A Strategy for Tillamook’s Future




“TillaWatts™ is a strategy
of combining
retrofits
of EXISTING homes

with ordinances,
to dramatically lower
per-capita energy needs and usage
in the county.




IS BY FAR OUR LEAST EXPENSIVE
ENERGY SOURCE




CANNON BEACH




The biggest
energy-efficiency gains
in the United States
lie in renovating or retrofitting

our existing
building stock.




Efficiency improvements in
gives us:

"Negawatts”

"Storm-proof' homes

Expanded ability of existing infrastructure

Local-employment-intensive investments,

Capacity for electric venicles



Net-Zero-Energy upgrades of existing homes
can cut their energy use by 80%.

two




Utility Acquired Energy Efficiency Has Been A
BARGAIN!
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Energy Efficiency is Still the
Cheapest Option p/rp

Emission (CO2) cost

O Transmission & Losses
B System Integration

O Plant costs
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PNW Energy Efficiency Achievements
1978 - 2007

Since 1978 Utility & BPA
Programs, Energy Codes &
Federal Efficiency Standards Have
Produced Almost 3600 aMW of
Savings.
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Preliminary Draft 6th Plan Residential Water
Heating, Lighting and Appliance Supply Curve
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'O Solar PV
m Solar DHW
O Microwaves & Ovens

[0 Dishwasher

o Freezer

'@ Refrigerator

0 Clothes Dryer

'm Clothes Washer

O Lighting

O Showerheads

B Waste Water Heat
Recovery

® HPWH
[ Efficient DHW Tanks




NET ZERO ENERGY RETROFITS
CAN REDUCE TPUD ENERGY USE

100% TPUD ENERGY USE

BPA

PREFERENCE

HYDROPOWER 40% OF EXISTING USE
AVAILABLE FOR
ELECTRIC VEHICLE FLEET

60% REDUCTION
VIA NZE
RETROFITS

TPUD ENERGY USE
WITH NZE RETROFITS




Going outside of BPA power,

TPUD needs to follow
“Least Cost Power Acquisition™




Comparison of Passivhaus (PH), 2008 Oregon Energy Code (OEC),
NW Energy Star (NWES), Oregon High Performance Home (OHPH).

Element

PH 2008 OEC

NS OHPH

Ceiling

Walls

Floor
Window area

Window U
Furnace eff.

Ducts
Airsealing
Ventilation

R-38 R-38

R-38 R-21

R-38 R-15/30
No limit No limit

0.14 0.35
No furnace 90% AFUE

Inside sealant/no test
<.6 ACH/50 no test
HRV or ERV bath fan/window

R-38/49

R-21

R-15/38
<21% fl area

(ORCY
90% AFUE

mastic/testing
7 ACH/50
whole house + spot

R-49

R-247

R-15/38
<16% fl area

0.32 avg.
92% AFUE

Inside
5 ACH/50




Major savings are available beyond
today’s “standard practice”
based on past energy costs.

SeriousWindows Outperform All Major Brands

Full-frame R-value windows up to R 11.1
J (R11.1,U0.09)
Marvin® Integrity® Wood-Ultrex (R 3.5, U 0.28)
Andersen* Woodwright®400 Series (R 3.3, U 0.3)

Milgard* SunCoat®(R 3.3, U 0.3)

Pella® Architect Series® (R 3.3, U 0.3) E N ERGY
Energy Star (R 2.8, U 0.35) STA R

QOur full-frame R-value windows
exceed ENERGY STAR®
requirements by up to 4 times.

Double Pane (R2.0,U0.49)

Single Pane (R1.2,U0.84)




German experience shows energy
retrofit programs can work.

DENA - Energy Efficient Homes

(Germany — Existing Homes)

= Since 2004
= 140 homes
= Source energy heat & DHW
Pre - 106,512 Btu/ft2
Post - 13,948 Btu/ft2 (modeled)
Expanding program ... 1300 applicants

Built on experience & products stimulated by the
Passive House Institute

U.S. average residential source energy use for space & DHW is
36,590 Btu/ft2 (DOE 2007, Table 1.2.3)




So do
numerous
American
and
Canadian
studies:

THE POTENTIAL IMPAC
OF
ZERO ENERGY HOMES

Prepared for:

Sione=L

National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, CO 80401

Prepared by:

NAHB Research Center, Inc.
400 Prince George’s Boulevard
Upper Marlboro, MD 20774-8731

NREL Subcontract Number:

ACQ-3-33638-01
NAHBRC Report No. EG5043_020606_01

February 2006




Approaching Net Zero Energy in Existing Housing
Canadian Mortgage and Housing Corporation

Executive Summary

17 Dec 2007

The term Net Zero Energy Housing (NZEH) rose out of the US Department of Energy’s Zero
Energy Homes research initiative, started in 2000. In 2006, Canada Housing and Mortgage
Corporation’s (CMHC) EQuilibrium Housing Pilot Demonstration Initiative set the challenge for
Canadian homebuilders and developers (CMHC-EQ, 2007). “Net zero energy housing’, as
defined by CMHC, describes a home that produces as much energy as it consumes annually. This
is done through a variety of means, including;

e reducing energy loads through a climate-responsive, high-performance building envelope and
use of energy efficient appliances and lights throughout the house

e increased use of passive solar cooling and heating techniques

 high-efficiency mechanical systems that match the lower energy requirements of the home

e space and water heating assisted by commercially available solar thermal systems and heat
pumps

e electrical use offset by grid-connected commercially available photovoltaic (PV) systems

Determining cost-effective ways to retrofit houses to meet net zero energy targets is a key element
to both energy security and climate change mitigation (CMHC, 2006). To date, most NZEH
initiatives have been focused on new construction. This study looks at ways to approach net zero
energy in the over 12 million existing houses in Canada. The age and style of a house as well as
variations in regional and historical construction practices and materials choices all require
consideration. Approaching net zero energy is more of a challenge in colder regions, yet these are

the regions where homeowners can benefit most.




The goal of the study was to determine ways to approach net zero energy in
housing in the Canadian context. Several house types were modeled in HOT2000
for typical energy usage in six cities (Vancouver, Calgary, Toronto, Montreal,
Halifax and Whitehorse), and then a series of upgrades was applied to each
house type in each city. When all reductions and changes to the base house had
been made, a specialized EnerGuide for Houses rating (developed for CMHC'’s
EQuilibrium Housing Initiative) was calculated. This rating (designated as
EGHY) takes into account the total net energy consumption, and includes
baseload reductions and renewable energy generation.

In general, the modeled upgrades emphasized energy efficiency first, then add-on
renewable energy systems. This meant improving the building envelope then
upgrading and updating HVAC equipment, appliances and lighting. PV and
solar thermal can be installed when economically feasible, or, in cases of houses
where the building envelope, HVAC and/or secondary energy use cannot be
improved.

As could be expected, there were differences between climatic regions that
influenced the challenge of approaching net zero energy in existing houses. The
region where retrofits were most likely to come close to net zero energy mainly
through building envelope improvements was Vancouver.




The design heat loss indicates how much heat the house will require to maintain a
comfortable inside temperature in the most severe winter conditions for a given location. In
most cases, where envelope characteristics did not restrict the level of insulation
improvements, the design heat loss was reduced by more than half, in some cases by up to
three-quarters of the base case house.

The heating load is the amount of energy (in GJ) that the house consumes annually. In
general, there were significant reductions in heating loads in all house types, and in all
cities, for an average reduction of 81%. The overall range of reductions was from 56% to
96%. House type and age; typical construction patterns; and climatic differences between
cities caused the variations in reductions.

The house type that would most easily be retrofitted to net zero energy was the bungalow,

where the simple form of the building allows for better results from air sealing and
insulation. In addition, the long axis of the house results in a larger, unobstructed or
shaded roof face than other house types. This gives the potential for the largest possible
roof-mounted PV array and solar domestic hot water system, even if the 4/12 roof
typically is not at optimum slope for these technologies in most Canadian regions.

It was shown in the report that retrofits in the $30,000 and $50,000 range was cost effective
when refinancing a mortgage. In many cases, the monthly energy savings outweigh the
incremental increase in a mortgage payment. This figure is over double the ‘average’ major
renovation figure of $12,000 reported in a CMHC study (CMHC, 2006). However, it has
been the project team’s experience that homeowners are willing to pay more for what they
want, witness the number of $20,000 to $100,000 kitchen renovations.




The Cost of Net Zero Energy Housing Retrofit

A keynote presentation to the Affordable Comfort Institute’s Summit on Carbon Neutrality in
Summer 2007 estimated that existing housing in the US could see significant reductions in energy
Four levels of retrofits were identified, moving from a ‘general” energy efficient retrofit to a near zero

or net zero energy retrofit as follows:

o costs about US$1500/home, saves 1,000 kWh

and 100 therms 4 annually
costs US$10,000/ home, saves 4,000 kWh and 400

therms annually

therms annually

costs US$50,000/ home, saves 7,000 kWh and 600

° : costs US$75,000/ home, saves 7,000 kWh
and 600 therms annually and produces an additional 4,300 kWh/yr

According the US-based presenter, the low-level audit listed above would pay for itself in 7 years in
most cases. The deep retrofit with PV (near-zero or net zero, depending on occupant lifestyle) would
ay for itself in less than 35 years at current costs with a 20% reduction in annual CO2 emissions for

the US. (Parker, 2007).




Table 1. Many Paths To Thermal Comfort™

Community
Solutions

Behavioral
Choices

Technical Fix
- hig&cr cost

Technical Fix
— lower cost

On-Site
Renewables

Range - %
Reduction
1

20% - T70%

10% - 90%

30% - 85%

5% — 80%

10% - 70%

Thermal
comiort
accounts tor
25% 1o BO%%
o: the
residential
CnerRy use /
houscholé

Options to
reduce the
ENCTgY Use per
person needed
o achieve
afiordable,
sustmmable
thermal
comiorl

Comiorn centers

Cogen or
mICTo-cogen

Community thermal
storage

Community - based
renewable energy

supply

Use of waste heat
trom industnal
processes

GHG reduction
campaigns

Feedback,
benchmarking,
aggregation

Competitions /
Challenges within
ur«d between
communitics

Techmical, financaal,
& regulatory
support

24/7 set point
adjustment or
sctback

Apply comtort
zone

Change use of
Space; rew
thermal bouncanes

Adaptive comtorn
(clothing, surface
lemp, auir
movement)

Increase
accupancy

Reduce internal
gams (behavaoral
cooling loads)

Decrease
occupancy: (short
term or long-term)

relocate or

demolish

Chimate specthic

supennsulation:
(walls, ceiling,

floor, foundation
R25 R E0)

Eificient
wincows (chmate
specific SHG, |
Ult0d)

Super air
tightering (to 0.2
CFMRL floor
space)

High etficaency
mechanical

ventilation

Ultra kagh

ethicaency HVAC

system

Automatio
mavanle window
mnsulation

Haghly msulatec
doors

Fall cavities
with insulation

Awr sealing
(to I CEMSO'RT)

Doat-yourself
supermnsulation

Secal / insulate attic
ducls; detter yel
) e
ciimmate ducls

Point heat or
cooling source

High periormance
SLOCTI. WINCOW'S

Manually conrtrolled
movable wimncdow
insulation

Reduce internal gains
techrical fix
(cooling loads)

Cartrol systems to
optimize comiort, LAQ),
& hurmid:ity control

Increase solar
gamn through
windows

Sunspace or
solar buiferto
recuce heat
loss

Active solar
thermal

Solar PV

Wood heat
(EPA
approved)

Trees,
vegctation, or
other shacding

to reduce
cooling loads




US Residential Energy Use

(Source)
Good News — Bad News

Dryer Other
4% " 10% Electronics

0 6%
Heating '. Kitchen
34% 12%

Air Conditioning
10%

Hot Water Lighting
13% 11%

Source: Buildings Energy Data Book DOE 2006




energy includes the fuels

used to generate electricity used on site, etc.

US Residential Energy Use

Bl Site Energy
B Primary Energy

Over 40% of Primary Energy i1s NOT
Heating. Cooling, or Water Heating
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US Housing
Site Energy Use Compared

Annual Kilowatt-Hours per Square Foot of Floor Space
18
|

Water He aling
Lights/Appliances

- ENERGY STAR ® Homes
[ ‘. German Passive Houses
=73

I

10

0 20 30 40 50 60
Annual Thousands of Btus per Square Foot of Floor Space

Saturn Resource Management Inc. - 2008




Passive House Potential (site energy)

Approximate Conversion — m? to ft?2 divide by 10

| 1 Household electricity

- 1 Electr. for ventilation

B Domestic hot water

W Space heating

75% energy
savings by
the Passive
House
concept
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LS. Residential Energy
Expenditures for End-Uses

Wi N Quads and s ol totas
Residential

21.1 100%




What’s
important to
focus on in
reducing

energy
demand?

Table 4: Total Home Energy Use'
End Use % Heat% Cool%

Space Heatng/Cooing 43
Reof
Wals
Foundaton
Infiltration
Wnoows (conduct on)
Wnoows [soar gan
Intema Gans
Lghtng
Water Heaung
Refrgeration
Electronics
Cocxing
Wet Caan
Computers
Otrer
Adjustment SECS

¥




The BIG savings involve
getting to the point
where NO furnace is needed




PHANTOM LOADS

(what's

when we think they’re

- an issue, but decreasing

Appliance

kKWhr per Year

Cost Per Year at
$0.20 per kWhr

Cell Charger

11

2

Laptop charger (unplugged)

13

3

Printer

63

$13

Microwave

39

$8

Satellite Box

106

$21

TV (flatscreen)

131

$26

DVD Player

44

$9

Rice Cooker

26

)

PS2 (video game console)

13

$3

Cordless Phone

46

$9

Desktop Computer

13

$3

Keyboard Piano

13

$3

CRTTV

72

$14

Really Old CRT Monitor

56

$11

Really Old Desktop

22

— -

4

Washing Machine

a7

$9

Water Boiler

35

S7

Really Really Old VCR

X

$11

Radio Alarm Clock (digital)

S7

TOTAL

$167




Product Afterlife

Table 3. What happened to the old product? Percent.

| Refrigerator Freezer

It was sold | 16 16
Salvation Army, Flea market etc. | § 3

!

Given to family or friends | 24 25

Placed in cabin, basement etc 21 11
Thrown, delivered at retailers’ etc. | 20 23

Other 15 23

Total | 101/N=265 101/N=155 |

Even if numbers here are rather small, the tendency is overwhelming. A minimum of 66% of
refrigerators that worked when the household bought a new one is disposed of in a way that
prolongs its life. At least 17% of exchanged refrigerators and 8% of the freezers seem to be in
use as cold appliances after the acquisition of the new product,




Some case studies of deep retrofits:
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* 74% energy reduction for heating and cooling, with modest envelope
improvements — cellulose + foam-filled siding. dbl low-e Ar windows
* 2 ton GSHP, SDHW with instantaneous DHW back-up, 7.2 kW PV

* Base case upgrade estimated at $23K. yields $500/year energy savings

« Upgrade as built, w/o PV, cost $37K, yields $2.800/year energy savings
* More aggressive envelope strategies combined with minisplit HP and
less PV may be a better overall investment




This 150+ year old NH house was enclosed with cellulose-filled Larsen
trusses on the walls (9”) and the roof (12”). New windows were
installed, foam added to the basement interior, and a recycled greenhouse
added. Heated by a point source Monitor heater or wood stove.
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: Gary Nelson S house in Minneapolis

* Exterior foam
superinsulation
* Note the chimney...

New windows were added
outside the existing windows,

preserving the old windows to
the interior




200 year+ old NH farmhouse with:

Phase 1 - 2” exterior polyiso foam insulation

Phase 2 - Oil boiler changed to wood-oil gasifier boiler

Phase 3 — New window sash modified to double low-e (B1-Glass)




ALASKA

How a 30 year old house is retrofitted towards
energy affordability - cost <$20/sq. ft.

Building Enclosure BEFORE
CONDITIONED SQ. FT. =1,720 (includes garage)
CONDITIONED VOLUME = 14,756
Air Leakage 164 sq. in. of equivalent leakage area (LBL 4 Pa)
Wall Insulation R-11
Attic Insulation R-30
Windows 0.6 U-value

Building Enclosure After Retrofit - Conditioned Volume Sq. Ft. 19,956
Space Heating & Domestic Hot Water - No Change

Unconditioned Attic Total Roof R-50
Above Grade Walls R-11 Insulation in Existing 2 x 4 Walls
Wall Sheathing 6” R-30 XPS Sheathing Total Wall R-41

Foundation Wall 6” R-30 XPS on Perimeter Walls

Crawlspace Floor 2' x 8’ x 3” R-15 XPS Footing Perimeter

Windows 0.2 U-value, SHGC 0.51
Infiltration 26.5 Sq. In. Equivalent Leakage Area (LBL)

Ventilation Heat Recovery — 67% ASE @ 36 Watts




1st the Structure

Annual Energy Consumption As-Is
Space Heating
Oil 918 Gallons
Hot Water
Oil 775 Gallons

Appliances Lighting 7380 kWh

25 Btu’s per sq. ft. floor area

1000
Energy Cost, § per Year

Estimated Annual Energy
$6314 per year

42,603 Btu’s per hour —January
CO:2 Emissions — 23,912#

$3.67 per sq. ft. per year




/5% reduction in heating and hot water energy use

Floor
Wall'Door
Window
Ceiling
AirVem
Hig System

Hot Water
200 400 €00

Energy Cost, $ per Year

Annual Energy Consumption — Post Retrofit
Space Heating

256 Gallons of Ol
Hot Water

159 Gallons of Oil
Appliances Lights

7898 kWh

10 Btu/Sq. Ft.

Estimated Annual Energy
$3,076 per year - $256. per mo

17,642 Btu’s per hour -January

CO:2Emissions — 9,260#

$1.78 per sq. ft. per year




Before

* 1.320 sf * 2,060 sf

» Heat: 198 MMBTU/year * Heat: 85 MMBTU/year

* 6.000 kWh/year * 3.000 kWh/year
60% heating energy reduction, with modest envelope improvements —
cellulose + 1.5 foam, dbl low-e Ar windows, ~1,000 CFM50, furnace
50% electricity reduction — lighting, Energy Star appliances
Today — more R, better windows, airtightness, point source heat, SDHW
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* 2.700 sf incl. conditioned basement
* Basement 17 XPS + 2x4 w/batts, walls new 2x4 with open cell SPF,
attic 8” open cell SPF + 127 cellulose, fiberglass windows quad glazed
low-e, 750 CFMS50
* Gas line disconnected, active solar thermal 180 evacuated tubes +

360 gallons water storage, back-up 9 kW modulating electric boiler,
ERV
* 6.6 kW PV




F 4
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"% v,
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%% New framing is held off
&, % the existing wall to
,,‘,f‘ produce a thermal break




1970s Ranch in northern MA

Before After: projected

*2.430 st *2.430 st

* Heat: 75 MMBTU/year * Heat: 24 MMBTU/year
* DHW: 20 MMBTU/year * DHW: 6 MMBTU/year
* Electric: 6,000 kWh/year * 3.600 kWh/year

* Currently 1150 CFMS50 * Budget i1s $50K

* Existing HVAC upgrade to gas boiler and fan coil - ~15% of
existing electrical use




1970s Ranch in NH

Before | | After
* 4,000 CFMS50 * 400 CFM50 (still dropping)

» Aiming for zero net energ




Betsy Pettit’s Foursquare House in Concord, M A
_

Thermal resstance of the roof

assembly Is made upotfthe
two layers of 2-inch polyiso
cyanurate insulation and the
sprayed polyurathane foam

The thermal resistance of
the wall assembly is made
up of the blown colliihes
cavity insulation and the
two layers of 2«inch rigid
polyisocyanurate inaulating
sheathing

Note that insulation to the ground is ta

Sprayed polyurethane
foam usedin hard to

reach aroas maintaing
the thermal continuty

Now windows with
lew-E squared glazing
maintain the tharmal

contivasity of the waell

The coatinuous exterior
insulatng sheathing
eliminates thermal bridging

Sprayed polyurethane
foam used in hard 10

each areas malntains
the thermal continuity

The tharma! resistances
of the foundaton wall

i B provided by the

sprayed polyurethane
loam

The tharmal resistance

of tha basament floor s
provided by the 2-Inckes
of rigk! XPS balow the slab




construction

Figure 7: High Performance Home Construction

R-60 attic insulation

Airtight construction

High quaity, energy-
efficient vandows

R-49 wall insulation

Heat recovery
ventilation

Small capacity

(and inexpensive)
sealed combusion
"Heating Station”
system

R-25 floor insulation




Interior spray foam of an historic bearing wall brick building
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Nehalem’s REDWING HOUSE (2005):

R-19 to R-59 attic insulation, dual flush toilets, energy-star appliances,
total light bulb conversion, high-efficiency fireplace inserts.




Concrete-cut windows, furred wall insulation, upgraded wall performance.




Dylan Lamar - Portland OR Net Zero modeling - Feb. 2009

Model A:
Conventional

Model B:
Superinsulated
"Good" Airtightness

Model C:
Passive House

IFloor Area (gross)

1970 sf

1970 sf

1970 sf

Envelope Efficiency

{wall R-value
1 Roof R-value

I Window R-value

|
|
I

| Window SHGC
lAirtightness, ACH @ 50 Pa

R-19
(2x6 Frame)
R-30
(8" Cellulose)

R-4.2 (U=0.24)

0.35
4

R-49
(Double-Stud, 15")
R-87
(24" Cellulose)
South: R-6.7 (U=0.15)
Non-south: R-9.43 (U=0.11)
South: 0.63
Non-south: 0.51
2.7

(same as Model B)
(same as Model B)
(same as Model B)

(same as Model B)

0.6

Mechanical Systems
IVentilation System

‘ Heating System
{DHW

No Mechanical Ventilation

All Electric
All Electric

Energy Recovery Ventilator

All Electric
All Electric

(same as Model B)

(same as Model B)
(same as Model B)

Performance
Space Heating EUI (kBTU/sf.yr)
ISite EUI, kBTU/sf.yr
| (kWh/sf.yr)

PV System for Net Zero
PV System Cost

31.8
38.8
(11.4)

14 kKW
$196,000

9.1
15.8
(4.6)

5.2 kW
$72,800

4.8
11.7
(3.4)

3.8 kW
$53,200

Rigorous airtight barrier results in
~$20,000 savings in PV system required
to acheive net zero energy




ENVELOPE PRIORITIES:

*Attic and crawispace first

»Windows second (depending on age)
*Wall super-insulating when easy to do.
*Require full-upgrade when house is sold.

oHit the renovation market - costs are
mavrginal when siding, windows, roofs are
already being replaced.




Occupants Matter!

There is HUGE variation in measured energy use

in IDENTICAL homes:

2004 Electric Bills for 11 Beazer Homes
in Sacramento, CA (from SMUD)

4 § 8 7 8 g 10 N

Sacramento Home No.




Tiered Energy Rates.




PRIORITIES:

» Don’t spend money on mechanicals.

» Jt’s OK to phase, get easiest and highest
return items first.

» Solar PVs can be planned for and added
later.

*» Reducing electrical loads is priority
before doing PVs - and occupant choices
predominate.

» Water heating options vary.




EASY IMMEDIATE ACTIONS:




The Second Half of the Story:

“ADUS” are a mechanism
to create an additional dwelling from a portion
of an existing single-family residence,
without some of the costly requirements
of the Building Code.




Square feet/
person

In our homes

has doubled

since 1960,
and increased
33%
Jjust since
1990.

Figure 3: Changes in House
Size and Density

n 1990, per capita square footage was
approxmately €00 in 2005, per capita
square footage for new construction
ncreased to 800.




Not just bigger homes,
but fewer residents per home.

Table 1: 2001 Residential Energy Consumption
Year Per Square Foot  Per Household Per Household  Percent of Total
(10*3 Btu) (1076 Btu) Member (10*6 Btu) Consumption
"nor 10 1970 .6 00.7 40.3 6%
1970-979 455 .0 316 15%
19801989 a4 9.7 39 15%
19901999 8.5 9.3 2 3%
2000-200 366 i 329 1%
Average 46.7 92.2 36.0 100.0




What's the REAL cost
of an OVERSIZED home?

From Modest to McMansion SMALL IS BEAUTIFUL HOME:

The average square footage of a
new single-family home

5
(0 983sq. .

® 1,500 sq. ft.

@ 2,080 sq. ft.
@ 2,349 sq. ft.

Source: National Association of Home
Builders (Housing Facts, Figures and
Trends for March 2006)

Space cost: 1200 sq.ft. x $150 = $180,000

Lot, @307% = $54,000

Finance cost, with same payments as for 2400
sq.ft. house: 9 years = §75,700

Energy for space: $180,000

Subtotal: $489,700

Income tax on eamings to pay @25% =

$122,425
Total cost: $612,125

SUPERSIZED HOME:

Space cost: 2400 sq.ft. x $150 = $360,000
Lot, @30% = $108,000

Finance cost: 30 years = 1.28 = §599,040
Energy for space: $360,000

Subtotal: $1,427,040

Income tax on eamings to pay @25% =
$356,760

Total cost: $1,783,800




A “Supersized House” costs almost

as an adequately-sized home.

That’s equivalent to over 50 years total after-

tax income for a family earning $30,000/year.

How many years of vacation
on a tropical island
does that represent?




We’ve ignored the REAL costs
of oversized homes.

What is the REAL cost of an

overstuffed chair to fill an
oversized living room?

Chair purchase $600

Space cost: 20 sq.ft. x $150 = $3000
Finance cost: 30 years = 1.28 = $3840
Energy for space: $3000

Subtotal: $10,440

Income tax on earnings to pay @25% =
$2010

Total cost: $13,050




What 1s the REAL cost of an 1sland
to fill an oversized kitchen?

Cabinetry purchase $1000

Space cost: 60 sq.ft. x $150 = $9000
Finance cost: 30 years =1.28 = 511,520
Energy for space: $9,000

Subtotal: $30,520
Income tax on earnings to pay @25% = $7630

== Total cost: $38,150

. More than a year's wages for many people -
1 just for an island to fill an oversized kitchen.




What is the REAL cost of a guest
bedroom to fill an oversized house?

Furnishings:  $1000

Space cost: 150 sq.ft. x $150 = §22,500

Finance cost: 30 years =1.28 = $28,800

Energy for space: $22,500

Subtotal: $74,800

Income tax on earnings to pay @25% =
. $18,700

Total cost: $93,500

OR... about 1200 nig\hts of motel rooms for guests, not counting the need for a

ladder to cimb into the oversized bed with oversized mattresses no more
comfortable than before. How many years would you have to work to pay for

this guest bedroom?




Savings with "Small Is Beautiful”
homes are huge.

But cutting average house size in half
is only a start.

THINK EVEN
SMALLER!

IKEA presents demonstration living
spaces in their stores to show that we
can live comfortably — not in 1200
square feet but in 590, or 375, or even
235 square feet!

better

living in

375




Creating smaller homes from our existing
ones Is easy!

Almost 60 mullion bousing units built before the first ol embargo o 1973

Yeu of Cotulnncuios

Probably a third of our
housmg stock is 3-
bedroom ranch houses.
They are easy to retrofit
for net-zero-energy, and

can easily be parfitioned

mto a duplex.




The 1970s 3-bedroom ranch house is
our greatest source of potential




Typical 3 bedroom ranch plan

KITCHEN DINING £\ BEDROOM

LIVING ROOM > BEDROOM




Here two one-
bedroom uruts are
created with just a

hall partition,
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Here a non-bearing
partition is removed
to make an
efficiency, and the
old living room
artitioned into a
redroom for a two-
bedroom unit.

And ALL
can approach
Net-Zero-Energy!




Existing
kitchen
cabinet
areas

Problem areas
in Net-Zero upgrades:

Bathrooms

Extending
electrical
outlets to
new wall
surface




What is essential in ADU
ordinances for affordable
housing on the coast?




Details of ADU ordinances vary

to meet local preferences in areas such as:




COMMUNITY BENEFITS OF ADUs:




HOMEOWNER BENEFITS OF ADUS:




HOW DO WE PAY FOR IT?




TillaWatts: possivle Funding Sources




Learn from / Build on Initiatives

Passive House Retrofit Kit (www.energieinstitut.at/retrofit
Passive House USA (www.passivehouse.us)

Passiv Haus Institut (www.passivhaus.de)

German Energy Efficiency Retrofit Demo

Passive House Retrofit Kit (www.energieinstitut.at/retrofit
Riot for Austerity (www.riot4austerity.org)

National Affordable Housing Network (www.nahn.com)
2030 Challenge (www.architecture2030.0rqg)

Building Science Corp. (www.BuildingSciencecorp.com)




Thousand Home Challenge
Sponsors', Ring Leaders, & Collaborators

CSG, National Grid, NYSERDA, PG&E!

CCHRC, City of Boulder, Office of Environmental
Affairs, CMHC, Community Solutions,
Conservation Connection Consulting, CSG, Davis

Energy Group, Inc., NAHN, National Grid, NEEP,
NREL, PG&E, Sustainable Spaces

ACEEE, AO Smith, BKi, BSC, Columbia Gas of Ohio,
Conservation Technologies, ConSol, Delta-T Inc., Earth
Advantage, GreenHomes America , Heyoka Solutions LLC,
HomeEnergy magazine, Johns Manville, KEMA Services Inc.,
LBNL, Metropolitan Energy Center, Minnesota Power, Oak
Ridge National Labs, Passive House Institute US, PSD,
SRMI, The Energy donservatory, VEIC, WSU Energy
Program

1Guidance Document Sponsor




Potential partners for
effective regional programs:




Is coordinating a

national program for energy-efficiency
retrofits of existing homes.

Linda Wigington
724-852-3085
Iwigington@affordablecomfort.org

www.affordablecomfort.org

ACI White Paper
Home Energy magazine: Climate Solutions

Deep Energy Reductions Resources
Coming Soon - Guidance Document




Refinements needed as national
program develops:

Financing instruments

Verified performance prediction tools

A matrix of bio-climatic and housing type approaches

Systems approach and phasing strategies

Rapid deployment of demonstration homes and publicity

Occupant behavior and feedback methods

Product mnovation — esp. windows, micro HVAC, feedback systems
Communities of interest, communities of locale




For more information locally, contact:

503-368-6294




Residential Energy Use by Year of
Construction (site energy)

Figure 3. NREL

$1,454 Avg. Annual Energy Cost
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Benefits of Deep Energy Retrofits

Adapted from: Moving Existing Homes Toward Carbon Neutrality
ACT July 2007 Summit White Paper

Reduces GHG emissions
Energy cost savings

Increases long term affordability
Increases passive survivability

Maintains embodied energy and cultural value
Improves durability, IAQ, comfort, health and safety
Increases the impact of investment in renewables
Builds local economies

Creates good jobs that cannot be out-sourced
Stimulates product development

Builds energy independence for US/Canada

www.affordablecomfort.org/event/aci_summit moving_existing_homes toward carbon_neutrality/resources/29




