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Netting Zero.

Jn

!

How a house in

—-northern Vermont

produces as much

anergy as it consumes

Aj an architect, l've been educating
nysell in green building practices
for neacly 20 vears, through reading an
attemding warkshops and conlereidoes. 50
when it came to destgning o e Teams o
iy family Ln narthern Kew England. 1had
duetinire goals Inomind.

First, | wanted o crente s house with as
little eoyimonmental impace as possible.
Secaml, 1 wanted tm use the mast con-
wventional methads possible, so that the
henase would be relatively alfnrdable and
include construction detalls that could
bz incorporated in future projecis, Fram
thee ourset, my Gonily and 1 decided thai
thie house wonld ! rebease any carbon
ermissinms from the burning of lossi fuel.
and that It weuld generale ils energy on
altg, The challenge was 1o do vhis by a very
cold climare,

Aeeambling the Team

Ag much as the architect in me wanbed 1
design a hoase based on aestheLics alone,
| knew that wouldn't work. So one of the
Nrsrthings 1 did, after Goding Lhe propeimy
bt belare peaving beyond sose concep-
tual plamnlng, was tn find o skilled builder
— Tim Huntingion aof Charieete, Vi, — and
Ardy
Slapiva of Encegy Balance in Mantpelier,
VL — to codlaborate on the project. Thisis
called “thie inegrated design approach™in
the building industry, bist it's mstly eom

u talened energy consulint

mon sense Bring the vight knowledge and
experience mothe tabile ot e design stage,
knowring that every decision you make al
ihie beginnimg will bave implicatlons later
i the process. As 1 warked on the flaor
plans and elevations, lin weighed In on

huildabiliy ssees, and Andy lacused an

a Cold Climate ...

the building emvelope, mechanical sys-
tems, and the energy model. We met as
a groap several times during the design
stage, and | met individually with each ol
them at pdher times and coacdinated the
flow of Information. Toan Reilly, RE, of
sglem Enpineering in Soath Burdingion,
Wi, also warked with Andhy o the Beating
syt deskgn,

Pleernring .-f":"" certifleatar. | hoped o
have the louse certified by a third party,
s0 1 went o Efficlency Vermant, the hocal
adminstraar fof the Energy Star for
Homes and LEED for Homes programs. |
alsa learned about o new local program,
Vermont Builds Greener [VEG), being
created by Vermuont's Buikling for Soclal
Responsthilsty ooganfeation |bsr-viorg),
Gaing thrnugh the LEED Sor Homes and

the VEG checklists was not only & way ta
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MNetting Zero in a Cold Climate

Achieving low heating loads starts with good insulation:
o levers af 2-inch ERS provide a nominal R=26 below
the slab (43, Advanced framing techniguss like single
top plates (B and two-sbhed cormers (21 reduce thermal
bridging

Am extarior skin of Meil-faced poiviso — with seams
toped and windaws tightly flazhed — helos seal the shsll
and further reduces thermal bridging CA). Pre-drywall
blower-door testing (B) done in conjunction with an
infrared camera {C) halped to locate alr leaks in the
tightly insulated Interiar (D,
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paln third-panty eertilication, but e helped
crganiie the design process amd ensured
that | macde the right cholees early o,

Asxerndngg the sl | wisited the propeiy
at differant tlmes of the doy o wnderstand
how the sunlight moved scross the sive
and to stisdy the vigws ool ihe opegre-
Py, A ridige 1o the eadl and o high noll io
the west sovmid 10 Create & wind lunne]
along the north-wouth avh. and | began
condldering wind power. 1 losked imo
dwwiting up wind-monlioting equipmen
it denciiidend agaiin it when n neighbaring
landosmnes wio works for s memsafaciurer
of wind-eoengy awcsamnenl equimmend
afvkiad me tlant B wasn'l secesssry at 1Az
bt [Hi wis slghs: Alsagh % wmeeaa)
for tho wegbon, there has been adequaie
wiinl o emir prapeniv

Energy-First Design

Tieckding eacly oo ta bulkl an elers-ofli-
cient, all elecirle hsuae moang we could
use a single renewable (el source with
apiie sist of enenyy uni, The ager was
cleinrly defined — o design o hodse with
an little energy loael ns possible, chen
choose o appropelacely slzed and afford-
ahle source of ite-genenated electricity,
Whether we ended up Hﬁh‘t‘_lhl' willesd wr
Y pancls to geneiite power, | inew we
wonibd have 0 create o wry elliclenl house
and make the most of évery kilowan
haoar. The local electzical wility, Green
BMountain Power, oflers mel metering.
iman gt | oudd pelurn caors capaciny m
the grid in eochange for ulility poseer tha
It mewsd b the wintes,

Tight shedl, Everything | had bearned
ahout efficlency tld me fo ceate wm
e forms, without a lod of dormess, odd
shages, ond pouke and crannies — in
effect, what had ihe pogential oo be an
upchlieciurally Blane bive, Bin 0 alsn knes
Uit the aschibeet |nome santed wealier
Ui b bis rive it @ aeisie af wosle and some
etadl, | deese Dedeas Tram e farmbiousses

Section Through Thermal Envelope

o A g

Lirw=rarmban baam in = immed space
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Metting Zero in 2 Cold Climate

What goes up miusi
come down: The
wane tarkine will e
drepped every MNve
woars for genars|
maintenance and
lubrcation (AN In
the basement, an
Econar ground-
=ourcE heal pumep
ws8s the drinking
wi |l B prowicke

hat water for both domestic use and space
heating (Bl & Hiiachi varable frequancy
coningdler conmverts sangle-phate o thrie-
phase power, pllowing for ihe upe of an efti-
srent variable-speed well puine (C), A GFX
wiaslewater haat recovery pioe reclaimd an
agtonthing 30 percent &l the haat from hot
wialer used for showers and rebums it (o the
domastic supply (D).

a2 | JLC | NOVEMBER 2010

end nesthaikld kngs i the surmounding ural
arez. | aaned with @ simple 20w50- foot
ilspabena el shded galded rectangle. wel on
an eakl-wist A%l 1o maximize solar gain,
then added & crose-gable clad in oo
rugsted galvalumes and o wraparesl
parch, which helps to bring the scale of
the louse down, 1 ganse thee flres story an
apin [oeor plan io make best use ol day-
light, and stacked the frst- and second
shary ool prints wm simplily construetion.
Opernble windows on the norih and
sl walls would allow the seeady surm-
nier beeeres 1o venilue the boue — the
aily sceommadsthsn 16 conling leads,
wwlhich are not Large in norihern Yermon

I worked with the plan. devatdone, and
witll sections simultaneoisly, while Andy
ustd Energy 10 scliwere [shicoimslomg)
sl his s epreadsliests i model anegy
wie. Cine ol the mast difficah challenges
wan doeld ing which views m take advin
tage of without excesding the squnpes
fool percentoge of glazing dicrated by i
energy-efficbenl design. For esnmpks, 1
woild ordinsnly have eliminabed e
of ihe porth-facing windows, bot the view
up the valley o the mofth was not o be
ignoned., S0 we endod up greatly redoc.
img the namber of caw- aml wed lacing
windews und zdding otheis o Use aanib
clevilian — in the master bedmoam and
ibinve ihe Kiechim countes, While wo do
poy & small energy penalty in the winor,
te views and natural light we recela
it than make up for i

Werchose lbserplass-Crame triple-glazed
winiliws (rom Thesimotech, weth Dlvnhics
al 17 (R5H) for the operable casemoni
wread swnings and 15 (RET) for the fiaed
unite. Solb-Iscing glats would have &
U1 BIMEC jaoder heai galn cosllicient)
mnd the rest al dthe windows (35 SHEGE
In shopping for highly efficlen) cusiam
windows, we lound Thormmech's peic
i cormgetitive, and char influenced our
dechalon. However, since the wimlows



were Ensii el ol we've been living in the
huiie, we've experienced some problems
withs thisw s ey sl Tonenal the custamer
support pooe, se | wouldn't recommend
the produc

We used sdvanced framing sechndiioes
1o the greasest eoient possible, with studs
nn 2-foot centers and the entire building
designad in 2-foot madubes for 2238 of
construetinm, We ook advantage of solir
beat galn by |achiding & 4-inch-thick
radiant elab o the flese-foon living ares,
and Fhineh skim-coat-plastered drywall
thiraugho the louse,

Plug and applianee lovde, We spech-
fied Marescent Nghte and ihe mos =6
oenl eofvonibons] appliances we could
find. W also choser the hifghess-eflicienc
HRV avalkabbe I ot parker i Ohe e,

Haf-ieafer sopimgs, Besides consery
Ing hot water, using low-fow shower
beads alio cuts down on pumping energy
[as do bow-flow ialleis), For further saw
Ings, we alwis Includiod & gravily film hea
enchuiges, or GFX [WaesiFilm Enengy,
giechnoligyoom] — a simple coppres
foil thal wisps the diainpipe coming
lrom the shower, The GFX reclaims heat
from shswer water that would atherwize
bt bovae clievwrs ehie elfal i, disting I fo prehear
incaming cold water to the domestic hat-
wides k. DOE studies have showrn up
ta B porcent eavings o water-heating
eaergy with these devices, (Tn our case,
Isecause we imiinos low guscl hot waier
WE e Al il ebecirhoiny uwsed 10 hean iy
Andy wis able 10 detenmine that wene
alun saving 30 percent |

Froviding Heat

After we had disigiand = tighe shell, pre
liminary calouluibons with Energy 10
predicied an eneegy Inad for heating af
8482 kilowatlwmars per vear (KWhiyr),
Aady's madel accounted for HRY offec-
tiveneas and asvusmied we wourld be abbe e
gee the shell 1 & freasenably low hiower-

e puamher of 500 ofm ar 50 Pascily —
tight but nchievable s loog ns we pold
aerithan tnalrsealing

The low haating lesd narrowed ghe
aumber af poactical aptions far ihe
mechanical svelem, We looked Lricfly
ar the podsibliny of & hyvbeld sysiem
urlng sodar thesmal panésls for hol water
apd space beating bt this woeuld have
tequired eithes & fossil-foel sppliance fos
backup ar electric backup, which would
B bnerensed overall energy wse, Glven
thix loww Besign loads, the simplesi npn-
letdl-fued pption for the heating plant was
gl -wonte heat pump. (A che gime
we were building, the available zis e air
minkaphit beal pumps were moi a3 offi-
cienl in cold cliouses as they are iy,
ar we mught have considered those ) We
ehnswe an Fennar model feconar.eom) that
alen produices domestic ot water (aiely
effledrntly,

ecaise we had to deill & well for aus
drinking water. h made sense o wse the
same well for heating — & (ype of open
lop wtap, common in New England,
in whikh domesti waler and waber for
hewiing are drenn from one well and the
v wilder Do e leat pemp s dedv-
#redd back o the saome well oear the top of
thi waber caluimm, A blesd conteal aeel
vikies IF the well water gets top cald, [ our
svutems; the bleed water will dump inio on
exising shallow well, o s far the o
11l bk miever haad tobe activaced

Ground sounce heat pumps prodisce
HHEE (it heat energy than the enir.
gy conyurned in operarion, as mesaaned
by the COP, or cocHicient of performanc e,
Hest pump manufaciurers tvpically ad-
verten the AHRI(AL-Condiboning, Hear-
ing ancl Helrigeration Insticace) relisg foe
rheir st iy, which fs tested under con-
divkare mawch mon: Bvorable than we see
in the North, Thess ratings are sl for
ther it only and dos't include the ol
pumps and controls in the syssem.

Monitorng eguipment is cntieal
for measuring the peformance

of individual components as well
as overall system efficlency, & wnd
data logger (A) displays curmant
wind speed and tracks wind speed
over Hime: a dedicatad makes (B
records AC powar praducad by the
tuskine, A metar on the eat pump
(S} constantly monitors temperas
ture and fiow of water Ints and cut
af the unit and converts the data
into Btu output. while & Now mater
&t the domestic hot water ine (D)
MedsuEs Not-water CoOnamption.
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Netting Zero in & Cold Climate

Total Annual Electrical Usage; Modelad vs. Actual®

Prajected Use | Actual Use*
| -lr 1258 kWh .' BBZKWh
Iq_ﬁnnlllnﬂq!F'ﬂlﬂLmﬂ:“ : & -:__ 4332kWh | 3.{3?_2"5'_-7;11_ |
i Total _ = " 7,773 kwh E.Ei'ikiﬂh
[ * Usage data from 6/08-6/09 A

At right is a bar graph showing wind-turbine production
compared with total housshold enesgy uie ovar a one-year

Turbing Production vs. Use, June 2008 10 June 2009
period, The chart above lllustrates how annwal anergy load - —

for heating and hot warer, &5 modeled ir Energy 10, are B

divided by the Feat pump's effective coefficient of perfor- 1300

rmance (COP) to arrive at projected usage, Effactive COP R

accounts for the energy requiresd nat only for the heat purmp | 1'; T —
sl But for all pumping and contrals as well, The COP tar | b

domestic hot water is lower becsuse the heat pump has 1a g 1 S
wiark harder to reach 120°F, a8 apposed bo S0°F to 100°F (RS

for the radiant floor. Energy consultant Andy Shapiro has

maonitared this and twe other systems and determined actual L

affective COP for the Econar unit to be about 2.5 to 2.7 for BT e ey g

heating and about 2.3 for domestic Aot watber.

Because we would be providing powes
on sve, we had 10 scosant for the ol
energy needed o rik the system. nol
just the hear pump. 50 Andy ealeo-
lared what he calls the “effective COR
which Includes pumps and contrils. T
do this sccurately, vou have to dive bewa
the unit's engineering data ke perfor-
ManCce actiss a range of possible ground-
wiater and heated-water trmperatures. By
Ionking ot the conditions we expected fir
aach month of the heotl g season and fir
damestic hot water all year, Andy euti-
mated the anual effective COP for the
sydte fir bodh beating and lsof water.,

He alea framd that vsing i Gowld vari-
gble-speed well pump with a VED [vari.
able Frequency deive] controller saved
abiout 50 percent of the pilmping energy
e increased the effective COP by

dd | JLe | NOVEMBER 2C10

araund 13 pereent compared with using
4 conventional single-specd well pump,

Providing Power

The decision betwesn wind and PV was
driven pargly by the presonee of wind,
patrthy by thie cost of PV panels, which has
since come dowi and partly by rehates
available ar the time. A1 $27.004, the cost
of a 1kW Bergey tuchine, installed, wis
abowt half the cost of the 7% PV sysiem
that would have been needed oo produce
comparable  electricity. At that tlme,
ithe 1ax credil for abternarive TNECEY Wiks
capped at $1,500 I [ were dobng it now, 1
milghitelanse PV, becousc it's gatten much
chieapet, phus it's a simpher setup witl less
msaiil=isnce expense. The mirbine will
need 1o e taken down every five years for
lubiFication,

Wind s also podiciealty fricky — some
people hwve the sight of windmills and
some Pate them. We were formnate tha
aur neighbors were acimally pleased
ihe prospect of seeing @ windmill. Noise
ke another issoe: The spinning Mades def
nitely produce sousnd. bt when the wind
i5 already blowing, the windmill tends o
become part of the beckground noise.

In loaking at wind power, you need a
guvd idea of average wingd speed at the
sile As the speed Incieases, power poo-
duction Inereases exponentialle. At nn
averagn wind speed of 12 mph, aur Bergey
turkine |5 far superior in outper o TV,
Wind momitoring would have boen very
expangive, 80 | studied wind maps, spoke
tothi nelglubors, and leaked for amy onleer
signa | could see, such 2s aggling of irees,
[ alimsarely concludec chat it would be



Wind Turbine and Heating System Details
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Metting £ero in a Cold Climate

cheaper o by the system and sell the
el eguiprment i i didn't work oue than
i spend money on an assessment iower
and monitoring eguiprment. Ac b tarmedd
v, wa have an average speed of around
1 mph, bess than we erlginally thoughn
bt sail ] wmaniggh 1 affser our energy wee,

Finally, Construction

One af the mast ceideal pars of the eon-
suriation process was ruknlng a blowes-
daor test before deyvwall 30 we could seal
any leaks we found, Our enengy model
had assumed 600 cfimsn, and thars whar
wi achieved,

Orerall east, The cost of the house, not
Including the band, was S196 por square
fond — abaur the same ns compurable
custom hoares in this ares, That inclsles
the post of the ground-saaree leat pump
and radiznt slabs (3280000, but nst
the coar of the wingd furbine ($27,000].
Superinsulating the shell added anoond
6 percent o the cost, while keeping the
shage sinepde helped keep owsts dovwn, We
did, however, chomse custom cabinetry
&l higher-cost fixtures, so the overall
wist of the hame has as much 1w doowith
our finish cholces as It does wiik ATHEEY
efficiency or *gresn” design.

Heat-pump cosi, Ground-soarce hear
puienps have the reputation af being very
expensive. For one thing, they are mosn
efficient ag heating when ased with =
bow temperatang eovitter ke a radinmi
slab, which adds 10 overall expense. In
our case, the addinion of the GFX &l
the variable frequency deive an the sell
pamp also added expense, as did same
extra controls, gauges, and shiit-offs n
the lydromie sysiem, Compared with
conventional [oreed-aic heating or hat
water baseboand, agrownd-s0urce sysiem
is costlier. bt then se are sysiems thai
inclide madiant hesting and condens-
ing bedlers. When insdalled where thene's
already o standing columa well for goe

46 | JLE | MOVEMBER 2010
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has 10 be drilled anywayl 8 ground-
souree laat pump mday e oul i be snly
slightly more expensive thaon raedian hea
with a condensing bailer, and i aibees for
the wse of renewable enerey oo power it

Manitoring Energy Usos
Becanse we live in a rural area. we spend
mvueh of our timde ab homne, We are a fami-
iy ol Towr: ey wile et 1and our ewa chil-
e ages L and Wi, My wife works from
i Iome alliee, and nearty all of oer meals
are cocked at home. Thaugh the howcs hae
been designed For maximum cfficicncy,
our family is keen by aware of how o “api-
ate” the hawse so it reaches Bs poeniial

L addiibon fo chie proaver company’s elec-
trical meter, the base has severnl maoni-
toring devices that ghve us regular fead back

a wind data logges 5 KWh meter an the
turbine. a kWh meter and a Bru pieter on
the heat pump, and a tow meter on the
dpmestlc hod witer line at the water soft-
ener, With these meters and the main uril
Iey mpter, | can track how micch enesgy
wi produce given the amount of svailable
wind anod how many Klowatis [or B

Interior finishes include a
poiished radiant slab on the
first flocr, hardwood flears
upstairs, and custam cabin-
gtry throughaub the: hedise

afenergy the heat pump prosduces for bach
space heating and hot water. Beeause
everything Is elecirig, T can simply moad
the willicy meer and subtract our ol
energy production from the wind wrline
frarrhve st oo net Eain e use. Moaniloring
CNETEYy Use i o sdigle unll is not onby easy
o undorstand, bat the feedback gives us
Imennbive 1o ey e uweer Lthe usage. As we
clis thals, cercnin hihiss changs and become
new hiahics, and small clianges séd up

T clate, sfrer three vears, the surbine has
preoduces] arcand 20,000 kKWh ond we've
comsnmed arowmd 2L — a net use of
l.un|jl 1000 EWh, cousting arpund S140 for
all gl years, Hwe didn't have the wind-
il &pd wene paying forall rer electricing
v wionld hme cost aboo 850 peer el Ty
lirat amd wtilities — o susiaimable EMETEY
cost, The larger point 5 thar building =
lovelpad howse 10 a cald climate 1s not
coly affardoble bur readily achisvable,
i dm the Toture, bt Fighic now,

Thawid I 2 ar avehitecr in Shedhurne, Vi
The howwe fatuced Fere guhdeved LEED
P e i faes o MERS score afin
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