TAKING THE BS OUT OF
HOME PERFORMANCE

Explaining Home Energy Use that
Building Science Misses

John Laun, Apogee Interactive
Howard Katzman, GreenChoice Consulting
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Solving Home Performance Problems

How many here think one of these alone will
solve common complaints:

* \Weatherstripping?

e CFLS?

 Thermostat setback?

* Repairing ductwork?

* Repairing or replacing HVAC equipment?
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Getting the “Mileage” from a HP Home

Do occupants get the performance they
expect? If not, why not?

 Does homeowner know how to operate
home to maximize performance?

 There is work to be done after they move
IN?
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Do You Get What You Expect?

e Studies point to wide range of energy use
In same and similar homes, up to 2:1

* Occupant behavior is a large part

« How can raters and home performance
specialists affect behavior?
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Energy Monitor

Every Prius Includes an :
Information screen that shows EﬂEfg}-‘ Monitor
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The Prius Dashboard

e Educates the driver

* Provides instant feedback to driving habits
— The Prius Effect

 Would mileage vary if there were no
feedback?

 Maybe, but feedback gives greater
opportunity to alter behavior
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Feedback matters

e Even simple “indicators” work

e Simple is better than complex
because they break less often

e But, you have to know how to
read them and what to do

 They should provide indication
that you’'re moving in the right
direction
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Thermodynamics
(Building Science)

Human Dynamics
(Comfort, Safety,
Stewardship, Peer
Pressure)



Consumer Behavior

 Will energy use 1 when prices |?
— Current recession an exception?

— Without compelling feedback behavior doesn’t
change or persist

e Comfort can drives decision, more than
economics

e Peer pressure drives people to imitate neighbors

e Carbon sensitivity is driving market like never
before

e But, will current hard times elevate economics?

/POGEE

INTERACTIVE




Maslow’s Hierarchy

Self-actualization

Esteem

[_Love/Belonging

morality,
creativity,
spontaneity,
problem solving,
lack of prejudice,
acceptance of facts

self-esteem,
confidence, achievement,
respect of others, respect by others

friendship, family, sexual intimacy

security of body, of employment, of resources,
of morality, of the family, of health, of property

breathing, food, water, sex, sleep, homeostasis, excretion
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The Real World for Homeowners

* Purchasers of high performance new
home

« Homeowners making performance
upgrades to existing home

Can they expect higher performance without
changing their behavior?

11
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Current Feedback Mechanism

 Utility bill, provided 10-40 days after
energy was used

 Bill disaggregation — who does that?

 \WWho remembers weather from last month
or that they set the t-stat warmer than
normal? Climate varies substantially from

year to year.
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Smart Grid, what’s changed

« AMR — data for utility

e AMI — enables feedback to the
homeowner

e Smart Grid — enables control for the
homeowner

TTTTTTTTTTT



Smart Metering Enables

 Two-way communication with utility
* Display of daily utility price fluctuations

 Enables systems that learns personal
patterns to help control usage

e Comparison of consumption footprint to
similar households
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Energy Dashboards - Better Feedback

o GridWise Demonstration Project
— 112 homeowners

— Could view instant energy use and
adjust power consumption via online
controls

— Electricity use reduced 10%

e Powercost Monitor
— 7-12% electricity usage drop

e Home Area Networks
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HAN Preferences Interface

Back Pricing £ Renewability

HIHIMI.II'I'I E DFSEFVEIGN Level, MAZImUm ConSeivaon
Conservation Wi .

Significant +" Enable Popup
Conservation Y

Lighting Television

v Enable Level

Naormal Conservation

All Off ' Backlight Low

Conservation
Planning

Dryer Thermostat

O W’ +icool, -4 heat
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Will Homeowners Use It?

e ESO often rules

 Programmable Thermostats
— How often overridden or simply not used
— Digital easier to read — The Bifocal Effect?
— How many here:
* have one
e USe one
e know how to program

* know what optimal settings
are
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THE WALL STREET JOURNAL.

Today's Paper - Video - Columnz « Blogs - Graphics

WORLD @ BUSINESS :

MARKETS :

Welcome, Susan Gilbert Logout

Help

My Account = My Online Journal

Newsletters & Alentz - Hew! Journal Community

OPINION | CARFERS = REAL ESTATE | SMALL BUSINESS

PERSONAL FINANCE

TECH : LIFE & STYLE :

I HOME [RIES

LATEST HEADLINES 4P

What’s News —

BUSINESS & FINANCE

Madoff Probe
Eyes Audit Files

Investigators are looking at a
lieutenant at Madoffs firm and
issued a subpoenato the
accountant who audited the firm's
statements, seeking documents
going back to 2000.

* Investor Seeks Relief From SEC
= After Madoff, Donors Grow Wary of Giving
* Complete Coverage: New=s, victims lizt, more

GDP Unrevised for Third Quarter
The U.5. government left its estimate for
economic deterioration last summer unchanged
at a decline of 0.5% at an annual rate.

* LK. Economy Contracts

* Recession Slows Migration in U.5.

Backdated Cash to IndyMac
Probed

A senior bank regulator was removed from his
job after being accused of helping IndyMac alter
its records so it appeared to be in better shape -
-weeks before it was seized by the LS.

A Not-So-Jolly Season for eBay

EBay is suffering a slide in wmtnrtrafﬁc and
CRACIIVLE
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W3J: Who Should Foot the Bill of a Lawsuit?

Market Data Center : 8:37 am, est 122308

v DA+ BE1S.7T -E3.34 085% W Masdag® 53235 231,97 -2.04%
Before the Bell ¥ SEF 500° 87163 -16.25 -133% | a Global Dow 149148 228 0.15
Customize marksts = At closs Source: Dow Jonss, Reuters
Seeking Signs of a T
Recovery for Housing
7 Careers: Trdi

ey data on home sales for
Movember are due out Tuesday,
and economists expect that

sales fell as economic activity
generally came to a screeching halt.

Avoiding the Ax: Where the Jobs Are

While the employment landscape looks sparse
right now, the outlook for 2009 isnt unifarmly bleak
—and is downright bright in some recession-
resistant industries.

| um{mllv

71,# n brogmmmab[ ,_

Futures Stall, Volume Low

Asia Stocks: Shanghai Falls 4.6%
Banks Lift Europe; FTSE Up 0.8%
U.E. Economy Contracts

Financial Crisis -

Houses of Worship
Turn to Chapter 11
Dwuring these hard times, not
even houses of God have been
spared. Lenders believe more
churches than ever have fallen
behind and some have filed for bankruptcy.

willyoujoinus E —
TPG to Let Clients Trim Pledges
Derivatives Losses Spread Globally
The Game: Ailing Firms Need Capital
Rt r‘
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willvo UjOinus Register Log In Send to a Friend Email Motification

TAKE ACTION CHEVRON'S COMMITMENT JOIN THE DISCUSSION ENERGY ISSUES RESOURCE CENTER

Energy Saved is Energy Found

Join us in one of the most important efforts of our time = using less.

Global oilfgas consumption during thisvisit & 0 000 3 & 3 01 BARRELS

Welcome to Energyville In a world where we need all the

. a - ; fi cjf*m(fﬂ
This is your city. How will you power it? T 4 of teka 7’-”‘3’ ?ﬂg energy we can find, how do we do
e HF i
: : : more with less?
Play now > b of tha -{‘j,-:.\,avfﬁ . o 3
]l v, 15l oL L;r
—R : Latest Post
—a
= | Sarry mr. Mark, I've been outbound training by my
= - office from 17 until 21dec at...
E : - Posted by adam pondaaga on 12/22/2008
e " '.‘.- ._.-
T Save Gas With the MPG Optimizer = Join the Discussion > g
»  Resource Center Learn more ways to get involved »  E-cards  Remind your friends to use less

—
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After finding nothing about Tstats

 Chevron has gotten my curiosity
* S0, | asked Google the question:

Google

how much can | save with a programmable thermostat

| Search |

Advanced Sesrch

Freferences

Web Groups

Save $150 a Year with a Programmable Thermostat | Lighter Footstep

Sep 24, 2008 ... According to ENERGY STAR, switching from a conventional thermostat to a
programmable model can save the average household $150 a year. ...

lighterfootstep.com/2008/09/save-150-a-year-with-a-programmable-thermostat-2/

Cached - Similar pages

Programmable Thermostats . ENERGY STAR

- JMk -

An ENERGY STAR qualified programmable thermostat helps make it easy for you to save

by ... Homeowners can save about 3180 a year by properly setting their ...

cooling in your home when you don't need as much. ...
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ENERGY STAR [ESRY ore mprovement | o Homes | uldings & lani | Poner ezources

Products

Appliances

Heating & Cooling
Air Conditioning, Central
Air Conditioning, Room
Boilers
Dehumidifiers
Fang, Ceiling
Fanz, Ventilating
Furnaces
Heat Pumps, Air-Source
Heat Pumpzs, Geothermal

Light Commercial

Programmabile
Thermostats

Home Electronics
Lighting
Commercial Food Service

Office Equipment

* Purchasing &
Procurement

* Interested in Partnering?

Join ENERGY STAR

Online Solutions for the Energy Industry

Home = Products = Heating & Cocling » Programmable Thermostats

Programmable Thermostats

Did you know that properly using a programmable thermostat in your home is
one of the easiest ways you can save energy, money, and help fight global
warming? An ENERGY 3TAR qualified programmakble thermostat helps make it
easy for you to save by offering four pre-programmed settings to regulate your
home's temperature in both summer and winter — when you are asleep or
away.

The average household spends more than $2,000 a year on energy bills —
nearly half of which goes to heating and cooling. Homeowners can save ahout
120 a year by properly setting their programmable thermostats and
maintaining those settings. The pre-programmed settings that come with
EMERGY STAR qualified programmable thermostats are intended to deliver
savings without sacrificing comfort. Depending on your family's schedule, you
can see significant savinas by sticking with those settings or adjustthem as
appropriate for your family. The key is to establish a program that automatically
reduces heating and cooling in your home when you don't need as much. Use
the ENERGY 3TAR Programmable Thermostat Calculator o see what you can
save with set-back temperatures that work for your family. The pre-programmed
settings for an EMERGY STAR qualified programmable thermostat are:

Programmable Thermostat Setpoint Times & Temperatures

Setting Time Setpoint Temperature Setpoint Temperature
(Heat) (Cool)
Wake 5:00 =70°F =78°F
a.m.
Day 5:00 Sethack at least 8° F Setup at least T° F
am.
Evening 6:00 =70°F =78"F
p.m.
Sleep 10:00 Sethack at least 8° F Setup at least 4" F
p.m.

v
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Set and Save

LAUMCH

Special Offers

& Find a Store

What vou need to know to
zave on cooling and heating

& (2.6MB)

£n espanol — Guia para la
Eficiencia de Energia en la
Calefaccion v el Aire

Acondicionado(E] (2.5MB)

For Consumers

Product List TE)

Excel ]

Manufacturer List

Savings Calculator @

For Business

Purchaszing & Procurement
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So let me get this straight . . .

* During the day you want me to be at 85 In
summer and 62 in winter?

 And, you want me to sleep at 82 summer and 62
winter?

* And, you expect me to go and buy a thermostat
automatically programmed with these settings
and be happy about it?

 What are my choices, please ...
 And, how can | be sure these savings are real?

/POGEE
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What Does the Software Tell Us?

 Simple house modeled in REM/Rate
shows $38 savings with programmable
thermostat ($55 if located in NJ)

« REM/Rate makes these assumptions:
— Heating setback 11am-7pm, 5 degrees

— Cooling setback 9am-3pm, 5 degrees
— Per RESNET standard

* Is this enough control over settings?

TTTTTTTTTTT
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What Homeowners Need

* Help understanding the concepts

* Help implementing the right feedback
mechanisms

A business opportunity for raters?
o Work after the rating is complete

« Commissioning the systems

o Will the owner pay for this?

TTTTTTTTTTT
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Where is the Market Heading?

Performance benchmarking

« AB 1103 in CA

— Performance rating requirement at the time of
sale

e Title 24 iIn CA

 Energy Star labeling of entire HVAC
system, not just equipment

25
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Another
Software
Approach

AP

© GE

INTERAC]
Online Solutions for the Energy It

Your Account

Customer Service

Save Energy /
Money

FECC Customer
Dliscounts

Fr

ergy Estimator
ools

¥ Energy Saving Tips

¥ MNatural Gas
Conversion [
Benefits

Cne-Stop Contacts

PECO Wind
Energy Rates
Matural Gas
Safety

Energy Education

Environment and
Community

Assistance
Programs

::’ —m,
Tighting

@ Appliance Calculato s |

appllance | Ectimate the energy Py

mating | Compare the costs of

= PECO.

Residential

Energy

Search:

—

Advance

Estimator Tools

@@ - Estimate Your Energy Use, Find Your Savings

00

Lighting Calculato ']

Discover how compact teisvision
fluorescent lamps (CFLs)

Can save you money.

costs of operating
virtually any appliance in
your home.

A Heating Calculato

heating your home with
four different energy
SOUrCEs.

c@ Sethack Thermostat
Calculato

theat pump

Estimate how much you
can save by adjusting
wour thermostat.

Use these free online tools to discover where your

ratural gai

Contact
Links

Sitemap

EHﬁTg}' energy goes and the steps you can take to save
SﬂmﬂgS money by being more energy efficient,

Calculato

Compare energy costs
of different TWs -
plasma, LCD, DLP and
tube.

Paperless Billing

Learn how you can save
money and the
environment by paying
your bills online.

Natural Gas
Conversion Calculato

Compare heating costs
for your home - natural
gas, oil, propane and
electric resistance heat.

Heat Pump Calculato

See how upgrading to
an energy-efficient heat
pump can save you
money.



/‘\ How Much Can I Save Using a
Programmable Thermostat?

SETBACK THERMOSTAT

CAalLCULATOR
\/§$E Weekday Settings
Step 1. Describe Your Home AR el o i
L R Y L] P Fa 3
Select Your Home Type HE::;H T = T o P a5 T P — =T H:::“:
| Singie Stary e 72 &= [ 72 (I 5= 1R
Slide the bars below 1o mateh Ramind Dot Ristirm Fremcpl it
your homa Terrg sratu s T st Tarmp sratuis TaETp=rshrs
totin) s Weekend Settings
BT = 1400: 00 B 10:00 =
I M L 700 AM 2:00 P
| = S 13 ki Fa Jo faxm F &-T FE T
Coazed O Pang Miinight! . LI 1 e 1 FI I _.._,_,__"ll_ﬂl'lﬂ'll.‘
72 I & : 5
Satting with Standand Thermaosiat i
—_—— M Cowyti Eveni Cwverri ghit
7] Dy v T-'rp:l:l.l.rl T-'rp-:rl T-'rp-':.u- T s nhar =
Step 1. Adjust the Thermostat §
Bdjuat the times and Demp eraluies on ?-'“‘“—‘ Heating Type B
the pregrammable thermestak to the =l Heat Pump _ Natural Gas e | Propans
SETings you wWouhd uze wihen you ang Efficiency of Heat Pump
home oF 3way, dwake oF asleep. Cilder Lk Newi High SN Unit
A ——— 10 SEER
Step 3. Select Your Heat Type | - -
&nd then shde the bar for —
Current Heating Type bo mateh Annual Savings $323
PO i D g LD meniL.

ol il b re o s ot o sbEmasts= T on Mo O N PO e s o

Sz Take the Next Steps
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> Step 1 - Please Enter Your Account Number: |325087

- ~
> Step 2 - Please Fill Out Your Home Profile:
Home Type | | Multi-Story ""l | Electric ""| | Water Heat Type
Year Home Built £ | 1534-1595 """l | 130 degrees (Med.) V| ) water Heat Setting
Sq Ft Heat/Cool (£ | Average v| [ air Leakage
Oceupants # [ |:| | Double Pane “"| ) windows (panes)
Heating Type |/ | Elec Heat Pump (HP "*l | Electric V| | Cook Stove
Heating Setting | | Electric V| | Dishwasher
Cooling [/ |AC.|'1-|eat Pump ~"’l | Electric V| " Clothes Washer
Cooling Setting | | Electric V| " Clothes Dryer
Plasma Tvs [ |2 *”l | 1 V| [ Refrigerators/Freezers
Pool | show
Spa Show

> Step 3 - Press: | Analyze My Electric Bill
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Why Is My Bill Different? Estimated Monthly
Click on the months to compare ElECt"ClW CCIE'I:S
Major Home Energy Use Areas
Compare This Bill To This Bill
Oct 28, 2008 |+ Click to Compare Nov 25, 2008 |+ 3200
F150
F100 :
B Cooling
Bill Comparison 350 B Heating {Elec)
Il Fool'Spa
Oct 28, 2008 Meter Read Date Nowv 25, 2008 50 B Vst=rHesting
Crthee
60.8 F Avg. Temp 48.5 F fé? ré? '
- .t‘-|
$114 Cost $152 éﬁ §*‘v
1,137 kwWh 1,736

Monthly kWh Summary: The Nov 25, 2008 usage was about 599 kWh higher than the Oct 28,
2008 penod.

Monthly Cost Summary: The Nov 25, 2008 costs were about $38 higher than the Oct 28, 2008
period.

Billing Cycle Length Impact: The Nov 25, 2008 billing period was 1 day shorter than the Oct 28,
2008 penod.

Weather Impact: The average temperature for the Nov 25, 2008 period was 48.5 F.

This is 12.2 F colder than Oct 28, 2008 and 3.7 F colder than the same time last year.

Based upon the way you described your home, these weather and billing cycle length differences
would increase your kWh use by 674 kWh and increase your bill by about $49.

Electricity Price Impact: The price* in Oct 28, 2008 changed from $0.1003 per kWh to $0.0878 per
kWh in Nov 25, 2008

* Price is total bill divided by the totsl KWh fior that peried and averages the block rates.

e e — e = v
Online Solutions for the Energy Industry hd r
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Why Is My Bill Different? Estimated Monthly
Click on the months to compare ElECt"CltY CGStE
Major Home Energy Use Areas
Compare This Bill To This Bill
| Nov 29, 2007 v | Click to Compare | | gy 25, 2008 | 5200
F150
F100 .
Il Cooling
Bill Comparison §50 Bl Hesting [Elec)
B Fool'Spa
MNov 29, 2007 Meter Read Date Nov 25, 2008 50 T B \VsterHesting
52.3 F Avg. Temp 48.5 F & ,55? Cther
$141 Cost $152 ‘;f’ -‘;:"
1,975 kWh 1,736

Monthly kWh Summary: The Nov 25, 2008 usage was about 239 kwh lower than the Nov 29,
2007 period.

Monthly Cost Summary: The Nov 25, 2008 costs were about $12 higher than the Nov 29, 2007
period.

Billing Cycle Length Impact: The Nov 25, 2008 billing penod was 7 days shorter than the Nov 29,
2007 period.

Weather Impact: The average temperature for the Nov 25, 2008 period was 48.5 F.

This is 3.8 F colder than a year ago.

Based upon the way you described your home, these weather and billing cycle length differences
would decrease your kWh use by 44 kWh and decrease your bill by about $19.

Electricity Price Impact: The price” in Nov 29, 2007 changed from $0.0712 per kwh to $0.0878 per
kWh in Nov 25, 2008

* Price is total bill divided by the total kKWh for that peried and averages the block rates.

Other Factors: There seems to be something besides the weather causing a difference in
consumption.

w/
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Describe Your Home | instructions |

Account Number |253412 | Meter ID {if multiple meters)

| |
Sq Ft Heat/Cool |35UU | |NETUFE|GES V| Water Heat Type
Occupants # |5 | |1 V| Refrigerators/Freezers
Heating Setting |513 | |ElBB1ri': V| Clothes Dryer
Cooling Setting |75 | |E| V| Flazma Tws
F600+
54004 '\
F200
rﬂ—#"“'“---._.___‘_‘_h'_____/ ! \rfﬂ,l
LEBBEseBEEEEEE8E
A
F § F§FF§F FFFFFsFss
I = &= = A FAR o=
§ § & F &g s T EF T Eq

Meter Read Date

PLEASE NOTE - Actual (bill) annual usage is 92% higher than typical home electricity
use and 80% more expensive than the typical home with these inputs. Something else
iz probably consuming electricity in this home that is not captured by the inputs. There
may be savings opportunities.

The most recent bill is higher due to a much longer billing peried (33 days in this
period compared to 28 days in the prior period)

The most recent bill is higher due to colder weather.

Your use since Thanksgiving appears higher than normal even based upon the

weather. This could be due to added holiday guests, Christmas lights, and other
AI G related activities?

HNFE ey v :
Online Solutions for the Energy Industry ©
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kWh Energy Usage

Bi Typical
Read Date TJ::?;. Days Cooling Heating Refrig. Lights Cooking H‘:::?nrg Appl. Sl:regen Pool/Spa I-Trme Tﬁ:::"
TV Total
Dec 16, 08 (43.2® F| 33 0 409 142 1935 136 0 142 0 0 1,021 2,004
Mow 13, 08 |53.4° F| 28 0 167 120 164 115 0 121 i 0 687 1,305
Oct 16, 08 |66.27 F 29 31 i 125 170 119 0 125 0 0 5F7 1,804
Sep 17,038 |74.1° F| 29 1,043 0 125 170 119 0 125 0 0 1,582 2,930
Aug 19, 08 78.4° F 33 2,165 0 142 1593 1365 0 142 0 0 2,778 4,134
Jul 17, 08 |78.3° F| 30 1,491 0 129 175 123 0 129 0 0 2,043 2,819
Jun 17,08 |75.3" F 29 1,326 0 125 170 119 0 125 0 0 1,864 @ 3,150
May 19, 08 64.1° F| 33 47 27 142 193 136 0 142 i 0 687 1,948
Apr 16, 08 |54.5° F 29 8 160 125 170 119 0 125 0 0 707 1,611
Mar 18, 08 |50.0° F| 28 0 137 120 164 115 0 121 0 0 707 1,753
Feb 19, 08 (47.4° F| 29 0 282 125 170 119 0 125 0 0 820 2,005
Jan 21, 08 |42.1° F 34 0 444 145 199 140 0 147 0 0 1,075 2,472
Dec 13, 07 (49.8° F| 33 0 273 142 193 136 0 142 0 0 885 2,195
Total* 364 6,111 1,683 1,566 2,129 1,496 0 1,569 0 0 14,554 27,940
Monthly* 30 509 140 130 177 125 0 131 0 0 1,213 2,328

*For the most recent twelve months.
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Pool or Spa Operating Cost Comparison

Pool Description & Pool ") Spa Annual Heating Costs
Pool Langth (Ft.) . oy
- D pane |5 Yaar
= = Unit Energy Costs Pane { ]
Po.ol Width (FL. ) Propane ($/Gal) s0
'ﬂ' i i T i | 15 . - - - £2.00 Matural Gas %/ Year)
Ponl Temp (Dag F) Natural Gas {$/Tharm) s0
P ——— 20 T r—— $LLS | |Elactric Heat Pump ($/Year)
Percent Shadad - |
—f————— 3% Pool Pump
Wind Spasd (mph) Size of Pool Pump (HP)
—_— 2.0 A R—— 1 H P Pump ($/Year)
Good Foor or Mo H-::.ur_g_.'D.a'!,r _
‘Windbr =ak Wind lbr=ak m 12 Hours

Pool/Spa Cperating Costs

B Pump
Haat Pump
P Matural Gas

Propana

Pump @ G 6D @) EIED ED GAGD @@ o)
fon fon fonon (o o) o) o o fon
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So, In summary

e Educate homeowners and help them make the
best choices

* To help the homeowner, raters need tools that
explain actual behavior

« Assist the homeowner to find the proper balance

— If possible, automate the right behavior

— If ESO is likely, provide telltales and simple ways for
them to trim their sails

/POGEE SN )
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