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Beyond “Green” & “Passive vs. Active”:

Benefiting people & the planet through verified
net-carbon-neutral homes
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CO2 and GHG Emissions by Sector, 2005

Source: Energy Information Administration, 2007 http://www.eia.doe.gov/oiaf/1605/ggrpt/



Reducing Carbon EEmissions

What are consumers currently willing to do?

e Buy RECs and offsets * Dnve hybnd cars

e (Change consumption e Support clean energy

habits




On the one hand:

IFrom a climate change perspective, we
cannot atford not to attord these and other

measures to move toward carbon neutrality.




But on the other hand:

Consumers have to want to atford

these measures

So measures must be:

o Affordable * And, Proven:

e Appealing —Lower energy bills

| —More comfortable
e Accessible —Safer



Fnergy Efficient & Carbon Neutral
Homes Speak for Themselves

e Beautiful  Comfortable  * Durable
e Desirable e Safer e Valuable
e Healthier * Cost Neutral

“Profitably Decarbonizing™ — the new lingo



Average U.S. Family’s Greenhouse Gas
Emissions Sources

Future plug-in Hybrid

ransportation

53%

Solar electricity from
panels on house

Source: City of Boulder Oftice of Environmental Affairs



Cost Neutrality

Means
Same Cost of Ownership

* Principal e |nsurance

e |nterest * Energy

e Taxes e \Water

Zero annual energy bills or less PLT.LE. & W.



One city’s response:

Boulder’s Green Points Revision
(PASSED TUESDAY 10/30/07)

\

All new construction 5000 SF+
Will be ~ HERS 20



One county’s response:

Boulder County Commissioners will soon pass
the most stringent energy code In the nation

BOULDER COUNTY — BUILDSMART

a. New home construction

Size of Development | Required HERS Index for New | Maximum Allowable

in Square Feet Structures Annual CO; Emissions
Up to 1000 85 20,000 lbs
1001 — 3000 60 10.000 Ibs

3001 - 5000 | 25 with required
on-site renewable

Offsets, under S&O[]U Ibs
Section 4, below
5001 and Less than 10
0 1bs

larger LY

1 Every home 5001 SF+ must be
zero energy AND zero carbon



Boulder County’s BuirldSmart (cont.)

Verification —
1. At building permit application - A RESNET energy model must be
submitted with the building permit application showing that the proposed
structure meets the required standards.

7 Twiringe conatmetinn - A certified enarov rater mmet nerform a nre-dmnarall
verification of the energy rater’s inspection to the Boulder County

Building Division prior to the scheduling of a Drywall Inspection.

3. Prior to Certificate of Occupancy - Upon completion of construction. a
blower door test and duct blaster test (if applicable) must be performed by
the energy rater and documentation verifying that the structure meets the
applicable HERS Index and carbon emissions standards must be submitted
to the Boulder County Building Division prior to issuance of a Certificate
of Occupancy.

Mandatory — All new construction must meet the applicable HERS Index and
carbon emissions standards outlined in Table 1.




Boulder County’s BuirldSmart (cont.)

Dealing with Retrofits and Additions...

b. Additions and renovations to existing residential structures greater than 500
square feet in size which are not considered new construction under Section
3.a., above

For additions and renovations to an existing structure of a size greater than 500
square feet in size, which will result in either a total floor area of less than
3.000 square feet or in less than 3.000 square feet of the
existing structure being renovated, the goal is to bring that existing home, w
the addition or renovation to a HERS Index of 85.

This will require that a Home Energy Rating for the home must be completed and
a RESNET certified energy rater must submit a report outlining the steps which
would be required to bring the home, with the addition or renovation to a HERS
Index of 85.




Building Homes that Last:

What Builders, owners, designers and
regulators need to know

Building Science Education 1s a crucial element that must be included 1n
every green building program or regulation

WHAT CAN WE DO:

e (lasses, seminars and webinars for builders? A “scared straight” program?

e Mandatory yearly class attendance m order to apply for permits?

e  Wiitten test with each permit application?

e  Homeowner/builder walk-through and maintenance education courses or resources?

e Mortgages & financing more readily available to homes built by “certified” builders (a
dream); permit fees for builders who have completed and demonstrated traimning?

CERTIFICATION, CLASSES AND TESTS:

e Joe Lstiburek, Building Science Consultant — www.buildingscienceconsulting.com/
e John Krigger, Saturn Resource Management www.srmi.biz/

Bulding Knowledge Consulting (see below)  www.buildingknowledge.com/




Building Homes that Last (cont.)

THIRD PARTY VERIFICATION and QUALITY CONTROL SPECIALISTS
Should be consulted with before building begins

e Professional Investigative Engineers (“PIE) www.callpie.com/
 The Architectural Alliance Group, LLC www.aag-adr.com/
e |an Mackinlay Architecture (Cold and Snow Experts) www.ima-arch.com/

BUILDING SCIENCE RESOURCES

 Building Science Corporation _
www.buildingscienceconsulting.com

e Building Knowledge www.buildingknowledge.com/

e Saturn Resource Management WWW.Srmi.biz

e HomeSmart www.home-smart.org/

e Best of Building Science www.bestofbuildingscience.com/

BUILDING AMERICA PROGRAM

e Building America Program
www.eere.energy.gov/buildings/building america/

e Journal of Light Construction www.|lconline.com/
 Energy and Environmental Building Association www.eeba.org/



http://www.callpie.com/
http://www.aag-adr.com/
http://www.ima-arch.com/
http://www.buildingscienceconsulting.com/
http://www.buildingknowledge.com/
http://www.srmi.biz/
http://www.home-smart.org/
http://www.bestofbuildingscience.com/
http://www.eere.energy.gov/buildings/building_america/
http://www.jlconline.com/
http://www.eeba.org/

Vapor Barriers and

/ Wall Design

Ideall:r; building assemblies would always be built with dry materials

under dry conditions, and would never get wet from imperfect design,
A key reSOU rce On touq h poor workmanship or cccupants. Unfortunately, these n:cundlt;l:un.f- dio

o o 3 o not exist.
bu I Id I nq SCIence tODICS - [t has been accepted by the building industry that many boilding as-

semblies become wet during service, and in many cases start out wat.
Furthermore, the industry has recognized that in many circumstances it
may be impractical to design and boild building assemblies which

19-page article with
L . never get wel. This has given rise to the concept of acceptable perfior-
deCISlon tr‘ees detal IS mance. Acceptable performance implies the design and constroction of
1 ’

building assemblies which may periodically get wet, or start out wet
yet are still durable and provide a long, useful service life. Repeated

aSSGm b Iy Se Ctl OnS, and welling followed by repeated dryving can provide acceptable perfor-

c . - mance if during the wet period, materials do not stay wet long enough
essentl al g u | de I | nes O n h OW under adverse conditions to defericrate.

2 Good design and practice invalve controlling the wetting of building
tO bU I Id Wal IS, fl OOrS aﬂd assemblies from both the exterior and interior. They also involve the
drying of building assemblies shonld they become wet during service
celll ngs or as a result of building with wet materials or under wet conditions.

Moisture Balance

Moisture accumulates when the rate of moisture entry into an assembly
exceads the rate of moisture removal. When moisture accumulation ex-
ceads the ability of the assembly materials to store the moisture with-
out degrading performance or long term service life, moisture prob-
lems result.

See thelr website!

Building assemblies can get wet from the building interior or exterior,

1 1 1 of they can start out wet as a result of the construction process due to
WWW. bu I Id I nqSCIencecorp'Com wel building materials or constmcticn under wet conditions. Good de-
\ sign and practice address these wetting mechanisms.

2004 Building Scionce Corporation



http://www.buildingsciencecorp.com/

Solar Harvest Zero Energy Home
“‘ Boulder, Colorado 2005
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12 Flat-Plate Solar
Thermal Collectors |

Orientation: South
Passive Gain: High
Design Heat Load: ~29,000 BTU/hr

=1.8 W psf R

e

. 6.84 kW Roof-Mount PVs

)| Super-insulating
I walls, windows,
& ceilings

High Performance
Windows

Porous
Pavement

(2’ for 40° N.Latitude)

pf—

Sunroom ~40, 000
BTUs/hr solar heat

TS RO S e

W H’ Textbook passive solar overhangs
L] jHT ‘i ". |+




Basic Principles for Comfort

& Energy Efliciency

EF{GY HGUSES
ﬁmnran i
uume kapox

NP 20T

e Tight Building Envelope
e Super-insulation

~1.8 W PSF
Design Heat Load

e Continuous air barrier
e Passive and Active Solar Gain
 PVs and Electrical Efficiency

 Non-toxic construction materials
and household products




Doubling Insulation Value per Inch

Bulldlng Loss 59.285 Btuh Buﬂdlngr Galn 25.274 Btuh

Rhvac Com IHVACLoads @ g ~ = Elie Software Development, Inc. Rhvac - Residential & Light Commercial HVAClLoads @ = g = Elite Software Development, Inc.
PCD Eng \\\\\\\\ |ces Skinner Residence PCD Eng \\\\\\\\ ces - Skinner Residence
o L4 Page 12 o L4 Page 12

\ Bu:fdmg Pie Chart | \ Bu:fdmg Pie Chart |

“It’s all about the windows and doors!”

Reduce home’s overall heat loss by about 69 1n homes
with already thermally broken assemblies...doesn’t
change mechanicals or renewables.




Actual Solar Harvest Performance,
Stories 11/05 — 9/06

Warm and toasty all winter, cool and refreshing this summer

December dinner party: One guest heard 1t was a “solar house” &
came prepared - long underwear and flannel shirt...but with
nighttime outdoor temp at 15° after a sunny day, and with radiant
underfloor heat off, at the dining room table 1t was 73°...offered 1ce
packs and wet towels to help him out, and opened a window...

February cold snap: After last sun midday Tuesday, house held heat
untill midday Thursday before underfloor heat engaged. Minus 18°,
home stayed 68-70° and comfortable.

3 a.m. and minus 7°, bedrooms would stabilize at 64° - with radiant
heat off - due to occupants generating ~ 400 BtU/hr.



EnergyNET Home Performance Monitor

6.15 kW PV

LIVESYSTEM DIAGRAM Solar Thermal | Project Spotlight
4078W

FY FRODUCTION
2900W
LECT OFF
EK:_ETCIVE 4000 ETUscoleced
Energy Use This
OW T‘:lljl:l'}' 2547WM.:.11‘1 165°F RETURM
ELECTRIC DEYER SUFFLY 90°F
Energy Use This
PV SUPPLY T HCOHUSE .
OW  Todoy | 1000Wiionth COLLECTOR Location:
6758W CIRCULATOR PUMP Femodeled in:
E’ECFE“L:I RADIANT E Energy Use This Finished square feet:
nergy Use i et ;
This OW  Today I59W  month Faossive gain:
ow Today ow Maonth Cresign Heot Lood:
Solor Thermal:
F_THEEMGLECBUI-EE ON Solar Electric 515 KW PVs
o Energy Use Thi: TO TOMES Indoor Air Guality: Sfirling ERYV
ow Today SOW  onm Greaen;/Heaolthy Maoterials: YES

1* FLCOR

. RADIANT HEAT
72°F

CIRCULATOR PUMP CURRENT COMDITIONS

Energy Use This
6W  Todoy 36W meonth

UMD AMR TEMPERATURE 38°|:

Net Energy Balance > ™ b solpmsoLamon 4000

CURREMNT TODAY THIS MONTH BASEMENT I TEMPERATURE 68°F

PV PRODUCTION 4758W 9257W 14876W

HOUSE CONSUMFTION 300W 1425W 12348W
MET BALANCE 2058\\/ 793\ 25928\\/

MOMEY EARMED $00.83 $15.83 $26.83
LBS CO2 SAVED

MDD A0R TEMPERATURE 79°E

INIDHCHOHR: RELATIYE HILAIDITY 13%

LaET UPDATED-:

DATE




An Honest Assessment of Net Energy

* The analysis that every energy system and
energy efficiency measure should be subject to...

 Home energy monitoring leads to VERIFIED
PERFORMANCE. This Is how to make an
nonest assessment.

Solar Harvest: TOTAL HOUSEHOLD ENERGY USE
(Heating + Cooling + All Other) = ~2.1 kWh/sf/year




Points of Departure

From... Solar Harvest

To... Broomfield ZEH

Passive cooling

Flat Panel Collectors

Whole-house radiant
floor heat

And most importantly...
ON-SITE cloudy cold-

snap storage
large tank/water

High-efficiency
mechanical cooling

Evacuated Tubes work In
Lower air temperatures
Lousier solar conditions

Solar-heated hydronic
forced air heat

More responsive

GRID-STORED cloudy
cold-snap energy
From PVs on site




On-Site or Grid Storage?
JAG
L

=
/ v Q\
Direct (passive) gain through Gain through evacuated tubes
glass, like at Solar Harvest and tank/fan coil/ducts

House will “CHARGE &

COAST?: charge on a sunny day,
coast through nights & cloudy days

LOUD
COLD SNAP!

Use big-tank energy stored in Use solar electrical energy to run
water, sized to last 4+ days boiler, banked in utility grid




| essons Learned

From... Boulder Remodel To... the future
Mfrg. Effluents +Landfill | Cradle to cradle
Waste
High embodied energy Local materials, smaller
(bamboo, quartz, recycled roofing) ecological footprint
Some petro-chemical All bio-based products
products
Products w/ short life spans Long life spans, recyclable
(avg. GE motor designed to last 5 yrs!)
greenroofs, small farms
Water waste & pollution Greywater treatment




Zero Energy Retrofit:

Powering the Home and the Car

Orientation: South-west

Passive Gain: VERY low

Design Heat Load: 22,000 BTU/hr or 2.4 W/sf
Site Conditions: Heavy shading

20 A1 Clay plaster & other
natural finishes .1 2-—168 gallon tanks in
SIPS Roof on basement
Addition | 180 evacuated tubes | '

High performance double-
heat mirror windows ‘

Super-insulated & airtight
building shell

(entire new 2x6 wall built around
existing structure)

=]
Natural gas line
capped at street

kWh/sf/year Total
usehold Energy

3
0

TN
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Net-Zero Energy Balance

Sample net-energy balance data from
Solar Harvest (April, 2007)

Projected energy use for elec. boiler backup:

Projected energy use for elec. stove, ERV & household:

Projected total energy consumption:
Projected total energy production:
Projected net excess energy:
Expected to exceed zero-balance by:

Calculations

1,300 kWh/year
5,000 kWh/year
6,300 kWh/year
9,600 kWh/yr
3,300 kWh/year
52%/year



© ®©® ® ®©® ® ©®

Carbon Balance Calculatlons

Miles of driving an electric car (est. 4 mi/kWh):
Carbon emissions saved by electric car:

Carbon emissions offset at the electric power plant:
Therms of natural gas saved by going all-electric:

Carbon emissions reduced by capping natural gas line:

Equivalent number of trees planted:

13,200 mi./year
11,232 Ibs/year
17,472 Ibs/year
590 therms/year
6,907 Ibs/year
756 trees/year



Project Costs

e $25,000 for PVs
e $34.000 for Solar Thermal

e $44 880 for Insulation & Window/Door
Upgrades

e $103,880 In Direct Costs

For remodeling to power the house and the car at
1247 Scrub Oak Ave., Boulder



Ecofutures Zera Energy New and Remodeled Homes, 2005 and Beyvond e of 9110007

A B G 0 E F G H
Doub-Childs Graham-Jackson
Residence, Skinner Residence, Residence, Gregerson Residence,| Leonardi Residence, |  Moore Residence, | Kracauer Residence, | Abramson Residence,
Solar Harvest (SH) Broomfield South Boulder Longmont™ Indian Hills, Denver Evergreen Horth Boulder Longmant
Maw or Rafrofit |7, | Mew 7 2005 7 54501 New ! 2007 1 53000 | Rettalt (1970 4 SEDOM | Redoft ! 1950 S200R | Wew S 2007 (TS00M | oo oqe e | New/ 20078054501 e 20061 4, B30 1
Bilt ! Elevatian elevaion alvation elevaion alvation elevaion AR alvation alevation
ITE3 (20068 evasting incl 4
Condtioted 5F 4600 BA00 bagEment + 713 nawi 1500 4,100 2500 A0
Approw. Design Heat ,
A0
Load [ETUsh) @ 20,00 @ F 45,000 -5F 22,00043-5F 24,000 @OF Rl 25,00 -10F I60m
WAL FActon)
degF
Pagslve Gain (M| [MadI| Hgh, infosurepaca; heat | Very Low [2 windows of 56 in
H Hgh
Low] | distributed v fans end ducts house] L Ltk '™ ] ki
SGlazing: SHGC and| 082 narepace 054 - , 4w B - e
i e St 07! 04% 045 ! 4% 0627 % 0B B5% 0617 % D5zM%

E & W Glazing: SHGE:
built & natural shading

027 ! revigapen traesan E,
4 piri+, by existing neiphbor's
[ress

.37 I Paich gveitians an
B0°% of daging na netur
shading

027 ! 500% Irese shading

0.27 I 0% trae shading

D27 | Notress et

0.27 I 0% tree shadng; ral-
ki shutars on W (wind
protaction raffic naige; dema
ingukaticr; chading)

0127, Medium shadng on
eagt 8ide; some shading on
vt side fram naighboring

hauge

Envelopa; Framing,
Insulation

1" et Blusboard, 2 with
15" ragilant charmal 7

17 et eepancked pobésynens
[EFS) 2o with 1.5 resilient

Remcie bick; add Zed &t
vl kymena. New
coreructicn 258 wal v

Diefrsa pack wals with
talikae e exsing
e plss baits; lcyene

112" el axprandesd
Lth-SI','I o [EFSY o 2ud
vl Wi 1" separaion; T

1" et epancked pobésytens
IEPE), 6wl 5.5° kinere

Tiwts 2ud wills v 144"
separaion; 7 1.|'-1"|L'3|'|'l:"l'll'.-

Envelope; Windows

Ieyens charnel 7° kynene 15" R leynene-filed for 7 cefling under exdsting .
total berpiess bt Tt
; Canadian fiberplass frames Cenadan fitarglass framas | Canadian fibarglass frames
F Heat b i i
Ihmﬁﬁ::illll::m an Fibyerter; riple pana o LowE |t Apen double Hask Mimor| Accert Vimd v Heat Wimar ;Thmmrﬂﬂ:ﬂmr:ﬂ thru Alpsn; dauble Heat Wrmar (e Alpan; dauble Heat Mimar
" throughout ' thraughaout thraugheut




Envelope: Air
Tightriess [MACH =
Hatural &b Changes
per Howr)

Varytight <01 MaCH

Very Bght <01 RACH

Tight ZMACH

Pedium ight =025 MaCH
Retrofit air saaling as
possibla

1 MACH

Vangtight =i

Wery ight =01 MaCH

Very Bght <01 RACH

Indoor A Quality |
Heat Recovery

Loawamissions building
materisls; Stiring ERY
(T Sansible Recovary

EMciency 33-81)

Laveemissions building
matanatks; Stifing ERW
MSersibke Racovery
Efficiency: 3-31]

Loww-emissions bling
materisls; Sring ERY
frSansible Recavearny
EMciency 33-81)

CAder mabanials (ko bosd c
rirwi]; S ot ventilation with
programmable timers,
Lifebreath HRW (™Sansible
Recavany ENMiciancy: 53-65)

Loav-emissions building
materisls; String ERW
(rSansible Recovwany
EMciency 33-81)

Loaw-amissions bailding
materials; Enarboss Clean Adr
Fumace with ERW core
(rSensible Recavary
Efliciency: T4y

Laoweemissions buikding
matenak; Enerboss ERW as
air randing unit (" Seansitle

Fracowery EMciency: T4)

Lhisties

Solar Electic rated
capaciy of PWsic
Approx. annual
preduction

Thenmal Mass

Active Solar Thesmal,
wil Collector Tt
& Heat Rejection

Solar Storagpe Tank:

Space Heat
Distribution

Matural gers far cocking &
clothas dring; thermes offsst
by et awcass Kh from PYs;
ab-alacic planned septembsan
2007

ha nathural gas to bama

Mo natural gers ta home

Ha naturad gas to homa

tatural gas anks for fusling
wehicles

hatural gas ank for coaking

Ha natural gas to hama

5.6 KW 100000 KWW net
exC eSS 200 K, 15t year

10K, 14,400 KWW

E515 KW 9,800 kvWh

Roaf space caukd hedd 7 K
10500 BT will nn System
far ane year (buying RECs],
hen size the PW System™

10 K 14 400 Kvh

10K, 14,400 kW

B4 Ky 9,200 Ky

DCraubde S drgeaall
thraughaut [al waalls & caiing
planes] for indirect,
distributad mess

Crauble S0E" drgeaal
thraughaut

1.5 Gyporeta thraughout
Lecisting, with rackant flacr
hbes)

Existing typical/ loww.  Add
544" drywwal | ba mast ceilings
ard some walls

Doubka 587 dravall
troughout

Crauble 8" drgesal throughaut

Tripk drawallin sakcted
areas

12 - 45 Maowvan Tat plate
collectrs, §f 55 den il
sunspace air distributed w
Tars & ducts

240 Thermamas: evacusied
bes, 065 deg ik summer
heat rejection with racf-
rcunted inbbes

130 Thermamess evacusbed
bes, €855 deg bt

100 Thea mnorm S eswaciiatesd
mbhes @0 90 deg™

130 Thermomax evacuabad
bibes, 0 37 deg

120 evacuatad bubes, G0 60
deg

150 ubes 45 deg

8,000 gallans,
Atmasphencakly vented

B0 galkans

360 galons

240 gallans

1500 galons

1,200 galkans

2,500 galkans

Staple-up radiant ks, w
=120F waber from 6,000
galon tank; sunspace heatad
airvw fans & ducts

Fan coils w solar or boiler-

haatad watar, clerados as

Air Handing Units [Dlowsars];
Sy Diey Bypass sebupn

In-sleb rackant tub=as
troughous can use 35 deg
heet from evec. ubes, v
Sunimy Diay Bypeass Sstup

L owwer kvl Stapke-up
radiantubes, v heat
ransterence plates. Upper
Fan coll in existing ductsars
arstream; Sunry Day Eypass
satup

Sunspace heatad Sir v Tans

& ducts; Tan ooils w solas ar

boiler-haaiad walar, ECM var
spd. AHJ

EnerBoss + ductssark far HRW
& heat distr: Fan coil wa' Solar-
o boikar-heated water

Lorswwabacity Frchrord o foncedd
air digtnbuted through
ERVCoalkrada duchwork

Wiater Heating {DHW)

Chowsdy Cold Snap
Heating Backup
Jusually needed on day
3 of cloudiness:
Charge & Coast
system covers cold
choudy days 1 & 2)

Cooling

Owarhangs on south
(2" projection, 12-16"
ab-ove giaring)

Aumenities | Notable
End Uses

% toward ZEH
performance, for active
solar [beyond
anvalapal; % of
building costs

Met Zero Energy Home
o

Heat eschanger colls in solar
tark (+ A0egalon ekec. water
heater as backup ~& deys
during 20057 record-
bresldng wirter]

Heat eschanger cails in salar
tarks + elechric baiker bo baost
solar-preheabad wibar a5
ne<; sxpectad 100% solar
supply of DHW

Heat eschanger colls in solar
tank + elecinc boiler to boast
solar-preheated water &
e expeached 100% solar
spphy of DHW

Heat exchanger coilsin salar
taries + electric boiker o boost
Salar-pretweate o wabar a5
ness | especiad 300 Salar
thermal supphy of DHW W rest
from Py

Heat exchanger coils in solar
tank + elecinc boiler 1o boost
solar-preheated water as
mac. ) expacted 100% Salar
supphy of DHW

Heat eschanger colls in solar
tank + elecinic boller to boost
solar-prefeatad walar as nec;
expected 100% solar supply of
CHW

Hesat eschanger coiks in salar
taries + electric baiker
bacest Solar-preheabed waber
as ne | expectad 100% soler
el supply of DHVW

Heeat stored in tank + ~300
kAT [2006-T recand-
breaking winter) by 30 gal
waater heater 1o boost radiant
Mcsor watar temg. o 120F

Thermale: elec. tankkess
bailer, 15 kW, moduaiing;
ewpectesd ~d, D00 KeWheyr
usage (FvWs panerals excess
in sumrer; buy back in winbar]

Themnolec slec. anidess
bevikar, 3 B, modulating (FYs
DENENShe SEC eSS in Summer,
by basch: in winter)

Thermalkec elec. tankkess
Dioiler, B kY, moddating [FYs
QErE S Sxcass in SUMmmer;
bary back in waArLar]

Thermobe: elec. tankkess
buoiler, 15 B, modulating
[PW's generate excass in
summer, by back inwinter
expected usage 310 6
iy

Themolec slec. anidess
beailar, 15 kW, maduaing [Pvs
DEnershe exCess in summer
by back in wAnber, sxpectad
usage 15 .- 20 day=doear]

Thermolee elec. tankkess
Lisiler, B kY, moddlating [PYs
QENErate axcass in SUMmmen
bary back in waroar]

Cpen windores () right, close
in maming; eanhhibes delivar
GE-TSF air thu ERY, for

2 Cocderade units

Open & right, clase in
maming; skylioht Temerack:

Dpan @& night, closa in
morning skydght, Tamarack;
w=a of sdsting Al b ks

Dutdaor gir suppiad thrg
duchwork, tosub for opening
wrinckrees, higher altituda, v

Caadcar i from eanhbube
supplied thn ductesark, +
Qpaning windows (motorized,
programmedy higher altitudsa,

21 SEER AZ can be added
later if dasinad —SO0- 1000

dertima 140; sklight mirimized coakar and more affective vt comalar and mors effective KT
Tamarack whake-house fan righttime air nightime air
. vas on 30 af windows " . "
ras [ Mo i P ez an B0% e e
2 Hane. Curmant usage —320
Outdoor spa + steam shawar "‘(‘:,;"’__’g“::-m'ag?";m Whima v acdition, —375; | Mone. Currant usage —425 wtdaor spa + wehicle Cadoor spa + ice mett -
+ fizh tank o Ll axpeEct <1 5060 KWhiyt far vhima charging + Stoam shower sidewwelk e
e backup heat
£ . 350,000, induding ermelope -
7 3
£T000M; E% F1032,000; F59,000 FA [ ————— FE3, 000 3% ES.000 8%
Q. Firstyaer 100, prajcted; if kss, then 130M%, prajacted, wath net g A0 1001 1055 1200

remainder covered by RECS

excass =1, 500 khir

Al tanks ane used dainy indestry stainkess steel tanks, amospherically wanted, insulated
00 ~R-30 v closed cell urethans foam, except SH [Site bl wath ICF Toundation weals Tor
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Grid storage of solar energy — what
IT everybody did 1t?

Would we make a difference on global carbon emisSions, or would we still need the same amount of coal-fired power plants?

What kinds of loads would we have in the winter? Are these loads within the range of what we have otherwise?

20-30% of homes with solar is when problems will happen, for now, just do what you can

Sure, at nighttime if we put more and more houses without battery packs, there is more demand on the grid, but are we using more energy at night than most
houses? Lighting better, better appliances. Uses 2/3 compact fluorescent. LED for downward facing. Probably not

In the short run, | don’t see any issue in the summer/winter. A lot of people are using A/C energy, and you’re supplying clean energy, reducing that demand.
So you’re extra winter demand isn’t such a big deal.

When it comes to offset electricity, we are offsetting natural gas — smaller carbon footprint than coal — not really the carbon emissions from Colorado plants

4 pillars:
1. Energy efficiency

2. (intermittent) renewable energy

3. energy storage: electricity storage for large-scale utilities, utility-scale electricity (batteries in everyone’s house? With longevity, cost, reliability
improving) 3-5 kW in each home. Low grade heat in summertime — how to can and store it? Wind-hydrogen. Plug-in hybrids, charge when intermittent
renewables are making electricity. Austin Electric — lots of wind, overwhelming system at 2am, charge when wind is blowing. Vehicles to Grid — batteries
back up the grid. Car can charge grid, would use fossil fuels — if only 1-2 years per year, we’re winning.

4. Energy management — appliances running when intermittent renewables are producing energy, don’t need to run randomly, can run only 12 hrs. only run
when you are producing energy.

**Energy storage of low-grade heat
Chemical reactions: run one way and store heat, run other way and release

Can’t do on a one-house level

Maybe on a district-level tank

Water-source heat pump — intentionally freeze with heat pump, use heat to heat house. Really cold water is very efficient in panels. When you store heat in
water 1 Ib =1 BTU per 1 deg increase. Heat infusion 144 BTUs per 1 deg heat change. Plastic balls filled with water, surrounded by antifreeze. Cold is
best for thermal panels.

Full size house = 1000 gal tank for this system Fuel cell = flow battery

1 kw — 1 car battery, some toxins Flow cell = a few tanks and an expensive thing in the middle pump from one to the other double the amount of electricity
you can deliver, double the fuel cell.



Grid Storage Big Picture Discussion (cont.)

. Hydrogen 1 side, water on the other, vent oxygen, makes heat and electricity and water. Limit by tank you use. Hydrogen fuel cells get poisons, very expensive
(platinum as catylist), hydrogen doesn’t like to be stored.

. Vinadium Redux VVRB systems — batteries. Products are relatively non-toxic, and will go back and forth 100000s of times with out
. Leave space for future solutions
. Money is not an issue, get a lithium ion battery

. GridPoint charge during day, discharge at night to zero out my load

. PVs as primary with ground source heat pump, small solar thermal

. Electric furnace

. Heat pump — exploits that temp under ground is stable

. Make heat pump more efficient — replace blowing air with pumping water (small amount of energy)
. Guaranteed source of 50 degree water

. Problem: 1. size of groundfield cost linear, how do you know how big of a groundfield

. 2. Run heat pump only to heat house, you can cool ground. Recharge rate slow

. 3. only really great in climates with equal cooling and heating days

. 4. extra heat in summer, drive down well to recharge ground to avoid

. 3 panels charge ground in summer, heat pump plus panels direct to house in winter

. David Crestfield
. Wind in Colorado runs more in Winter than summer therefore summer is solar, winter is wind

. Coal fired power plants — 80% base load, don’t ramp up/down. Renewables don’t interact well with base load power plants (coal, nuclear). Natural gas is great —
Very responsive

. Run ground source heat pump when you know when wind is blowing — Xcel doesn’t tell us. Germany there is a text message service — tells you when to do
laundry/when wind is blowing



Who can benefit from these
performance goals?

* Any climate

e Any state

e Single Family
Developments

o Multi-Family
Developments

BEDZED zero-energy community (UK)



What will the future of housing
look like?

“A house without solar collectors will be like a house without
windows”

Will the beautiful countertops of today be the avocado green of
tomorrow?

Market fairness: policies to encourage energy efficiency?
“Carbon Management” will determine much of future housing

Healthy, safe, energy efficient homes available for people of all
Income levels?

Modular, prefabricated & temporary homes?

Disaster-recovery zones; New Orleans, Louisiana



Lee Hill Dr. & 6% St., Boulder
3000 sf Net-Zero Energy Home
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Indian Hills, Denver:
4700 sf net-zero energy home



A Denver Solar Home

ng, Beautiful, Comfortable, and Not Affordable

Appeali
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NREL’s Zero Energy Habitat for Humanity Home:
A Model for the Future of Affordable Housing



Nez Perce Zero Energy Manufactured Home Project




Cradle-to-Cradle Home Competition Winner






Other ZEH Projects
for Reference & Inspiration

Louisville, Colorado: 1,500 sf ZEH built from stock plans (2006)
Norman, Oklahoma: first ZEH under $200K w/ 1,650 sf (2005)

Arvada, Colorado: Geos, a 300-unit zero energy home development
(2008)

American Southwest: ZEH developments & communities on tribal lands
(conceptual stages)

“Boulder’s Solar Harvest appears to be one of two or three actual net
zero energy cold-climate homes in the country,” (Energy Design Update
Editor Martin Holladay, 8/06).

ACI Summit, July 2007: “Moving Existing Housing Toward Carbon
Neutrality” — how to reduce energy usage by 80% in US & Canadian homes in
15 years — see Home Energy Magazine, Feb. 2008, for full details




In a children’s magazine (National Geographic Kids, 9/07)

When the kids get it, so will the rest of future society
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