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In 1997 we decided to get serious about living a green life style. We bought
an existing house worthy of rehabilitation, in town to reduce use of our cars.

BEELER FAMILY PORTRAIT by Emily Vincent 5/2010
George holding Rudy and Ellen holding Iggy
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Location is critical to a
green lifestyle

Rehabilitate
existing building

Or use infill site

To reduce driving, be close
to:

Work

Schools

Friends

Groceries, etc.

Able to walk & bike

Utilize existing
infrastructure

Avoid destruction of
habitats

Avoid destruction of farm
land

BEELER L1 VE/ W(



WE CANNOT TRANSITION TO A SUSTAINABLE SOCIETY
WITHOUT REHABILITATING EXISTING BUILDINGS
DO NOT TEAR DOWN A BUILDING THAT CAN BE FIXED

BUILDING LIFE CYCLE
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REHABILITATING of EXISTING BUILDINGS
SAVES EMBODIED ENERGY & RESOURCES

AIM Associates Sustainable Architecture talk by George Beeler
at Sonoma State University to The Energy Forum of the
Department of Environmental Studies and Planning, 2 December 1992. 9200.10 Building Life Cycle



FORMULA FOR ZERO NET ENERGY BUILDINGS
The Contribution of Each Category May Vary Considerably

€L ater Phases for Active Systems =—>

BUILDING COMFORT BEHAVIORAL RENEWABLE | — | ZERO -NET
ENVELOPE EQUIPMENT CHOICES ENERGY **|  ENERGY
Orientation Heating Pay Attention to Passive All of the
Building Cooling All RleJ:source CH:eatli.ng, UEnderbgy&
Massing Ventilation >¢ v Do oY
: _ Monitor & Refine entilation in the
Insulation Water Heating Building is
: Settings Thermal : :
Windows Appliances _ on Site or in
H | | Adaptive Photo- Community
erma Entertainment Comfort Voltai
Mass _ oltaic
Other Plug Clothing
Cocoon Loads Sail the Building
Room :
Community

Solutions Like
Distiiet, Heating « s



CONCEPTUAL MARKET DIFFUSION FOR ZERO NET ENERGY TARGETS

2010

Innovators

1-4/1-5: Innovative
Finance Tools &
Incentives

This study was done for commercial buildings but the same issues apply to residential ti
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Eany Early Majority  Late Majority Laggards

Adopters

1-3: Path to 2-1: Lead by 2-2: Codes for 1-1: ZNE Codes

Zero/ZNE Pilots Example Existing Buildings 1-2: T24 and T20

1-6: Integrated 2-4: Benchmarking 2-3: Code Compliance

Design 2-5: Business case

2-6: Existing 2-7: Integrated CA Energy Efficiency Strategic Plan, Appendix C, page 34

Building Finance  Energy http://www.cpuc.ca.gov/NR/rdonlyres/6C2310FE-AFEQ-48E4-AF03-

Tools Management 530A99D28F CE/0/ZNEActionPlanFINAL83110.pdf

2-8: Plug Loads

AIM AssocIiATES 6




At Left is Typical Neighborhood Bungalow

At Right is 19400S Building Bef_(»)_i_r.___e,,--_R—e-’n’

Southwest View I -
S Where We Began

fa————SC Beeler House :

i —-___ Pre-purchase 1997
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Pre -renovation of 2005 Southeast View

The deciduous wisteria vine on cable trellis provides good summer shading on the
arched southeast window, but leaves hang on until December so solar heating is
compromised

AIM AssociaTES



FIRST PHASE: 1998 PURCHASED BUILDING - EXTENSIVE REMODEL
Energy Efficiency Features to Reduce Energy Use ~75%

BUILDING COMFORT BEHAVIORAL RENEWABLE — | ZERO -NET
ENVELOPE EQUIPMENT CHOICES ENERGY ' ENERGY

Existing house had no insulation

A Added R-30 blown-in cellulose attic insulation

A Added R-13 dense-pack cellulose wall insulation main floor (2x4 studs)
A R-20 dense-pack cellulose wall insulation ground floor (2x6 studs)

A Replaced existing conventional single glazed aluminum windows with Low-E2
glass in fiberglass frames

However arch top window in living room very costly to change so kept
single glazedlo&taddddr MR neycomb shade
weak point

AIM AssoOCIATES 9



FIRST PHASE: 1998 PURCHASED BUILDING - EXTENSIVE REMODEL
Energy Efficiency Features to Reduce Energy Use ~75%

BUILDING COMFORT BEHAVIORAL RENEWABLE — | ZERO -NET
ENVELOPE EQUIPMENT CHOICES ENERGY ' ENERGY

AReplaced existing ~ 60% efficient furnace with 96% efficient condensing natural
gas furnace with

ATwo-level gas burner
AHigh-efficiency variable speed blower

ADuct air pressure auto adjustment so that we may use manual, central duct
dampers for zone control of heating each room

ASealed combustion
AMulti-set back thermostat
ARemoved conventional water heater & added demand type water heater
AEnergy Star appliances (chose most efficient, top 10% of Energy Star)
AChanged to laptop computer & LCD displays for other computers
AChanged almost all incandescent lights to fluorescent or CFL
AWhole house fan for night cooling

AIM AssocCcIATES



FIRST PHASE: 1998 PURCHASED BUILDING - EXTENSIVE REMODEL
Energy Efficiency Features to Reduce Energy Use ~75%

BUILDING COMFORT BEHAVIORAL RENEWABLE — | ZERO -NET
ENVELOPE EQUIPMENT CHOICES ENERGY ' ENERGY

APay attention to all resource use

AFrequently adjust multi-set back thermostat

ACarefully open & close shades and windows for solar gain or passive cooling
ATurn off lights, computers & entertainment devices when not using

AWait for full loads for dishwasher & clothes washer

AUse solar clothes dryer = clothes drying lines

AIM AssocCcIATES 11



Based on standard U.S. Government tests

REFR ?é D§-R§§$ZHR%H *BE-MOUNTED CAPACITY:18.5 CUBIC FEET

ICE SERVICE

FREEZER GITHOLT THROUGHTHE-000R (I looked at ACEEE appliance
o ALl 2 e guide to find the most efficient

ENERGYGUIDE ... .......-

Compare the Energy Use of this Refrigerator models which would be in the
with Others Before You Buy.

This Model Uses

27 KWh/Year A | Paying $100 more for the
' ' refrigerator saved $1,000 when
the PV system was installed in

Energy use (kWh/year) range of all similar models
Uses Least Uses Most

Energy Energy next phase

533 /32

kWhlyear (kilowatt-hours per year) is a measure of energy (electricity) use.
Your utility company uses it to compute your bill. Only models with 18 = to 20.4
cubic feet and the above features are used in this scale.

THE ENERG: COST OF THIS MODEL WAS KOT AVAILABLE AT THE TIME THE ~
RANGE WAS PUBLISHED.

Refrigerators using more energy cost more to operate.
This model’s estimated yearly operating cost is:

Based on ajg9s U.S. Government national average cost of g_g7¢ per kWh for
electricity. Your actual %oeratmg cost will vary depending on your local utility rates
and your use of the produ

Important: Remaovai of this labed bafore consumeas purchase Is a viclation of Faderal law (42 U.S.C. 6302). 077563.009

AIM

ASSOCIATES

top 10% of those qualifying for
Energy Star)
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ENVIRONMENTAL & RESOURCE EFFICIENCY FEATURES

A Selected house within walking distance of grocery store, post office, & bank

A 100% recycling of cardboard, metal, & paper construction waste

A 75% reuse of wood, plywood, & siding construction waste

AOldwi ndows reused in friendbés greenhouse

A Salvaged bricks used for permeable paving (brick on sand bed & sand joints)

A FSC-certified lumber, trusses, & plywood for new roof framing (Hayward Lumber)

A Finger-jointed door frames

A OSB basement interior sheathing & additional anchor bolts for seismic reinforcement

A Recycled plastic lumber window trim (Durawood of 100% HDPE) & garden planters
(Epic of mixed plastic)

A Recycled plastic/wood composite lumber (Trex) | ow (180 high) ret
A Exposed concrete as finished floor was ground to expose aggregate & sealed

A Water-efficient fixtures & appliances

A On-demand hot water circulation pump (Taco)

A High-efficiency, drip irrigation uses nonpotable shallow well water (Irritrol)

A Toilet modified for one-gallon flush (hold lever for about four seconds for a full flush)

A We both drive gas hybrid cars when we cannot walk, bike, carpool, or use publigfransit

M AssociATES



INDOOR AIR  QUALITY & HEALTH FEATURES
ACentral vacuum system
ARemoved all carpet & refinished hardwood floors (carpet harbors dust that is brought
i n on peopleds shoes that contains pestioci
ASealed combustion furnace with high-efficiency air filter
ACarbon drinking water filter
AAvoided insulation with formaldehyde adhesive
ATermite abatement: less toxic biological control & borate-based methods
ASolar Wall brand air heating brings in 100% outside air to dry out basement
ANew shower pan with coved tile base for easier cleaning to avoid mold
AExisting 1970 down draft range hood (Jenn-Air) vented to outside

SAFETY & DURABILITY FEATURES
AReinforced ground floor walls to remodel, industry standards for earthquakes &
windstorms
ARemodeledar eas h av eratéd/g@eumfboarde solid core wood doors for
better fire safety, acoustical separation, & improved thermal mass
ASmoke detectors in all rooms
ANew electrical wiring where accessible. New GFlI circuit breaker & outlets
AConnected to city water for house because poor quality of well. Use well for irrigation.

14
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EXISTING MAYTEN TREE

REMOVE LAWN AREA

e EXISTING WELL WATER TESTED
& FOUND TO BE NON POTABLE

CUT OPENING FOR
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2 _
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PERMACULTURE INSPIRED

LANDSCAPING

USING ORGANIC METHODS

A Removed asphalt RV parking and
planted vegetable garden

A All newly planted trees are nut or fruit

A Planted street trees

A Installed raised beds of recycled plastic
boards

A Organic herb & food production (no
pesticides, herbicides, or chemical
fertilizers)

A Native wildlife is welcomed with
drinking water & native plants

A Non-potable shallow well water used for
drip irrigation

A On-site composting of kitchen
vegetable waste and yard waste

A Added chickens in 2010 to eat
vegetable scraps & provide eggs &
manure

\
\AIM ASSOCIATES 16
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BEST PRACTICE WINDOW INSTALLATION

I IR 7 ' Installing new windows in
: T e ‘ o existing stucco wall is
difficult because the old
window edges are typically
embedded in the stucco

It is difficult, expensive, &
risky to embed the new
windows into the new stucco
patches. The patches are
likely to crack & leak air &
water

% . 4
' '”5: . 4 . ' 5
\ net T4y N e - .
' ! g‘ R . i

. o We ground the existing
Photos from Installing and Flashing Windows by Rob Moody stucco smooth, primed it,
:cqlttp}:](/www.finer:omebuiIding.com/how-to/instalI-replacement-windows-and- then applied elastomeric
ashing-correctly.aspx sealant under the flange &
Window installation in a wall with siding removed flashing tape over the
Best practice is to seal window flanges first with flange. Recycled plastic
compatible elastomeric sealant under flange & with (HDPE) trim was installed to
flashing tape over flange cover the flashing tape
19
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http://www.finehomebuilding.com/authors/profile.aspx?id=99920

EXISTING WINDOW PRE | -1998 NEW WINDOW 1998

Wood trim needs painting &
sealing almost every yea

Single glazed aluminumy
“windows = R-1,
replaced except for

nonconditioned garage

New Low E?fiberglass |
windows = R-4

Recycled HDPE trim looks
new 12 years later. It cavers
aluminum clad adhesi\?e
flashing over WlndOW
flanges

AMMASsSoOCIATES



MAIN FLOOR INTERIORIN VERY
GOOD CONDITION, EXCEPT .

Termites had eaten damp wood from the
foundation to the roof in the southeast
corner of the living room

The shag carpet was in good condition &
given to neighbors who wanted it

Windows given away for greenhouse

The dampness came from a tiny hole in a
solder joint of an interior rain water pipe,
probably from when the house was built
in 1940




VIEW OF UNFINISHED BASEMENT DURING 1998 REMODEL

Bl ack tar on wall was pr watdarppoofsngowner 60s atten

EARTHQUAKE UPGRADE
Addi ti onal 5/ 80 f
boltso@ 46

Metal ties from top plates to floor
sheathing

1/ 20 plywood on ir
exterior walls & interior bearing
walls

ENERGY UPGRADE
Basement louvers vented to the
outside were closed off

Dense pack R-20 cellulose was
added to 2x6 wall stud spaces

R-7 EPS insulation boards were
added to outside of concrete
foundation walls

Milgard windows, with fiberglass
frames & Cardinal L o §2[72®
glazing using argon fill

AIM AssociaTES



u’

GOOD WORKMANSHIP!

No voids in the insulation from
settling!

Dense pack cellulose insulation
was blown into all exterior walls &
interior wall of the garage in 1998

This wall was opened up in 2010
for additional earthquake
strengthening

Cellulose also fills voids around
wiring & pipes

AIM AssOCIATES




EXISTING ARMSTRONG FOAMED URETHANE ROOFING COST
PREVIOUS OWNER AS MUCH AS A 4-PLY 20-YEAR ROOF BUT

PERMACULTURE INSPIRED LANDSCAPING ONLY CAME WITH A 5-YEAR WARRANTY
... ALL ORGANIC
REMOVED ASPHALT RV PARKING AND CELLULOSE INSULATION BLOWN INTO ATTIC

PLANTED VEGETABLE GARDEN

R-38 INTENDED BUT DIFFICULT WORKING CONDITIONS ONLY

PLANTED FRUIT & NUT STREET TREES ACHIEVED APPROXIMATELY R-30
SMALL ACCESS PANEL WAS ONLY ATTIC ACCESS

NEW LOW-E2/FIBERGLASS
WINDOWS FOR THERMAL
AND ACOUSTICAL COMFORT

WINDOW TRIM OF RECYCLED
PLASTIC LUMBER PROTECTS
FLASHING TAPE OVER
WINDOW FLANGES

R-13 DENSE PACK
CELLULOSE INSULATION
BLOWN INTO WALLS

(R-20 AT GROUND FLOOR 2X6
WALLS)

REMOVED ALL CARPET CARBON WATER FILTER

PRESERVED EXISTING
STRUCTURE

WATER EFFICIENT FIXTURES
MAIN FLOOR

DEMAND HOT WATER HEATER

SEALED COMBUSTION CENTRAL ENERGY STAR APPLIANCES
FURNACE WITH HIGH VACUUM
EFFICIENCY AIR FILTER SYSTEM

GROUND FLOOR

BUILING SECTION 1998 REHABILITATION

AIM AssoCIATES 24



The Thousand Home Challenge did not exist when we started
In 1998 but we would have adopted its goals if it had

We want you to look at our case study in the context of
meeting the THC energy use reduction goal

Meeting the
Thousand Home Challenge (THC)

AThis homeds customized threshol
kKWh/yr (Threshold Allowance OPTION B, fuel heating)

A OPTION B is not relative to previous use; inputs include weather, house
size, number of occupant and type of fuel used for heating

A This household has officially met the THC as verified by utility bills

documenting a year of household energy use of 4,675 kWh (net
total site household energy)

www.1000HomeChallenge.org AIM associaTes 25



Thousand Home Challenge
Threshold Compared with
Our Usage/Production

THC Option B: 6,231 kWh/Yr (Equiv.)

Actual Usage 2009-10: 4,675 KWh/Yr (Equiv.)
Energy Source Annual Use MMBtu kWh
Nat Gas i therms 185 18.5 5,422
Electricity T KWh =147 -747
TOTALS 18.5 4,675

1 Option B Assumptions: 2,791 HDD, 2 occupants, fossil heat, 2,500 ft? finished floor area

For more information on the Threshold Allowance: www.ThousandHomeChallenge.org

26
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http://www.thousandhomechallenge.org/

Thousand Home Challenge Threshold

Compared with Usage/Production

(kWh/yr by use)

|
pre-purchase E-10 pretiiction M -

Rehab to min. code E-10 prediction — 33,

Rehab 1998 E-10 predicted NI I 19,316
1999 acual energy use _ 13,620
2000 acual energy use _ 11,843

2001 acual energy use IO 10,591
2009/10 acual energy use - 4,675

THC Option B (Gas Heat) Bl 6,231

2011 predicted [l 3,140

127

5,759

B Heating
B Cooling
® Hot Water

M All Else

-10,000 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000

kWh/year equivalent AIM ASsociaTEs
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5 Magnified View of Annual Use First Phase 1999

and THC Threshold of Performance

(converted to kWh yearr)

OPTION B electic heat p
] ' cooling else

OPTION B fossil heat r

ACTUAL 1999 #

“ hot water

“ space heating

& Cooling

was 79% below the Energy-10 predicted use before the remodel

AIM AssociaTES
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. The energy use in 1999 was a long way from meeting the THC but it g



SECOND PHASE -2005 REMODEL
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PHOTOVOLTAIC ARRAY PASSIVELY COOLED?

~ +ls turbine able to draw enough air?
~ *Would fan use as much power as would be produced by
e © | increased PV efficiency from lower temperature?

"SOLAR WALL" AIR HEATING PANELS

PHOTOVOLTAIC ARRAY

PASSIVE SOLAR GAIN
SOUTH WINDOWS

96% efficient furnace with
variable speed fan, zone
dampers & added hot
water coil 2010.

sTUuDIO o

WINTER FEATURES * BUILDING SECTION

AIM AssoCIATES 30



NO MECHANICAL
COOLING REQUIRED

NEW WINDOWS WITH
FIBERGLASS FRAMES &
LOW-E? GLAZING STOP 65%
OF SOLAR HEAT GAIN

4' OVERHANG PREVENTS X
SOLAR HEAT GAIN

COOL NIGHT AIR ¥

PHOTOVOLTAIC ARRAY PASSIVELY COOLED
DURING DAY WITHOUT FAN?

« Is turbine able to draw enough air?

* Would fan draw as much power as would be
produced by increased PV efficiency from lower
temperature?

HOUSE HEAT PASSIVELY
EXTRACTED AT NIGHT

.
e

Py 4
" AIR STACK EFFECT & WIND POWERED
TURBINE VENTILATOR

2.5 KW PHOTOVOLTAIC
ARRAY PRODUCES 100%
OF ELECTRICAL USE +
ELECTRIC CAR &
ELECTRIC BICYCLE

STEEL ROOFING with ENERGY
STAR COOL ROOF FINSIH

FORMER ROOF

‘N
KITCHEN

MAIN FLOOR

GARAGE
GROUND FLOOR

SUMMER FEATURES * BUILDING SECTION

31
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ALTERNATIVE ENERGY SYSTEMS

Turbine ventilator uses wind to draw air out of
living areas for passive ventilation & night cooling
A 240 throat diameter

A 1t dr afmsuri5 hgh®reeze
A A n e ggsketeddact damper prevents
air leakage common with whole house fans

Solar air heating is provided by 200 ft of Solar
Wall brand transpiring panels

2,500 watt photovoltaic array provides all
live/work building electricity plus electric bicycle &
future electric car

AIM AssoOCIATES 32




DUCTS UNDER TURBINE VENTILATOR

146 DI AMETER DUCT TO DRAW
FROM UNDER PHOTOVOLTAIC PANELS

246 DI AMETER DUCT TO GASKETE DAMPER AT
CEILING OF STAIRWELL FOR WHOLE HOUSE
VENTILATION \

80
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- SOUTHEAST ELEVATION
AFTER 2005 RENEWABLE ENERGY REMODEL .

AIM AssocCcIATES



In the first phase, all existing
windows were replaced with
high-performance windows,
except this living room window
because it was too expensive
(unusual shape). That is why
the R-4, three-layer honeycomb
interior shade is needed

However, it is difficult to keep
cold air from flowing out from
around the edges of the shade

vines shade office glass door
but do not shade living room
window

35
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