc S Tsmaxu2

w1 Ming, (Cx) 3 u1Cz > T usg
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Predictive Control Design for Large Scale Systems

t=N

min E{Z Energy(xt, Ug, Wy ) }
5(0) U5l 000 TN i—0
s.t.

Tiy1 = Axe + Bdiag(mst)(TSt — th) + Dwy

Ut =7rt(:1:t)
IP{.’I}ZEV EX} >1—c¢
uwY el Vwg € Wy

@ Linearize system
Ti+1 = Arzy + Brug + Dywy

@ Robustify input constraints

@ Handle state chance constraints
Pr{Ufc\rzlxk Q’X} <e Ywp,eW
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Chance constraints (Gaussian)

@ Conservatism in Boole’s inequality and risk allocations

Pr {Uszl Ty, & Xk} < et Yic Pr{niTze > g} <

@ Require computation of CDF
Pr{n" 'z, > g} = / pdf(h'Ta)d(hiTxy) < ¢/ (NM)
g

@ Linear Gaussian systems: convex problem [Lars Blackmore and
Masahiro Ono]

hiT (&) < g —cdf7, (1—¢) CONVEX

M ean O ®set

Y€ =¢ Risk Allocation

The resulting problem can be solved efficiently using tailored sparse solver
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Chance constraints (non-Gaussian)

@ Conservatism in Boole’s inequality and risk allocations

Pr {Uszl Ty, & Xk} < et Yic Pr{niTze > g} <

@ Require computation of CDF
Pr{n" 'z, > g} = / pdf(h'Ta)d(hiTxy) < ¢/ (NM)
g

@ Linear non-Gaussian systems: fix risk allocation
Let xy = &) + 2,  hT@, = hTARGo+ hT S=i 1 A1 Dy,

cl

hT(2x) < g—cdfyr, (1—¢/(Nm))

M ean O ®set

1
The inverse cdf Cdf;:rg;k can be evaluated offline by discretizing the PDF of w
and discrete convolution
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Predictive Control Design for Large Scale Systems

t=N

min E{Z Energy(a?t, Ug, Wy ) }
5(0) U5l 000 TN i—0
s.t.

Tiy1 = Axe + Bdiag(mst)(TSt — Cﬂﬂt) + Dwy

Ut :ﬂ't(l’t)
IP{.’I}ZEV EX} >1—c¢
uwY el Vwg € Wy

@ Linearize system
Ti+1 = Arzy + Brug + Dywy

@ Robustify input constraints

@ Handle state chance constraints
Pr{Ufcvzlxk Q’X} <e Ywp,eW
@ Ipopt for resulting optimization problem
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BLOM work flow

Berkeley Library for Optimization Modeling
http://www.mpc.berkeley.edu/software/blom

A. Kelman, S. Vichik

Forward simulation
Model validation
Auto translation > Ipopt
Fmincon

Export opt problem

BLOM model

Optimal System
Control Identification

@ Create model using Simulink with BLOM library, Run and compare the
model to reference data

@ Export the problem to a solver

@ Used to create MPC controller for a large HVAC system: 41 zones, 430
states, 30 time steps, 37000 variables, 40000 constraints
needs < 1minutes solver time with Ipopt
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Simulation results

SMPC

Prediction model

B-4-14
\V B-4-01
VAV
B-4-16
55555 -4-
| E—
VAV B-4-18 | ~ - - — . .
sl — weiss | [ aveent Historical load
B-4
02 7| . .
VAV' ~ VAV ) - VA‘I \;AV )
B-4-04 g Exald re a I Z a O n
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-10 ! 0 Time
T__ error [°C] 0 Time [day] Load (:C/3)

Data are collected from DOE library Nov 2011 —Jan 2012
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Simulation results

PMPC MPC with perfect load predictions

CMPC MPC with mean load predictions at design stage

GSMPC SMPC with prediction uncertainties approximated as Gaussian
ESMPC Proposed stochastic MPC

Controller PMPC CMPC GSMPC ESMPC

Energy savings S (%) 22.54 2243 20.39 20.33
omfort improvement A (%) 96.25 -121.91  17.26 88.07

@ PMPC has the best performance
@ CMPC violates the most comfort constraints
@ GSMPC fails to respect the chance constraints

@ ESMPC has best performance, same complexity as CMPC (online)
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Simulation results

w(t)y = w(t) + H(w(t) —w(t))

)
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Load uncertainty scale (V) . . Logd uncertainty scale (9) .
(a) Energy consumption vs load uncertainty (b) Comfort violations vs load uncertainty

The performance of ESMPC degrades as load uncertainty level increases
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Outline

@ Background

@ Nominal MPC design

@ Distributed MPC design
@ Stochastic MPC design
@ Conclusions
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Conclusions

@ Proposed model abstractions for building HVAC
predictive control design

@ Developed distributed MPC implementable on
distributed low-cost computation units

@ Developed stochastic MPC capable of handling bilinear
systems subject to non Gaussian distributions

@ Implementations.

@ UC Merced water loop system
@ SMPC in MPC lab HVAC system (HVAC - 1 Zone)
@ CITRIS Building (UC Berkeley) (HVAC -135 Zones)
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Future Plan
@ Scalable model-based control design for large scale HVAC system

@ Distributed or decentralized MPC design with primal feasibility guarantee,
and bounded optimality gap for a network of bilinear systems

@ Data-driven stochastic MPC design for HVAC

@ What to learn and how to learn from trend data to improve the design of
MPC for buildings

@ Sensitivity analysis of stochastic MPC for energy efficient buildings

@ Analysis of the sensitivity from uncertain parameters to total potential
energy savings

@ Integration of renewal energy using buildings as energy storages
and energy absorber
@ Respond to demand response signals by controlling HVAC systems
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Thank you

Yudong Ma (UC Berkeley) www.mpc.berkeley.edu April 26t 2013 Slide 72




System Description: Water loop

Yudong Ma (UC Berkeley)

Condenser water
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System Description: Air loop

* Typical in New Constructions
Variable Air Volume with reheat

* Components
Supply fan, cooling coil, heating coils, zone dampers

OA X  sA—> C} >

////

1

V. // /1 /] ./ //

Zone | Zone | Zone

EA RA <

////
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Simulation results

Ambient temperature Load
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Data are collected from DOE library Nov 2011 —Jan 2012
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