The Future-of Housing:

The Path to'NetZero and Beyond
By Ted L. Clifton
Zero-EnergyPlans.com
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Notes from William 'IMcDonnough:
(Author of Cradle to Cradle

Regulation is an indicator of design failare
. Fix the design, no need for regulation!
What Is our intention as a species?

. There is nothing in the BIll of Rights
about a oright +to

The foundation of Human Righis

- Every child born, no matter where, needs
to be loved!



Notes from William 'IMcDonnough:
(Author of Cradle to Cradle

The Big Question

. How do we love all childrergf all species
for all time?

The big goad

- Our goal is a delightfully diverse, safe,
healthy and just world, with clean air,
water, soil and poweb economically,
equitably, ecologically, and elegantly
enjoyed!




Notes from William 'IMcDonnough:
(Author of Cradle to Cradle

- Humans need to be humble, especially
Architects (& Designers) after all, it
took us five thousand years to put wheel
on our luggage!

. Beingless bads not being good, it is still
bad L et O goods Afterialy e f
trashing the planet is not our intention as
a Specil es! Let O0s




Howe::0hlde:sesoubad:06

- Is a HERS rating of 41 good?

. Does everyone know what a HERS ratin
IS? Home Energy Rating System

- HERS 100 is home bullt to the 2006 IEC
- HERS 0 Is neteroc-energy home

. 2012 IECC would be about HERS 82, so
41 would only be HALF AS BAD!



What if you bought.all you energy
at once?

HOW MUCH WOULD YOUR LAST 30 YEARS WORTH OF HOME ENERGY HAVE COST?

$8,550.93 in 1973
$28,996.20 in 1981

1973
$8, 550 93

$77,040 if bought today

1981
$28,996.2

Total energy bill for 30 yrs. = $220,587.66
with no changes made, if paid over next
30 yrs., with average inf htion on energy

2011
$77,040.0

These f gures are based on average energy used by
2,000 sf home in 2011. Your actual costs may vary,
depending on the age, condition, heating fuel,

and location of your home.



How much will your'Future-Energy
Cost?

$1,525.46/MO0. (32 yrs.)
1,434.64/MO. (31 yrs.)

#%1,349.24/M0. (30 yrs.)

INFLATION IN ENERGY COSTS @6.33%/AVG. 2,000 SF HOME
VS. CORE INFLATION AVG. LAST 30 YEARS (3.343%):

Total energy bill for 30 yrs. = $220,587.66
with no changes made

"Inf btion Gap" just for
last two years is over
$20,000!

Actual Energy Inf htion / 32 yr. period

otal energy bill with actual inf htion
or 32 years = $345,150.48

$569.92/mo. at
avg. inf Btion/30 yrs.
leaves $779.78/mo.
shortfall

Actual Energy Inf btion
vs. Actual CPI Inf Btion
leaves $169.665.12
shortfall over 30 yrs.

$214/MO.

5 yrs, 10 yrs. 15 yrs, 20 yrs. 25 yrs. 30 yrs.




OK, so what.can I'do about 1t?

- Design & build better homes!

. Net-Zero Energy homes

" Positive NRGE Home
- But HOW?7?7??

. That | S what t hi s




Course Objectives:

To learn how to design and build cest
effective netzero-energy homes using:

- Building Orientation

- Simple Design

- Window Orientation

- Thermal Mass

- Tight Building Envelope

. Balanced Insulation Levels




CoucrcservObqgnect |

To learn how to design and build cest
effective netzero-energy homes using:

- Balanced Ventilation

. Heat Pump Selection and Operation
- Water Heating Choices

. Efficient Appliances

. Efficient Lighting Systems

. Alternative Energy Sources




Who are you,-and-why areyou
here?

. Architects and Designers?
- Builders?

. Developers?

. SubContractors? HVAC?
. Do-it Yourselfers?

. PolicyMakers?

12



The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 1
Building Orientatio
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Where Is South?

g AShadows from vertical objects will show true north

at Local Apparent Noon (LAN)

A When is LAN?

A What is your Longitude?
A How many de oes t
sun move each hour’>
A Each mij

When isYOUR LAN?

14



f Where Does the 'Sun:Rise?

C

- Int
- Int
- Int

ne Ssummer?
ne Winter?

ne Spring or Fall?

SUMMER SUNSET SUMMER SUNRISE

\

SPRING & FALL SUNSET  |——J-  SPRING & FALL SUNRISE

WINTER SUNSET WINTER SUNRISE

15



How High will the ‘Sun Get?

- In the Summer?
- In the Winter?
- In the Spring or Fall?
- Where Is the
Tropic of Cancer




How Do we Know this ‘Stuff?

. The tropics are at
23E N & S

- Sun will be below
the Azimuth by

our Lat i

48°N (SEATTLE)

Winter sun will

be 23E |
Summer sun will
be 23E hi

EQUATOR

TROPIC OF CAPRICORN

her

17



How do we Capitalize -on/this?

4

- Building Orientation

. Roof Height and Orientation

- Window Orientation

- Landscape Design & Orientation
. Must be Climate Specific!

We wi | | | ook at e ac

18



How do we OptimizeBuilding
Orientation?

- Long side south if possible?
. Orient roof ridge eastwest

. Locate rooms within the house to
optimize daylighting during the hours of
most activity in those rooms

. Move building location on lot to maximize
(or minimize) solar exposure due to
natural or maAmade restrictions



How do we Optimize Window
Orientation?

. Most windows facing South?

. Eastfacing windows will provide morning
warmth (when it is most needed)

. Locate rooms within the house to optimize
daylighting during the hours of most activity Iin
those rooms

. Consider likely furniture arrangements, make
sure windows are not wasted!

. EachWindow should provide more than one
function!



How do we Optimize Roof Height
and Orientation?

. Largest face of roof should face South

. Eave height should get roof up above natural
and mammade restrictions

. Keep plumbing vents and other impediments c
the north side of the ridge line

. NO south-facing dormers (unless they are
shedstyle, and angled to support solar panels)

. Use Fshaped roof where main ridge cannot fac
south



How do we Optimize 'Roof Height

and Orientation?

- T-shaped roof: frty -
facing house has e
420 of r o
facing South!

EAST-FACING STREET SIDE

COVERED PORCH OVERHANG
TO ADD TO SOUTH-FACING
ROOF AREA

EAST-FACING STREET SIDE

22



’ How do we Optimize'Landscaping

23



The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 2
Simple Design

24



What Is the Effect.of Surface Area?

- Two-story vs.
Single story S i)

x2=1,000 sf

(Floor & Roof) 22.36'x16"
=357.77 sf

- Single story AL .
house of Two-Story Cube has 2,431 sf of Surface Area
same size will e
have about
25% more

(22.36'x44.72")
x2« 2,000 sf

I (Floor & Roof) 22.36'x8'
surface area
" 1073.31 total wall sf x2 ends
=357.77 sf

Single-Story same size house has 3,073 sf of Surface Area
a 26% Increase!

25



What Is the Effect.of Surface Area?

I 500 st SRR
C O e (22'36' SQ) =
I I l p X x2=1,000 sf 178.88 sf

{Floor & Roof) 22.36'x16"

shape?
_ S|ng|e Story Two-Story Cube has 2,431 sf of Surface Area
house of
same size will
have about o -
48.5% more

surface area! = 2000t

1,610.13 total wall sf

Single-Story Complex same size house has 3,610 sf of
Surface Area, a 48.5% Increase! 26




Why do we not want Surface Area?

4

. Surface area Is where we lose Energy!

. Surface area Is what costs you Money!
‘BTo build
BTo finish
BTo maintain
BTo dispose of at the end of its IHeycle

What is the real cost in Energy Loss?

27



What Is the 'Real Cost of Surface
Area?

. How much additional insulation would it
take to make up a 25% increase in surfa

area?

. How about a 48.5% increase In surface
area? Any guesses?

28



OK, so how do wermake a cube
look good??

29



OK, so how do wemake a cube
look good??

& ‘*' e "'"\. ‘




’ OK, so how do wermake a cube

C look good??

. Add covered porch area
. Create outdoor covered living areas

. Use eyebrow roof over gable end first
floor windows:




The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 3
Window Orientation
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How much ‘SoutkhFacing Glass?

- |CC-700 recommends 7990% of floor
area in SoutHacing Glass, depending or
Climate Zone

. |CC-700 recommends not more than 4%
for East or WestFacing Glass

. One of our 2,408 sf NeZero homes has
208.5 sf (8.66%) of Soubacing Glass,
and 85 sf (3.5%) of Edsacing Glass, and
zero North or West-Facing Glass!



Why have EaskEacing Glass?

. In most climates and seasons, homes wi
lose heat over night, and will need to be
heated in the morning hours.

- Eastfacing glass can allow the sun to
provide free solar energy to warm the
house in the morning.

. Care must be taken not to oveneat the
home In warmer climates or seasons.



What are the consequences of
West-Facing Glazing?
. West-facing glass can oveeat the house in the

afternoon, when the house Is already warm
from the heat of the day.

. The sun is lower in the sky in the late
afternoon, so the energy penetrates the lav
glass more directly

LOWER ANGLE ENERGY WILL PENETRATE

T

HIGHER ANGLE ENERGY WILL DEFLECT



What are the consequences of
North-Facing Glazing?
. No energy is gained from Nortfacing Glazing

. Daylight gained must be reconciled against he
energy lost:

BCalculate lighting energy needs
‘BBalance lighting against 24/7/365 heat loss

ACan the area be lighted indirectly through
other south-facing rooms in the house?



What are the consequences of
North-Facing Glazing?

- Example 1, Light Cost:

4 hours per day @ 23 watts = 92 w/day
92 x 365 = 33,580 w, or 33.58 Kwh

33.58 Kwh @ .11¢ per Kwh = $3.69/yr.

A Example 2, Heat C
3-0x4-0 window uses 165 btu/hr @ DDD

(50 degree et) X 24
= 435,600 Btu/year = 127.66 Kwh

127.66 Kwh @ .11¢ per Kwh = $14.04/yr.



Provide ‘Shading:

. On East Side during late morning hours
Summer

- On Southfacing during Late Spring,
Summer, and Fall

- On all WestFacing

What can we do with glass options?

38



\\

Options?

’ What can we-do.with.Glass

Visble Light
Reflectance

IG

Product

"~ Two Pane LoE-179

Construction

U 3.0C7/13.0/3.0

% Out
m—

Two Pane LoE-179 w/iB1 #4

3.007/13.0/3.0i81

Two Pane LoE-270

21

139

3.060/13.0/3.0

e

12

Two Pane LoE-270 w/iB1 #4

Two Pane LoE-366

3.0x3/13.0/3.0

3,060/13.0/3.0i8

17

' ey

Two Pane LoE-366 w/iB1 #4

ple Pane
LoE-366/Clear/LoE-179 #5

3.0%3/9.8/3.0/9.8/3.0C7 #5

3.003/13.0/3.0i81

14

15

LoE-

Trple Pane

ple Pane
LoE-272/Clear/LoE-179 #5

366/L0E-179 #4/i81 #6

3.0X3/9

3.0£4/9.8/3.0/9.8/3.0C7 #5

.8/3.0C7/9.8/81 #6

15

18

0.13

0.15

‘Irple Pane

LoE-272/L0E-179 #4/i81 #6

LoE-179/Cear/LoE-179 #5

3.0C7/9.8/3.0/9.8/3.0C7 #5

3.0E4/9,8/3.0C7/9.8/181 #6

19

0.57

133

0.13

0.16

Yrple Pane

LOE-179/L0E-179 #4/iB1 #6

rple Pane
LoE-366/0ear/LoE-179 #5

DO A IO i

3.0%3/13.0/3.0/13.0/3.0C7 #5

14

2

ot L

0.25

L

59

AL

0.13

6.25

Trple Pane

LOE-366/L0E-179 #4/181 #6

LoE-272/Clear/LoE-179 #5

3.064/13.0/3.0/13.0/3.0C7 #5

Soensoncsomse |

14

0.22

0.38

52 X

0.12

0.13

7.14

.~

7.69

rple Pane

LoE-272/L0E-179 #4/181 #6

nle Pane
LoE-179/Cear/LoE-179 #5

Sz 0s0cr30ne)

3.0C7/13.0/3.0/13.0/3.0C7 #5

19

e

0.57

133

0.17

L

0.14

—

7.14

Tmltfan‘

BT i o . 1

LoE-366/0ear/LoE-366 #5

3.0X3/13.0/3.0/13.0/3.0X3 #5

300/1303007/130/8146

13

24

0.24

213

56

015

0.15

012

0.12

6.67

EE—-—

8.33

L
LoE-366/L0E-366 #4/i81 #6

3.0X3/13.0/3.0%#/13.0/181 #6

15

0.19

0.13

0.11

7.69

9.09




The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 4
Thermal Mass
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How Important is Thermal-Mass

. Controlling the Day/Night temperature
swing Is the key to Energy Efficiency:

btu/cf/deg ree F Btu/degree

Cubic volume of house 10088 0.0183  184.6104 Loss w/o Thermal Mass:
btuh on DDD 7800] (from CP Wksht) | 42.2511408 Degrees/Hour heat loss
Btuh/12 hours 93600 507.013689 Degrees/night heat Ioss

Note that the house would not REALLY lose hundreds of degrees in twelve hours, the number
shown is merely a reflection of the number of Btus required to keep the home at the desired
temperature for this amount of time at the Design Deqree Temperature.

square feet of 2nd floor 584 | (concrete siab)
thickness of 2nd floor 6 292.00 cublc feet
square feet of lower flood S544|(concrete siab)
thickness of lower ﬂoor - 181.33 cubic feet
125 3,000] Enter Square feet of GWB
92.79167 1700| Enter Board Feet of Interior Lumber
Adjusted volume of | 691.125 31.61 22031.0717Loss w/Thermal Mass:
thermal mass A (Btu/cf/degree f 0. 35404542 Deg. F/Hr.
Concrete) 4.24854503 | Deg. F/12 Hrs.

41




What will Thermal'Massreally: Save
us?

. We can replace the lost Btus using Pass
Solar Energy! Really? Yes, Really!

- Even without good window orientation,
or a sunny day, a heat pump will be more
efficient when running at warmer daytime
temperatures.

. We will explore that further in the Heat
Pump chapter below. (27%!)



How much 'Energy CanWe. Get
From the Sun? ' Try CG:

BBl Climate Consultant 5.0 (Build 3, Oct 19, 2010)
LOCATION: Seattle Seattle Tacoma Intl A, WA, USA
WEATHER DATA SUMMARY Latitude/Longitude: 47.47° North, 122.32° West, Time Zone from Greenwich -8
Data Source: TMY3 727930 WMO Station Number, Elevation 400 ft
MONTHLY MEANS JAN | FEB | MAR | APR | MAY JUN | JUL | AUG  SEP | OCT | NOV | DEC
Global Horiz Radiation (Avg Hourly) 44 68 89 118 132 141 150 130 109 79 48 38  Btu/sg.ft
Direct Normal Radiation (Avg Hourly) 45 72 75 97 96 112 140 130 112 86 45 51  Btu/sg.ft
Diffuse Radiation (Avg Hourly) 30 39 49 58 66 61 52 48 48 40 33 25 | Btu/sqg.ft
Global Horiz Radiation (Max Hourly) 116 166 227 272 323 299 308 278 237 198 130 99  Btu/sg.ft
Direct Normal Radiation (Max Hourly) 271 281 289 297 290 289 204 204 277 285 264 254 | Btu/sq.ft
Diffuse Radiation (Max Hourly) 68 87 144 141 181 170 164 156 115 117 69 70 | Btu/sg.ft
Global Horiz Radiation (Avg Daily Total) 321 568 895 | 1375 | 1735 1879 1975 1598 1165 718 370 282 | Bru/sg.ft
Direct Normal Radiation (Avg Daily Total) 340 633 760 | 1145 | 1286 1523 1892 1648 1239 818 354 391 | Btu/sg.ft
Diffuse Radiation (Avg Daily Total) 226 336 500 685 876 819 703 604 518 368 255 183 | Btu/sg.ft
Global Horiz lllumination (Avg Hourly) 1404 | 2185 | 2B49 | 3768 4189 4487 4650 4099 3449 2516 1550 1230 footcandles
Direct Normal Illumination (Avg Hourly) 1168 | 2017 | 2173 | 2840 2828 3332 4085 3766 3223 2423 1204 1264 footcandles
Dry Bulb Temperature (Avg Monthly) 40 42 47 51 55 60 64 66 59 52 46 41 degrees F
Dew Point Temperature (Avg Monthly) 34 35 37 41 45 47 50 53 51 44 41 16 degrees F
Relative Humidity (Avg Monthly) 80 76 71 71 71l 66 64 66 76 76 83 82 percent
Wind Direction (Avg Monthly) 167 152 167 202 199 207 199 215 145 192 150 136 | degrees
Wind Speed (Avg Monthly) 8 8 8 9 8 9 8 8 4 9 8 7 mph
Snow Depth (Avg Monthly) inches
Ground Temperature (Avg Monthly of 3 Depths) 48 44 43 43 46 50 54 58 a0 59 56 52 degrees F

| Back | [ Next |




How much Energy CanWe Get

From the Sun?

. The previous slide showed that Seattle gets uy

to 1,892 Btuper dayper square foowf Direct
Normal Radiation in the Summer

- Seattle gets at least 340 Btu per day of Direct
Normal Radiation even in the winter

. Diffuse Radiation is less, but still at least 183
Btu/sf/day during the darkest Winter Month!

So how much is that, and what can we do
with 1t?



How does that-graph out?

LOCATION: Seattle Seattle Tacoma Intl A, WA, USA
3D CHARTS Latitude/Longitude: 47.47° North, 122.32° West, Time Zone from Greenwich -8
Data Source: TMY3 727930 WMO Station Number, Elevation 400 ft

LEGEND

DIRECT NORMAL RADIATION
(Btu/sq.ft)
46% Il Night Time
x| 1 - S0
50 - 100
14% @ 1100 - 150

a > 150

PLOT
DIRECT NORMAL RADIATION
I= Monthly Avg Dally

45



Compare to Billings;, Montana:

LOCATION: Billings Logan IntL Arpt, MT, USA
3D CHARTS Latitude/Longitude: 45.8° North, 108.55° West, Time Zone from Greenwich -7
Data Source: TMY3 726770 WMO Station Number, Elevation 3566 ft
LEGEND
DIRECT NORMAL RADIATION
(Btu/sq.f1)
45% M Night Time
s« 11 - so
g so - 100

19% B 100 - 150
15 > 150

PLOT
DIRECT NORMAL RADIATION

*) Monthly Avg () Daily

46



How much Energy CanWe Get

Froom>t ' he: Sun? |

. Diffuse Radiation is less, but still at least 183
Btu/sf/day during the darkest Winter Month!

. If we have 200sf of Southacing Glass, with an
SHGC of .5, we would get 100 times 183, or
18,300 Btu on a cloudy winter day!

- That Iis about one hour worth of energy on the
Design Degree Day for the house In our
example

.- On a Sunny Winter Day, we would gain about
double that amount, 34,000 Btu.



Bdvgoowhoopq, trone h

. Ah, but that is at the Design Degree Day,
Based on an outside temperature of 19
degr eeseée

- What Is the average outside temperature
during that same cold winter month?

Let 0s t ake anot her
Consultant 5:



What is our Average'Winter
Temperature?

Climate Consultant 5.0 (Build 3, Oct 19, 2010)

LOCATION: Seattle Seattle Tacoma Intl A, WA, USA
TEMPERATURE RANGE Latitude/Longitude: 47.47° North, 122.32" West, Time Zone from Greenwich -8
Data Source: TMY3 727930 WMO Station Number, Elevation 400 ft
LEGEND
110
100
RECORDED HIGH - o
DESIGN HIGH -
AVERAGE HIGH - 90 &
MEAN - °
AVERAGE LOW - N
DESIGN LOW - = R o
RECORDED LOW - o
COMFORT ZONE 70 o s
60
o
50
40
30
20
TEMPERATURE RANGE: 10 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec Annual
(s) 10to 110 °F
() Fit to Data

Back | | Next “}9




What is our Average'Winter
Temperature?

. Looks | i ke about 4

- Only 57% of the way to the Design
Degree Day!

- This means a sunny day would provide ¢
least 3 1/2 hours of energy

. A cloudy day would provide 1 % hours of
ener gye

This might not seem like much, but it adds
up fast over time!



What is our Average Annual
Temperature?

-Looks |1 ke about 5

- Only 35% of the way to the Design
Degree Day!

. Seattl|l edos Average .
Radiation is just under 100 Btu/sf/hr

- Six hours of sun will provide 60Kbtu, or
enough energy to heat the house for nin
hours on the average day.



What Happens:inthe Summertime

. Does the slab get too hot?
Blt can, In some climates

. Can we cool it off at night?
BYes, In most climates

- Where will the excess energy go?

BSome will be transferred to air, and exhauste
to the outside

BSome can be transferred into the ground
BKeep your thermal mass stable!



What can we-do:to-optimize
Thermal Mass?

. Keep all Thermal Mass completely within
the Building Envelope

. Add Thermal Mass even on second floor

by pouring a slab over your framed wooc
floor.

. Orient windows to provide direct access
to your Thermal Mass.

. Use Thermal Mass walls or stairs to

better capture energy from East or West
facing windows



The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 5
Tight Envelope
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What Is the Effect.of a Tight Buildin
Envelope?

. How much energy is lost through
convection?

BAIr contains .0183 Btu per cubic foot per
degree (at sea level)

Bl f your house 1 s 1,0
In our Cube House diagram eatrlier) you have
8,000 cubic feet of air to lose.

BLet 0s do the mat h:
per degree of temperature difference

BOur DDD is 50E &t , 5



What Is the Effect.of a Tight Buildin
Envelope?

. How much energy is lost through
convection?
BOur DDD is 50E et
BAt .6 ACH, you will lose 4,392 Btu/hr.
Bln a 24hour day, that would be 105,408 Btu
BAt .35 ACH, you would lose 2,562 Btu/hr.
Bln a 24hour day, that would be 61,488 Btu

BAt .1 ACH, you would only lose 17,560 Btu In
a day. | like that better!

, D



How does that.compareto'the
Conductive'Heat Loss for the:.same
house?

- With 12% glazing, and a good wall
assembly, the 1000 sf Twistory design
will use a total of 10,866 Btuh on the
DDD including .6 ACH

. 4,392 Btuh are from air infiltration alone!

- If this 1s a 20edroom home, ASHRAE
62.2 only requires 32.5 cfm, or 1,784 Btu

. How about we save the other 2,608 Btuf



How much does this save us in a

Year: -? Let O0s do
. 2,608 Btuh x 24 hours x 110
( HDD/ DDDeet ) = 6, 88

- If heating with 92% efficient Natural Gas
at .80¢ per therm, this would save $59.8
per year.

. Remember, this is just for a tightening ur
a tiny 1,000 sf house!

- A 2,000 sf house would save twice as
much, and a more complex house would
save even more!



Walls as Filters? /Not a-good-idea!

-Wal |l s that oBreath
and mildew spores, odors, steam and
grease from cooking, and all other sorts
of undesirable elements in the insulation
layers.

.- These can build up, and cause health
problems, and degrade the structural
Integrity of the walls.

. Wall Cavities Must Be Tight!



The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 6
Balanced Insulation
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Why are we 'building houses this

way”?
.Consi der a 1066010
iInsulation on the lid.

- Then remove the insulation from a one
foot square area, what is the net\lue
of the entire roof assembly?

(@]

7 7
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Leestr0ssmethircy. S 0 me

. Start with any house for which you have
an energy model (we will show one here
using the WSU CP Worksheet)

. Skew your insulation levels so that you
have very disparate levels In different
areas, but so that they add up the same
BFor example, if you downgrade 1000 sf of

walls from R21 to R-11, upgrade the 1000 sf
of roof from R-38 to R-49



What Happened? Original.

|

Washington State Energy Code: Component Performance Worksheet, Type R-3 Occupancies

Heating System Size
Ducts are located in unconditioned space.

Conditioned Floor Area . . 1915 : Equipment size over design load _100% &
Conditioned Building Volume 2127.217 Btu/hour output| 12,602
Weather Station Seattle: Sea-Tac AP 7 KW 37

»onent Performance, R-3 occupancies Code Target Values _ Proposed Design Values

: = e = Area UA : : ~ Area UA
Vertical Glazing U = 0.300 287 862 L SR PR Y Y
Overhead Glazing U = 0.500 0 0.0 0 0.0
: ~ Doors U= 0.200 R ReterE .| 3¥5b " ;i i 38| 91
Flat/Vaulted Ceilings U = 0.027 1315 355 : : : 1315 36.2
‘Wall (above grade) U = 0.056 2088 116.9 ¥ ¥ 21 21 101.8
:  Floors U = 0.029 0 00 : : 0 0.0
Stab on Grade F = 0.360 136 49.0] . ~. - . 138f 449
Below Grade
2' depth, wall U = 0.042 0 0.0 0 0.0
2' depth, slab F = 0.590 0 0.0 o} 0.0
3.5' depth, wall U = 0.041 0 0.0 0 0.0
3.5'depth, slab F = 0.640 0 0.0 0 0.0
7' depth, wall U= 0.037 0 0.0 o 0.0
7' depth, slab F = 0.570 0 0.0 0 0.0
Target UA Total| 2952 Proposed UA Total|  236.6
Target Credits from Chpt. 9 1.0 Proposed Credits from Chpt. 9 4.5 Quaiifies
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What Happened? |Skewed:

The house uses 14% more energy!

Washington State Energy Code: Component Performance Worksheet, Type R-3 Occupancies

Heating System Size
Ducts are located in unconditioned space.

Conditioned Floor Area 1915  Equipment size aver design load_100% @
Conditioned Building Volume 2127.217 Btwhour output| 14,323
Weather Station Seallle: Sea-Tac AP — KW 4.2
»onent Performance, R-3 occupancies Code Target Values Proposed Design Values
Area UA Area UA
Vertical Glazing U = 0.300 287 86.2 255 44,5
Overhead Glazing U = 0.500 0 0.0 0 0.0
Doors U = 0.200 38 7.6 38 ‘9.1
Flat’Vaulted Ceilings U = 0.027 1315 355 1315 28.9
Wall (above grade) U = 0.056 2088] 1169 2121} 1506
Floors U = 0.029 0 0.0 0 0.0
Slab on Grade F = 0.360 136 49.0 136 40.9
Below Grade
2" depth, wall U = 0.042 0 0.0 of 0.0
2' depth, slab F = 0.580° 0 0.0 0 0.0
3.5 depth, wall U= 0.041 0 0.0 0 0.0
3.5 depth, slab F = 0.640 0 0.0 0 0.0
7' depth, wall U= 0.037 0 0.0 0 0.0
7' depth, slab F = 0.570 0 0.0 0 0.0
Target UA Total 2052 Proposed UA Total 2740
Target Credits from Chpt. 9 1.0 Proposed Credits from Chpt. 9 4.5
! . : Qualifies
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Consider what-Happens when-we
add windows:

. Remove 12 square feet ofRL Wall
- Replace it with an 8B Window

- What do you suppose just happened to
the netR-value of your R21 Wall?

. Now do that about ten times!

BOur Cube House just increased Btuh by 21%
BWith U-.21 windows, only 14.6% increase!

. That is how we are building houses!

. We need to do better on our windows &
doors!



If we use BetterWindows,.canwe

use More Glass?

. |If we can save 1/3 of the energy loss by
using better windows, we could add 33%
more windows and get the same result!

. Could we add only those windows that
will result in capturing the solar heat gair
outlined above?

- Those are questions that must be
answered individually for each project.



Balanced Insulation-Levels, Summ:
Heat goes to Cold!

- The closer all the insulation levels are to each other, th
better the home will perform, relative to the cost and
depth of the insulation.
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’ Balanced Insulation:Levels; Summ:
. Heat goes to Cold!
C

. The closer all the insulation levels are to each other, th
better the home will perform, relative to the cost and
depth of the insulation.

. Before considering adding even more attic insulation c
crawlspace insulation, consider ways of adding more
wall insulation, to help even out the insulation levels
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Balanced Insulation Levels; Summ:
Heat goes to Cold!

. The closer all the insulation levels are to each other, th
better the home will perform, relative to the cost and
depth of the insulation.

. Before considering adding even more attic insulation ¢
crawkspace insulation, consider ways of adding more
wall insulation, to help even out the insulation levels

. Use the Lowest Wvalue Windows and Doors you can
find!



Balanced Insulation Levels; Summ:
Heat goes to Cold!

. The closer all the insulation levels are to each other, th
better the home will perform, relative to the cost and
depth of the insulation.

. Before considering adding even more attic insulation ¢
crawkspace insulation, consider ways of adding more
wall insulation, to help even out the insulation levels

. Use the Lowest Wvalue Windows and Doors you can
find!

. Remember that every cost needs to be weighed again
the cost of providing renewable energy!



The Future-of Housing:
The Path to'NetZero and Beyond

Chapter 7
Balanced Ventilation
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Balanced Ventilation,Why?

-You canot really su:
leopard!

- Tight house will not allow air to come In
through wall cavities

. Exhaustonly ventilation will not work at
design values, and therefore will not
provide adequate fresh air

. Cost of operation will be lower when
balanced ventilation strategies are used



Balanced Ventilation, How?

. Commercial Kitchens are required to
have balanced ventilation for the class
one hood system! Air in = Air out.

- Without make-up air, efficiency drops

. Two smaller fans working in concert with
each other will use less energy than one
fan struggling by itself!

. Compare (2) FR100s, vs (1) FR160:



Balanced ventilation-uses just 1/4
the energy of exhausinly:

E F 140 nS ~]
—_— je— PR [ . FR110
e 2 120
| [ ] - o e
FIVE :" -~y o
L N PASC IS N ol iy =
A1 (@ WARRANTY £ FR100 N \\
J b T 2 0w < i N
- . B FR140
HVI| o \ -
CERTIFIED \
o 0 50 100 150 200 250

e g s | c { Flow Rate (CFM)
Model Ta1 A2 c D E F C Us 3w
FR 100 4 5 9k 6%k % % - \\
FR110 4 5 0o% 6% % % .
FR125 = 5 ok 6% %h - <s B: % \\\ T
FR 140 6 6% 11% 5% 1 % o s 8 \ Fraso_
FR 150 6 6% 11% 5% 1 % £ iw . g N
FR 160 6 6% 11% 5% 1 % s \ FR225 ]
FR 200 8 10 _13% 6% 1% 1% ’, N 2 a8l
FR 225 8 10 13% 6% 1% 1% M 3 \\mzoo N
FR 250 _ 10 13% 6% 1% -  SooEm 050 g b

5 < vina Look for the Energy FR160 \
All dimensions in inches. St o Modats N N\
" Duct connections are /8" smaller than duct size. et Crat LU 0 200 300 200 500 500 700

Flow Rate (CFM)

PERFORMANCE DATA

n ey ot vt wax wox oot
Model Star ~ APM  Voltage  yayis Range Amps 0" 2" 4" B 8" 10" 15 Ps Dia.
FR 100 v 2950 120 21.2 13-22 0.18 137 110 83 60 21 - - 09" 4"
FR 110 — 2900 115 80 62— 80 0.72 167 150 133 113 88 63 4 1.60" 4"
FR 125 v 2950 115 18 15—-18 0.18 148 120 88 47 — - - 0.79" h
FR 140 v 2850 115 61 47 — 62 0.53 214 190 162 132 99 46 — 1.15" 6"
FR 150 v 2750 120 " 54-72 0.67 263 230 198 167 136 106 17 158" 6"
FR 160 — 2750 115 129 103 —130 1.14 289 260 233 206 179 154 89 2.32" 6"
FR 200 v 2750 115 122 106 — 128 1.1 408 360 308 259 213 173 72 214" 8"
FR 225 v 3100 115 137 111-152 135 429 400 366 332 297 260 168 248" 8"
FR 250 — 2850 115 241 146 — 248 2.40 649 600 553 506 454 403 294 2.58" 10"

Performance shown is for installation type D - Ducted inlet, Ducted outlet. Speed (RPM) shown is nominal. Performance is based on actual speed of test.
Performance ratings do not include the effects of appurtenances in the airstream. 74




Balanced ventilation uses 1/4 the
energy-of-exhausbnly:

B Example:
FR1 00 uses 13w @ 00w
X 2 = 26w, moving 274 cfm of air

FR1 60 uses 106w @ . 2
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What about Air Quality?

. Should our incoming air be filtered?
BFor pollens & other allergens?
BFor dust & dirt?
BFor molds & mildew?

Let 0s | ook at how:
A Passive filters
A Active filters
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What about Air Quality?

. In-line Filters:

- Provide filtration
. Do not provide balanced ventilation
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What about Air Quality?

. Powered filters:

. Provide filtration
. Canprovide balanced ventilation
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Possible Electrical Schematic:

120V AC

FAN SPEED CONTROL

Q.

240 CFM HEPA FLTER

NOTES:

1. MAKE SURE THAT FANS YOU ARE USNG ARE COMPATBLE
WITH SPEED CONTROLS. PANASONIC FANS CANNOT EE USED
WITH THIS SYSTEM

2. HEPAFILTER CFM SHOULD BE EQUAL TO OR JUST ABOVE
THE COMBINED CFM OF THE BATH FANS TO ACHIEVE NEUTRAL
OR SLIGHTLY POSTIVE PRESSURE

3, THE HEPA FILTERS AND FANS 1 AMUSING ARE F AN-TECH
BRAND, THE BATH FANS ARE REMOTE FANS, DRAWING AS

LITTLE AS 18-19W PER FAN. THE 125 CFNFAN USES 3" PPE,
THE 100 CFMFAN USES 4", THE REMOTE FANS ARE EXTREMELY
QUIET, AND LEAVE ONLY A SMALL PENETRATION IN THE CELING,
LOOKING MUCH LIKE A 4" OR 5" RECESSED CAN TRM. CHEX OUT
woww.efLorg/wholesake

4. LOCATE THE 3-WAY SWITCH IN THE BATHROOM OR OTHER ROOM
SERVED BY THE EXHAUST FAN FOR CONVENENCE.

5. LOCATE THE SPEED CONTROL IN THE AREA SERVED BY THE
HEPA FILTER, FOR BEST COOLING AND AR HANDUNG CONTROL

6. OTHERMORE AUTOMATED CONTROLS COULD BE USED TO ADJUST
THE SPEED CONTROL, BUT MY EXPERIENCE HAS BEEN THAT SMPLE

IS BEST, MY HOMEOWNERS SEEM TO LIKE THE MANUAL CONTROLS

OF THS SYSTEM, NO COMPUCATED BUTTONSORMANUALSTO
READ.
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How about HRVs'& ERVs?

- The more extreme your winter and
summer temperatures, the more energy
you will save with an HRV or ERV

- What is the difference between HRV and
ERV?

- Energy Recovery Ventilator (ERV) alse re
captures moisture content

. Heat Recovery Ventilator only reaptures
a percentage of the sensible heat



4

C

How much energy willan/HRV
recover?

- It depends on the efficiency of the unit:

Fresh Air
From Outside

nl|  Stale Air
| From Inside

—7
Fresh Air
To Inside

- This crossflow unit is rated at around
60%, depending on temperature and
pressure

Stale Air
To Outside
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How much energy will an'HRV

recover”?

- It depends on the
efficiency of the unit:

. This counte#flow unit is
rated at around 95%,
depending on
temperature and
pressure

. What does that mean 1
real dollars?
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How much energy will an'HRV
recover? Will it 'be worth the-cost?

Fan Vs HRV?
Project Name: Carison House Elect. cost/Kwh: 0.11
Location: | Street Address Heat system HSPF 15.4
City: Your City Heat system COP 4.51
State: Your State Heating Degree Days 3400
21P: | Avg. Ext. Temp: 51
ASHRAE 62.2 Req.(CFM) 50

Copyright 2012 Zero-Energy Plans LLC
Intended for comparison purposes only

Fan Modei: Panasonic Whisper Green Zehnder ComfoAir 2

Fan Watts 11 HRV Watts 143

Fan CFM 80 HRV CFM 118

Reovery % 95%

Fan cost:* | $132.00] Hrv cost:** $1,455.00

Fan Hrs/Day 15 HRV Hrs/Day 10.1694915

Fan Btuh/Yr lost 9137556 HRV Btuh/Yr. lost 456877.8

Fan Heat Kwh/Yr: 2678.06448 <using HSPF> HRV Heat Kwh/Yr: 133.903224

Heating system heat Heating system heat

recovery Kwh: 593.347792 recovery Kwh: 29.6673896

Fan Op. Kwh/yr: 60.225 HRV Op. Kwh/Yr: 530.79661

Fan Tota!l Kwh/Yr: 653.57 HRV Total Kwh/Yr: 560.46

Fan Tota! Cost/Yr: | $71.89|interest rate  HRV Total Cost/Yr: | $61.65|
20-Yr Ammortization: ($9.71) 4.00%)] 20-Yr Ammaortization ($110.00)

Total cost w/Ammort: | $81.61 ‘Total cost w/Ammort: | $171.66|
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|s there -another.way?

AIR UP TO HEPA FILTER\

Usiab giping by
Cool s I ' ncoming al.r
during summer

A
A
A War ms i
A
A

coming air

6" PVC I-SDERS

during winter
Must Know SOl

temperatures!

Wor ks b e‘ St W\iEOUN’BAﬂdﬂPemMETER
. . AIR IN FROM QUTSIDE CONCRETE SLAB FLOOR
In-floor radlant l T T HEEE ’: SAND FLL s 'ﬁ

PEA GRAVEL CAPILLARY BREAK”  “SLAB INSULATION

systems!
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An d:ayoentrwvaanot he

. Two opening windows, on opposite sides
of the house, will allow foBalanced
Ventilation

. Reme mber, warm ail r

. Even without wind, the stack effect can
cause sufficient air movement to ventilat
a house, especially two and three stories

- Incorporate this idea into your window
placement!




Ventilation ‘Summary:

- Always balance large ventilation loads,
especially in small, tight homes

- Smaller venting loads can be exhamisily,
especially shortluration loads

. Consider appropriate filtration for
incoming air

- Install controls that allow automatic
operation, but allow useadjustment

- Keep it simple!



The Future-of Housing:
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Why Heat Pumps?

87



Why Heat Pumps?

. We can replace electricity with Wind,
Solar, & Hydro

. Once Gas is used, it 1Is GONE!

. When Gas iIs burned, it contributes to
Climate Change

. A Heat Pump only moves heat from one
place to another, does not create heat!

. Heat pumps have lower maintenance
costs, and higher ultimate efficiency



Why Heat Pumps?

. Consider ONLY the efficiency factor:

BModern Gas Power Plants produce e
at about 60% efficiency, delivered to t

BThey can be located right in the midd
town, so no linelosses

ectricity
ne grid

e of

BOperate a Heat Pump and see the net energ

savings:

BAt 240% efficient X .6 = 144% net efficiency
with use of gas, only requires HSPF of 8.2!



Why Heat Pumps?

. How efficient are Heat Pumps?

BMost newer units are 300% efficient, HSPF
around 10.1

BThis would be 180% netfficiency with the
gas used to make the electricity!

BA Ground Source Heat Pump can be up to
450% efficient, which would be 270% efficier
with its use of gas!

BAIr-source heat pumps are now available tha
will work downto-1 5EF at 2009



Where will Air-source 'Heat Pumps
NOT work?

. Consider Billings, Montana:

LOCATION: Billings Logan IntL Arpt, MT, USA
TEMPERATURE RANGE Latitude/Longitude: 45.8° North, 108.55° West, Time Zone from Greenwich -7
Data Source: TMY3 726770 WMO Station Number, Elevation 3566 ft
LEGEND
lm o [+] [+]
90 S 5
RECORDED HIGH - o
DESIGN HIGH - 80 ° -
AVERAGE HIGH -
MEAN - °
AVERAGE LOW - 70
DESIGN LOW - ° o
RECORDED LOW - = = _
COMFORT ZONE
50
40
30
20
10
(1]
TEMPERATURE RANGE: -10
. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec Annual
() 10to 110°F 9
(=) Fit to Data 1




Where will Air-source ‘Heat Pumps
NOT work?

. Consider Billings, Montana:

BRemember our section on Thermal Mass!
BFor overnight, store heat in the slab

BRe-heat the home during the day using the
alF-source heat pump

BThe difference between the low§{ EF) a
average wWinter tempe

BThis represents a 44% savings in energy
required to heat the home!




Where might Ground:-Source Heat
Pumps have problems?

Billings Logan IntL Arpt, MT, USA

GROUND TEMPERATURE (MONTHLY AVERAGE) lnlttldcllo!mlwdt. 45.8° North, 108.55" West, Time Zone from Greenwich -7
Data Source: TMY3 726770 WMO Station Number, Elevation 3566 ft
LEGEND
80
DEPTH
(feet) 70
164
b 6.56
— 1342 g N "
(Surface is freshly 60 7 ]

mown grass.) A \
. // a \
v

TEMPERATURE RANCE: Jan Feb Mar  Apr  May  Jun Jul Aug  Sep Oct Nov  Dec Annual

1 10t 110°F
* Fit to Data
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Where might Ground-Source 'Heat

Pumps have problems?
- Agalin, look at Billings, MT:
BGround temperature d
2 meter depth

BGround temperature at 4 meter depth is
warm enough to operate safely

HEATING PERFORMANCE V
Based on 5.3 GPM load and 6.5 GPM source fluid flow

|Leaving|Entering| Heating | Power Heat of
Load | Source| Capacly | Input | COP | Absob
Fluid (F)|Fluid (F)| (MBtuH) | (kW) (MBtuH)

35° 25.73 2.01 3.75| 18.87
40° 27.33 200| 4.01 20.50
100° 50° 30.82 197| 457| 2408
60° 34.74 195| 6523| 28.09
70° 39.11 192 596 | 32.55
35° 25.53 228| 328| 17.74

40° 27.06 227| 349| 19.31
110° 50° 30.40 224 | 397 | 2275
60° 34.15 2.21 453 | 26.60
70° 38.34 2.18| 5.15| 30.89
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Where might Ground-Source/Heat

Pumps have problems?
- Again, look at Billings, MT:

BGround temperature d
2 meter depth

BGround temperature at 4 meter depth is
warm enough to operate safely

. Deep bore system may be preferred!

- Thermal Mass slabs will take several day
or even weeks to initially bring up to
temperature, so take your time on start

up!



Where might GSHP be'ideal?

GROUND TEMPERATURE (MONTHLY AVERAGE)

LOCATION:

Whidbey Island Nas, WA, USA

Latitude/Longitude: 48.35" North, 122.67" West, Time Zone from Greenwich -8

TMY3 690230 WMO Station Number, Elevation 32 ft

LEGEND

DEPTH
(feet)
1.64
e 6,56
- 13.12
(Surface is freshly
mown grass.)

TEMPERATURE RANGE:
[ 10to 110 °F
(#) Fitto Data

Jan  Feb  Mar Apr May  Jun

Jul

Aug Sep Oa Nov  Dec

Annual
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Limitations-on‘ArSource Heat
Pumps:

. Cold weather hard limits- 5 E F )
. Reduced capacity at the lower end of the
operating range

BRequires careful sizing of unit to match peak
demand

BCould require backup system

What can invertetbased units do for
you?



Inverterbased -Heat' Pumps

. Ductless Minsplits, and other newer heat
pump designs now operate using DC
motors

BCan start slow, & ramp up to full load as
needed

‘BCan operate at partoad conditions at
greater than rated efficiency

BThis Is because they can operate at lower
temperatures, using their larger, oversized
surface areas



Heat with Heat, Cool with’Air!

. Put your hand against your mouth, & puf

softlyé warm, 1 sno
- Now move your hand a few inches away.
and bl ow hardé 1t

air, but now it Is moving

. Lesson: When warm air moves, it feels
cold.

- Factor this into your HVAC plan
. Radiant heat will be more comfortable!



HVAC summary:

. Heat Pumps provide superior ultimate
efficiency

- Augment Heat Pumps In colder climates
do not eliminate them!

- Use newer, invertebased heat pumps
when available

. Use Thermal Mass to allow your Air
Source Heat Pump to operate only durin
the day In colder climates

. Heat with heat, cool with air!
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How Important is Water ‘Heating?

- Is usually the largest energy use, after
space conditioning
. Can be the largest energy use, when the

right measures are put into the building
envelope, passive solar, thermal mass, et

- Water heating loads can be cut by more
than 90%!



Water Heating,What are the
Options?
. Tanktype water heaters
BElectric (100% efficient, x.6 = 60% net use 0f
gas)

BFossil Fuel (up to 95% efficient for condensir
units

. On-demand water heaters
BElectric (same efficiency, no storage capacity
BFossil Fuel (up to 98% efficient, no storage)

. Heat Pump water heaters
BUp to 240% efficient (x .6 = 144% NU/Gas)



Water Heating,What are the
Opitnt, oonf's, Cont od

. GSHP Desuperheaters
BUp to 450% efficient (x .6 = 270% NU/Gas
BHow about without a Desuperheater?

BDesuperheaters only work when GSHP is
heating the house

BThese two options prioritize the production
of Domestic Hot Water:



Two GSHP/Domestic HW-options:

TO & FROM GROUND LOOPS PUMP, CONTROLLED BY
PUMP, CONTROLLED BY BUFFER TANK AQUASTAT
DOMESTIC TANK #1 SIDE TEMP REGULATED
p— AQUASTAT (120°)
oo TO & FROM GROUND LOOPS
(S0GAL)  pymp, RUN OFF BUFFER L
TANK AQUASTAT
7\
GSHP
I A UNIT GSHP
/ UNIT
FROM FLOOR - TO FLOOR MANIFOLD
MANFOLD Lal e
TEMPERING
VA PUMP, CONTROLLED BY ZONE CONTROLLER
ﬁum. RUN OFF TANK #1 AQUASTAT
CoLD
WATER
SUPPLY , DOMESTIC HOT WATER
T0 HQUSE DOMESTIC HOT WATER
T0 HOUSE

DOMESTIC TANK #1 DOMESTIC TANK 22

(50 GAL) W/COIL (50 GAL) ELECTRIC HWH DOMESTIC TANK #1 DOMESTIC TANK #2

(CAN ALSO RECEIVE (50 GAL) W/COlL (50 GAL) ELECTRIC HWH

FROM SOLAR HWH) (CAN ALSO RECEIVE

FROM SOLAR HVH)
THIS SYSTEM REQUIRES KEEPING THE BUEFER TANK AT 120° T0 1257, THIS SYSTEM ALLOWS A TEKMAR OR SIMILAR QUTSIDE TEMPERATURE SENSOR TO
AND THE DOMESTIC TANK #1 AT 110"+ CONTROL THE BUFFER TANK TEMPERATURE, WHILE THE DOMESTIC TANK #1

ALWAYS IS ABLE TO CALL FOR 120" WATER, RESULTING IN HIGHER ULTIMATE
ENERGY EFFICIENCY FOR BOTH THE DOMESTIC AND IN-FLOOR SYSTEMS.

GSHP OPTION #1
(AS WE DID IT WITH UNICHILLER IN BALLARD) GSHP OPTION #2 (PREFERRED)
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Water Heating,What are the
Opitnt, ooni's, Cont od
. GSHP Desuperheaters

BUp to 450% efficient (x .6 = 270% NU/Gas

- Solar hot water heaters
BRequire electricity to run pumps only

BMay not provide enough hot water during
cold & rainy weather

BCan be used in combination with other
heating sources

BMatch very well with Ground Source Heat
Pumps, and Aito Water Heat Pumps



Solar Water ‘Heating Options?

e - Flatplate collectors

BWork best in sunny
climate

. Evacuatedube
collectors

BWork best in cloudy
climate

. Closedloop syste

- Drain-back system

BCan shock Evacuat
Tube system




Whyy:,d wando owhienr e |

- In cold climate, if tank Is inside the
conditioned building, residual heat is use

by the building
. In warm climate this i1s not desirable, it
adds to the cooling loads

What effect will a Heat Pump Water
Heater have?



Why, and .where;to use alHeat

Pump:«Watcer Heat e

. In cold climate, if HPWH Is inside the
conditioned building, it will be robbing
heat from the buil

. In warm climate thiss desirable, it
reducesthe cooling loads!

- In a moderate climate, the HPWH can be
placed in an attached garage. On avera
the garage temperature will be warm
enough to benefit the HPWH




Why, and .where;to usean @n

Deman:d Wadt er He a

- In a cold climate, the Oibemand unit Is
only supreme when hot water use Is
irregular (as for vacation homes)

. In warm climate the OfDemand water
heater will not contribute to the cooling
loads

. On-Demand units can be located neares
the point of use

. They can be used as bagg to Solar Hot
Water Heaters




Water Heating-Summary:

. Water Heating iIsVERY climate specific!
- Water Heating can also be usspecific

. Calculate your loads, consult your climat
then specify your system!

- In a moderate or cold climate, residual
heat is usually desirable, and can help
offset spacdreating loads
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Define the l.oads:

- In most NetZero-Ready homes, Cooking
will be the largest remaining energy load

. Clothes Dryers could be the next largest
Appliance load

BThey not only create a lot of heat, they also
suck conditioned air out of the house!

- The Refrigerator will likely come next

. The Dishwasher will use two to three
times as much energy as the Clothes
Washer



Get out the Hatchet!

. Start by chopping the largest loads

Blnduction Ranges are saving up to 60% of
cooking loads!

- Then the next largest

BCondensing clothes dryers t@rculate the
same air, wringing the moisture out of it

BHeat gets recovered, and +ased!
- Then tighten up on the smaller loads
BCheck the Energy Star stickers closely!



ChecktheEnergyGuides carefully:
Both areEnergy Star!

Fedoral law 5rob s revovel of e el botow comsurer purctase.

EI’IERG GUIDE

US Covemn el Futhw wwpondibin wonceal of P bozol Do camen s oo e < vaos

.u-no-u-
* Bottar~Maunied Freeter MMMM
* Without ThroughtheDoer<ce Servies

Hel germ® Feeoaer

Krrhont A Gapoenon
Weolonariz Deteel . 'k* btn'g"ax i
gc';» n-zmx?m Sareta Copocdy. 20§ Sk et
Estimated Yearly Operating Cost
Estimated Yearly Operating Cost
1 1 ! ] " I I
§51 $63 r T T T 1
ol R " it oo
m w d '“b “b T ardvaiet wrer e cgeeal ':'a::l‘;l' v’r‘::’:eolz‘:::n\ ks N :- s L A 2 (el had

Ezzmaled Yeary Zemncey Use
Estimated Yearly Electricity Use

Your cost will depend on your ufility rates and usa.
Your cost will depend on your utility rates and use S AT el 1 g e e

sertoen mantied e andwl- 1mm. b gl R e ST

= Sl o aslng el faced (s I0TT nal s e eelTi Lo’
1065 iz e BVAL

® Cost range based only on models of simlar capacity wit Automatc Detrost or =oe araTanen s aws iz cyanzploies

BomommMounted Froazer. and witou! Throughdhe-Doorskon Service,

© Estmated operatrg cost based on 3 2007 national average electricly cost of
10,85 cents pet kWh,

© For moes indormation, vist wwvw.he.gov/appliances.

TER Y OTa
[ R RO EAERGY STAA

DASSOTESOX NVIZ M
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0.1070 R-2/YZ 26 Cu.Ft.| $60.00 $52.00

$2,219.04| $295.87 $1,923.16

$4,785.45| $638.06 $4,147.39
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