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The Good Life in Vermont
] Simple forms, sophisticated systems,
. and net zero energy consumption

David Pill and Hillary Maharam's home just south of Burlington,
Vermont, is an appealing blend of simple architectural forms

and unpretentious materials that fits right into its rural setting.
More to the point, the Leadership in Energy and Environmental
Fﬂ_ﬂlﬂ_n (LEED) Platinum bullding won the couple a $10,000 prize
from the Northeast Sustainable Energy Association in 2009 for
documented net zero energy performance.
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i hebirae dasigned by archmect Do PO o s Tamily in Varmors
blongs rradicons) architeciural slemants dith state-al-dha-at energy
perlormance Documenied met reen pearmence won Pill g S10,000

prize from tha MNonbasst Sestainabie Erarpy-Asedcalion

Fill, an architect, designed the house for the produces all the electricity @ needs with a
44-acrs gite aftar he and Hillary decided to mil-rmhienad 108 Bergey wind generalor,
Inave the Boston suburbs with Beelr fwo chit I kemps eesryone warm and comfartable on
dran for life in the country, Thedr gosl was an sunny warler days even with the heat lurned
affordable house with low emsranisental olf. Corstruction coste were aboutl 5200 par
impact and no carbon emissions. siuara foot—not exectly cheag, bl less than
The result iz an alledactnic oL, Corme what many custom homes cost s days,

pleted in 2007, that uses no fossil fueks and 2870 SNErgyY o not.
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Nothing Exotic in Building Design
Thi nouse uses advanced lraming with
2x0 Sluds dd=-in. 0.0 and 2= 10 rool rallers
Pill gliminaled all unnecessary framing meam-
bers, nol onby 10 reduci wikste bul also o
leave as much room as possible for insulaticn
He used two-siud comers, 1or example, nd
headers over doors and windows enly whars
thiey wre readied structurady (unlike houses
framad with optmurm value anginesring, this
g has shructural shealiing.

Closed-cell polyurethana foam (B85
per meh) complaiety fills the wall cavaties of
this trimmead-down frame, and 1 in. of poliso-
cyanurate foam wrappsd around the outside
reduces thermal bridging fhrough the frame
{seu chaplor 1). The 2x10 roof freme also B

filad fo capacky wiEh sprayed-in foam. The
baserment slab s insulated with mgid foam,

A layer of rigid foam insulation an the outside of
thar house reducas (sl Bridging bebteeen wood
framing and cold outsids air, Advanced raming
Technigues aisa hielped by aliminating urnecessary
iraming mabarial and eang more roam far
nsulation in the walls.

. e

by _dme

Insulsling he camcrebe slnb of tha basemenl h

anathar stap in redusing Eﬂefmhu:n::mwl*f 1,
Lo . '-

i S S S . - [

Howse shape and crientation both
proved crucial fo enengy perfosmance. The
GO by 20-i. house runs on an exstwest
oxis, which creates & wide southern exposure
to gather light and heat in the winter, Because
the house ia namow, suniight can reach every
rocm and reduce hieat and light requiremients
during the day, On the secand floor, roof aver-
henge nearty 2 1. vada block intense summer
sumn bud k2 if in when the weather &= colder.

On the first fioor, a ground end polished
4-in ~thick concrete slab poured cver a frame
af wond |-oists soaks up the sun's energy on
winbeer days and releases it gently &l night. 'Wine
clows ans friple-glarad with insulated fiberglass
frames made by Thermotach, a Canadian man-
winciurer, Windows have very low Uvalues and
solar fransmittance desgned for thair particu-
lar orientation—higher on southern exposures,
lower an the rest of the house.




All af thess fastures ware fine-huned by
Fil's enermy consultant, Andy Shapimo, who
used Energy-10 software developed by the
Hafional Renswalde Energy Laboratanys
Canter for Buikding and Thermal Sysbems

SUPER INSULATION YIELDS NET ZERO PERFORMANCE

Dined Pil's design for s
family's Varmont nel 2ena
home inchsdos a varaby of
building matarials thad sharply
reduce aneegy consumplion;
pokisoovanuraie shaath=

ing. sprayed-in polyurathane
foam, high-parformanca

Stamding-saam
metal roof

wintows, and a thick e of
rigid fcam insulation undes
tha bassmant slab

Triple-glnzed
wimdows

Rigid Ieam insulallon on
inside of foundntion wall

Aorewable Ensrgy

Taking Advantage of Great

Wind Potential

IPill and Maharam had decided sarly cn thai
the house would consume no fossil fuels, and
that made an allelectric design more or less
& given. “The mone we locked at it, the more
we looxed al the loads of the houwss, it looked

Raoftars 24 im. 0.0,
with closed-call
palyuralhana leam

|

r' — Polyurcthans foom

.E_j—_ at rim joist

+ Radiani-foar heal
/ distribution |n palished
A concrele Moor

_ :q}ﬂmﬂﬂmlﬂ

demim inoulatisn

— Galluloss insulatisn i
Zxd fromed wall

e

- — — Expamnded polystyrens
foam insulation under
Basamanl slal

1d1
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very possible bo meast all our demands with &
ground-source baat purnp withoul using sotar
hiod water," Pl gays. “We wanted o =fick to
one simple system, either all [photovoltaic] ora
wind furbine and consoldate the systems."”

They caught a break on the sde. Fill had
noficed trees were “lagged,” or distortad,
framy prassailing winds, possibly the resu of un-
usual bopography in 1he area. As it turned cad,
a maighbar worked for a company that makes
wind assessmenl syslems, He told Pill that
wind on the site was abvously 20 good thet b
would be a wasle of maney 1o install monitors
ko varify suitability for a wind generator. A local
furbing installer agreed,

Tre 106W syslam cost 540,000 but it
wias also eligible fora 512 500 nebabe frm
Varmant and a 53, DD feceral tax credd,
reducing its overall cost by nearly 40 perceni

From June 4, 20048, 16 June 4, 2009,
the house used 5 8983KWh of energy, Phus (he
aguivaksnl of 200&WhH of lirewocd, while ke
generator produced &,62 2kWh, With vigilanca
on the family's part, it was a nat producsr of
glectricity, by 423kVWh.

Tha Fills" building s&e was braery anousgh io

make the wnd lurbing a goad bétl wilhoot exfershe
monfoang. On a ok with more manginal wing pobeniis],
testing is a prudent stap balora inuesting in 2 urbing




A rediani-Noor aysiam provides haat
Thia thermal mass of fha palishesd
concrele S8l |s an enargy bank that
stores beat and helps even ouf suddan
G ieamges i rdkdor fempsaraking

Henewabie Eneegy | 144




144

TOMARD & ZERD EMERGY HOME

A BALLPARK ESTIMATE FOR WIND-GENERATED POWER

Estimating how misch electricity 8 small wind fur-
bine will produce gefs complicated The amount
ol power varles dramatically with small ups and
diownis in wind speed, and wind isn't entirehy
predictable. Nor do turbines aksvays produce as
misch power as manufactuness say thay will Bl
there are ways to make & good guess.

Start with the “capacity taciar,” which s
the actual elesirical oulpul as a parcantage of
wihal it would be H the furbing ran at 100 per-
cant of its cagacity 100 percant of the time. Far
small turblnes, such as the ana at this house,

Geothermal Heat Shares a

Deep Well

The house is heated by a radiant floor system
connected o a 3-on (35,000 Biu) ground-
source heat pump, It draws water from the
same well [hat supplies the family with drinking
water. Water js normally retumed ta the wel
after it circulatas throwgh the heat pump. A
variable frequancy drive on the waler pump

the capascity factor woukd typieally be between
10 percent and 20 percant.

Mow multiply the rated power of the fur-
bine by the numbar of houfs in & year (8, T60) by
Lhe capacity tactor. In this case, annual produc-
lion should be at laast B 7E0KWH.

This turtding produced semewhat less than
that, but even a minas bump in averags wind
speed on the site would change tha resull.

can sanse whather water is being drewn for
domestic water (higher resistenca) of the
heat pump (lewer resistance) and adjust fiow
accondingly

The heat pump slsc produces domestic
hot waler, with an assist from a gray water
hesl-recovery syastemn, a 54t section of cop-
perwrapped wasts line that pleks up residual
heat in shower water going down the drain, Pill
soys the eguipment appears o ba reducing
the cost of heating water by about 30 percent,

Lising tre same wall lor domestic wabear
and the heal pumg reduced the cost af tha
heating system considarably, but i required a
wall thal produced a ot of watar, And heme
again, the coupls got lucky, At 300 ft,, the
well was producing onty about 2 gal. a minute—
nat enough, esan, for domestic supplies.

=k ] = =P

Ornly the bathrooms on the sscond fioar
of tha house wiss equipped with radian-
fleor haat disrbution. Bl he housa's
raskive adlar design nas bean ancugh o
Eaep hathreomas wanm enough withoa L



They kept going, and at 480 11, the well was
producing 4 gal, a minute, Sl not nearly
enough.

& doweser had looked over the sits and
predicted that well drillers would tap info o
wein producing al least 12 gal. a mirula, ™
was thinking, "CTh, boy, now what? = Pill says,

Wi were going fo have io change our whale
poncegnl wih the ground-gource heat pump
bacause 4 gal. a merwrte |2not enough flow.”

GRAY WATER HEAT RECOVERY

Gray water heat recovery ks a way of caplur-
Ing heal that usually goes down the drain. The
nardwasne |s fairly simpie, consisting of a length
ol copper drain [ine wrapped In coppes bubiing.
Savings can ba signiticant.

There are two basic approaches. In the
simpilest version, drain waler heats incoming
cold water bafore It goes to the water heater or
1e where ItU's baing used, This system waorks only
when hol water is being drawn st the same lime
il's being discarded, when semeone |s taking a
shawar, lar exampla. Although thess systems
are less expengive, they can't capture heat lost

A draim-sater beal-racovary gyalam ia g
sarmiphe bnit affactive way of capluring latsm
himat that would oftereess d@spiear wilh
ibse hot water from a showaer or washing
miaching
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The dowser rafurmed, and insisied the
water was thera. Well drillers had stopped dirill-
ing bt ledt thelr pumps running to clear drilling
debns from the bore. Suddenhy &n apparent
blockane give wey, Bllowing water to flow at its
full patemtial. When they measured the ouwtpud
it was 12 gal. a minute,

In drain waler fram a lub, dishwisher, of wash-
ing machine because waler is nol being drawmn
at the same flime,

& more complicated system includes
a dedicaied siorage Lank. Drain waber lows
through a heat exchanger inside the Lank and
warms up the waler. Another heat exchangsr al
the top of the lank preheats waler belore it goes
ta tha regular waler heater or to where it will be
usad. Heal-recovery sysiems withowt siorage
tanks are mech more comemon becawese of their
cwar cost.
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A “zero energy’ home—a home that produces as much energy as it
consumes=igs an ldea whosa time has come. By reducing ar eliminat-
ing utility bills, zero energy homes offer a new direction for housing
in America. It is 3 win for the Romeswner, 1or the planat, and for a
i gf_-n.f.-ralu'-nn of bullders who are huilﬂing houses that better moot
the energy challenges ahead of us all.

With unequaled knowledge and a passion for the subject, authors
David Johnston and Scott Gibson explore the design and construc-
tion of energy self-sufficient houses from siart to finish and feature
12 houses that were built far zers energy living.

About the authors: A leader in the green building movament, Diavid Johnston
is thie authar of Green from the Ground Up and founder of greenbuilding.com and
whatsworking_com. His approach to green bullding has been embraced by bullding
professionals, municipalities, homeownars, and sustainab@ty advocates nationwide.
Scott Gibson, coauthor of Green from the Grownd Lip, Is a freelance wriler and
Ioregtime contributing editor 1o Sne Homabuilding magazine.
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