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“I know what this house did last summer”

- DR Thermostat
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0
DREAM Goals pler

Adaptive adaptive comfort model considering users’
schedule, outdoor and indoor temperature and RH

Optimizing tradeoff between cost and comfort

Learning: thermal preference, scheduieuse
identification

Educating Informing occupant of price and energy
consumption

CALIFORNIA ENERGY COMMISSION



ldentifying House for Prediction pier
- Lower layers

Predict enery consumption by I ! !

HVAC devices as well as thermal M
behaviors of the house in any l T

given condition ‘ Supervisory Control Layer ‘

Functionality

Utilize a realistic internal house
model with adaptive parameters

Provide more accurate predictio
results by learning

CALIFORNIA ENERGY COMMISSION



Q
Basic Functions of Lower Layers P'er

Provides power or energy requirement for Supervisory Control

each mode Layer
how much power is required to keep staying in Nadrm
mode 1 ﬁ

Provides least power consuming device -
which cooling device will use least power to keep

iIndoor temperature at the desired value 1 ﬁ

Provides predicted duty cycle
how often will an air conditioner be turned on aif
in a given condition

Provides predicted thermal behavior of the l’ ﬁ

house and effect of HVAC devices -
how quickly will indoor temperature reach the degir

temperature under full air conditioner on
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— Q
Mode Definition p|er
HL-.ELE-ERMHSK\EE--' I I
a4 In Supervisory Control Layer

Cooling Setpoint
ndoor Temperature

I Supervisory Layer I

Normal Normal . Pre-Cooling Normal
Mode Mode Mode Mode Mode

> I Goal Seeking Layer I

" Pre-Price Change’ Normal
Mode Mode

Normal Mode: keep the constant setpoint
Pre-Cooling Mode turn on a cooling device before price goes high

Pre-Cooling Normal Mode only when indoor temperature reaches pre
cooling setpoint before price goes high

Float Mode: turn off cooling device and allow indoor temperatéloat
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Dillemma Resolving
by Good Defaults and Learning

R ~e
[ ;
I m I
“ENERGY COMMISSION

User : “l want a thermostat which can provide good out-@f-b
performance without any initial setup
Developer. “| need information about the house where this tlostat will

be installed

House Model with Good Defaults Specific House Model
considering diverse houses considering a specific house
should not be complicated can be complicated
acceptable prediction error small prediction error
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q
House Identification Hypotheses P'er

A simplified house and HVAC device models can bedis
to provide a reasonable prediction
Model is a first order
Less then 5 unknown parameters
Use all of available information to increase pcéidn quality
Assume that the MZEST provides realistic outputs

|dentification process gives more accurate and adlie
result as more data through longer period is obtath
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q
Internal Model Development (1) P'er

Measured input
Current indoor temp
Current outdoor temp
Current RH
Sunny/Cloudy

Predicted output

Future indoor temp
Zip code

Current date, time
Available HVAC devices
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qnet = qcon t qinf t qint + qrad T qac
dTemp=(q,/ VHC

dT, /dt=dTemp
T, (t+dt) =T, () +dTemp dt
=T, (t) + g, dt/ VHC
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ﬁ Internal Model Development (3) Plel'

Assumptions
Ocon = linear(T,,,— Ti)
Qi = linear(T,,,— T.)
0« = constant : constant number of people in the house
0,4 = linear(global radiation)
J,c = constant

Simplified Equation
VHC{T, (t+dt)-T, ()} / dt
= {T,,®)—-T.()}+ + (global raditaion) + (AC status)

This is not a perfect model, just one of candidates
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@) Test Houses (pre78/post92, low/med ma@ler

Pre 1978 Slab on Grade Model Post 1992 Slab on Grade Model

Pre 1978 Crawl Space Model Post 1992 Crawl Space Mod el
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170.0
59.359

Time of Day [hour]
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Time of Day [hour]

144.86
129.14

Post-1992 Slab on Grade Model vs Internal House Model on Aug.5 - 7
Post-1992 Crawl Space Model vs Internal House Model on Aug.5 - 7
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93.351

Time of Day [hour]
Time of Day [hour]

317.44
Pre-1978 Crawl Space Model vs Internal House Model on Aug.5 - 7
314.46

Tune and w

Pre-1978 Slab on Grade Model vs Internal House Model on Aug.5 - 7
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el with Defaults on July 5 - 7

Time of Day [hour]
Time of Day [hour]
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1978 Crawl Space Model vs Internal House Model with Defaults on Sep.5 - 7

-1978 Crawl Space Model vs Internal House Mod
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Error Accumulation

Previous result may be considered as 3-day-aheaatlgtion
Starts from same initial condition
No correction by real (MZEST) indoor temperaturalat
Error is accumulated due to mismatcHeew’ initial conditoin
However, accurate outdoor temperature predictioagsired

Indoor temperature

A

Error due to mismatched

Pure modeling error Initial condition

prediction

© real

Prediction 1

d
<

Prediction 2
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Good Defaults for All Houses: and

L
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Four Models vs Internal House Model with Defaults on Aug.5 - 7

= 220.09

pre78 crawl model
~— internal model

post92 crawl model
—— pre78 slab model

post92 slab model

48 60
Time of Day [hour]
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Global Radiation Model

Bird Model
7 parameters should be set to get radiation data
Can provide diffuse and global radiation data
Complex equations

Bras Model
Bras Atmospheric Turbidity Factor (2=clear, 5=smpgg
Simple equation
Global Rad = (longitude, latitude, ground surface elevationgjim
day, ATF)
Ryan-Stolzenbach Model
Ryan-Stolzenbach atmospheric transmission fact@0¢0.91)
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mzest
- gIObaIinternal
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— direct
_ diffuse

e Model on Aug.5 - 7

Time of Day [hour]

diation from MZEST and Internal Hous
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Post-1992 Slab on Grade Model vs Internal House Model on Aug.5 - 7
Time of Day [hour]
Post-1992 Crawl Space Model vs Internal House Model on Aug.5 - 7
Time of Day [hour]
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Time of Day [hour]
Time of Day [hour]
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Pre-1978 Slab on Grade Model vs Internal House Model on Aug.5 - 7
Pre-1978 Crawl Space Model vs Internal House Model on Aug.5 - 7
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—— outdoor temperature N
pre78 crawl model

—— pre78 slab model
post92 crawl model
post92 slab model

—— internal model

Four Models vs Internal House Model with Defaults on Aug.5 -
Time of Day [hour]
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—— outdoor temperature

1 —— mzest model
— internal model

Time of Day [hour]

Tune with AC effect
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Good Defaults

Internal House Model
VHC{T, (t+dt)-T, ()} / dt
= {T,,(®-T.,()}+ + (global raditaion) + (AC status)

Learning
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Precooling Process

High Price Begins

N
> >

Pre-Price Change
Mode

Goal Seeking Layer Supervisory Layer

Ask precooling limit temperature Calculate lowest temperature

Ask energy use during pre-price change modeCalculate cooling/recovery ti
and recovery time

Determine precooling setpoint Start precooling
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Simulation Result with Tuned , , , and

Indoor temperature >> pre-cooling setpoint due twaasing
outdoor temperature

Error cancellation due to increasing outdoor terapge and under-
stimated AC capacity

Pre-1978 Crawl Space Model
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Simulation Result with Good Defaults

Real house is less insulated than internal houskemo
JTolerable prediction error

Pre-1978 Crawl Space Model
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Simulation Result with Good Defaults

No AC use during peak time
Well-insulated houses are better for pre-cooliramth
uninsulated houses

Post-1992 Slab on Grade Model
CALIFORNIA ENERGY COMMISSION




Future Work

Need more realistic AC model

Study how much a simple radiation sensor (cloudy,
sunny) can increase prediction quality

Build up a second order model
Real-house testing
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