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]- chapter !

introduction; the case for
solar in montana

Now, asyour new houseisbeing planned, isthetimeto serioudy consider solar energy. If you
wait until after thehouseisbuilt, it will likely betoo late. While any housewith awindow that
admitssunlight isutilizing energy from the sun, asolar homeisspecificaly designedto collect and
usesolar energy.

The sun can heat both domestic water and living spaces, aswell asprovide € ectri Ll
Thisintroductionto solar design explainsapproachesto collecting and using solar ae SRt
energy inahouse. Thesedesign optionsrangefrom thesmpleand inexpensiveto

the sophisticated and costly. Onethingiscertain: the decisonsmadeduring initial ; A=

f'.
building designwill determineahome ssolar future. H L
] v
A homereflectsthelikes, desires, and personality of theowners. A solar home /':' '*-,-
expressesthe owner’scommitment to acleaner environment and aninterestin /‘/ﬁﬁ;-“ )

integrating lifestylewith natural processes.

Every New House Solar-Ready!
Duringthelifetimeof new housesbuilt today, building
roofswill commonly beused to generate e ectricity and
hot water. Not all new homeownerscan afford to
incorporate solar el ectric systemsand solar water-
heating systemsin their new homeat thetime of con-
struction. Therefore, at aminimum, al new houses
should be designed and constructed to readily accept
solar electric systemsand solar water-heating systemsin
thefuture. We chooseto call housesdesigned for future
solar indallations* solar-ready.”

Passive Solar and Solar Tempering Must Be
Included When theHouseisBuilt!

Whilesolar eectric systemsand solar-water heating
systemscan beadded inthefutureif thehouseis
designed properly, other solar space-heating design
features such as solar tempering and passive solar must
beincludedintheorigina housedesign. Thesedesign
approaches use building orientation, room layout,
window placement, and interior construction to use
energy fromthesun.
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About ThisPublication

Thisisnot atechnical guidefor designing or ingtalling your solar systems. For that information,
werecommend that you consult an experienced architect, solar housedesigner, or solar electric
systemdedler (“ photovoltaicingtaller”) whowill have detail ed technical specificationsand other
information. Passive solar homesin particular requirecareful design analysisto provide optimum
energy performanceand acceptable comfort conditions. A number of useful referencesare
includedin Chapter 7. Many solar energy systemsareasubstantial investment and, aswith any
investment, careful planningwill help ensurethat you maketheright decisions.

Inthisfirst chapter wemakeacasefor solar housesin Montanaand describethe basic stepsin
the solar design process. Chapter 2 explainshow to eval uate your building sitefor solar energy.
Solar electric systemsaredescribed in Chapter 3. Solar water-heating systemsareexplainedin
Chapter 4. Chapter 5 discusses climate-responsive or building-integrated design. Chapter 6
suggestsuseful consumer tipsand Chapter 7 listsuseful references.

The Casefor Solar Homes

Thesun hasbeen recognized Tepees, circular tents used by NativeAmerican;'bf /
throughout history asthegiver of - | e T e T ST R oo e R,/
lifeonearth. It hasplayed pivotal ! natural world. The entrancetothelodge

spi ritua and functional rolesin ma;s;lsc;?gatio the east, the direction from which
human development. The har-
nessng of foss| fuelsinthelast
century allowedtechnological
advancesthat created more
comfortablelifestyles. Withthe
widespread use of ectricity for
lightingintheearly 1900s, we
begantoignorethesunwhen
designing our buildings. Now &t thebeginning of anew millineumwehave, in

large part, lost contact with the natural world. We are recogni zing the widespread environmental
degradation that hasresulted from our dependence on non-renewabl e energy sources.

Thedesign and construction of anew homeisauniqueand exciting opportunity. A homeusualy
representsthe single greatest investment most people make. The decis onsmadein thedesign of
anew housewill definethe basic nature of thehousefor itslife. Thisorigina housedesignwill
determineitsdurability, energy usage patterns, comfort, and marketability.

Thereare many reasonswhy more and more peoplein all regionsof the country areincluding
solar energy intheir new homes. Thefollowing are several reasonswhy solar makes sensefor
your new home. Your site, lifestyle, and budget will determinewhich approachesare most
appropriatefor you.

energy Costs

The United Statesimportsmorethan haf of itsoil. Thismakesenergy pricessusceptibleto
international conflictsand political decisions. Energy shortagesand environmental degradation
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occur becausewe haverelied on dwindling domestic oil suppliesand imported fossil fuels. World
oil productionisexpected to peak in 2010. With increasing demand and reduced supplies, the
cost of fossi| fuel scan be expected to increase significantly over thelife of the housebuilt today. I
history isareliable gauge, the cost of conventional, centrally-distributed €l ectricity will continueto
increasewhilethe cost of solar electric systemswill continueto decrease.

In Montana, restructuring of theelectric utility industry will lead to a50% increasein e ectric costs
inthe M ontana Power Company serviceterritory beginningin July 2002. Natural gascostsare
expected to remain high, or evenincrease, asthat fudl isincreasingly used to generate el ectricity
onthenational level. Thebest way to guard against future cost increasesisto reduce dependency
on purchased energy. Solar technologiescan dojust that.

self—sufficiency

TheY 2K scaremade many el ectricity consumersrealizejust how dependent we areon central -
ized energy systems. Solar technol ogies can reduce or eliminate that dependency. A lack of
reliability inthecentralized el ectric supply grid ismotivating many homeownersand businessesto
install their own el ectric-generation systemsto assure continuous power for critical electronic
equipment. For most of us, atotally independent energy systemsisfar too costly. However, this
guidewill suggest approachesthat reduce dependence on centralized energy distribution systems.

environmental awareness

Thelast century, withitsutilization of fossi| fuels, saw unprecedented improvementsin theglobal
economy, population, and life expectancy. We areonly now realizing the environmenta conse-
quencesof that dependenceonfossil fuels. Although theair pollution impactsof fossil fuel power
plantsand the biol ogical impacts of damshave been documented for decades, the significance of
globa warming has been widely accepted only inthelast few years. A homethat depends|ess
ontraditional central power generation and fossi| fuelswill result inlessimpact on our environ-
ment. By using the sun to heat and power our homes, we can reduce our dependence on energy
sourcesthat areincreasingin cost and polluting our environment.

Occupant Comfort and health

Many aspectsof asolar home, specificaly solar tempering and passive solar design, provide
daylight and allow occupantsto relate to the natural world around them. Often, design ap-
proachesthat use solar energy also consider how construction materialsimpact ahealthy indoor
environment. When coupled with other sustainable design practices, the solar homebecomesa
safer and moreenjoyableplacetolive.
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Solar Energy Design Options

Thetype of solar technol ogiesappropriatefor aspecific homewill depend onthe characteristics
of thesite, style preferences of the owners, and the construction budget. Solar home stylescan
rangein character frommoderntotraditiona. Theowners stylepreferenceswill inlarge part
dictatethetypeand extent of the solar characteristics. For example, installation of solar electric
panel son theroof can beincorporated into dmost any house desi gn with minimum visua impact.
However, apassive design that obtainsasubstantial portion of the home's space heating needs
fromthe sunwill haveamoresignificant influence onthe building's appearance and character.

Solar technol ogies can generally be described as either solar thermal or solar electric. Solar
electric systems produce e ectricity directly from the sun. Electronsarefreed by theinteraction of
sunlight with semiconductor material sin photovoltaic cells. Solar therma systemsusethesun’'s
heat for space conditioning and water heating. Solar thermal systemscan either utilizethe
building’sstructural components (windows, walls, and floors) or solar collector panelscon-
structed specificaly for collecting thesun’senergy.

solar design process

Beforewedescribethe solar electric, solar water heating, and building-integrated solar design
strategies, we suggest the basic stepsin thedesign process. Although asiteand neighborhood
maly not be optimum for solar design, there area most aways appropriate solar featuresthat can

beincorporated.

=5 | site selection

Chooseyour building sitewith solar designin mind. Topography, vegetation, surrounding build-
ings, and views can hel p you determinewhich solar featuresare feasible on your property. South-
facing dopesare better than other dopes. Use carein locating the house on the site. Be surethat
thewinter sunwill not be substantialy shaded by mountains, trees, or buildingsduringthemiddle
of theday. Theremaining chaptersin thisguidewill provide moreinformation about the evaluating
thedtefor solar applications.

1Y 2 solar professional

Chooseadesign professiond, experienced and enthusiastic with solar energy, to assst with
designing your house. If you plan to purchaseahomeaready constructed, look for onethat was
designed with the solar featuresdiscussed inthisguide.

iy 3. energy—efficient design

Whilethe purpose of thisguideisto encouragethe use of solar energy, thefirst design objective
should beenergy efficiency. Wesuggest that al housesin Montanabe built to the 1994 L ong-
Term Super Good Cents specifications, an energy standard devel oped originally by the North-
west Power Planning Council initsMode Conservation Standards. Although thisstandard
originaly was developed for electrically heated houses, recent natural gascost increasesmake
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the standard appropriateto al heating energy types. TheLong-Term Super Good Cents stan-
dard ismoreefficient thanthe current state energy code. The USDOE Energy Star Homerating
isanother excellent energy-efficient design standard.

gy 4. building and window Orrientation

Orient your building to provide maximum southern exposurefor roomsand windows. Although
due south isbest, the orientation of solar collectors (PV modules, hot water collectors, and
windows) can be up to 30 degrees off due south and till collect 90 percent of the sun’senergy. A
deviation of 45 degreesor lessfromtrue south is considered acceptable for most applications.
Therefore, abuilding’sroof oriented 45 degreesor lessfrom true south isconsidered excellent for
solar electric or water-heating systems.

[Z] 5. Shading

Your solar collector area, roof and window surfaces should be unshaded from 9 a.m. until 3p.m.
during the heating season for space-heating strategies and year-round for solar €l ectric and water-
heating systems. Thelandscape planiscritical to maintain unshaded accessto thesun. Carefully
plan the planting of trees or shrubsthat could shadethe solar system in thefuture. Even partia
shadingonaPV array will sgnificantly reducethe system’selectrica output. Solar thermal
systemsaremoretol erable of some shading.

? 6. Solar System Selection

The solar technol ogies most appropriatefor aspecific homewill depend on the characteristics of
thegite, lifestyle preferences of the owners, and the construction budget. Solar home stylescan
rangein character from modernto traditiona. The style preferencesof theownerswill inlarge
part dictatethetype o i u @ extent of the solar design. For example, installation of solar electric
panc!sc. solar shingleson theroof can beincorporated in amost any house design with minimum
visual impact. However, apassive design that obtainsasubstantial portion of the home's space
heating needsfrom the sunwill haveamore significant influence on the building’ sgppearanceand
character. Solar technol ogiescan generally be described aseither solar thermal or solar electric:

Solar Electric Systemsproduce electricity directly from the sun. Electronsarefreed by the
interaction of sunlight with semiconductor materiasin photovoltaic cells.

Solar Thermal Systemsusethe sun’sheat for space heating and water heating. Solar thermal
systemscan utilize either the building’sstructural components (windows, walls, and floors) or
solar collector panelsconstructed specifically for collecting thesun’senergy.

Followingisan introduction to solar housedesign options. These solar design approachesare
discussedinmoredetail inlater chapters.
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Solar Ready

Every housewith accesstothe sunfor several i \
hoursduring themiddle of the day should be &
designed for future solar applications. Ata i 7
minimum, new homesshouldincludeasouth- o
oriented roof surfaceto alow futureinstalla- | "™
tion of solar electric panelsor roofing. Not all P .
homeownerswill wish to adapt their dream |
houseto include passive solar, but thevast !
majority of new homescan bedesignedto L i
accept solar electric systemsinthefutureas :
the cost of photovoltai cs continuesto drop.
A solar-ready housedesignwill include
provisionsfor wireor piperunsto the solar
collector. For solar e ectric systems, aspace should be designated for mounting theinverter and
other control equipment aswell asthe breaker panel locationswherethesolar e ectricity will be
connected tothehouse'selectrical system. ™
isadvisabletoinstall conduit at thetime of
construction so that wirerunsfromthe solar [ﬂml
array totheinverter can beeasly installed. o~

. LAy
Solar Tempering s
A solar-tempered houseisoriented and
shaped in responseto the sun. Occupied
roomsand windowsare placed to the soutr
but no internal thermal massisadded.

Passive Solar Space Heating

Passive solar strategiesincludethe principlesof solar tempering but alow for greater south glazing
areaby providinginterna therma mass. Insulating theglassareaiscritica inacold, northern
climatesuch asMontanaif the systemisto produce asignificant amount of energy compared to
night-time heat |osses. Therearethreebasic

typesof passivesolar designs: direct gain,

indirect gain, andisolated gain. Asarule

passivesolar designwill increasethefirst ;’f

cost of thehome by adding window areaand o —
thermal massintheform of concrete, tile, or O . =
brick. Passive systemsnormally will cost q
morefor additiona windowsand interna !
thermal mass. Examplesof thermal mass { ¥

includeconcretedabswithtilefinish, and
concreteblock walls. Thetotd incremental
cost canrangefrom afew hundred to afew
thousand dallars.
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Solar Electric Systems

All new homeswith appropriate solar

orientation and adequate south-facing roof ' &
dopearesuitablefor solar eectric systems. —
The added cost is$10 to $12 per watt. A 4
2000-watt system would cost about

$20,000 and provide about haf of the [
electric needsof avery efficient house

without electric water or space heating. Net- |
metered solar el ectric systemscurrently L
produce electricity that costs between 20
and 24 cents per kilowatt-hour over thelife
of thesystem. Net-metering allowsthe
owner of asolar electric system to run the utility meter backwards during timeswhen the system
produces moreelectricity thanthe houseis

consuming.

Solar Water Heating =
Careful attention must be givento solar water-

heating systemsin Montanato prevent freez- ; .

ing. Solar collectorsusually are mounted onthe ' s \
roof, and ahot water storagetank typicalyis

installed adjacent to the standard water heater. . -
In hard-freeze climates such asMontana, the

cost of adding asolar water system is between
$4,000 and $6,000.
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2 chapter 2:

solar potential: evaluating your

m site for solar

Thelast chapter introduced solar el ectric, solar water heating, and building-integrated solar design
strategies. Regardlessof the solar features selected, careful evaluation and use of thesiteis
required for asuccessful solar design. Topography, vegetation, surrounding buildings, and views
have asignificant impact on the solar featuresthat are appropriatefor anew house.

A relatively openview of the sky to the south of your houseisrequired, at least during the months
when you planto usethe sun. Asagenerd rule, thesolar collector area, whether window or roof,
should be unshaded from 9 A.m. until 3 p.m. during the heating season for space heating and year-
round for solar electric and water-heating systems. The basi c concepts of how the sun movesin
thesky on aseasonad and daily basisareillustrated inthefollowing diagrams. Understanding
azimuth and dtitudeangles, illustratedin Figure 1, will helpinevauating solar potential.

b

Fig.1: Two coordinates are needed to locate the position of the sun in the sky.
They are called the altitude and azimuth (also called the bearing angle).

8
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Thedrawing in Figure 2 showsthe path of the sun during thefour seasons. To better estimatethe
availablesunlight at aparticular sitethe useasun chart isrecommended. Such achart for the
Montanalatitudeisshown. Sun charts show the sun’spath at different times of theday and year
for agivenlatitude. Using aprotractor or homemade viewfinder, ahomeowner can observethe
sky fromthe point wherethe solar collector areawill belocated and determineif neighboring
treesor buildingswill block the sun. Whileyou can construct your own viewfinder, you may
chooseto ask alocal solar equipment dealer about checking your home'ssolar potential .

Tousethe sunchart, first draw the skyline of objects(tree, buildings, power lines, mountains) that
might shadethesite. A typical skylineisshownin Figure 3. Inthe adjacent table, enter the
unshaded percent valuesthat are not shaded for each month. For example, if theareaisunshaded
during themonth of Marchfrom9 a.m. until 2 p.m., the sitewill receive 63 percent of the sunlight
availableduring that month.

FiPT
—

-|= _-"l- - ..; ..I' t
i/ e B
i - ..: [
i [ {4

i pF

- Y Y

: ,-" o
l:i. lr:.
A
of
e A = 2

Fig. 2: You can plot the sun’s path for any day of the year. The lines shown represent the
sun’s path for the 20th day of each month. The sun’s path is longest during the summer
months when it reaches its highest altitude, rising and setting with the widest azimuth
angle from true south. During the winter months, the sun is much lower in the sky, rising
and setting with the narrowest azimuth angles from true south.

9
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Values are % Monthly Solar Radiation 45° North Latitude

o

®

&
altitude angles

Thisparticular sunchart isfor 48 degreesnorth latitude. The southern border of Montanais
about 45 degrees north | atitude and the northern border is about 50 degreesnorth | atitude. The
chart provided will provide areasonable evauationtool for theentirestate. Thischart includes
valuesthat alow you to calcul ate the percent possible solar energy available at aparticular site.

10
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Plolting the Skyline

R v— - - o

Fig. 3: Plotting tall permanent objects.

Sunchart Table
Month Monthy % *
January
February
March
April
May
June
July
August
September
October
November
December

* - Enter the sum of the %
sun values for each month
from the sun chart. Include
on the values that are not
shaded (below the skyline).

11
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Althoughtheavailability of sunlightisacritica requirement of both solar eectric and solar thermal
systems, solar electric systemsare much more susceptibleto shading. Eventheshadow cast by a
utility poleor wire can have asignificant impact on solar e ectric system performance and should
beavoided. Solar thermal systemsaremuch lesssusceptibleto small areasof shading.

Montana ssolar resourceiscomparablewith that of other areas of the country that are aggres-
sively using solar energy. The Montana Solar Data Manual, complied by Charles Fowlkes,
PhD, PE, and published in 1985, isthe most comprehensive collection of insolation datafor the
state. Tableswith solar datafrom themanual for four Montanacitiesareincluded at theend of
thispublication.

Average Annual Horizontal Solar Insolation (1961-90)

1800 %

1600

©" ° 4 5 Q
N N R N

1400 +—

1200 +— —

1000 +—— —

800 — —

kWh/m2/year

600 — —

400 +—— —

200 —— —

The Montana Solar Data Manual, compiled by Charless W. Fowlkes, PhD,
PE, and published in 1985, is the most comprehensive collection of insola-
tion data for the state. The manual presents a summary of six years of solar
measurements (50,126 days of data collected at 20 sites) taken between
1977 and 1982.

The orientation of the photovoltaic system (the compassdirection that your system faces) will
affect performance. In Montana, the sun at noonisalwaysinthe southern haf of thesky andis
higher inthe summer and lower inthewinter. Usually, the best location for asolar collector system
isasouth-facing roof or wall. Roofsthat face east or west may al so be acceptablefor solar

el ectric systems, dthough the performance of the systemwill bereduced.

Flat roofsalsowork well for solar electric and solar water-heating collectors. The panelscan be
mounted on framestilted toward the south at the optimal angle. For themost part, if your collec-
torsaretilted at dopesbetween 30 degrees and 60 degrees and oriented within 30 degrees of
south, your systemwill recelveat |east 90 percent of available solar energy.

12
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3 chapter 3:

solar electric systems: generate
your own power

Inthe next few years, the potential
for using solar energy to generate o2
electricity—popularly knownas . i
photovoltaicsor PV—at homewill o A
increasedramatically astechnol ogi- ; _

cal breakthroughs continueon an 27 | —
amost monthly basis. Besidesthe : P/ . '
technological advances, prices ali B : e
continueto drop as production ’ :
methodsimprove and commercia i i
applicationsincrease. Already, §.x o
thousands of homesnationwide use i,

photovoltaic systemsto generate —
ectricity. P———

Solar eectric systemscan be
classfied as“ stand-aone” and
“utility-interactive.” Thisguide
emphasizes* utility-interactive’
systemsthat use standard photovol -
taicarrays. Solar electric systems
connectedtotheutility grid usualy
aremade up of aphotovoltaic
array, aninverter, wiring, and
switches. Thearray ismadeof rigid
pandscomprisngindividud
photovoltaicsliconcdls.

Theheart of thePV systemisan
inverter that convertsthedirect
current (DC) electricity produced
by the PV panelsintodternating
current (AC) dectrical power that
can be used by conventiona homes
and appliancesor fed back into the
utility grid. Thetypical system
includesmetersto indicate how the
systemisperforming and adiscon-

PV panels demonstrate solar technology on a typical grid-
connected home in Gardner, Massachusetts.

13
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utility service
connection

PV Array
kwWh
meter
source ¢
ey ul electrical
’ . ith DC DC/IAC DS
lightning with . AC distribution
protection > discs::)rrllrr]l?ects P inverter P disconnect > panel
DC AC

v

AC to all loads

Block Diagram of Utility-Interactive PV System

nect switch to deactivate the system at the utility meter to avoid possible harm to utility person-
nel by back-feeding power into agrid that isassumed to be harmless.

Systemsthat provide backup for power outages, aswell asoff-grid systems, alsoinclude
batteriesfor storing power. Discussing battery storage optionsisbeyond the scope of this
guide.

Building-I ntegrated Solar Electric Products

Also beyond the scope of thisguide areagroup of exciting and promising building-integrated
solar electric products. These productsgenerate e ectricity whileaso acting asroofing, sding,
skylights, and windows. Productsthat have beeninstalled in Montanainclude solar roof
shinglesand solar roof dates. Photovoltaic cellsa so have been laminated to sheet metal roofing
andingtalled on housing. Other productsthat have beeninstalled on commercia buildings
includeglazing unitswithintegrated photovoltaic cdlls. Unfortunatel y, these buil ding-integrated
solar electric products are more than doubl e the cost of standard PV arrays. Inthefuture, these
building-integrated productswill makethevisua impact of adding photovoltaicsto abuilding
amog negligible.

Unisolar manufacturesaproduct called Solar Shingles. Thesearethin-film amorphoussilicon
cellslaminated to asubstrate that can beinstalled likeasphalt shingles. Unisolar aso haslami-
nated thin-filmamorphoussilicon cellsto meta roofing pands.

Sundates, manufactured by AtlantisEnergy Systems, isan attractiveroof product that can be
integrated with adatetileroof. Inafew commercid applications, photovoltaicslicon cellsare
integrated with skylight or window glazing to alow light to penetrateinto the spaceand a so
produceelectricity.

14
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Solar shingles (above left) do more than protect the building, while the metal roof (above right) gener-
ates electricity from the sun.

Utility-I nter active Systems

Utility-interactive systemsare connected to the power linerunning into your housefromthelocal
power company. A utility-interactive system may have PV solar modules ontheroof or mounted
on apoleor poles. Because photovoltaic systems convert power the PV panelsproduceinto
alternating current, itispossibleto sell any surpluspower you might generateto the Montana
Power Company. In essencethis” net metering” arrangement allowsthe homeowner torunthe
meter backwardswhen the solar electric system isgenerating more power than the house can use
at thetime. Other than the renewabl e energy system and an appropriate meter, no special equip-
ment isneeded.

Evenintheabsence of net metering, consumers can usetheelectricity they produceto offset their
electricity demand on aninstantaneousbasis. But if the consumer happensto produce any excess
electricity (beyond what is needed to meet the customer’ sown needs at the moment), the utility
purchasesthat excesselectricity at theretail price.

Net metering s mplifiesthisarrangement by allowing the consumer to useany excesseectricity to
offset eectricity used at other times during the 12-month billing period, which canbeginon
January 1, April 1, July 1, or October 1 of each year, asdesignated by the customer-generator.
Any remaining unused kilowatt-hour credit accumul ated during the previous 12 months must be
granted to the e ectricity supplier, without any compensation to the customer-generator.

Why isnet meteringimportant?

Net metering isimportant for threereasons. First, asincreasing numbersof primarily residential
customersinstall renewableenergy systemsin their homes, there must beasimple, standardized
protocol for connecting their systemsinto the e ectricity grid that ensures safety and power quality.
Second, many residential customersare not at home using el ectricity during the day whentheir

systemsare producing power. Net metering alowsthemto receivefull valuefor theeectricity
they producewithout installing expensive battery storage systems.

15
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Third, net metering providesasimple, inexpensive, and easily admini stered mechanism for encour-
aging the use of renewableenergy systems, which provideimportant locdl, national, and global
benefits.

Net metering providesavariety of benefitsfor both utilitiesand consumers. Utilitiesbenefit by
avoiding theadminigtrative and accounting costs of metering and purchasing the small amountsof
excesseectricity produced by these small-scal e renewabl e generating facilities. Consumers
benefit by getting greater valuefor some of the el ectricity they generate, by being abletointercon-
nect withtheutility using their existing utility meter, and by being ableto interconnect usng widely
accepted technical standards.

Theonly cost associated with net metering isindirect: the customer isbuying lesseectricity from
theutility, which meansthe utility iscollecting lessrevenuefrom the customer. That’sbecauseany
excessédectricity that would have been sold to the utility at thewholesaleor *avoided cost’ price
isinstead being used to of fset e ectricity the customer would have purchased at theretail price.
Therevenuelossisroughly comparableto having the customer reduce el ectricity useby investing
in energy efficiency measures, such ascompact fluorescent lightsand efficient appliances.

Thebill savingsfor the customer (and corresponding revenuelosstotheutility) will dependona
variety of factors, particularly the difference between the‘ avoided cost’ and retail prices. In
general, however, thedifferencewill be between $5 - $15 amonth for aresidential-scale PV
system (2 kW), and between $25 - $70 amonth for afarm-scalewind turbine (10 kW). Revenue
losses associated with net metering areat |east partially offset by the administrative and accounting
savings, whicharenot included in theabovefigures.

Meters

The standard kilowatt-hour meter used by the mgjority of residential and small commercial
customersaccurately registerstheflow of eectricity in either direction. Thismeansthe* netting”
process associ ated with net metering happens automatical ly—the meter spinsforward (inthe
normal direction) when the consumer needs more el ectricity than isbeing produced, and spins
backward when the consumer is producing moreelectricity than isneeded in the building.

Safety

During the last decade there has been tremendoustechnol ogical progressinthedesign of the
equipment that integrates small-scale generatorswith the utility grid. Caled “inverters’ because
they wereoriginally designed only to ‘ invert’ the DC e ectricity produced by solar arraysand wind
turbinesto the AC e ectricity used in our homesand businesses, these deviceshaveevolved into
extremely sophisticated power-management systems.

Invertersnow includeall the necessary protectiverelaysand circuit breakers needed to synchro-
nizesafely and reliably with the utility grid, and to prevent “idanding” by automaticaly shutting
downwhenthe utility grid suffersan outage. M oreover, this protective equipment operates
automatically, without any human intervention needed.

Most new inverters comply with all nationally-recognized codes and standards, including the Na-
tional Electrical Code (NEC), Underwriters Laboratories (UL ), and the Institute of Electrical and
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Electronic Engineers(IEEE). Thesesystemsarenow operating safely and reliably inevery statein
thenation.

By adopting net metering early, autility establishesitself in aleadershiprolein providing customers
the option of generating someof itsown electricity. The 1997 Montananet metering legidation
effectively appliesonly to the Montana Power Company and Montana DakotaUtilities. Electric
cooperativesare not required to provide net metering. The electric cooperatives arefreeto adopt
net metering requirementsdifferent than the state law.

TheMontanalL aw

A “net metering system” isafacility for the production of el ectric energy that: (a) usesasitsfuel
solar, wind, or hydropower; (b) hasagenerating capacity of not morethan 50 kilowatts; (C) is
located on the customer-generator’ s premises; (d) operatesin parallel with thedistribution ser-
vicesprovider’sdistribution facilities; and (€) isintended primarily to offset part or al of the
customer-generator’ srequirementsfor eectricity.

Thelegidation aso requiresthat adistribution servicesprovider alow net metering systemsto be
interconnected using astandard kil owatt-hour meter capabl e of registering theflow of eectricity in
two directions. Thedistribution services provider shal chargethe customer-generator aminimum
monthly feethat isthe sameasother customersof thee ectric utility inthe samerateclass.

Net Metering Calculation

In ca culating the net energy measurement the di stributi on services provider measuresthe net
electricity produced or consumed during the billing period, in accordancewith normal metering
practices. If thedectricity supplied by thedectricity supplier exceedstheectricity generated by
the customer-generator and fed back to the el ectricity supplier during thebilling period, the
customer-generator must bebilled for the net el ectricity supplied by thedectricity supplier, in
accordancewith normal metering practices.

If electricity generated by the customer-generator exceedsthee ectricity supplied by the utility, the
customer-generator must be billed for the appropriate customer chargesfor that billing period and
be credited for the excess kil owatt-hours generated during the billing period, with thiskil owatt-
hour credit appearing onthebill for thefollowing billing period. At the beginning of each caendar
year, any remaining unused kilowatt-hour credit accumulated during the previousyear isgranted to
thedectricity supplier, without any compensation to the customer-generator.

Net Metering System — Reliability and Safety

A net metering system used by acustomer-generator must include, at the customer-generator’s
own expense, al equipment necessary to meet applicable safety, power quality, and interconnec-
tion requirements established by the National Electrical Code, National Electrical Safety Code,
Institute of Electrical and Electronic Engineers, and UnderwritersLaboratories.
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M oreabout the Technology

A photovoltaic system produces power intermittently becauseit worksonly whenthesunis
shining. Thisisnot aproblemfor PV systems connected to the utility grid becausethe additional
electricity you need isautomatically delivered toyou by your utility. And, syslemswith batteries
can provideenergy even when thesunisnot shining.

PV -generated e ectricity ismore expendvethan conventiona utility-supplied eectricity. Improved
manufacturing has reduced the cost to lessthan 1 percent of what it wasin the 1970s, but the cost
(amortized over thelifeof the system) of electricity produced fromthesunin Montanaisstill about
20 centsper kilowatt-hour. Thisismorethan threetimestheretail pricethat M ontanaPower
Company customersnow pay for electricity. Solar tax creditshelp make PV more affordabl e, but
it can’t match today’spricefor eectricity fromyour utility.

Findly, unlikedectricity purchased month by month fromautility, PV power comeswithahigh
initia investment and no monthly chargethereafter. Thismeansthat buyingaPV systemislike
paying yearsof eectric billsupfront. You' Il probably appreciate thereductionin your monthly
electrichills, but theinitial expense can bean eye opener. By financing your PV system, you can
Spread the cost over many years.

How big should my PV system be?

Asadtarting point, you might consider how much of your present electricity needsyouwould like
to meet with your PV system. For example, supposethat you would like to meet 50 percent of
your dectricity needswith your PV system. You could work withyour PV ingtaller to examine
past el ectric billsand determinethe size of the PV system needed to achievethat goal.

Ask your PV ingtaller how much your new PV systemwill produceon an annua basis(also
measured in kilowatt-hours) and comparethat number to your annual el ectricity demandto get an
ideaof how muchyouwill save.

Asyou sizeyour system, you should consider the economies of scalethat can lower the cost per
kilowatt-hour asyou increasethe sizeand cost of the system. Labor costsfor asmall system may
be nearly asmuch asthosefor alarge system. Therefore, it sworth remembering that your PV
installer islikely to offer you abetter pricetoinstall a2-kilowatt system all at once, thantoinstall a
1-kilowatt thisyear and another similar system next year because multiple ordersand multiplesite
vidgtsaremoreexpensive.

Inverter manufacturersrecently have developed smaler invertersthat allow amodular approach to
building acomplete solar system. For example, Applied Power Corporation offersthe SunSine
module—a 300-watt photovoltaic panel with aninverter attached the back of the panel. Each of
the units produces 300 watts of AC power. Although dightly more costly per watt than astandard
PV system, the approach allowsahomeowner to gradual ly add to the system.

Whentheutility gridisshut down, theinverter on aresidential PV system asowill automatically
shut down. One optional feature you might consider if you have an officein your homeisabattery
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system to provide back-up power in case of autility power outage. Batteriesadd valueto your
system, but at ahigher price.

How much electricity will your PV system gener ate?

Net metering allowsyou to be paid theretail eectricratefor power generated by your system.
Thisisabargain sincetheutility paysabout one-third theretail ratefor wholesale power. A rough
rule of thumbisthat aone-kilowatt systemwill produce about 1,500 kilowatt-hours each year.
Keepinmind that actual energy productionwill depend on arange of factorsthat includeyour
geographiclocation, the angleand orientation of your system, the quality of the components of
your system, and thequality of theinstallation.

Consider asking for awritten estimate of the average annual energy production from the PV
systeminstaller. However, you should realizethat evenif an estimateisaccuratefor an average
year, actual dectricity productionwill fluctuatefrom year to year dueto natural variaionsin
westher and climate.

How much doesa PV system cost?

Thereisno singleanswer. The price of your systemwill depend on anumber of factors, including
whether the homeisunder construction or whether the PV isintegrated into the roof or mounted
ontop of anexisting roof. Price also varies depending on the manufacturer, retailer, and installer.
Aningtaller whoisbusy may chargemorefor the system than onewhoisnot.

Thesizeof your system may bethe most significant factor inany equation measuring costsagainst
benefits. A 2-kilowatt system that will offset the needs of avery energy-efficient homemay cost
$20,000 to $24,000 installed, or $10to $12 per watt. At the high end, a5-kilowatt system that
will offset the energy needs of many conventional homesmay cost $40,000 to $50,000installed,
or $8t0 $10 per watt. These prices, of course, arejust rough estimates. Your costswill depend
ontheway your systemisconfigured, your equipment options, and other factors. Your loca PV
installerscan provideyou with estimatesor bids.

Solar ElectricInstallations

Thequantity of solar energy collected dependsontheangleat which thedirect sunlight strikesthe
collector surface. Thedtitude and the azimuth must be considered. TheMontana Solar Data
Manual solar tables provideinformation for varioustilt angles of south-facing surfacesand
approximate correction factorsfor azimuth angles of 45 degreesand 90 degrees. Tablesfor
several Montanacitiesareincluded at theend of thisguide.

Theareanecessary for aPV systemisbased on the efficiency of the photovoltaic modulesyou
purchase. Commonly, residential systemsrequire80to 100 squarefeet of areaper kilowatt of
capacity. If your location limitsthe physical size of your system, you may want toinstall asystem
that usesmoreefficient PV modules.

Someroofing materialsare s mpler and cheaper to work with. Some PV systemingtalerswill not
mount asolar array over wood shinglesor shakes. Typically, composition shinglesareeasiest to
work with, and dateisthemost difficult. Ask your PV installer how the PV system affectsyour
roof warranty.
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For adirect-mounted PV system, the preferred roof slopeis45 degrees (a12/12 pitch), but roof
sopes between 23 degrees (5/12 pitch) and 60 degrees (21/12 pitch) are acceptable. Although
most roofs can support the added weight of aPV system, you should assurethat the roof struc-
ture can support the added dead |oad of the PV array and mounting rack and thetemporary live
load imposed by theinstallation crew. The PV array and mounting rack will add about three
pounds per squarefoot of dead load to the roof.

Stand-Alone Systems

A stand-al one system operatesindependently of the utility power grid. Stand-alone systems
usudly include* battery storage systems’ to store el ectrical power generated by the photovoltaic
system. Stored el ectrical power isthen availablewhen thesunisnot shining. The possibilitiesfor
stand-alone PV systemsare extensive. Stand-al one systems currently are used for everything
from water pumpsand navigationa signalsto el ectrification of remote homesand arealighting. PV
systemsrequireno fuel other than the sun and havelow maintenance costs. For devel oping
countries, photovoltaicsarean ideal source of power.

Solar-Ready Design Featuresfor Solar Electric Systems

Every new house should be designed to readily accept the installation of a solar electric
system. Following are the key design features for adding a solar electric system in the future.

1. Provide 200 to 500 square feet of appropriate solar electric collector area. In general, 100

square feet of photovoltaic areawill provide one kilowatt of capacity using single-cell and

polycrystalline modules. Refer to Chapter 2 for information about desired orientation, tilt,

and solar access.

Pre-wire or provide an electric wire chase to connect the future solar array to the inverter.

Pre-wire or provide an electric wire chase to connect the inverter output to an electric

circuit panel.

4. Provide acircuit in the breaker box for the solar electric feed.

5. Provide avertical wall areato mount afour-feet by four-feet inverter panel in the mechani-
cal area of house.

6. Minimize the distance (wire run) from the array to the inverter.

7. Install an electric disconnect switch for future solar electric system.

wn

Solar Electric Array Design Guidelines

Weall have seenthermal solar collectors sticking up abovetheroof of ahouse mounted at an
anglethat appearsunrelated to the building. Unfortunately, thistype of unsightly installationishow
many peopleview solar. Following areanumber of design guiddinesto assurethat solar electric
arraysdo not detract from the visua appearance of the house.

1. Roof Mount Applications
In new construction, mount PV arrayson roof to avoid using yard spacefor pole mounts.

2. Align with Architectural Features

Align PV arrayswithmagor architectural elementssuch asroof lines, roof penetrations, windows,
skylights, and doors. Treat solar arraysin the sameway agood designer treatsthe placement of
skylights. If thearray isdesigned properly, it will beanintegra part of thewhole building design.
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3. Low-Contrast Roof Color

Coordinatethe color of roofing to minimize contrast with photovoltaic arrays. Select roofing
material color and texturethat arevisually lesscontrasting with the PV array. In most casesthis
means sal ecting aroofing materid that isdark in color with lesstexture.

4. Flush on Roof

Install arraysflush with theroof surface. Again, think about emulating skylights. A lossof afew
percentage pointsin efficiency isasmal priceto pay for amore aesthetically pleasinginstala
tion.

5. Unbroken Surface
Install array pandlsasacontinuous surfacewithout gapsthat detract from themonolithic
appearanceof thearray.

6. Plan for Expansion
Pan now for system expansion. Imagine now how large the system might become. By planning
now for alarger system, awkward and unsightly installations can be avoided.

7. Use Outbuildings

Consider constructing outbuildings porches, carports, or covered patiosfor mounting solar
arrays. Thisapproach may avoid mounting arrayson the main roof of the building and may be
visualy moreattractive.

This home in Idaho Springs,
Colorado, obtains most of its
energy needs from the sun.
Space heating comes from
solar design with a Trombé wall
for energy storage. Hot water
comes from an active (pumped)
system using collectors.
Electricity is generated from a
1,200-watt PV system. In
addition, the house takes
advantage of a number of
energy efficiency construction
technigues and energy-efficient
appliances.

21



Montana Solar House — An Introduction to Solar Design

This home in Hopewell, New
Jersey, integrates passive
solar design, PV power,
solar hot water, and highly
energy-efficient construction.
Notice how the left side of
the array is aligned with the
edge of the clerestory
dormer. The color and
texture of the asphalt
shingles minimize contrast

This home is designed to
use active and passive solar
energy. Unfortunately, the
roof color does not comple-
ment the solar panels. Little
effort was made to align the
array with the architectural
elements of the building.

This home features passive solar
design (generally enough stored
heat in the winter to keep the
house warm overnight). Three 24-
square-foot skylights provide
daylight to most of the living area;
windows are double glazed and
use a heat reflective coating; eight
solar panels on the 60 degree
south facing roof heat an 80 gallon
domestic hot water tank and 400
gallons of water for home heating.
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4 chapter 4:

solar water heating: northern

m climate solutions

In thischapter we discuss solar water-heating systems. The average person uses between 15
and 20 gallonsof hot water aday. At 6 centsper kilowatt hour for el ectricity, an averagefamily
of four spends between $300 and $400 ayear to heat water. That figure probably will continue
toriseasthe cost for energy rises. You can cut your hot water costsby half with aproperly sized
solar water heater.

Afterthe 1973 Arab oil embargo, the solar water-heating industry grew rapidly. Many observers
believeit grew too quickly dueto dependence on generoustax credits. Sometechnologies
installed were complex and not adequately tested. When oil pricesdropped and political support
faded, theindustry shrank from hundreds of solar water heater manufacturersto only afew dozen
today. Salesof solar domestic water-heating systems have been limited in northern climates.
Enthusiasm for solar water-heating systemsisnot strong, if informal discussionswith Montana
solar dealersisany indication. Yet solar water-heating systemsthat arealmost 20 yearsold are
still operatingin Montana. And there are hundreds of operating systemsfrom Oregonto Wiscon-
sntoMaine.

Solar-Ready Design Featuresfor Water Heating

Every new house should be designed to readily accept the installation of a solar water
system. Following are the key design features for adding solar electric systems in the
future.

1. Provideasolar collector area approximately 20 feet by 20 feet in size, preferably on the
roof or adjacent porch.

Provide pipe chase from collector area to hot water storage area.

Provide extra space for future solar water storage tank, approximately 4 feet by 4 feet,
immediately adjacent to the existing water heater.

Minimize the distance between collector area and the future hot-water storage tank.

5. Accessto areaimmediately below collector mount on roof.

wn

>

Thegreat challengefor solar water heating in anorthern climate isfreeze protection. Thetypesof
systemsdiscussed bel ow each take adifferent approach to solving thischallenge.

A four-season domestic solar water-heating systemwill likely cost $4,000 to $6,000 installed,
depending on the system purchased and the nature of theinstallation. Energy savingswill depend
on the energy source displaced and the water-usage patterns of the occupants. Although systems
havebeeninstalled nationally for lessthan $2,000, thesewere not installed in ahard-freeze climate
such asMontana.
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To providesolar collector mounting that does
not detract from the appearance of the
house, follow the genera design recommen-
dationsfor mounting solar el ectric panelsin
Chapter 3. Thesolar collector areashould
beascloseaspossibleto the solar storage
tank and conventional water heater.

Therearefour basic typesof solar water-
hesting systemsavailable. Thesesystems
sharethreesmilarities: flat-plate collectorsto
gather solar heat; one or two tanksto store
hot water; and associated plumbing with or
without pumpsto circul atethe heat-transfer
fluid from thetank to the collectorsand back

again.

Draindown Systems

Thecrucid differenceinthesesystemsliesin
their freeze-protection methods. Ina
“draindown system,” potablewater fromthe
home hot water tank ispumped directly

North Carolina Solar Center lllustration
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Fig. 4: Draindown solar water system.

through the solar collectors, whereit isheated by the sun and returned to thetank (Figure 4).
Freeze protection isprovided by vavesthat automatically open and drain the system when
sensorsdetect freezing temperatures. Thewater usualy isdumped down asewer drain. The

North Carolina Solar Center lllustration
, Jengor
Fat Flate Collectar - T

" Exfiarantial

valvesclosewhenthedanger of freez-
ing haspassed and freshwater is
reintroduced into the system. Solar
collectorsand piping inadraindown
system must be pitched so water will
drainautomatically, evenduringa
power failure.

Draindown systemsareclassified as

B i “openloop” becausethey aretied
- PR directly into the domestic water supply.
You should test the hardness of your
B later = water beforeinstalling an open-loop
| {______d.q-;] 'jh‘“""‘““ system. Mineral depositsor acidity can
: ruinthecollectorsor other system
Hot Wiwter components.
| Tank
J Drainback Systems
Pampdl - Thesecond general typeisa
. S, “drainback” system, so called because

D ainback Tank with Famip
Imvernal Heat Exchanger

Fig. 5: Drainback solar water system.

fluidinthe collector loop drainsback
into asolar storagetank whenever the
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North Carolina Solar Center lllustration pump ShutS Off . A dl’a nba:k SyStem doeS
Photcoitai not circulate household water uptothe
NS = Giyoal Loop collectors. Instead, it usesaseparate
' plumbing linefilledwith distilled water or
someother fluid to gather the sun’shest.
Theheat istransferred to the household
water supply by meansof aheat ex-

,,.
-
p

- Cald Water In changer—acoil of copper pipethat runs
| &= — into and out of thewater tank. A drainback
B M i system (Figure5) operatesstrictly on
' I Ot gravity—whenever thetemperatureisnear
ED freezing, the pump shutsoff and thetransfer
W y Heot Watee fluiddrainsback intothesolar storage tank.
Hiear i Lo A drainback system lacks someof the
Exchanger 11 — controlsof adraindown system and does
== not haveto be pressurized.
O Purmps T

However, adrainback system must have
Fig. 6: Pressurized glycol solar water system. pltCh&j collectorsand pl pI ng todlowthe
transfer fluid to drain back into the tank.
Drainback systemsareclassified as” closed loop” becausethe heat transfer fluidiscontainedina
separate plumbing linerather thanbeingtiedintothe
dome§| C Waer S"Ippl y North Carolina Solar Center lllustration

Ciakd Walar In

Antifreeze Closed-L oop Systems

A closed-loop system using an antifreeze solution e [} -
representsthethird basic type of solar water heater. ho - Y 4 Hot water Oul
Theuseof antifreeze allowsthe systemto operate ——
continuoudy throughout thewinter months(Figure

6). Becausethey aretoxic, antifreeze solutionsmust = ot Water
be separated from household water by adouble- Thrik
walled heat exchanger. Severa antifreezesolutions

areused astransfer fluidsin solar water-heating -_—

systems; two of themost popular are apropylene
glycol/water mixtureand siliconeoils. Propylene
glycol isfar lessexpensivethansliconeoil andis
morewidely used. However, the propyleneglycol
mixture can become acidic when constantly exposed .
to high temperatures and should be checked and Flat Plate L4

replaced every few yearsto avoid corrosion. Sili- oz

coneoilsarenoncorrosive, but they haveavery low

surfacetension. Thismeansthey can seep through

thesmallest cracks. Fig. 7: Thermosiphoning solar water system.
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Pasg ve Wg ems North Carolina Solar Center lllustration

Thefourthtypeof systemisthe” passve’” solar |:
water heating design—"thermosiphoning” and )
“batch.” Theseareavailablecommercialy and are I'
popular among do-it-yourselfers. Both areclassi- i
fied as passive solar water-heating systems )
because they do not require pumpsto operate. t

|

A basiclaw of thermodynamicssaysthat whena
fluid—such aswater—isheated, it becomes|ess
denseandisthen easily displaced by therelatively
denser coldfluid. Thisiscalled thermos phoni ngor Fig. 8: Breadbox batch solar water heater.
convection. In athermos phoning solar water

heater (Figure7), the storagetank islocated at | east two feet above the collectors so the cool er
liquid from the bottom of thetank will naturally drop down into the collector and be heated.
Warmer transfer fluid heated in the collectorswill riseup to thetank. Thecycle continuesaslong
asthesunisshining.

Thermosiphoning solar water heatersare popular in non-freezing climateswhere domestic water
can becirculated directly through the collectors. In freezing climates, an antifreeze solution con-
tained inaseparateloop isnormally used. The main advantage of athermaosiphoning solar water
heater isthat it requiresno mechanical energy to operate. Thebiggest disadvantageisthat it heats
only about one-fifth the volume of water that apumped system does. Also, athermaosiphoning
system can behard to install because the water tank must beinstalled abovethe collectors.
According to theresults of acomparative study by New Shelter magazine, the most cost-effec-
tiveof al solar water heating systemsisthe“batch” or * breadbox” water heater (Figure 8).

In abatch heater, the water storage tank a so functionsasthe collector. Thetanksareused as
collectors. One or two water tanks, painted black, are placed in awell-insulated box or other
enclosure. The southwall of thebox ismade of clear glassor plastic and tilted at the proper angle
so the sun shinesdirectly on thetank and heatsthe“batch” of water. Freeze protection can be
provided by adding aninsulated cover to the enclosure, giving the system the appearance of a
giant breadbox—hence, the name* breadbox solar water heater.”

However, some homeownersfind that the effort required to open and close theinsul ated cover
during thewinter istiresome.

Also, the pipesleading to and from theinsulated enclosure are proneto freezing. Thus, it may
make more senseto drain the collector during thewinter in climateslike Montana. Even withthe
system shut down for several months, the breadbox heater can save considerable dlectricity than
otherwisewould berequired to heat water. Materia sfor abreadbox water heater usually runno
more than $500.

Commercia batch collectorsaso areavailable. They usualy are assembled and comewith
instructionsfor interconnection to the household water supply. A plumber or ahomeowner with
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plumbing experience can completetheinstallation. Theseaready-assembled collectorsuse better
materid sthansmilar material savailableat home-supply stores. Materialsincludelow-ironinsul a-
ing glass, salective surface coated tanks, and aparabolic reflector. Commercia batch collector
systemsa so may offer warranties, such asguaranteed protection from freezing by virtue of their
increased therma performance. Costsfor commercia batch collectorswill rangefromtwoto four
timesthe cost of homeowner-built systems.

Collector Pand

A crucia featurein al solar water-heating systemsisthe collector pandl. The collector isexposed
to the harshest elements of nature and must be made of strong, well-assembled materiasif itisto
last for 20 yearsas claimed by most manufacturers. A good-quality collector generaly hasametd
frame, doubleglazing (usually recommended for M ontana), and acopper absorber plate and tube
assembly through whichthe heet transfer fluid iscirculated. The collector should bewdl-insulated
on both the back and the sides.

Aswith other solar systems, the best orientation for asolar water-heating collector isdue south.
However, solar water-heating collectors can face up to 30 degrees east or west of south without a
sgnificant deteriorationin performance.

Traditiona wisdom hasheld that the proper tilt for solar water-heating collectorsisequal tothe
latitude of thelocation wherethe systemisbeinginstalled. However, keep in mind that hot water
consumptionisoften greater and incoming water temperaturesarelower during thewinter months,
which suggeststhat asteeper angle may be optimum.

Youwill find that astegper angle (latitude plus 10 degrees) isoften recommended in southern
climatesbecauseit enablesthe collection of more of the sun’sheat throughout theyear. The
optimumtilt for solar water-heating collectorsin Montanaisaround 45 degrees. Collectorsthat tilt
asmuch as 15 degreesoff theoptimum dopestill will perform relatively well onan annua basis.
Thisvariation makesit possibleto mount the panel sflush with the roof for aesthetic reasons.

SRCC Certification

The Solar Rating and Certification Corporation (SRCC) tests collectorsand solar hot water
systems, establishesand enforcesquality assurance guidelines, and servesastheingtitutiona
archiveof field experience. Certified productsand be obtained from over 15 manufacturersgiven
inthe SRCC Product Directory.
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5 chapter 5:

building—integrated design:
bullding as solar collector

Solar electric and solar water-heating systems can be added after the house has already been
constructed. Building-integrated solar design must be added when the building is built.
The concept of building integrated design has been called by various names. “Climate
responsive’ and “passive design” often are used to express this design philosophy.

Building-integrated design is not new. Before the introduction of modern heating and air
conditioning building designersrelied heavily on the sun, shade, and natural air movement
for heating and cooling. Reliance on these natural elements was reflected in the building
shape, floor plan, window size, window placement, and orientation.

“Today, thereisastrong, new interest in passive solar heating and cooling systems
because they simplify rather than complicate life. Passive systemsaresimplein
concept and use, have few moving parts and require little or no maintenance. Also,
these systems do not generate thermal pollution, since they require no external
energy input and produce no physical by-products or waste. Since solar energy is
conveniently distributed to all parts of the globe, expensive transportation and
distribution networks of energy are al'so eliminated.

Since a building or some element of it is the passive system, the application of
passive solar energy must be included in every step of the building’s design.
Whereas conventional or active solar-heating systems can be somewhat independent
of the conceptual organization of abuilding, it isextremely difficult to add a passive
system to a building once it has been designed.”

—Edward Mazria, The Passive Solar Energy Book

In the 1970s, solar enthusiasts believed building-integrated or “passive” solar design would
become a standard part of house design. In reality, passive solar homes are few and far
between, and currently little or no attention is given to solar in subdivision layout, site
planning, and house design. Solar potential in this arearemains largely untapped.

The simplest form of building-integrated solar design is “solar tempering,” which involves
proper building orientation and the placement of windows to the south. A more aggressive
solar strategy, “passive solar,” follows similar design principles but allows for greater south
glazing area by providing internal thermal mass. There are four basic types of passive solar
designs: direct gain, indirect gain, isolated gain, and isolated thermal storage.

The First Passive Solar Home Awards, published by the U.S. Department of Housing and
Urban Development in 1979, provides arough idea of the scale of energy savings that can
be expected.
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A typical energy-efficient home with windows placed randomly around the house may
obtain up to 10 percent of its space-heating energy needs from the sun. That same house,
designed to be solar-tempered, will receive up to 25 percent of its space-heating energy
from the sun. A passive solar house that includes thermal mass for heat storage will receive
more than half of its space-heating energy from the sun. In Montana' s cold climate, a
reasonabl e objective for passive solar designs would be to provide 50 percent of the home's
heating needs. Passive system performance will depend greatly on whether night-time
insulation isincluded.

Although the purpose of this guide is merely to introduce the concepts of passive solar
home design, we have chosen to include a number of excerpts from Charless Fowlkes
Montana Solar Data Manual 1985 Edition. Fowlkes research on how glazing performsin
the Montana climate should be the basis for creating building-integrated solar designs that
perform well in Montana from an energy and comfort point of view.

The Solar Data Tables (from The Montana Solar Manual 1985 Edition) included as attach-
ments to this publication are intended to help the designer evaluate different passive solar
window systems. Data for only four Montana cities are included here, although the full
manual includes solar data tables for 30 Montana sites. Thisinformation can be used to
estimate the thermal performance of vertical passive solar windows. The data tables consid-
ered four “typical” window systems:. single, double, and triple glazing, and double glazing
with movable, nighttime insulation.

The Montana Solar Manual 1985 Edition is now more than 15 years old. However the
information it containsis still very useful. It should be noted that single pane glassis no
longer considered for new construction. Instead the most common practice in new con-
struction is double-pane glass with alow emmissivity coating (Low-E). Unfortunately,
glazings with Low-E coatings were not included in Fowlkes' original research. However,
the datafor triple glazing is a good approximation for how double-pane glass with a Low-E
coating will perform in a passive solar installation.

Solar Tempering

Builders of any new home, regardless of heating system, should follow basic design prin-
ciplesin orientation, landscaping and window layout. Designs that shape the building and

This solar-tempered home in
Missoula is designed with the long ;
axis in the east-west orientation. An &
open floor plan and fan to distribute |
air throughout the house minimizes
overheating in the south spaces.
Ponderosa pines to the southwest
and west provide protection from
afternoon sun.
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window placement based on the move-
ment of the sun, but without adding
thermal massto store the sun’s heat, are
call “solar tempered.”

Ideally, one of the long sides of the
building should face due south to
expose as much of the roof and southern
wall as possible to the winter sun.
Moderate deviations off true south are
acceptable and even advantageous in
some instances. For example, if you are
seldom home during the day, orient the home slightly west of south to allow more sunlight
in during the afternoon.

Regardless of your heating needs, deviations of more than 30 degrees from due south should
be avoided if possible. More than 30 degrees of deviation from due south will result in a
sharp drop in the available solar heat and make effective shading solutions difficult.

Once you have decided how to locate the building on the site, you can begin designing the
structure. Locate most of the windows on the south side of the house where they will pick
up winter sunlight. Windows on other sides of the house, particularly the west side, should
be kept to a minimum. Windows facing west pick up virtually no direct sunlight in winter,
but can cause severe overheating in the summer when the afternoon sun lingersin the
western sky. Windows should not be totally eliminated on any side of the house since they
are needed for cross ventilation, balanced light, and a means of emergency escape.

A house designed aong these basic principles of “sun tempering” will provide as much as
25 percent of the winter heating load from solar energy. Further design changes that add
thermal mass are discussed as “passive solar.” Careful consideration must be given to the
problem of overheating. A general rule of thumb for solar-tempered homes in a cold, north-
ern climate is that south glazing should total no more than 7% of the floor area. Without
solar mass or appropriate shading devices, solar-tempered homes with too much south glass
can become uncomfortably warm during the spring, summer, and fall.

Another benefit of solar tempering is natural light. With proper design, natural light can
eliminate use of some electric energy for lighting. But designers beware, direct sunlight is
not always welcome. In commercial daylighting design it is unacceptable to allow direct
sunlight to enter offices. Direct sunlight cause glare and creates contrasts that make per-
forming visual tasks difficult. The designer of a solar-tempered or passive solar homeis
well advised to consciously deal with the problems associated with direct sunlight.

Passive Solar Design

Passive solar strategies follow the principles of solar tempering but allow for greater south
glazing area by providing internal thermal mass. There are three basic types of passive solar
designs: direct gain, indirect gain, and isolated gain. Asarule, passive solar design will
increase the first cost of the home by adding window area and thermal mass in the form of
concrete, tile, or brick.
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Passive solar presents many design chal-

lenges. The problems of how to insulate e
windows at night night, how to integrate /
large glass areas in designs that are attractive- &
-amajor portion of the housing market--and O ri' % B
how to inexpensively incorporate thermal [ .

mass must be addressed if passive solar ; i )
designisto be widely used. A successful ’
passive solar design will reduce energy costs i_
and provide occupant comfort. These objec- —

tives require athorough understanding of

passive solar design principles and careful

design.

“The crux of the passive solar design issue isto select a passive solar collector glazing
system that will provide a net gain of heat and to provide adequate heat storage so that
the maximum inside temperatures during clear days are not uncomfortable.

Passive solar heating systems will need special glazing or movable insulation (to
control heat loss) if they are to achieve efficient performance in midwinter. If large
areas of glass are used, the heat storage system must be carefully designed and ad-
equately sized to prevent overheating.

The same glass that collects heat efficiently during the day will lose large amounts of
heat during the night in cold weather. During a sunny, winter day in Montana, a
south-facing window will gain heat for about five hours and lose heat for the other 19
hours! On a cloudy day the window will lose heat for 24 hours aday. The designer
must weigh the solar gains against the added heat lossesto arrive at a sensible passive
solar design that will give anet gain of energy.”

Direct-Gain Systems

Direct-gain systems allow sunlight

into the living area of a home [ SR |
through large sections of south- ik - '
facing glass. Direct gain can be the

most cost-effective of all passive Caa fann
designs because the heat produced

by sunlight hitting the walls,

floors, and other objects does not

have to be transferred to another

part of the house.

A" iraph G San
However, the surface area of  —
south-facing windows and the
capacity of internal thermal storage

North Carolina Solar Center lllustration
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An example of a passive direct-gain
house.

should be balanced. If the windows collect more heat than the floor or walls can absorb,
overheating occurs.

Building materials used in conventional home interiors—for example, wood and gypsum
board—retain some heat, but their heat-storing capacity is limited. Masonry is much better
at storing heat. Masonry, of course, can be used in interior walls and floors of buildings.
Storage materials should be placed where they receive direct sunlight during the day.
Materials out of direct sunlight store only one-fourth as much heat as materias hit directly
by the sun.

When the sun begins to set and inside
temperatures drop, the heat absorbed by
these materials radiates back into the
room, moving (as heat aways does)
'::.'3] ; from awarmer space to a cooler space.
e Prope_rly designed ther_mql storage
. : materials should keep inside tempera-
) : tures from fluctuating by no more than
) 10 to 13 degrees over a 24-hour period.

While storage materials help maintain
comfortable air temperatures in most of
the house, an uninsulated glass wall

loses alot of heat at night and will make
one side of the house markedly cooler. Even double-pane glass with alow emmissivity
coating is uncomfortable to be near when the temperature outside drops below freezing.

Y ou can greatly reduce this discomfort and heat |oss by covering the windows at night with
accordion-type insulating blinds or insulated drapes. Other approaches to reduce nighttime
heat |oss include installing exterior or interior insulated shutters or quilted Roman shades.

Passive solar design can create a comfortable and efficient home, but the owner should
understand the unique characteristics of a direct-gain house in Montana’s cold winter
climate. A direct-gain house usually will incorporate more exposed masonry, concrete, and
ceramic or quarry tile than atypical house. This usually increases the cost of construction.
Fabric in direct sunlight will fade at afaster rate because of the direct sunlight. Keep in
mind that sunlight fades some materials faster than others. Temperature swings of between
eight and 13 degrees can be expected for some designs.
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With direct-gain systems, the thermal storage mass tends to be thinner and more widely
distributed in the living space than with other passive systems. This alows an even distri-
bution of heat throughout the room or rooms but requires some thought about how the
living space will be used. Do not cover a significant amount of the thermal storage area
with carpet or other materials that reduce storage capacity. Select and arrange furnishings
carefully so they do not interfere with solar collection, storage, and distribution.

The Challenge of Movable Insulation

“Dramatic improvement in solar heat gain occurs with the addition of R-3, movable,
night insulation. Note that there are several practical and operational problems
associated with building a movable insulation system that will achieve an R-3 level
of insulation. Research has shown that it is very difficult to get an adequate seal
around the edges of amovable insulation panel or curtain. Unwanted air leaks and
circulation will drastically reduce the effective insulation value of the system. Data
on very thick panels and curtains (R-12 to R-20) show effective insulation values of
only R-2 to R-5. It is difficult to build a movable insulation system having an effec-
tive insulating value of more than R-3 to R-5.

During a cold night, moist air from the living space that |eaks into the cavity between
the window and the insulating curtain will condense and sometimes freeze. This
water may cause the window sill or the insulation to deteriorate. The movable insula
tion may not move if it isfrozen along its edges. The designer should consider the
effects of condensation.

If an (inside) movable insulation system isin place during a sunny day, the space
between the insulation and the glazing will reach high temperatures. These high
temperatures may damage the insulation and the glazing sealants, and may even
cause the glazing to break. The designer should account for these situations.”

—Montana Solar Data Manual 1985 Edition

This house in Longmont, Colorado, 0
uses a Trombé wall and direct-gain
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Indirect-Gain Systems

Some problems of direct-gain

systems often can be solved by

using indirect methods of solar

heating. As the nameimplies, O

indirect-gain systems do not admit _
sunlight directly into the living area. 1=
Instead, south-facing glassis placed N (
in front of amassive wall that .
absorbs, stores, and transfers heat = A
into the house. This approach has

significant aesthetic ramifications

and will be difficult to adapt to traditional house designs.

One of the most commonly used indirect gain systemsis the Trombé wall named after its
inventor, French scientist Felix Trombé. A Trombé wall usually is built of solid ma-
sonry—concrete, solid block, or brick—and is painted black or covered with a selective
coating on the outside to absorb and transfer much of the heat to the living quarters. A
sheet of glass or plastic covers the outside of the wall to trap additiona heat.

Heat is distributed from the Trombé wall to the house in two ways. During the day, air
trapped between the wall and the glass gathers heat and enters the room through vents at
the top. Cool household air is drawn between the wall and glass through floor-level vents,
where the cycle repeats itself aslong as sunlight strikes the wall. Heat also is gradually
conducted through the Trombé wall and reaches the living area near the end of the day. In
a12-inch wall, heat travels from between the wall and glassto the living areain about
eight hours.

This cycle plays nicely to your advantage. Sunlight striking aliving room Trombé wall
between 10 A.M. and 3 .M. isreleased inside as heat between 6 p.m. and 11 p.m. In abed-
room, you probably would prefer a 16-inch wall with an 11-hour heat-release cycle.

To prevent nighttime heat loss, you must close the vents along the Trombé wall after
sunset, usually by hand. Solar designers have found that people often forget about the
vents, wasting the heat that is stored along the wall. Y ou can avoid this problem by build-
ing the Trombé wall without vents as long as the air space between the glass and masonry
is vented or shaded in the summer. If daytime heat is needed in the adjacent room, win-
dows incorporated into the wall will help heat the room. An added benefit of a sealed
Trombéwall isthat household dust cannot get into the space between the wall and glass.
Moveable insulation or double glazing also is advisable for Trombé walls.

| solated-Gain Systems

Unlike direct-gain and indirect-gain systems, isolated-gain passive designs capture solar
radiation in an areathermally separated from the living space. |solated-gain systems allow
for the collection and storage components to function somewhat independently of the
house itself, while heat can be drawn from them as needed. A sunspace or solarium isthe
most common type of isolated-gain system. The sunspace has much greater flexibility in
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“The simple notion of adding a greenhouse and thus getting a place for plants and
“free heat” for the house obscures afairly complicated design problem. Plants have
one set of requirements for temperature, humidity, and light, while people have some-
what different requirements.”

— Montana Solar Data Manual 1985 Edition

terms of design and performance
when incorporated into plansfor a
new home.

| solated-gain systems, such asthe O
sunspace, collect solar radiation =

directly through a south-facing wall R -

of glass. Heat is then transferred into ]| {

the house as needed through vents, N &

doors, or windows. In some 2 2N ]!'
sunspace designs, the back wall is : :
made of solid masonry to store and LF;_!_;hﬁ_hlJ

transfer heat for use during night-
time hours. In this reSpeCt, the SUNSPACE 150 a1y anl cApa ucu 11UHHIUG vwwaill Jy aLa I 1.
Instead of the glass being afew inchesin front of the wall, it is several yards away.

Several other options can improve the efficiency of a sunspace in new home construction.
The sunspace can be designed into the house so that the south glass wall is flush with the
rest of the structure, eliminating heat loss through the sides of the sunspace. On the other
hand, temperatures inside isolated sunspaces fluctuate more than in the rest of the house,
since no heating or cooling is provided. In this sense, sunspaces are considered semi-
conditioned. If the sunspace is heated with traditional energy sources, it can quickly
become a net energy user.

According to Montana Solar Data Manual 1985 Edition, “An attached greenhouse that is
always open to (integral with) the living space will perform like a window without mov-
ableinsulation. In the interest of energy conservation, it is clear that the greenhouse or
sunspace should be insulated or shut off from the living space in midwinter.”

Remote Stor age Systems

An alternative to having the thermal massin direct sunlight is to locate the mass, usually a
rock bed or concrete blocks. A fan pulls air warmed by the sun through the mass when the
sun is providing heat. When the house cools, this heat can be distributed throughout the
house in ductwork. This approach might be considered a hybrid design asit utilizes the
sun while requiring ducting and fans.
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One specific remote storage design that has received considerable attention in New England
isdetailed in The Passive Solar House by James Kachadorian. A number of these homes
have been built and are performing well. The approach that is receiving significant atten-
tion isto isolate the thermal storage in arock or concrete block storage bin below a con-
crete slab. The book mentioned above isworth the read as it has information that is useful
for awide range of solar designs.

L andscaping

Large deciduous trees can be excellent for maintaining the efficiency of a home. Deciduous
trees shade the house in the summer and expose it to the sun when they drop their leavesin
thefall. If you have deciduous trees on your lot, locate your house where it will be shaded
in summer but open to sunlight in winter. The southeast and southwest corners of the house
are prime locations for trees.

Climate-Responsive Cooling Techniques

In many areas of Montana, summer cooling is an important design consideration. In the
plains, these techniques will significantly reduce the use of mechanical air-conditioning. In
most mountain valleys areas of the state, climate-responsive design makes mechanical air
conditioning unnecessary.

First, direct sunlight must be kept out of the home as much as possible. South-facing win-
dows and mass walls can be shaded with extended roof overhangs or other forms of shad-
ing. The length of the overhang should be designed to shade the entire window through
most of the summer.

Because we have so many warm days in late fall and early spring, it isimpossible to design
afixed overhang that ensures a comfortable indoor temperature throughout the year. Many
homeowners prefer adjustable awnings for windows facing south (Figure 18). A trelliswith
vines or grapes is an attractive and very effective method for shading but requires mainte-
nance. Interior blinds help reduce heat buildup but are not as effective as shading that stops
the sun before it hits the window glass.

Tile floors and masonry walls
provide thermal mass to store
solar heat. Doors between
sunspaces and other living areas
can be opened to allow warm air
to circulate.
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Windows facing east and by

west cannot be protected as | g

easily from therising and < — ,
F’“‘I'-f" - s

setting sun. These windows
are best protected by
deciduous trees or solar
window screens and films,
If you have skylights,
greenhouse roof glazing, or
other horizontal glass hit by
the sun to worry about, you
still can use sunscreens,
vegetation, or reflective
shutters to reduce hesat
buildup. However, protect-
ing skylights from the sun
is obviously more difficult
than shading windows.
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North Carolina Solar Center

Another approach to pas-

sive cooling includes design features that promote air circulation through natural convec-
tion. Vents or windows built into the lowest and highest parts of your house will release hot
air trapped near the ceiling while letting in cooler air. The greater the temperature difference
between the air at the top and bottom, the better your circulation will be. Clerestory win-
dows or cupolas are often used in solar houses to provide high ventilation areas. Providing
at least two windows on separate walls in aroom will greatly improve cross ventilation.
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6 chapter 6:

consumer tips

ol

Note: With the exception of thefirst tip, this section generally appliesto “ add-on” systems
such as solar electric systems and solar hot-water systems.

Use Professional Help for Passive Solar

Although the conceptsbehind solar heating aresmple, their successful applicationinasolar home
can be challenging. Homeownerscreating their own designs should consult with aprofessional to
“think through” possible solutionsand problems. In solar-tempered or passive solar homes,
designersshould be careful to avoid overhesating, discomfort from surfaceswith low mean radiant
temperatures, moisture problems, or visually unattractive designs. Theright professiona can help,
but you may need to shop around for someone with the appropriate experiencethat you will enjoy
working with. Designersof passive systemsmay bemoredifficult tolocate. You may haveto cal
architectstoinquire about their experience with solar design. The experienceand capabilitiesof
architectsand homedesignersvary widely.

Use Reliable Experienced Dealers

With aresurgence of demand for solar energy systems, new companiesare entering the solar
marketplace. Most companiesoffer high-quality productsand use dealersand contractorswho
providegood serviceand installation. But that’snot awaysthe case. Some companiesdeal in
shoddy products, hirefast-talking salesstaff, and allow systemsto beinstalled by untrained
contractors. Just asyou would with any major purchase, beaert to these possibilitiesfromthe
moment you contact asalesperson to theday the solar systemisinstalled and working.

Oneway to ensurethat you get agood solar systemisto deal with alocal firm that has been doing
businessinyour areafor anumber of years. Thefact that acompany isnew doesnot makeits
serviceor productsinferior. However, there are operatorswho will take advantage of your
enthusiasmfor solar energy.

Tolocateded ersof active solar systems, check thetel ephoneyellow pagesunder “ Solar Energy
Equipment.” You aso canget alist of solar energy equipment dealersand designersinyour area
from the montanagreenpower.com Internet site.

Talk toMoreThan OneContr actor

Call at least two or three ded ersto get estimateson different solar systems. Never commit to
buying asolar system after hearing only onesalespitch. Be skeptical if thededler triestoforcea
saleonyouimmediately. A responsi ble solar dealer will not want you to regret your decisonto
purchase asolar system. Alwaysask the contractor for namesof other customersand call themto
ask about their experienceswith the company. If possible, takealook at their installations—you
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don’'t haveto beasolar expert to recogni ze poor workmanship. Fast, dependabl e service should
be one of the biggest requirementsin selecting acontractor.

Perform AnalysisBefor e Signing Contract

Beforethe contractor givesyou an estimate, make sure he or she performsadetailed analysis of
the needsof your particular household. Theestimateiscrucid in determining the proper collection
areaand storage necessary for various percentages of solar space heating, hot water, or electric-
ity. The contractor al so should analyze the effect al ess-than-optimum exposureto the sunwill
have on system performance.

Oncethe contractor has compl eted the analysisof your house, ask for awritten estimate that
includesabreakdown of all labor and materia costs. Also ask to seeacopy of the system
warranty. Warrantiesare applicableonly to“add-on” systemssuch assolar electric and hot water.
Warranties offered by different solar manufacturersand contractorsvary considerably, so com-
parethem carefully.

Basicaly, therearetwo typesof warranties—full and limited. A full warranty ispreferablebecause
it providesthe consumer with themost protection. Full warrantiesguaranteethe product innormal
use and cover component repairs and replacement at no extracost to the customer.

A limited warranty provides coverageonly for certain partsor services. For example, alimited
warranty may not cover thereplacement of apump or fan.

If apart hasto be ordered, you a so may beresponsiblefor shipping costs. A full warranty should
cover such expenses. If theindividua componentsonyour system arefrom different manufactur-
ers, you should haveawarranty from each manufacturer. Thesewarranties should be backed by
theseller and thedistributor aswell asthe manufacturer. Regardless of thetype of warranty
provided, read it carefully to determinethe actual coverage.

Written Contract

Your solar dealer should provide awritten contract covering all aspectsof theinstallation. Starting
and compl etion dates should bein the service contract, long with aschedulefor payment. Final
payment should not be made until the systemisfully instaled and has operated normally for
severa days.

Insurancefor Contractors

Your solar dealer and any subcontractorsdoing theinstallation should certify that they have
insurance coverage, including workers compensation, property damage, and persond liability.
You should check with your own insurance company to seeif your existing policy will cover
potential damagesto the system or the house. Make surethe contractor has obtained the neces-
sary building permitsand that the systemwill not violateany loca or state building codes.

System Commissioning

Oncethesystemisingalled, it should bethoroughly tested by the contractor and, if installed ona
new home, checked by thelocal inspector. Water systems should be pressure-tested for leaks.
You aso may want to have atemperature gaugeinstalled so you can observeits performance
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fromtimetotime. These checks provide one sureway for you to know the systemisworking
properly. Thistesting after installation but before acceptanceiscalled* commissioning.”

BeAn Informed Consumer

Finaly, the best way to guaranteethat you get your money’sworthin the solar marketplaceisto
know as much about the subject aspossible. It ishoped that thisbookl et has given you agood
introduction to the basi c typesof solar heating, cooling, and hot-water systems. Additional
information can be obtained by reviewing solar literatureavailable at librariesand bookstores.
Check thebibliography that followsthischapter. After researching the basics of solar technology,
you will bebetter prepared to ask insightful questionsabout the particular systemsoffered by
varioussolar dedlers.
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