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PREFACE 

The ori gi na 1 intent of thi s project was to determi ne whether or not 
passive solar additions could be used as a retrofit technique on existing 
buildings in various parts of Alaska, and if such a retrofit would prove to 
be an economically viable energy conservation measure. In recent years a 
general awareness of solar energy potential has led to an increasing number 
of proposals which would include passive solar additions in new as well as 
existing buildings here in Alaska in both the private and public sector and 
for both large and small buildings. Almost always such proposals justified 
the passive solar addition as a design solution which would be a positive 
energy conservation feature. 

The problem was that the use and performance of passive solar 
additions had never been rigorously analyzed for Alaskan latitudes and 
weather conditions. The literature was all but devoid of engineering design 
criteria which a prospective user could apply to specific problems in the 
far North. As a result, the claims made for the solar energy gain potential 
of passive solar additions at high latitudes varied considerably ranging 
from the point of view that passive solar additions provided a panacea of 
solutions to our energy problems to the suspicion that advocacy of any 
scheme to use solar energy was the result of an international conspiracy 
a imed at undermi ni ng the mora 1 fi ber of Ameri ca. Obvi ous ly, somewhere 
between these extremes there existed a range of values relating the 
energy-conserving potential of passive solar additions to current energy 
economics in Alaska. It proved convenient to examine this problem as a 
joint effort with RURAL-CAP since both the Department of Transportation and 
Public Facilities and RURAL-CAP had a major interest in lowering fossil 
fuel consumption in rural Alaska and the passive solar addition appeared it 
might be helpful in this regard. 

The actual jnvestigation to define the physical parameters of passive 
solar addition use in Alaska became rather more protracted than originally 
intended. There were a variety of reasons for this, but the most 
significant proved to be the need to examine both the "solar heating unit" 

and "sunspace-greenhouse" concepts as a result of the climatic extremes 





experienced in Alaska. At last however, the results are in, and the 
conclusion is that neither "sunspace-greenhouse" nor "solar heating unit" 
applications appear to offer much in the way of economic 
attraction when evaluated purely as an energy conservation measure. This is 
not to say however, that applications will not be found where passive solar 
addition use results in a significant economic payback, nor does it suggest 
that energy conservation economics are the only factors that should be 
considered when evaluating the use of passive solar additions. We should 
further qualify our conclusions by stressing that this report is mainly the 
result of an analytical study with little measured data going into the 
analysis process. It may be that hard data will come to light in the future 
which will change the basic assumption on which this study was based. 

The details of passive solar addition use in Alaska are presented in 
the following pages. This report has been written in a style which should 
make it quite readable to laymen as well as the design professionals. The 
reader may draw his or her own conclusions. 

Le roy E. Leona rd 
Chief of Energy and Buildings Research 
Department of Transportation and 

Public Facilities 
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NOTE TO THE READER 

In the following text you will continually see references to: Passive 
Solar Additions (P.S.A.), Sunspaces, Solar Heat Unit (S.H.U.), Greenhouses, 
etc. Don't be confused. Each term is defined and the definitions have been 
selected to conform, as nearly as possible, to the terms used by the Alaska 
Department of Commerce Division of Business Loans in their Alternative 
Technology Loan Program. Such terms however, are somewhat arbitrary and 
should be carefully considered. In another publication you may encounter 
the same term which you see here but which has been refined differently. 

The discipline of solar engineering and the solar industry are too young to 
have developed a consistent glossary. So, use caution. 
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INTRODUCTION 

Passive solar additions are derived from greenhouses which first 

appeared in the 17th Century in the European Low Countries, where the climate 

is mild and cloudy, tempered by the Gulf Stream. The classic glasshouse 

greenhouse design worked well enough for growing plants because the sunlight 

is di ffused by clouds and temperatures are not extreme. The Engl i sh 1 ater 

brought the des i gn to North Ameri ca and, though the climate was di fferent, 

energy costs were low enough to allow profitab 1 e four-season use for plant 

growing. The design stayed basically the same until 1973, when people at 

Laval University in Quebec City, Canada, began to study greenhouse shapes 

which might be more efficient in northern climates. See Figure 1. 

New designs are called "solar greenhouses", "solariums", or "energy 

efficient greenhouses". They have gained in popularity recently, particularly 

because of their energy-conserving features. Passive solar additions--as they 

TRANSPARENT COVER 
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will be called in this manual--refer to an addition to an existing building 

or an integral feature of a new building which is specifically designed to 

collect solar energy. Collecting the energy inside the structure can create a 

warm bri ght "outdoor" envi ronment duri ng the colder parts of the year, can 

supplement space heating requirements as well as serve as low energy green

house which can greatly extend growing seasons in cold climates. 

This manual is an attempt to help both Alaskan owners and designers who 

are interested in incorporating passive solar additions into their buildings. 

There are already several good books recently published on the subject. This 

manua 1 wi 11 not attempt to dup 1 i cate all of the materi a 1 presented in these; 

the reader is encouraged to use the bibliography and examine the other 

references. 

The mai n intent of thi s manual is to help the reader understand those 

characteristics of passive solar additions which are peculiar to Alaska and 

are not covered in other publications. Both the climate and high latitudes 

found in Alaska will result in passive solar addition design, performance and 

use which differs from that in the lower 48 states and elsewhere. In 

addition, this manual presents weather and insolation information for 

specific Alaskan communities which is not found in other references. 

There are two distinct types of passive solar additions which have been 

used wi th i ncreas i ng frequency in recent years. The desi gn, constructi on, 

operat ion, and behavi or of these two types are quite different, and anyone 

interested in passive solar additions should understand these differences. It 

is regrettable that these differences are not always made clear in the 

1 iterature. 

The pri mary purpose of one of these types--referred to as a "solar heat 

unit"--is to supply supplementary heat to the building to which it is 

attached. The primary purpose of the other type--referred to as a "green

house" or "sunspace"--is to provide a conditioned (heated) space in which to 

grow plants or to provide a comfortable living environment. These two 

objectives are mutually exclusive to a large degree in the Alaskan environ

ment; you cannot design a passive solar addition that will do both well. 

Excess heat generated in a solar heat unit during the day is used almost 

immediately to heat the building to which it is attached; it is a large

volume hot air solar collector. If a sol.ar heat unit has only a moderate 

amount of insulation and no backup heat source, it' will cool off to a 

temperature nearly as cold as that outdoors soon after sunset. Because of 
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this, a solar heat unit is not an ideal environment for plant growth, 
although the growing season is somewhat longer inside it than outdoors. 

Excess heat generated in a greenhouse during the day, however, is stored 
within the greenhouse (or beneath its floor) and used to keep the greenhouse 
warm at ni ght. The same is true for a sunspace. Th is heat storage, coup 1 ed 
with better insulation of the room (including insulated shutters used on the 
wi ndows duri ng hours of darkness) resul ts ina much better envi ronment for 
plant growth and a much longer growi ng season or a more comfortab 1 eli vi ng 
space. Heat stored for use in the greenhouse, however, cannot be used to heat 
the building to which it is attached. The greenhouse, therefore, will not be 
a major contributor to the building's heating supply, although the heating 
load will be somewhat smaller than if the greenhouse were not there since the 
stored heat is needed for the growing environment. For a simple sun space the 
solar heat mixes continually with the space heat supplied by the conventional 
heating system. 

Either type of passive solar addition can be designed to blend 
esthetically with the building to which it is attached and increase its value 
and marketabi 1 i ty. Both wi 11 provi de a warm "outdoor" area that can be 
enjoyed during sunny days for much of the year. 

The major differences between Alaskan passive solar additions and those 
in most other locations are summarized below. These differences are discussed 
in greater detail later in the manual. 

NIGHT INSULATION, INSULATED SHUTTERS: Shutters are essential if the 
passive solar addition is to be used as a living space during nighttime 
periods or if it is to be used as an extended-season greenhouse. Good 
shutters are troublesome to design and operate, and because of this they are 
often omitted from passive solar additions in warmer climates. 

l2-MONTH PLANT GROWTH: It is not practical to build a passive solar 
addition in Alaska in which frost-susceptible plants are to survive year
round wi thout supp 1 ementary heat and 1 i ght. Thi s can be done ina 1 most any 
location in the lower 48 states. Most designs and design procedures in other 
references have this in mind, but it simply does not work in Alaska, and 
should be kept in mind when reading other books. 

VERTICAL WALLS: In lower latitudes, the "optimum" passive solar addition 
des i gns incorporate a glazed south wa 11 ti lted b~ck in order to be more 
exposed to the sun. I n Alaska, however, the sun is so low in the sky duri ng 
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the colder months that the "perfect" tilt is almost, if not completely, 

vertical. This is an advantage, since it means an "optimum" design from a 

solar standpoint does not require tilted walls, which are hard to build and 

make weatherproof. 

INSULATED ROOFS: Un 1 i ke nearly vert i cal surfaces, whi ch get the most 

exposure to the winter sun in Alaska, nearly horizontal surfaces, such as 

most roofs, get very little solar exposure. As a result, it makes no sense to 

have a transparent passive solar addition roof in Alaska; it is better to 

buil d a conventi ona 1 roof and i nsu 1 ate it to reduce heat losses. Th is too can 

be seen as an advantage over the lower 48, where a passive solar addition 

builder is faced with the difficulty of building a roof that is both 

transparent and strong enough to hold up under snow loads. 
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THE BASICS 

The Sun and Solar Energy 

The sun is about 93 mi 11 i on mi 1 es away from the earth, and has a tempera

ture of about 10,000 degrees fahrenhei t on the surface. At the edge of our 

atmosphere the sun's rays are short, hi gh -frequency waves de 1 i veri ng 429 

British thermal units* of heat per square foot-hour (429 Btu/sf-hr) of 

energy. About one thi rd of thi s energy is refl ected back out into space. An 

additi ona 1 10-15 percent is absorbed by the atmosphere; some is scattered by 

carbon dioxide, dust, and water vapor; and some penetrates to the earth's 

surface as direct and nearly parallel beams. It is difficult to measure the 

rat i os between energy in the di rect, the di ffuse, and the refl ected compo

nents that make up sunlight. Most of the energy, however, is in the 

direct-beam component--nearly 100 percent on sunny days and at least 50 

percent on cloudy days. 

The earth's north pole/ south pole axi sis til ted 23~ degrees from its 

axi s of rotat i on around the sun. In the Alaskan summer the north po 1 e is 

tipped towards the sun, and in the wi nter, away from the sun. We percei ve 

thi s as the sun ri sing hi gher in the sky and ear 1 i er in the day duri ng the 

summer, and as setting sooner and creep i ng along near the hori zon--or below 

it--i n the wi nter. Thi s can create a severe shadow prob 1 em for sunspaces in 

northern latitudes. See Figure 2. 

In thi s hemi sphere, most sol ar energy comes from the southern sky. The 

majority of thi s energy comes between 8 AM and 4 PM, when the sun's rays 

shine most directly through the atmosphere. See Figure 3. To best take 

advantage of this energy, a building has to be sited with a long wall facing 

true south with a given margin of 25 degrees east or west. Studies performed 

with the FLOAD** computer program for Juneau, Homer, and Fai rbanks showed 

that wi ndows faci ng 20 degrees from south recei ve 92 to 95 percent as much 

solar energy as those facing due south. 

*One Btu raises the temperature of one pound of water one degree Fahrenheit, 
and is approx imate ly equal to the heat given off by burni ng a wooden kitchen 
match. 
**FLOAD is a copyrighted interactive program that calculates the heating load 
of residential or light commercial/industrial buildings. This program allows 
the incorporation of passive solar systems for heating as well as conven
tional heating systems. 
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Since the sun's rays are nearly parallel, surfaces perpendicular to them 
intercept more energy than those at other angles. See Table 1. The intensity 
varies with the cosine of the angle of the incidence of the rays. 

Table 1 
Azimith Angle and Percent Solar Intercepts 
Incident Angle Solar Intercepted 

(degrees) (percent) 

OOF 
5 

10 
15 
20 
25 
30 

35 
40 
45 
50 
55 
60 

65 
70 
75 
80 
85 
90 

100.0% 
99.6 
98.5 
96.6 
94.0 
90.6 
86.6 

81.9 
76.6 
70.7 
64.3 
57.4 
50.0 

42.3 
34.2 
25.9 
17.4 
8.7 

a = INCIDENT 
ANGLE 

Source: Mazria,The Passive Solar Energy Book, p.14 
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Perhaps the best way to imagine this is to think of the parallel rays of 
the sun as a handful of penci 1 s held with thei r poi nts touchi ng a 
tab 1 etop. The dots made by the poi nts represent uni ts of energy. When 
the pencil s are held perpend i cul ar to the tabletop, the dots are as 
compactly arranged as possible; energy density per square inch is at a 
maximum. As the pencils are inclined toward the parallel, the dots begin 
to cover 1 arger and 1 arger areas; energy density per square inch is 
decreas i ng. (Master's Thes is of Barbara Franci s, Uni vers i ty of New 
Mexico, 1976). 

Many ancient cultures were aware of the Earth-sun relationship, as is 

indicated by their architecture. The cliff dwellings of southwest United 

States are a prime example. Modern society has neglected the Earth-sun 

relationships and is now in the process of rediscovery. Today we also have 

the advantage of using modern construction materials such as glass and other 

glazing materials. 

A double-pane window made of plate glass transmits 77 percent of the 

light which strikes it at a right angle. This is its transmittance, and this 

percentage varies with different materials. Fiberglass, reinforced plastic, 

polyethylene, and acrylic plastic each has its own characteristic transmit

tance. Most of these materials, when new, have a transmittance value close to 

that of glass. Transmittance also varies when the sun's rays strike at other 

than ri ght angl es. The more acute the angl e, the more the gl azi ng behaves 

like a mirror, reflecting light instead of letting it through. At angles 

greater than 50 degrees, transmittance drops sharply. See Figure 4. 
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Once the light penetrates the glazing, it strikes an interior surface 

and is either reflected or absorbed. When is it absorbed, the light's energy 

heats the surface. Heated objects give off long wavelength infrared radiation 

that is felt as radi ant heat. Infrared waves cannot escape from the gl ass 

(i.e., the transmittance of glass is nearly zero for this wavelength radia

tion). The energy is therefore trapped inside, creating temperatures higher 

than those outsi de. Thi sis common ly referred to as the greenhouse effect. 

See Figure 5. 

gO°F 
INSIDE 

\ I/, 

:O-
20°F 
OUTSIDE 

f \ 

FIGURE 5 . GREENHOUSE EFFECT 
Drawing Provided by AREA 
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The low sun during winter in Alaska is beneficial because it is nearly 

perpendicular to vertical walls. Winter snow, covering the ground in front 

of a vertical glazing, is also beneficial, acting as a reflector, which can 

increase the amount of energy falling on a south-facing window by -as much 

as 60 percent. 

In summer, when we do not need the maximum effect from solar energy 

for heati ng, the sun is hi gher in the sky. Duri ng thi s season not on ly do 

fewer rays strike the vertical south-facing glass of a passive solar 

addition, but they strike it at a sharper angle causing a higher percentage 

of rays to be refl ected. Thi s refl ect i ve process reduces the amount of 

solar energy entering the building which helps to keep buildings from 

overheating. 

The rate at which a passive solar addition heats up in direct sunlight 

depends on what it is built of and what its contents are. Just as it takes 

longer to boil a 1 arge kettle of water than a small one, it takes longer 

for the temperature to rise in a passive solar addition containing a lot of 

"thermal mass" (i.e., water, masonry walls, rock beds, etc.) than in merely 

an insulated wood frame shell. Similarly, a passive solar addition with a 

lot of thermal mass will cool off more slowly at night than a passive solar 

addition without thermal mass. Thermal mass is beneficial (within limits) 

if the passive solar addition is to be used as a greenhouse or a sunspace. 

It keeps a greenhouse cooler in the day and warmer at night and thus makes 

the space a more livable environment for plants. If a passive solar 

addition is to be used as a solar heat unit only, thermal mass is 

deliberately avoided. 

There is a great deal more to be 1 earned on the subject of so 1 ar 

energy than can be presented in thi s report. Several of the references in 

the bibliography contain additional material; the reader may find helpful 

information in a local library as well. A Solar Design Manual For Alaska 

(listed in the bibliography) is a useful reference, particularly with 

regard to considerations for high latitude installations. 
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THE BUILDING SITE 

This chapter explains how to look at the property and decide whether it 
is physically possible to use solar energy. If solar energy is feasible, this 
ch apter exp 1 ai ns how to select where to buil d and how to alter the site to 
maximize solar access. 

Find True South 
Use a topographic map or an existing land survey to find true south. If 

another method is needed, a compass can be used, but magneti c dec 1 i nati on 
must be accounted for. A compass poi nts toward the magneti c pole, not true 
north or south. The topographic map series (available from the United States 
Geological Survey, 508 W. 2nd Ave., Anchorage, Alaska 99501, and 101 12th 
Ave., Fairbanks 99701) shows the magnetic declination on the bottom margin. A 
si mp 1 er method is to locate the North Star on a clear ni ght and dri ve two. 
stakes in the ground directly in line with it. By going to the north end and 
sit i ng back, true south can be determi ned. Layout south 1 i nes from each 
corner of the south side of where the sunspace will be located. 

Locate Objects That Will Shadow The Building 
To locate obstructing objects, measure off an arc 45 degrees east from 

the east corner south line; then measure off an arc 45 degrees west from the 

west corner south line. See Fi gure6 "-":'0 

~SOUTH GLAZING/' 

/ 
.~ NO TREES OR OTHER 

OBSTRUCTIONS IN THIS AREA 

FIGURE 6 - SOLAR ACCESS WINDOW 
Drawing Provided by AREA 
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Next, turn to the Sun Chart in Appendix G to find the latitude closest 
to the project, and trace off a copy. Then, using a clinometer, transit, 
builder's level, or the homemade device shown in Figure 7, measure the height 
(in degrees, not feet) of the objects in the arc staked out. Mark th& approxi
mate locations and heights of the objects on your copy of the sun chart. Keep 
in mind that these objects can be miles away (such as mountains). 

Drawing Provided by AREA 

11-0 -;:::===::::;====:;-,F-STRAW 

PROTRACTOR 

90°.75° = 15° DIFFERENCE. 

THE TOP OF THE TREE IS 

APPROXIMATELY 15° ABOVE THE HORIZON. 

FIGURE 7 . HOMEMADE CLINOMETER 
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If there are objects that cannot be removed that block more than 25 

percent of the arc duri ng November and February, that presents a defi ni te 

problem; perhaps a passive solar addition should not be attempted. See 

Figure 8. Birch and alder trees drop their leaves in the winter, -but the 

trunks and branches of a thick grove can block a lot of light. Common sense 

should allow the observer to judge whether there are too many shadows. If 

planning a totally new building, an area can be chosen on the property with 

the fewest obstructions. 

Slopes 

In Alaska, a north slope of more than a few degrees height can cast 

shadows that can destroy solar access entirely. See Figure 9. A slope that 

faces due south is the most ideal location on which to build. A south slope 

decreases the effect of shadows cast by objects to the south. 

Site Analysis and Siting 

The mi croc 1 i mate of the area needs to be assessed also. Whi ch way do 

the prevai 1 i ng wi nds come from? Put the entrance door out of the path of 

the winds if possible. Can the passive solar addjtion share two walls with 

the building it is added to? Are there fogs in the morning, clouds in the 

afternoon--what is the pattern? Wi 11 snow or ice falloff the eave above 

the add-on and cause trouble? Use imagination to cycle a sunspace through a 

year's weather. Thi nk how long 1 eaves stay on wi 11 ow trees in the fall, of 

how snow blows in screened vent ho 1 es or gets in the way of outward 

swi ngi ng doors by pil i ng in dri fts. Cons i der how many steps there are to 

the kitchen, to the garden, and to where the water is, and what the soi 1 

temperature is. Also consi der any 1 arge rocks that mi ght be in the way of 

the footings, possible glare reflected off the glass into a neighbor's 

living room, children and glass, setback zoning requirements, the way the 

passive solar addition will change the view out from the building, and the 

use of valuable sun space where people work and play. Note the location of 

exi st i ng wi ndows, doors, and vents. Be sure there are not water, sewer, or 

power lines in the way. 
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NORTH SLOPE 

BUILDINGS ON A NORTH SLOPE WILL CAST LONGER SHADOWS 

FIGURE 9· SOUTH AND NORTH SLOPE SHADOWS 
Drawing Provided by AREA 



DESIGN 

Plans are included in this manual both for an attached passive solar 

additi on and a free standi ng 10' x 20' greenhouse. To adapt these plans to 

your site or existing building or to design your own passive solar 

add it ion, it is necessary to understand the des i gn requi rements of these 

structures. Consult the references in the bibliography for detailed informa

tion about design. The following information should be a help to get 

started. 

Physical Aspects 

The length of a passive solar addition is limited to the space 

available on the southern wall of the building to which it is attached. Its 

width is determined by the use for which it is designed and by sun angles. 

The width of planting beds in greenhouses is limited by the reach of a 

person's arms. Three feet is about as far as can be reached comfortably, so 

plant i ng beds are 1 i mited to that wi dth and often to on ly 30-32 inches. 

With a bed along the south wall and another along the north (whi ch may be 

on top of a row of heat-stori ng water tanks), and with a comfortable 

wa 1 kwayi n between, greenhouse wi dths are usually 8 to 10 feet. 

Other thi ngs bei ng equal, the performance of a solar heat uni tis 

better the narrower it is bui It as more heat wi 11 be avail ab 1 e for use in 

the attached building. Widths less than 6 to 8 feet, however, can eliminate 

the usefulness of a solar heat unit as an "outdoor" space. 

Use graphi cs, a protractor, and a scale drawi ng to determi ne where 

direct light will reach in a passive solar addition. In the example shown 

in Figure 10, it is illustrated that direct light will not hit the thermal 

storage area in mid summer. If the overhang were shorter or the passive 

solar addition narrower, the light would reach deeper. 
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Energy Efficient Framing 

Wood conducts heat (and cold) much more readily than insulation. 
Because of this, in places where framing extends through the entire 

thickness of a wall, the wall surface can become cold, causing greater heat 

loss, and 1 ike 1 i hood of condensati on prob 1 ems. There are several methods 

now in use that help control these prob 1 ems in bui 1 di ng construction, and 

these techniques can be used to advantage in passive solar additions. 
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One of these techniques is double-wall construction, where two sets of 

studs are erected, one ins i de the other. Another techni que is to buil d a 

traditional insulated stud wall, and then nail horizontal furring strips to 

the studs, creating a space where additional insulation can be added. 

Truss joist I-beams (TJI's) are becoming increasingly popular for 

rafters and floor joists. These are "I" beams fabricated with a 3/8 inch 

plywood web and a 1 3/4" x 1 1/2" laminated flange. When using these beams, 

only the web extends through the entire roof or floor compared to the 1 1/2 

inch of a typical solid rafter or floor joist. TJI's are lightweight and 

strong, but are somewhat more expens i ve than conventi ona 1 frami ng members. 

Special care must be taken when insulating between TJI's because of their 

shape. 

Interior Design 

The interior of a greenhouse needs a planting bench with pots or soil 

beds, and a source of water and area to store tools, ferti 1 i zer, and pots. 

A compost pile can provide heat, soil, and needed carbon dioxide, which 

greatly -aid growth. If the space is to be used as a solar heat unit only, 

the interior can be empty or might include furniture for use as an outdoor 

or sun porch when the weather conditions are right. 

Some people plant in the dirt floor of the greenhouse. Others lay in a 

yard or two of gravel on the floor and build benches on which to plant. 

Commercial benches are made of aluminum pipe and have rot-proof corrugated 

asbestos hardboard bottoms. The usual hei ght is 32 -34 inches, wi th wi dth 

about the same. Other greenhouses mi x floor p 1 anti ng beds wi th rai sed ones. 

Plant i ng baskets can be hung from the rafters and mull ions. The organi za

tion of the furnishings is a very personal matter, depending on the uses 

the greenhouse wi 11 be put to and the owner's tastes. However, even ina 

greenhouse it is wi se to 1 eave room for a chai r or two; the warm moi st 

atmosphere can be a nice place for leisure activities. See Figure 11. 
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6' SLIDING DOOR 
TO HOUSE SHELF RESTING ON WATER STORAGE DRUMS 

FIGURE 11 . TYPICAL GREENHOUSE FLOOR PLAN 
Drawing Provided by AREA 

Fighting Rot 

Greenhouses are damp envi ronments. Greenhouse wood rots qui ck ly un 1 ess 

treated, and care must be taken not to use preservati ves that are toxi c to 

plants such as creosote and pentach 1 orapheno 1 ( "penta" ). Copper and zi nc 

napthenate are not as toxic and can be used. Copper napthenate stains wood 

green, which bleeds through light-colored paints; zinc napthenate is clear 

and can be painted over. 

Glazing Materials 

The four most commonly used glazing materials are glass, fiberglass, 

acryl ics, and polycarbonates. Glass is the clearest, most long-lasting, and 

works best in vertical walls because of its weight. In slanted applications, 

it is best to use double-strength glass. 

Translucent fiberglass reinforced plastics (FRP), such as Kalwall, Lasco-

1 i te, and Fil on, 1 et through an even, diffused 1 i ght, wh i ch helps prevent 

phototropism in plants and promotes plant growth better than glass. These 

plastics are not as durable and longlasting as glass. As the glass fibers 
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become exposed on the surface, u ltravi 01 et rays and hi gh temperatures (over 

180 degrees) degrade these fibers. There are resurfacing liquids available to 

combat this problem. FRP materials are slightly more opaque to longwave 

(heat) transmittance than glass and have about the same transmissivity for 

visible light. 

FRP with Tedlar UV resistant coating is the top of the line, although it 

has about 8 percent less transmissivity than glass and loses some of its 

transmissivity with time. FRP costs much less than glass, has good resistance 

to breaking, and manufacturers claim it will last 12 to 20 years. 

Acrylics are available in single-wall (Plexiglass, Lucite, Acrylite) and 

double-wall (Acrylite SOP, Cor-X-Acrylic, 220 Twinwall, Ployux) versions at 

costs comparable to glass. Acrylic has insulation and transmission qualities 

similar to glass, weathers well, and resists impacts but scratches and sags 

at temperatures over 200 degrees. It is lightweight, has good span strength, 

is easy to handle, and looks good. 

Polycarbonates (Merlon, Lexan, Tuffak, Twinwall) come in all thickness 

and are as clear a~, glass. These materials, some used in jet windows, have 

very high impact resistance "and high service temperatures; but are relatively 

expensive, scratch easily, and get slightly brittle and whitish with time. 

Often, they are used as the interior glazing. 

Tilted Glass 

Debate continues as to the advantages gained by tilting the south wall 

of a sunspace. Comparing the performance of vertical glazing with glazing 

tilted to 70 degrees shows a difference of 12-16 percent in heat gain in most 

Alaska locations. 

These annual totals are somewhat misleading. While it is true that 70 de

gree tilt is more often perpendicular to the sun's rays and thus is better at 

allowing them through the glazing, half the gains are in the summer when the 

extra heat is not needed. In winter, 70 degree to 90 degree glass have nearly 

equa 1 performance. The sun's altitude is low enough to make its rays nearly 

perpendicular to 90 degree glass and the reflectance off snow cover adds more 

to 90 degree tilt s. When the added construct ion prob 1 ems- -beve 1 i ng plates, 

installing glazing and insulating shutters at an off-vertical angle, and 

getting an air-tight joint between the tilted glazed section and the roof 

system--are considered, the vertical south wall option seems more reasonable. 
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However, a reasonable approach would be to say as a rule of thumb that 

so 1 ar heat unit walls shoul d be verti ca 1 si nce at Alaskan 1 at i tudes they 

would let in more sun during cold months when sun angles are low while 

cutting down on light admitted during summer months when heat is less likely 

to be needed. On the other hand in a plant-raising greenhouse a tilted south 

wall admi ts more di rect sun 1 i ght duri ng the growi ng months and allows greater 

depth penetration into the space making more floor area suitable for growing 

plants. 

Roof Glass 

Roof glass is not thermally effective in Alaska and should be avoided, 

with the possible exception of use in Southeast Alaska for commercial 

plant-raising structures. 

Two or Three Glazing Panes 

Annual calculations show that it is always more cost-effective to use 

double-pane glass with night insulation for solar gain than it is to use 

triple-pane with night insulation. 

Movable Insulation 

Movable insulation for windows is not an easily solved problem, but it 

. i s abso 1 ute ly a necess i ty for greenhouses inA 1 ask a if the i ntenti on is to 

begin plant growth well before the end of the freezing season and/or extend 

the growi ng season into the late autumn or early wi nter wi th solar energy 

alone. Solar heat units which are intended only to gather heat, not store it, 

and wh i ch wi 11 not be kept heated in cold weather do not have the same 

problem. In solar heat units movable insulation is optional. 

For greenhouse ni ght i nsu 1 at i on there are products on the market and 

there is considerable disagreement over design and with good reason since the 

difficulties posed by the Alaskan climate are not simple to overcome. 

Condensati on and frosti ng prob 1 ems are reduced if the ni ght i nsu 1 ati on is 

located on the outside of the glazing. However, it is difficult to design 

something with insulating material that is eight feet long and at least two 

feet wide which is stable in high winds, works well when exposed to ice and 

snow, is easy to operate, and inexpensive. 

Therefore, people tend to install night insulation on the inside of the 

passive solar additions. Spatial and mechanical problems still exist. If 
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ri gi d i nsu 1 ati on boards are used, it is awkward to move them about in the 

crowded interior and there is a storage problem. That leaves roll or fold-up 

designs which require hardwire (i.e., pulleys, tracks, winding springs) which 

can rust over the summer, edge seals to prevent heat loss by chimney effect, 

and consi derab 1 e attention to detai 1 in construction. Such desi gns do work, 

but they are expensive, and to achieve respectable insulative value they have 

to be at least two inches thick, so there is still a bulk problem. 

Do-it-yourself systems are available from the Center for Community 

Technology, 1121 University Avenue, Madison, WI 53715. They have a Roman 

shade system made of 1 ayers of fabri c, fi berfi 11 and po lyethyl ene. Wi ndow 

Quilt is the same sort of sandwich manufactured and equipped with a roller 

and edge tracks and it is widely distributed. There are other manufacturers, 

scores of them. Revi ews of thei r effecti veness and a thorough di scuss i on of 

other situations can be found in Thermal Shutters and Shades: Over 100 

Schemes for Reducing Heat Loss Through Windows, by William Shurcliff (Brick 

House, 238 pp., $12.95) or in Movable Insulation, by Bill Langdon (Rodale 

Press, $12.95). 

Thermal Mass 

Water, soil, masonry, or phase-change materi a 1 s are very useful parts of 

a so 1 ar greenhouse. See Tab 1 e 2. They absorb excess heat wh i ch enters duri ng 

the day thus keepi ng the greenhouse from overheati ng. See Fi gure 12. At 

ni ght, these materi a 1 s slowly release the absorbed heat he 1 pi ng to heat the 

space duri ng the coldest and darkest times. Each pound of water, or fi ve 

pounds of masonry, absorbs one Btu for each degree of temperature increase. 

For example, a dark-colored, 55-gallon drum of water heated to 75 degrees 

Fahrenheit duri ng the day can contri bute 16,035 Btu's to the greenhouse at 

night if the temperature drops to 40 degrees Fahrenheit. (55 gal. x 8.33 lbs. 

per gal. x 35 0F = 16,035 Btu's.) See Table 2. 
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TABLE 2 

Specific Heat and Heat Capacities of Various Substances 

Brick 
Concrete 
Earth 
Sand 
Steel 
Stone 
Water 
Wood 
50/50 Antifreeze Water Mix 

DAY 

Specific Heat 
Btu/lb-oF 

0.20 
0.23 
0.21 
0.20 
0.12 
0.21 
1.00 
0.33 
0.80 

Dens ity 
(lb/ft3 ) 

120 
150 

95 
110 
490 
165 
62.4 
32 
66.5 

Total 
Heat Storage 
Btu/Ft3-oF 

24 
34.5 
20 
22 
59 
34.6 
62.4 
10.6 
53.2 

FIGURE 12 . THERMAL MASS AND MOVABLE INSULATION 
Drawing Provided by AREA 
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Another form of storage is phase-change salts that change from solid to 

1 i qui d at temperatures around 80 degrees Fahrenhei t. It takes cons i derab 1 e 

energy to make materi al s change phase. The advantage of the phase-change 

salts is that they take less space (6:1) and weigh less (10:1) than water for 

equi va 1 ent heat storage, and they tend to stabil i ze the temperature at the 

point they change from solid to liquid. Two trade names of these salts are 

Thermalrod-27 and Texxor HeatCell. 

It is a good idea to mix sizes and types of thermal storage. Smaller 

sizes store and release heat quicker; larger sizes will be slower, providing 

long-term storage. It is possible to overmass the greenhouse. The question of 

how much thermal mass to inc 1 ude depends mostly on the pri mary use--green

house or solar heat unit. A low-mass structure will tend to heat up rapidly, 

reaching 80 degrees or more on a sunny day by mid-morning even in mid winter. 

That heat can be vented into the buil di ng. However, when the temperature 

drops at night, it will also drop rapidly in the solar heat unit. 

The heat transfers between a building and passive solar addition are 

complex and not easily modeled. Edward Mazria, with others at the University 

of Oregon, used a computer to predict the temperature variations of a space 

into which the sun shines directly on masonry and water-masses. l They 

examined water walls and masonry walls between greenhouse and house and rock 

bed storage. The goal was to si ze the thermal mass to keep temperature 

fluctuation in the living space comfortable. 

The following rule of thumb was developed for the lower 48: 

"When us i ng an i nteri or water wall for heat storage, locate it in the 
space so that it receives direct sunlight between the hours of 10:00 
a.m. and 2:00 p.m. Make the surface of the container exposed to direct 
sunlight a dark color, of at least 60% solar absorption, and use about 
one cubi c foot (7 ~ gallons) of water for each one SZluare foot of solar 
window. (One cubic foot of water weighs 62.4 pounds.) 

lMazria, Baker and Wessling, "Predicting the Performance of Passive 
Solar Heated Buildings," Proceedings of the Annual Meeting of the American 
Section of the International Solar Energy $oclety, Vol. I, Sec. 2, 1977. 

2Edward Mazria, The Passive Solar Energy Book, Rodale Press, Emmaus, PA, 
1979, p. 185. 
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"In cold climates (average winter temperatures 200 to 300F.), use 
between 0.43 and 1.0 square feet of south-facing doub1e-glazed masonry 
thermal storage wall for each one square foot for area." 

In Alaska, if plant raising is the main consideration for the passive 

so 1 ar add it ion, go for the top end of the range, or even hi gher, up to 1.5 

square feet. If the main consideration is space heating, then mass should be 

minimized. 

Rock Bed Storage 

For fan-forced (active) rock bed storage in a cold climate, 

"use roughly 3/4 to 1 1/2 cubic feet of fist-sized rock .•. for each one 
square foot of south-facing gre~nhouse glass. This should be 75% to 100% 
of the floor's surface area .... " 

With low temperature differentials, large areas are needed to get effective 

heat transfer. The rock bed is usually under a floor or in a wall, and air 

from the greenhouse has to be at least 10 degrees Fahrenheit warmer than the 

rock for it to work effectively. The air can be moved by a squirrel-cage fan. 

Rock beds should be 3 1/2 feet to 4 feet (minimum) by 8 feet to 10 feet 

(maximum) wide. More than 3 cubic feet of rock per square foot of glazing 

will not improve performance. 

The previously mentioned rules of thumb are· basically for new con

struction, not retrofit, and are general guidelines, not exact formulas. They 

wi 11 transfer well to Alaska's coastal and temperate zones duri ng about 10 

months of the year, but will have to be used with care in the coldest parts 

of the interior and in the darkest months of the year. Heat gain/loss 

calculations should be done for a few normal winter days, for the winter 

extremes, for spring/fall and for summer norms and extremes. For example, 

do a couple of clear day inputs followed by three cloudy or partly cloudy 

days wi th 1 itt 1 e input. The idea is to project storage temperatures at the 

end (start with a reasonab 1 e gues s) by "walk i ng" temperatures from day to 

night to day, etc. 

Passive solar additions retrofitted to frame buildings do not pass much 

heat through the frame wall and the frame wall has 1 itt 1 e storage capaci ty. 

However, the relationships between the amount of glazed area and storage size 

hold true. 

3Ibid ., p. 145. 

4 Ibid ., p. 153. 
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Venting 

Overheating is a problem that must be solved by good design. Cross

ventilation, a low vent on the upwind end of the passive solar addition and a 

larger (by 1/3 to 1/2) high vent on the other end, coupled with attention to 

the sun angles, takes care of most summer problems. Yanda (see bibliography) 

recommends that the total vent area should be about one sixth of the floor 

area. Consider the door at half its actual square footage. Since vents are a 

potential source of cold air leaks in the winter, they must be carefully 

built, insulated, and weatherstripped. If the end walls of the passive solar 

additions are embraced by the building and not exposed to outside air, a good 

design for heat conservation, then double the amount of venting because there 

will not be any cross-ventilation. 

Excess heat in the spring and fall can be used by the building 

regardless of whether the primary use is greenhouse or solar heat unit. 

Basically, what is needed is a low vent from the building into the passive 

solar addition and a high vent, not directly over the low one, which will 

transfer warmed air back into the buil di ng. Try for the maxi mum amount of 

vertical separation possible. Bill Yanda's experience says that to get useful 

heat (75 degrees) into the house and keep the greenhouse warm enough (70-80 

degrees), the opt i mum vent i 1 ati on rate is 4-6 cubi c feet per mi nute per 

square foot of south-facing glazings, or an air change of the total volume of 

greenhouse ai revery 2 1/2 mi nutes. Hi s recommendati on is to have 10-15 

percent of the wall area covered by the passive solar addition in windows and 

doors, or 6-8 percent in high and low vents with the hi gh vent 1 arger. The 

size of the vents is of primary importance, but increasing the vertical 

distance between them also increases air flows. 

When evening comes, the passive solar addition cools and air flow 

reverses; warm air from the building flows through the top vent, cools, falls 

in the passive solar addition and comes back into the building via the low 

vent. Thi sis called reverse thermos i phoni ng, and it can be used to keep a 

greenhouse from freezing on cold nights if that is desired. As cold drafts 

are generally not wanted in the building, polyethylene flaps stapled over the 

vents on the building side of the high one and passive solar addition side of 

the low one wi 11 solve thi s. The th i n fil ms are eas ily moved by convect i ng 

ai r and form a barri er to reverse thermos i phoni ng. If you. are p 1 anni ng a 

solar heat unit, which may get very cold during the winter, install insulat

ing plugs in the vents during the cold weather. 
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Devi ces call ed heat motors can be used to control summer vents. An 

expandi ng i nterna 1 fl ui d (reacti ng to a temperature ri se) ina pi ston thrusts 

an actuati ng ram from the cyl i nder openi ng the vent. As the fl ui d heats and 

expands, the ram is extended and the vent door opens, expelling excess heat. 

As the fl ui d cools and contracts, the ram is retracted by the load as the 

temperature drops closing the opening. The heat motors can be set to operate 

at any temperature between 60 degrees and 100 degrees. (Sources are Califor

ni a Greenhouse Contro 1 s Corporation, 3266 N. Rosemead Blvd., El Monte, CA 

91731; or John Hoffman, Inc., Sierra Madre, CA 91024.) 

Another useful device is the solar fan--a 600 cubic feet per minute, 

12-volt DC unit that runs off a small photovoltaic array. One energy 

conservi ng combi nati on is a heat motor openi ng a vent and the solar fan 

boosting the circulation. During the winter, the fan can aid warm air moving 

into the house, and it can also be swi tched to provi de a tri ck 1 e charge into 

a 12-volt battery. This fan is made by William Lavit Co., and is available 

from Brother Sun, Route 6, Box lOA, Santa Fe, NM 87501. 

Backup Heating 

The system used to supp ly backup heat to a greenhouse must be 1 arge 

enough to rna i nta in acceptab 1 e temperatures duri ng the most extreme weather 

conditions. The "acceptable" indoor temperature might be "just warm enough to 

prevent plants from freezing, approximately 40 degrees Fahrenheit, or it 

mi ght be 70 degrees Fahrenhei t, dependi ng on the owner I s wi shes. The most 

extreme weather conditions for a particular location are usually known by the 

owner (or a local heating contractor). The hourly heat loss for this 

indoor-outdoor temperature difference can be computed using standard methods, 

(see Calculation Procedures; Heat Loss) and the backup system should be sized 

to provi de th is amount of heat, plus an appro x imate 50 percent margi n of 

safety. 

Often the existing heating system in a building is adequate to handle 

the load from the attached greenhouse. In this case, the addition of new 

ducts, or even merely opening doors and windows into the greenhouse from the 

building can keep the greenhouse warm enough. 

A 10 foot by 20 foot attached greenhouse similar to the one shown in Ap

pendix H can lose somewhere around 80 Btu/hr/degree Fahrenheit with the shut-
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ters in place. If the temperature was kept at 40 degrees Fahrenheit during 

-60 degrees Fahrenheit weather (a 100 degree Fahrenheit temperature di ffer

ence) the heat loss wou 1 d be 80 x 100 = 8, 000 Btu/hr. The heating system 

installed should be more than adequate to handle this load, perhaps 10,000 or 

12,000 Btu/hr. 

If the heating system of the original building were to be used, the same 

greenhouse mi ght add about 60 Btu/hr degrees Fahrenheit to its load. The 

greenhouse would sti 11 require 80 Btu/hr/degree Fahrenheit but part of the 

original building's wall, previously exposed to cold air, now would face the 

heated greenhouse, savi ng perhaps 20 Btu/hr / degree Fahrenhei t. In th is case, 

the additona 1 load on the heati ng system wou 1 d be 60 x 100 = 6, 000 Btu/hr, 

plus a margin of safety. 

The fi gures us~d in these examp 1 es are for ill ustrati on purposes only; 

the designer should, in all cases, perform his own calculations for the 

particular installation and site. 

Electric Lighting for Plant Growth 

In Alaska there is not enough natural light to support plant growth in 

the wi nter. Therefore, it is necesasry to use fl ourescent 1 i ghts in green

houses at a rate of 4 watts per square foot. The starting date in the fall 

for light use has not been determined and depends greatly on location, but it 

ranges between October 1 and November 15. Although the e 1 ectri city must be 

pai d for, it has an extra benefit. The waste heat from the 1 i ghts furni shes 

heat to the greenhouse. The recommended number of hours for 1 i ght i ng is 14 

per day. If the 1 i ght s are turned on at ni ght with the glass shuttered, 

almost all the heat will be beneficial. For example, in a 200 square foot 

greenhouse, 800 watts of lighting would be needed with an additional 160 

watts used by the ballasts. Since each watt of lighting converts to 3.41 Btu 

per hour of heat energy, the hourly heat generati on is 960 watts x 3.41 

Btu/watt-hr = 3,274 Btu/hr. 

Freestanding Greenhouses 

Freestandi ng solar greenhouses follow the same desi gn pri nci p 1 es as at

tached greenhouses but are usually bui lt on a 1 arger scale than attached 

greenhouses and often have different roof and wall angles to promote maximum 

collection and reflection. Generally, the north wall is tilted at the 

altitude of the sun at summer solstice. Often, the greenhouse is dug in and 
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bermed with earth. An effective, relatively inexpensive design is Reed E. 

Mae I sA-frame (Envi ronmenta 1 Research Institute, Ann Arbor, MI 48107). See 

Figure 13. Other plans are available from the Brace Institute, c/o McDonald 

College, McGill University, Quebec, Canada. Please include a self-addressed, 

stamped envelope. 

Permafrost Foundation Design 

When building on permafrost, it is necessary to use a different founda

t i on system than the one shown in the accompanyi ng plans. See Appendi x E. 

Permafrost is ground that is frozen year-round. In permafrost regi ons it is 

seldom possible to excavate below the frostline to put in a concrete 

foundat ion. Heat that mi ght be transferred from the greenhouse through the 

foundation is detrimental, as it will melt the permafrost and cause the 

structure to sink. 

,1/ 
-0-
/1' 

TRANSPARENT SOUTH GLAZING 

PIVOTED INSULATOR
REFLECTOR CURTAIN 

GROUND LEVEL 

DAY POSITION 

FIGURE 13· MAE'S COMMERCIAL GREENHOUSE 
Drawing Provided by AREA 
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Fi gure 14 shows two sol uti ons that have been used successfully in the 

past in permafrost areas. It is extremely important to go out and observe 

those systems that are in use in your area. There are no "blanket" solutions 

to the permafrost problem. 

In the first system shown in Figure 14, wood pilings are set at each of 

the four corners of the building, beams are laid on top of them, and the sus

pended floor joists rest on the beams. Pilings are set to a minimum depth of 

8 feet and often much deeper. Wood I -beam joi sts (T J I' s) are used as the 

floor joists to minimize conduction losses and are filled with 9 inches of 

fiberglass insulation. The polyethylene vapor barrier is placed directly on 

top of the subfloor on the warm side of the floor before a final plywood deck 

is laid. 

In Example 2, the floor framing is essentially the same. Pilings are not 

used in thi s method; the support beam rests on 1 engths of 6 x 12 1 umber 

placed at each end of the beam. In this system it is necessary to remove the 

permafrost to a depth of 2 feet around the 6 x l2's, replacing it with a sand 

pad; 4 inches of r'igi,d,' insu'lation is Rla,ceO,below the sand pad 

TJI JOIST 

D-
o w 
~ w 

Example 1 

~ 1m ~WQOD ",UNG 

Example 2 

TJI JOIST 

FIGURE 14· PERMAFROST FOUNDATION DETAILS 
)rawing Provided by AREA 
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Some heat from the structure will transfer to the permafrost when using 

this method, causing settlement. Because of this, most builders place wood 

shims between the support beams and the 6 x 12' s, and adjust them each year 

to level the building. 

The main support beams carry the entire floor load, and must be sized ac

cordi ngly. Always consu lt a structural engi neer when des i gni ng a suspended 

fl oor. The modest amount of money wi 11 be more than worthwhil e in the peace 

of mind of having a solid structure. 

When des i gni ng suspended floor s for greenhouses, the wei ght of thermal 

storage has to be considered. Refer to the earl ier di scussion concerning 

thermal mass for loading requirements. As shown in the calculations below, a 

greenhouse wi th 160 square foot of south gl azi ng mi ght use 9984 pounds of 

water as thermal mass or the equivalent of twenty-two 55-gallon drums. 

160 s.f. glazing x 1 c.f. H20 x 62.4 lb/c.f. = 9984 lbs. 

55 gal/drum x 8.33 lb/gal = 458 lb/drum 

9984 lbs. 
458 lbldrum = 21.8 or 22 drums 

Since the drums are about 24 inches in diameter and the greenhouse/house 

wall is 20 feet long wi th a door in it, the best arrangement is an 

ei ght-barre 1 row with another stacked on top. That is ali ve load cons i d

erably larger than the usual residential live load specificed in national 

codes and construction manuals. Here again, it is advised to consult an 

engineer. 

Low Cost Approaches 

The construction cost of passive solar additions is comparable to that 

of conventional residential remodeling. Solar greenhouses will probably be 

somewhat more expens i ve if 1 arge thermopane wi ndows are used as g 1 azi ng, 

rather than fiberglass or plastic glazing, due to their high cost. Heat 

storage systems, if they are more sophisticated than water drums, can also 

lead to higher costs. In general, solar heat units are less costly to build 

than greenhouses because of the absence of heat storage and night insulation 

systems and the reduced amount of insulation required. 

The cost of passi ve solar additions can be cons i derab ly higher than 

conventional remodeling if the appointments are fancy--teak paneling and 
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trim, photoelectric or thermal electric controls on fans and shutters, 

built-in misting systems, time-controlled heating elements and lights for the 

growing beds, hydroponic or aquaculture tanks, redwood hot tubs, sauna/green

house interfaces, etc. 

There are other ploys that are not as effective, will not last as long, 

and may not meet codes, but they are lower in cost. Lay railroad ties or logs 

as few feet from the south side of the building, construct mullions which 

attach to the logs and the house, glaze with polyethylene. One man with a 

fairly large overhanging roof put salvaged conduit on 2-foot centers from the 

overhang down to railroad ties, wove the polyethylene in and out of the 

conduit, and stapled the edges down carefully to minimize infiltration. The 

1 ash-up froze out as soon as wi nter got seri ous, but gathered heat at 85-90 

degrees anytime the sun shone, extended the growing seaso~ by a month at each 

end, and, by keep i ng wi nd off, lowered heat los s out of the south wall. It 

took one day to put up, one day to take down, and the po lyethyl ene 1 asted 

almost two seasons. To move the warm air into the house, he opened a window 

and put a fan in it. 

A more elaborate version is to build a wall (logs, salvaged block, rock) 

3 feet out and 3 feet high on the south side of the building. Insulate the 

outside surface with closed-cell foamboard and protect that with asbestos 

hardboard, stucco, or ro 11 roofi ng. Fi 11 the space wi th soil to create a 

raised-bed cold frame. It will gather some heat, which can come in a window 

covered by the glazing. See Figure 15. 

Glazed frames can be built to cover south-facing windows. They will not 

add significant heat, but they do provide another place to put houseplants. 
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CONSTRUCTION STEPS 

The construction procedure descri bed here is for one 8 foot by 20 foot 

attached greenhouse using a concrete foundation. The same general procedures 

can be used for free-standing structures or a greenhouse of your design. If 

bui 1 di ng on permafrost, use the drawi ngs in thi s manu a 1 for general refer

ence. It is important to observe what has worked well in your area in the 

past for foundation systems. 

Preliminary Steps 

Many areas, particularly municipalities and larger towns, require a. 

building permit which must be posted on-site in a conspicuous place. Zoning 

regu 1 at ions also apply in many 1 ocati ons. Research these thorough ly. Mi ni mum 

setbacks from lot lines are required under all zoning laws, and in many 

cases, the ci ty has the ri ght to come out and tear down the structure if 

these setbacks are infringed upon. It pays to be careful. 

Constructi on of a sunspace is, for the most part, essenti ally the same 

as any other light building construction, as layout, excavation, foundation 

installation, framing, roofing, and insulating procedures are identical. 

Refer to standard books or to experi enced peop 1 e if help is needed in these 

areas. A brief discussion of glazing and vapor barriers, which are of 

particular importance in greenhouses, is given below. 

Glazing 

If using glass, refer to the manufacturer's specifications or carpentry 

books for detai 1 s. Be aware that gl ass can expand and contract as much as 

1/16 of an inch wi th temperature changes; 1 eave room for th is or cracked 

windows will result. When using double glazing it is more important to 

achieve a ti ght seal on the inner wi ndow; otherwi se, moi sture from ins ide 

will become trapped between the panes and cause condensation and icing. 

Fiberglass-reinforced plastic (FRP) is easy to handle--usually available 

in 4 feet by 50 feet rolls, cuts with a knife or shears, and is lightweight. 

"Kalwall" is clear and comes in up to 49~ inch widths, making it easy to get 

a full lap when framing at two feet on center. Filon is less expensive and 

readily available in Alaska. Because it is only four feet wide, the wall 
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framing may have to be slightly less than 2 feet center to get a full overlap 

onto the studs. Refer to the glazing detail on the plans. 

When mounting FRP, the minimum overlap should be 3/4 inch. Hold nails 

3/4 inch from the edge as the material is brittle and can chip and split. 

Some people pre-drill holes in the fiberglass before nailing. Begin by 

setting the first nail at top center, but do not sink it. Having several 

peop 1 e will help, as you must work the materi a 1 towards the corners to get it 

to lay flat. Tack as you go, slanting the nails to the outside edge to pull 

the sheet tight. Some people cau 1 k between each 1 ayer, as shown in the 

accompanying plans; others simply run a bead of caulk around the edges of the 

outer sheet. The first method is a far superior seal; the second is faster, 

less expensive, and not as messy. The entire job will be easier if the FRP is 

unrolled, cut to length, aAd allowed to lie flat for 24 hours before 

installation. 

Vapor Barrier 

Although vapor barriers are certainly one of the most important factors 

in helping the greenhouse to perform efficiently, they are the most misunder

stood detail of building in cold climates. Spaces for plants have a high mois

ture content; fiberglass insulation (and most other types) are highly suscep

tible to water. Tests show that batts with a 3 percent moisture content 

suffer a 25 percent reduction in their ability to cut heat loss. 

Use a mi ni mum of 6-mil po lyethyl ene as the vapor barri er; 1 O-mi 1 is much 

better, but difficult to find in Alaska. Tape or caulk all joints, such as 

where the walls meet the roof. Cau 1 k the vapor barri er onto the wood frame 

around all doors and windows, and at all other "holes" in the wall (elec

trical, plumbing, etc.). The idea is to make a complete envelope separating 

the inside from the outside. 
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THERMAL PERFORMANCE OF PASSIVE SOLAR ADDITIONS IN ALASKA 

The thermal performance of gre~nhouses inA 1 aska (the amount of energy 

requi red to heat them) is exce 11 ent when compared wi th vi rtua lly any other 

kind of habitable space. Neither greenhouses nor solar heat units, however, 

perform well as sol ar-dri ven heati ng systems for the buil di ngs to whi ch they 

are attached. The reason for this is simple--the climate in Alaska is too 

co 1 d and the wi nter days are too short. Even in southern areas of Alaska, 

where the wi nter days are longer, cloud cover tends to reduce the potenti a 1 

for solar heating. 

The two generic types of passive solar additions examined in this report 

are greenhouses ("mass passive solar additions" for plant growing) and solar 

heat units ("massless passive solar additions"). The first type, mass, 

contai ns heat storage to moderate temperature swi ngs and are kept at room 

temperature all year. The thermal performance of thi s type iss imil ar to that 

of any building space heated by direct-gain glazing areas (sunspace). 

The second type, massless passive solar additions, contains a minimum of 

heat storage to encourage large temperature variations. During sunny periods 

hot air is "robbed" from the solar heat unit and blown into the adjacent 

building; during cold and dark periods the solar heat unit cools and 

temperatures drop to near ambi ent. The thermal performance of thi s type of 

sunspace is analogous to that of a hot air solar collector. 

Intermediate types of passive solar additions, both in construction and 

in operation, are possi b 1 e between these two extremes. The thermal perform

ance of both mass and massless type passive solar additions is discussed in 

greater detail in the fo 11 owi ng pages and is followed by a di scussi on of the 

performance of intermediate types. 

Greenhouse Performance 

Nearly all greenhouses built in Alaska will have a net annual heat loss 

if kept at room temperature all year; that is, it will be necessary to add 

more supplementary heat to them in cold, dark periods than is gained from 

them in sunny, warmer periods. It is possible under exceptional conditions, 

however, to buil d greenhouses whi ch will have a net annual heat gai n in any 

of the Alaskan cities for which weather data is available. These exceptional 
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conditions must include a completely unobstructed south-facing site, "super

i nsu 1 at i on" of the greenhouse walls, roof, and floor, very ti ght construc

t ion, attachment of the greenhouse to a buil di ng with a 1 arge heati ng load 

(so that 1 itt 1 e of the excess heat generated by the greenhouse h-as to be 

vented outdoors), and well-insulated window shutters optimumally year-round. 

In some cold northern cities, "proper" shutter operation requires them to be 

closed entirely for up to three months. 

Conditions are rarely this good, however. A less-than-perfect site is 

often chosen that has parti a 1 shadi ng of the greenhouse because of obstruc

t ions and does not face due south. Sl i ght settlement after constructi on, 

wh i ch is normal for any bui 1 di ng, can en 1 arge cracks and therefore increase 

the infiltration of cold air to an initially very tight greenhouse. The 

condensation of moisture in the walls can somewhat degrade the effectiveness 

of the insulation. This problem is particularly difficult to control in 

greenhouses because of their moist environment. The shutters can warp, 

insulating the windows less effectively than planned; and the owners can 

forget to open and close the shutters at the proper times each day. 

Even under 1 ess than perfect conditions, however, a solar greenhouse 

wi 11 have much lower heat i ng loads in the long run than a convent i ona 1 room 

of the same size. Yet a greenhouse's heat losses on the coldest, darkest days 

(the design heating conditions) are likely to be larger than those of a 

conventional room. 

The most criti ca 1 factors in greenhouse performance found in prepari ng 

thi s report are ti ght construction and good shutters. Th is is because the 

1 argest heat losses, even ina moderately i nsu 1 ated greenhouse, are from ai r 

infiltration and conduction through window areas. For a superinsulated green

house, these two losses are by far the greatest. 

Heat storage--whether in the form of drums of water, rock beds, or what

ever- -a 1 so is important to good greenhouse performance. If the storage is 

insufficient, overheating results, and much of the solar heat gained will 

need to be vented outdoors. Two likely storage design errors are 1) placing 

of water storage contai ners in shaded areas, and 2) provi ding i nsuffi ci ent 

fan size for rock bed storage systems. Ei ther error wi 11 resu 1 tin poor 

performance from the storage system. Cal cul ati ons i ndi cate that fans shou 1 d 

be sized to provide at least 5 cubic feet per minute air flow per square foot 

of greenhouse glazing. 
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An important point sometimes overlooked is that any south-facing windows 

on an existing building already yield direct solar gain benefits to the build

ing. Additional solar gain, as a result, comes only from that amount of 

glazing in an attached greenhouse that is greater than that which was already 

on the south wall of the building. 

The results of mathematically modeling greenhouses using a computer for 

various Alaskan locations are presented at the end of this section. 

Solar Heat Unit Performance 

Un 1 ike a greenhouse kept at room temperature, a solar heat uni t (mass

less greenhouse) always yields a net benefit to a building's heat load. This 

is obvi ous since no supp 1 ementa 1 heat is ever used in the solar heat uni t. 

The gains derived from a solar heat unit, however, will never be great enough 

in Alaska to make such an installation economically worthwhile for energy 

reasons alone. 

Since the solar heat uni tis allowed, and expected, to get cold at 

night, shutters and infiltration rates are of much less importance than with 

the classic solar greenhouse design. Shutters, in fact, are probably unwar

ranted on a sunspace used solely as a solar heat unit, just- as they would be 

on a flat plate solar collector. 

Another difference from the solar heat uilit design and a classic solar 

greenhouse des i gn is that heat storage mass is undesi rab 1 e ina so 1 ar heat 

unit. The i ntenti on of a solar heat un i tis to have temperatures ri se as 

quickly. as possible when the sun comes up, so that hot air can be blown into 

the adjacent building. Any storage mass will detract from this and from 

overa 11 solar heat uni t performance. There wi 11 be some unavoi dab 1 e mass in 

the framing and floor of a solar heat unit; however, this should be kept to a 

minimum. For example, a wooden, insulated floor is better than a dirt floor. 

The color of the back wall and floor of a solar heat unit is more 

important than it is in the solar greenhouse. A beam of 1 i ght enteri ng a 

so 1 ar greenhouse wi 11 a 1 most surely be absorbed there, even if it is 

reflected off the first surface it hits, since only one of its six sides (the 

south wall) is transparent. The solar heat unit, however, can have four 

transparent s i des--three walls and the roof --and, moreover, has few if any 

contents, so if light is relfected off the wall or floor it may well pass 

back out of the solar heat unit, and its energy will be lost. For this 

reason, the back wall and floor of a solar heat unit should be a dark color. 
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A fl at black is the best for energy purposes, and wi 11 absorb more than 90 

percent of the i nci dent sun 1 i ght. Other dark co 1 ors wi 11 perform adequately 

(see Appendix F) and may be chosen for esthetic reasons. 

Ventilation between a solar heat unit and the adjacent buildi-ng is an 

important factor in effective solar heat unit performance. Since there is a 

minimum of thermal storage in a solar heat unit, very high temperatures can 

occur on sunny days. At hi gh temperatures, the 1 arge gl azed surfaces of a 

so 1 ar heat uni t wi 11 lose 1 arge amounts of heat, thereby wasti ng energy. To 

prevent this, solar heat unit air should be moved into the adjacent building 

at temperatures not much above room temperature. Calculations indicate that 

as much as 60 cubic feet per minute of air flow is necessary for each 1 ineal 

foot of solar heat unit attached to a building in order to keep the 

temperature difference between the solar heat uni t and the buil di ng at 1 ess 

than 15 degrees Fahrenheit. If the solar heat unit is more than 10 to 12 feet 

long, merely opening a door and a window between the building and the solar 

heat unit may not be enough. For best performance forced venti 1 ati on is 

necessary. A large fan operated automatically by a differential thermostat, 

plus a return air opening, is usually very effective. 

Good ventilation is also a safety requirement. A tightly sealed massless 

passive solar addition can reach extremely high stagnation temperatures on 

warm, sunny days (more than 200 degrees Fahrenheit). Many standard buil di ng 

materials deteriorate at such temperatures, and can even become fire hazards. 

The amount of usefu 1 heat that can be gai ned from a solar heat uni t 

greatly depends on the heati ng characteri sti cs of the adjacent buil di ng. 

Since there is no heat storage, any hot ai r generated in the solar heat unit 

must be used immediately or it is wasted. Even in March, the solar heat unit 

can produce more heat than can be used on sunny days if the adjacent 

building's heating needs are small. Conversely, a building with a large 

heating load might be able to use all the solar heat unit's heat for nearly 

the entire year. The net energy benefit of a solar heat unit, therefore, will 

be proportionately much greater if it is attached to a warehouse, gymnasium, 

or a poor ly i nsu 1 ated buil di ng than if it is attached to a sma 11, super

insulated building. 

The thermal behavior of passive solar additions is complex, and predict

ing their performance is difficult. Nevertheless, by using various assump

tions about heat losses and gains, a general idea can be gained of how 

passive solar additions work under various conditions. Both solar heat units 
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and c 1 assi c solar greenhouses are modeled for thi s report at several Alaska 

locations, with varying levels of insulation and construction quality. The 

results of these studies are presented as follows. 

The major uncertainty in modeling solar gains is due to the variability 

of the weather. Weather conditions rarely seem to be "average", so even a per

fect analysis of passive solar addition behavior using "average" weather data 

does not refl ect real behavi or most of the ti me. Improved weather data, 

particularly for solar insolation levels, would be helpful. There is also 

some uncertainty in the figures used for the transmissivity of glazing 

surfaces and the absorbtivity of surfaces within a passive solar addition, 

but these are relatively minor compared with weather data uncertainties. 

Uncertainties are also found in modeling heat losses. Air infiltration, 

for example, is the largest single factor in heat losses from the passive 

solar additions analyzed, yet infiltration rates are notoriously hard to pre

dict. The second largest factor in passive solar addition heat loss is 

conduct i on through the glazed surfaces. Whi 1 e reasonably accurate heat loss 

projections can be made by assuming the number of hours insulated shutters 

wi 11 be in place, the actual use of shutters can be quite different. A 

passive solar addition owner might leave shutters off well into the evening 

in order to enjoy the view, for example, or forget to take them off in the 

morning. 

Greenhouse Analysis Results 

It appears possible to build a classic solar greenhouse that will yield 

a net annual heat gain in any of the Alaskan cities for which data were avail

able. In a few areas--Annette, Homer, Matanuska, and Kodiak--it even seems 

possible that a net gain can be achieved during all 12 months of an average 

year. Thi s "best" case assumes a perfect site, except i ona 1 greenhouse con

struction (superinsulation) and operation, and an attached building with 

heating loads large enough to avoid wasting significant amounts of solar heat 

duri ng the warm months. Even under these ideal condit ions, it appears that a 

class i c so 1 ar greenhouse wi 11 have a net loss for a peri od of 2 to 4 months 

per year in most Alaskan locations. See Table 3. 

Few Alaskan locations show a net annual heat gain from a classic solar 

greenhouse when more typi ca 1 conditions prevaiL The FLOAD computer program 

showed net losses in all locations except Homer, Matanuska, and Kodiak under 

assumpt ions of good greenhouse constructi on (R-19 i nsu 1 ati on in walls and 
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R-30 in the ceiling), good operation, and an attached building with moderate 

heating loads, even though the site was still assumed to be excellent. Net 
heat losses were found for periods of 2 to 8 months out of a year, with 4 to 
6 months typical. 

The results of the analysis of the "good" and "best" greenhouses are 
shown in Table 3. The net heat loss for a conventi ana 1 room in the same 
1 ocat i on and buil tin the same general manner as the "good" greenhouse are 
also shown. The heat savings of the "good" greenhouse compared to the 
conventional room addition are also translated into dollar amounts using oil 
costs of $1.25 per gallon. This can be done for other fuels and prices using 
the differences in heating needs shown in Table 3 and the space heating costs 
given in Table 4. 

The analysis summarized in Table 3 was made for a 10 ft. by 20 ft. green
house, similar to the one shown in the plans in Appendix E. It was assumed 
that the greenhouse was attached to a building with insulated 2 x 6 inch wood 
frame walls, and covered one door and one medium sized window in the existing 
buil di ng. 
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TABLE 3 

10' X 20' Attached Greenhouse Performance Analysis Results 

"Best" Greenhouse "Good" Greenhouse 

6 
Months 

6 Months Cogventional Room 10 Btu Net 10 Btu Net 
Annual Heat wi th Net Annual Heat with Net 10 Btu Net Annual 
Gain (Loss) Heat Loss Gai n (Loss) Heat Loss Heat Gai n (Loss) 

Location 

Annette 7.5 0 (0.2) 3 (7.6) 
Barrow N/A N/A (14.4) 8 N/A 
Bethel 7.4 2 (4.3) 4 (15.7) 
Bettles 5.3 4 (9.6) 6 (19.2) 
Big Delta 6.2 2 (6.2) 4 (16.0) 
Fai rbanks 4.6 3 (8.3) 5 (17.1) 
Gulkana 10.0 3 (5.6) 4 (16.3) 
Homer 13.8 0 0 4 (11.7) 
Juneau 7.6 2 (2.3) 5 (10.4 ) 
King Salmon 11.5 1 (1.0) 4 (13.3) 
Kodi ak 11.0 0 0.9 2 (9.7) 
Kotzebue 4.5 4 (8.4) 6 (19.9) 
Matanuska 13.6 0 0.1 3 (11. 9) 
McGrath 5.2 3 (7.7) 6 (17.4) 
Nome 4.6 4 (5.8) 5 (17.6) 
Summit 4.8 4 (4.7) 4 (17.1) 
Yakutat N/A N/A (2.0) 4 N/A 

Assumptions 

"Best": Site, insulation, infiltration amount, operation--excellent; 
Attached building heating requirements--large; 
Window area--l04 ft2. 

"Good": Site--excellent; 
Insulation, infiltration amount, operation--good; 
Attached building heating requirements--moderate; 
Window area--l04 ft2. 

Annual Savings 
"Good II vs. 

Conventional 
wi th oil heat 

@ $1.25/gal 

$100 
N/A 

$154 
$130 
$132 
$119 
$144 
$158 
$109 
$166 
$143 
$155 
$162 
$131 
$159 
$167 

N/A 

Conventional Room: site, size, insulation, infiltration amount--same as 
"good"; 

Window area--16 ft2. 

43 



TABLE 4 

SPACE HEAT ENERGY COSTS ($/MMBtu) 

To Get the Approximate Price in Dollars Per Million Btu: 

Multiply oil price ($/gal) by 10.81 

Multiply electricity price (¢/kwh) by 2.932 

Multiply natural gas price ($/therm) by 13.33 

Multiply natural gas price ($/10 3 ft 3 ) by 1.294 

Multiply LPG price ($/lb) by 62.05 

Multiply LPG price ($/gal) by 13.66 

Multiply sub-bituminous price ($/ton) by 0.1187 
(Healy) coal in airtight stove 

Multiply wood (dry birch) price ($/cord) by 0.0918 
(airtight stove) 

Multiply wood (dry spruce) price ($/cord) by 0.111 9 
(airtight stove) 

1. Assumes 138,000 Btu/gal and conversion efficiency of 67%. 
2. Assumes 3413 Btu/kwh and conversion efficiency of 100%. 
3. Assumes 100,000 Btu/therm and conversion efficiency of 75%. 
4. Assumes 1030 Btu/ft 3 and conversion efficiency of 75%. 
5. Assumes 21,500 Btu/lb and conversion efficiency of 75%. 
6. Assumes 98,000 Btu/gal and conversion efficiency of 75%. 
7. Assumes 17 x 106 Btu/ton and conversion efficiency of 50%. 
8. Assumes 22 x 106 Btu/cord and conversion efficiency of 50%. 
9. Assumes 18 x 106 Btu/cord and conversion efficiency of 50%. 
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Solar Heat Unit Analysis Results 

So 1 ar heat unit performance cou 1 d not be mode 1 ed on the FLOAD computer 

program; the ana lys is was performed by hand in the manner descri bed in the 

calculations chapter. The results are listed in Table 5 using the example of 

a 10ft. by 20 ft. attached heatroom. The ana lys is was performed us i ng two 

methods for determining solar heat unit benefits. The first method assumed 

"average" amounts of so 1 ar i nso 1 ati on for each day of the month studi ed. The 

second methods assumed "clear day" amounts of insolation for part of the 

month, and no insolation for the remainder of the month. The total monthly 

insolation in both cases agreed with the SOLMET figures found in Appendix A. 

As is discussed in the calculations chapter, the first method is expected to 

underestimate performance and the second, to overestimate performance. Due to 

the complexity of the analysis, it was performed for only five Alaskan 

locations. 

These analyses assumed an unobstructed site and good construction and 

operation of the solar heat unit. It was also assumed that the adjoining 

buil di ng requi red no heat until ambi ent temperatures fell below 55 degrees 

Fahrenheit, and that the solar heat unit could supply a maximum of 25 percent 

of the total buil di ng heati ng load in any month .. The thermal system of a 

solar heat unit is very dynamic and complex, so the figures given in Table 5 

should be considered only as approximations. 

TABLE 5 

10' X 20' Attached Heatroom Performance Analysis Results 

LOCATION ANNUAL HEAT SAVINGS (MILLION BTU) 

METHOD 1 METHOD 2 

Big Delta 8.6 9.6 

Fairbanks 7.5 8.8 

Homer 10.2 11.6 

Juneau 4.6 8.1 

Nome 6.3 9.4 
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Mixed-Operation Passive Solar Additions 
It can be advantageous to operate a passi ve solar additi on ina manner 

somewhere between the two extremes of the "classic solar greenhouse" and the 
"solar heat unit." An example of this would be to operate the passive solar 
addi t i on as a greenhouse, wi th heat storage and shutters, on ly duri ng the 
part of the year when moderate temperatures can be maintained without 
supplemental heat. This would allow for an extended growing season for plants 
and/or use of the room as a living area for much of the year. When 
temperatures and sunlight fall to a point where supplemental heat is 
requi red, the heat storage shou 1 d be removed (i n the case of water storage) 
or turned off (in the case of fan-driven rock bed storage). Thereafter, until 
spri ng, the pass i ve solar addi ti on wi 11 be operated as a solar heat un it, 
with cold temperatures prevailing but occasional periods where the air in the 
passive solar addition heats up enough to be vented into the attached 

building. 
This method of operation preserves some of the best features of both the 

classic solar greenhouse and the solar heat unit. While the net annual heat 
gain to the attached building is smaller than in the case of the solar heat 
unit, a growi ng season 
be possible outdoors. 
extended very much. The 

is extended approx i mate ly 3 months longer than woul d 
In a solar heat unit, the growing season is not 
net annual heat gai ns to attached bui 1 di ngs for such 

an installation is given as follows in a few Alaskan cities. The figures were 
computed for an installation similar to that of the "good" 10 feet by 20 feet 
greenhouse previously discussed. The heat gain is between 35 percent and 50 
percent of that of the solar heat units in the same locations. 

LOCATION 

Annette 
Big Delta 
Fairbanks 
Homer 
Juneau 
Nome 

NET ANNUAL HEAT GAIN 
(million Btu) 

1.7 
3.0 
3.2 
4.1 
2.4 
2.7 

Another type of "mi xed operati on" passive so 1 ar addition is to operate 
as a greenhouse for as much of the year as moderate temperatures coul d be 
ma i ntai ned wi thout supp 1 ementa 1 heat. Instead of then converting the pass i ve 
so 1 ar addit i on to a solar heat unit, however, the shutters woul d be placed 
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over all, or nearly all, of the windows for the cold months. In winter, this 

sunspace would be basically a conventional room. This saves the owners the 

trouble of opening and closing shutters on large window areas during the part 

of the year when the so 1 ar gai n through them is mi ni ma 1. The heat savi ngs 

attributed to solar gain are less using- this method of operation than with 

the other methods mentioned in this report, but a sunspace is still a 

pleasant additi on to a buil di ng, easi er to operate, and provi des extended

season growing area. 
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PASSIVE SOLAR ADDITIONS ECONOMICS 

Greenhouse Costs 
Greenhouse additions appear to cost approximately the same as any 

comparable building addition sized and finished to the same standards. The 
well-insulated greenhouse shown in the plans in Appendix E would cost 
approximately $6,000 to $6,500 if furnished with a slab floor, minimal 
electrical service, and glazed with fiber-reinforced plastics. This estimate 
was made at early 1982 prices in the Fairbanks area; labor costs account for 
about one-third of the total price. This estimate does not include any cost 
for interior furnishings or heat storage. This is equivalent to about $40 to 
$45 per square foot of usable interior space and is nearly the same as the 
estimate made for an equally sized conventional room with a couple of 
thermopane windows. Most of the materials are identical for both. 

G1 az i ng with 1 arge-pane thermo pane , instead of FRP, wou1 d add at 1 east 
$1,000 to the cost of the greenhouse if purchased at standard retail prices. 
To save on costs, it is possible to find seconds, discontinued lines, or sal
vaged glass at greatly reduced prices. 

A lower cost approach might include substituting T-111 for exterior wood 
siding, a gravel floor for the slab, providing no electrical outlets, leaving 
the extra layer of Thermax off insulated walls, and using some salvaged mate
rials. If this is done and the owner supplied his own labor, the price of the 
greenhouse can be cut in half and still be attractive in appearance. 

Solar Heat Unit Costs 
Traditional lean-to greenhouses (with glazed roof and sides), which are 

suitable for use as solar heat units are available from commercial sources. 
Most of these produce an attractive structure with minimal installation time. 
High quality ones, with glass glazing, can cost as much as the solar 
greenhouses or convent i ona 1 additions already di scussed by the time the cost 
of a full foundation and floor are included. 

The cheapest commercially available solar heat units are made of light 
metal frames covered with two layers of treated polyethylene. A 20 foot solar 
heat unit of this type, installed on a simple insulated wood floor resting on 

pads on the ground, can cost as little as $2,000, including approximately 
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$300 for installation labor. In locations where frost heaving is a problem, 
this type of foundation does not perform well and more expensive methods are 
necessary. 

Even 1 ess expens i ve so 1 ar heat uni ts can be bui lt if the owner donates 
the labor for installation. An 8 foot by 20 foot solar heat unit framed with 
2 x 4's at 2 feet on center, with double FRP glazing and a couple of storm 
doors, can probably be built for about $1,200 to $1,400 for materials alone, 
based on early 1982 Fai rbanks pri ces. These fi gures agai n assume that the 
solar heat unit can be supported by pads directly on the ground; more 
elaborate foundations will increase costs. It is doubtful that this type of 
so 1 ar heat uni t woul d be cheaper than the i nexpensi ve commeri ca 1 ones if the 
installation labor had to be paid for. 

Economic Value of Energy Savings 
Solar Heat Unit: 

The investment made in a solar heat unit will yield a return in the form 
of reduced heating bills for the adjoining building. Similarly, a classic 
solar greenhouse, when compared with a conventional room addition, will 
result in lower heating bills. The same methods of economic analysis used to 
exami ne any other investment can be used to exami ne passi ve solar addition 
investments (e. g. , after tax return on investment, 1 ife-cyc 1 e costs, net 
present value, or payback period). 

Using the cost and performance estimate developed in this report, it can 
be concluded using any of these methods that the investment in a solar heat 
uni tis not worthwhil e if energy savi ngs is the only consi dered benefi t. The 
only exception to this is an owner-built structure (where the labor is 
considered to be free) that is financed by a subsidized loan (i.e., 5 
percent). Even in this case, looking at the energy savings alone, the 
economic benefit of the structure is questionable. 

This conclusion is based on the current and foreseeable price of oil. If 
the pri ce of energy were hi gh enough, of course, the solar heat unit woul d 
bri ng a worthwh i 1 e return on the investment made in it. There mi ght be 
locations today in Alaska where the price of electric heating, for example, 
is high enough to make a solar heat unit appear to be a good investment. Yet 
under these condi t ions, an investment in an oi 1 furnace or a wood stove to 

rep 1 ace the e 1 ectri cheat is an even better investment. The costs used in 
this report are based on those in Fairbanks in early 1982, and oil prices in 
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remote 1 ocati ons greatly exceed these costs. Costs of constructi on are also 

much hi gher in these remote 1 ocati ons, however, so the same general cone 1 u

sions are valid there. 

This is not to say that a solar heat unit is not a good idea, only that 

it is not an i nexpensi ve furnace. A solar heat unit is not on ly a furnace, 

however. It is also an extra room that can be enjoyed for much of the year in 

wh i ch extended growi ng seasons are poss i b 1 e, and wh i ch can add to the value 

of the buil di ng to wh i ch it is attached. The energy benefits, then, on ly 

justify part of the cost of a solar heat unit; the decisive factors are the 

values placed on other benefits. 

Greenhouse: 

In Alaska classic solar greenhouses heated all year were found to yield 

somewhere between a very small net heat gai n and a moderate heat loss, 

depending upon the locations (as discussed in the performance chapter). As a 

furnace for the adjoi ni ng bui 1 di ng, then, thi s type of greenhouse does not 

perform even as well as a solar heat unit. The heating loads appear quite 

favorable when compared to a conventional room addition, however. (See the 

performance chapter.) Like a conventional addition, the space is usable all 

year. Unlike a conventional addition, the classic solar greenhouse has window 

shutters that must be opened and closed daily. Since the cost of a classic 

so 1 ar greenhouse is about the same as the cost of that for a convent i ona 1 

add it ion, the proper question when compari ng the two is, "Are the energy 

savi ngs from a greenhouse worth the bother of operati ng the shutters?" The 

prospective owner must make this decision for himself. Automatic shutter 

operating devices can be built, but will be expensive. 

Some people prefer the aesthetics of a greenhouse over that of a 

conventional room (or vice versa); this, too, must be considered. Some people 

enjoy the bri ght "outdoor" atmosphere of a greenhouse; others fi nd the 1 i ght 

harsh and glaring and object to the faded furniture that results. Similarly, 

some people relish home-grown vegetables while others do not find them worth 

the trouble. 

A Note on Federal Tax Credits 

Many advertisements for greenhouses cite the possibility of receiving a 

40 percent tax credit for the costs of building a passive solar addition. 

This tax credit rarely applies to a passive solar addition under a strict 

interpretation of the tax law. Expenses to build a room in which you will 
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live or grow plants generally will not apply because the room has a 

substantial use other than energy production. This eliminates most, if not 

all, expenses for a class i c solar greenhouse. At the other extreme, a solar 

heat unit does not qual i fy if there is no provi s i on for energy storage 

somewhere in the system. Consult a qualified tax advisor before assuming that 

any tax advantages will be available. 
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CALCULATION PROCEDURES 

A few of the basic procedures for determining heat gains and losses from 

a passi ve solar addi ti on are presented here bri efly. There are many refer

ences available that deal with this subject in greater depth and clarity than 

is possible in this report. The bibliography in this report and a local 

library will be useful in finding further information. The ASHRAE Handbook of 

Fundamentals is probably the best single source of information. 

Heat Loss 

The primary heat losses from buildings (including passive solar 

addit ions) are due to the conducti on of heat through walls, wi ndows, etc., 

and infiltration of cold air through cracks. 

Conducti on heat losses for anyone part of a bui 1 di ng' s exteri or are 

given by the following formula: 

where: 

Q A 
1I T x t = R x 

Q = heat loss in Btu 

A = surface area of the part of the building under consideration, 

square feet 

liT = difference between indoor and outdoor temperatures, in 

Fahrenheit degrees 

t length of time, in hours 

R = res i stance to heat conduction of the part of the buil di ng 

under consideration, in sf-oF-hr/Btu 

"R" values for a number of building materials are given in Appendix C. The 

"R" value for a part of the building's exterior is equal to the sum of the 

"R" values of the materials of which it is built, e.g., plywood, insulation, 

drywall, glass. An example calculation of the "R" value of a frame wall is 

shown in Figure 16. 
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List of Construction Components R (at stud) R (insulated cavity) 

1. i" gypsum wallboard 0.45 0.45 
2. 2" x 6" wood stud 7.03 

or 6" fiberglass insulation 19.00 
3. 1" plywood sheathing 0.62 0.62 
4. Building paper 0.06 0.06 
5. Bevel wood sidinq 1.05 1.05 

(3/4" x 10", lapped) 
6. Inside surface air film 0.68 0.68 
7 . Outside surface air film 0.17 0.17 

Total Resistance R Value 10.06 22.03 

FIGURE 16 - CALCULATIONS OF R-VALUES 
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Conduction loss calculations- for each type of surface on the building's 

exterior can be calculated, using the proper area and "R" value, and added to
gether to find the total conduction losses. For a passive solar addition the 
types of exterior surfaces generally include: 

Windows 
Doors 
Wall areas filled with insulation 
Wall areas filled with wood (i.e., studs) 
Roof areas filled with insulation 
Roof areas filled with wood (i.e., joists or rafters) 
Vents 
Floor 

Conduction losses from a floor set on grade or below grade are difficult to 
calculate, but are small if proper insulation is applied. It has been 
estimated that the losses from an unheated slab-on-grade floor of a house are 
about 10 percent of the total building heat 10ss.5 

Normally the designer will be interested in window losses both with and 
without shutters in place; separate "R" val ues must be computed for each 
case. The des i gner will probab ly also be interested in losses in vari ous 
temperatures and time periods, such as losses per hour at extremely low 
temperatures, losses per day duri ng average weather in January, etc. These 
losses are found by adjusting the ~T and t figures in the preceding formula. 

Infiltration heat losses due to leaks of cold air through cracks around 
wi ndows, doors, vents, sill plates, etc., are very hard to determi ne with any 
accuracy. The amount of cold air seepage into a building depends not only on 
how well it was sealed and weatherstri pped when buil t, but also on the amount 
of settlement of the buil di ng that occurs, the wi nd speed, the temperature, 
the frequency with whi ch doors are opened, and, in some cases, even the 
humidity. 

The simplest commonly used method for estimating these losses is the 
"air change" method. Here, infiltration losses are given by the following 
formula: 

5 ASHRAE Handbook of Fundamenta 1 s, Ameri can Soci ety of Heat i ng, Refri g

erating and Air-Conditioning Engineers, Inc., New York, 1977, Chap. 24.5. 
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Q = v x ACH x 6T x t x 0.018 
where: Q infiltration losses in Btu 

V = volume of the building in cubic feet 
ACH = air chages per hour 
H = difference between indoor and outdoor temperatures in 

Fahrenheit degrees 
t = length of time in hours 

0.018 = specific heat of air (approximate) in Btu/cf-oF (cf=cubic foot) 

Estimates of the number of air changes per hour (ACH) that can be expected 
for various types of construction are given in Table 6. 

TABLE 6 

Estimated Air Changes per Hour 

.25 - Very tight new house with heat exchanger . 

. 50 - New house with special attention to caulking and v~por barrier. 

1.0 - Standard new construction. 

1.5 - 3-4 year old standard house with leaks. 

2± - Old house with leaks. 

Table 7 shows an example of a heat loss calculation typical of a 
pass i ve so 1 ar addit ion. The examp 1 e is for a March day in Homer; the data 
sheet in Appendi x A shows that the average temperature in March in Homer is 
28.4 degrees Fahrenheit and the passive solar addition is assumed to be a 
greenhouse kept at 65 degrees Fahrenheit. Therefore, the figure used for 
6T is 65 - 28.4 = 36.6. It can be seen that the calculations also assume that 
the wi ndows are shuttered for 12 hours of the day. Also note that floor 
losses are simp ly esti mated as addi ng 10 percent to the total of other 
conduction losses. There are better methods for estimating floor heat losses 

but they require more detailed treatment than can be given in this report. 
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TABLE 7 

Sample Heat Loss Calculation-Greenhouse on Typical March Day in Homer 

Conduction Losses 

Building Element A/R x t.T x t = Q 

Windows (shuttered) 104/12 x 36.6 x 12 = 
Windows (open) 104/2 x 36.6 x 12 = 
Door 20/10 x 36.6 x 24 = 
Wall (insulation filled) 120/22 x 36.6 x 24 = 
Wall (wood filled) 65/10 x 36.6 x 24 = 
Roof (insulation filled) 180/33 x 36.6 x 24 = 
Roof (wood filled) 30/13 x 36.6 x 24 = 
Vents 25/12 x 36.6 x 24 = 

SUBTOTAL 

Slab Floor--add 10% 

TOTAL CONDUCTION LOSSES 

Infiltration Losses 

V x ACH x t.T x t x 0.018 = Q 

1600 x 1.0 x 36.6 x 24 x 0.018 = 25,298 

Conduction Losses 
Infiltration Losses 

Total Heat Losses in 24 Hours 

52,305 
25,298 

77,603 Btu 

3,806 
22,838 
1,757 
4,791 
5,710 
4,791 
2,027 
1,830 

47,550 

4,755 

52,305 

Note on units: A=ft2, R=ft2-hr-oF/Btu, t.T = of, t = hr, Q = Btu, V = ft 3 

ACH = Air Changes per Hour; 

0.018 = approximate specific heat of air; Btu/ft3_0F 
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Heat Gain 

The major source of heat gains for a passive solar addition obviously is 

the so 1 ar gai n. Other sources of heat inc 1 ude backup heati ng systems (i f 

used) and "internal gains." The only major internal gain likely in a passive 

solar addition is the heat given off by any lights used. A watt-hour of 

energy is equal to 3.41 Btu, so a lOa-watt light bulb will give off, in one 

hour, 100 x 3.41 = 341 Btu of energy, all of which helps to heat the passive 

solar addition. Similar calculations will give the internal gain for any 

level of lighting and length of time. 

Solar Gain 

The amount of solar gain within a passive solar addition depends on 

several things. First, of course, is the amount of solar energy (the 

insolation) that reaches the window areas. Other factors include the size of 

the windows, their transmissivity of sunlight, and the fraction of sunlight 

which, having entered the passive solar addition, is absorbed there. The 

amount of solar gain will equal: 

Qsolar = INS x A x t x ~ x a 

where: Q = solar gain (Btu) solar 

INS = insolation on passive solar addition windows (Btu/sf-hr 

or dllY) 

A = window area (sf) 

t = length of time (hours or days, whichever agrees with the 

units used for INS) 

~ = transmissivity of windows (dimensionless) 

a absorbtivity of sunspace (dimensionless) 

The amount of insolation reaching the windows of a passive solar 

addition depends on the direction the windows face, the time of day and year, 

the weather, and the latitude of the building site. Appendix A contains 

ASHRAE insolation figures for two latitudes (56 degrees Nand 64 degrees N), 

by hour of day, for the twenty-first day of each month, for surfaces oriented 

in several directions. These figures assume clear sky conditions and thus 

represent the maximum insolation that can be expected.* Also in Appendix A 

*Greater amounts of insolation are possible on exceptionally clear days anq 
on surfaces where additional light is reflected onto the surface from, for 
example, snow-covered ground. 
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are figures from a computer program called SOLMET for average daily insola
tion for each month for the various Alaskan locations. The SOLMET figures are 
not for clear sky conditions; they include reductions for average cloud 
cover. Both sets of fi gures have been cal cul ated, not measured, so thei r 
accuracy is questionable. Unfortunately, they are the best figures available 
as reliable measured data are lacking almost everywhere inside and outside of 
Alaska. 

Appendix A also contains data for insolation on a horizontal surface 
based on actual measurements in four Alaskan cities (Annette, Barrow, Bethel, 
and Fairbanks). In all four locations, the average observed insolation is 
greater than the "average" fi gures gi ven in the SOLMET data. The difference 
ranges from 9 percent annually (in Fairbanks) to 30 percent more annually (in 
Barrow). Solar recording stations are often known to have problems and 
provide inaccurate information; however, these data seem to indicate that the 
SOLMET figures for Alaska might be significantly low. 

The transmissivity of a passive solar addition's glazing depends on the 
angle of incidence of the incoming sunlight striking the glazing, on the type 
and number of panes of glazing, and on how clean the glazing is. The angle of 
incidence depends on the time of day and year, the latitude, and the 
orientation of the glazing. Table 8 lists transmissivity figures for clean, 
doub 1 e-pane vert i ca 1 gl ass faci ng south that are accurate enough for use in 
most Alaskan 1 ocat ions. Fi gures are gi ven for each dayl i ght hour for the 
twenty-first of each month; a weighted daily average is also given. Values 
for the transmissivity of windows with more or fewer panes can be approx
imated by the following formula: 

~ = ~z 
(n/2) 

n 
where: ~ = transmissivity of a window with n panes n 

~2 = transmissivity of a wi ndow with 2 panes (given in Table 8) 

n = number of panes. 

For a passive solar addition with opaque side walls and roof, a minimal 
amount of the insolation which penetrates the glazing will be reflected back 
out of the passive solar addition. This is especially true if the passive 
solar addition is filled with plants, furniture, heat storage drums, etc. In 

such cases, it is reasonab 1 e to assume that the absorbt i vity of the pass i ve 
solar addition is 1.00 (i.e., 100 percent). 
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TABLE 8 

Transmissivity of Double-Pane, South-Facing, Vertical Glass 

For Use in Alaskan Calculations 
(Clear sky assu~ed) 

4 AM 5 AM 6 AM 7 AM 8 AM 9 A~1 10 AM 11 M~ Noon Avg 
8 PM 7 P11 6 PM 5 PM 4 P~l 3 PM 2 PM 1 PM Day 

Long 

Jan .75 .76 .77 .77 
Feb .68 .74 .75 .76 .77 
l~a r ( .46) .62 .71 .74 .75 .75 
Apr (.72) (.72) ( .45) ( .52) .66 .71 .74 .74 
May ( .72) ( .72) ( .72) ( .60) ( .42) .58 .67 .71 .72 
Jun ( .72) (.72) (.72) (.65) ( .37) .55 .65 .69 .70 
July (.72) (.72) (.72) ( .60) ( .42) .58 .67 .71 .72 
Aug (.72) ( .72) ( .45) ( .52) .66 .71 .74 .74 
Sep ( .46) .62 .71 .74 .75 .75 
Oct .68 .74 .75 .76 .77 
Nov .75 .76 .77 .77 
Dec .75 .76 .77 .77 

Notes: Calculations were made for the 21st of the named months using 
ASH RAE Data. 

Numbers in parentheses were estimated to account fo~ the large 
fraction of light which is diffuse during these periods. 

Those figures not in parentheses are accurate within ±.02 for 
latitudes from 56°N to 64°N. 

Sample Calculation: 

.77 

.76 

.73 

.71 

.67 

.65 

.67 

.71 

.73 

.76 

.77 

.77 

As an example of solar gain calculations, consider the greenhouse in 
Homer on an average day in March that was used for a heat loss cal cu 1 at ion 
example. The data sheet in Appendix A lists average daily insolation for 
Homer in March as 1142.5 Btu/sf-day on a vertical, south-facing surface. 
Assume a wi ndow area of 104 square feet (as was done for the heat loss 
example), and an average transmissivity of 0.73 (from Table 8). If an 
absorbtivity of 1.00 is assumed, the solar gain equation is: 

Qsolar = (1142.5 Btu/sf-day) x (104 sf) x (1 day) x (0.73) x (1.00) 
86,739 Btu 
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The heat loss calculation in Table 7 shows a total of 77,603 Btu heat 

loss. There is therefore a surplus of heat generated in the greenhouse for 

the day of about 9,136 Btu's which would be available for venting into the 

attached building to aid its heating. By making similar calculations for each 

month, net heat gai ns and losses for the greenhouse throughout the enti re 

year can be estimated. The largest net gains, of course, will appear in the 

summer months. Unfortunately, the attached buil di ng does not need heat at 

this time and the surplus of heat would have to be vented to the outdoors and 

lost. Ouri ng peri ods that show a net loss, the greenhouse wi 11 need backup 

heat, either given off by lights or from a stove or furnace, or a combination 

of these. 

Ca 1 cul ati ons such as the ones in the previ ous example can be made for 

any passive solar addition, at any time and location, and in any weather. 

Their accuracy, however, cannot be greater than that of the information used 

in making them. One should make sure the values (R values, areas, etc.) 

accurately reflect the building being considered. If there is shading of the 

windows at the site, adjustments to the insolation values used should be 

made. It is probably wi ser to be conservati ve in mak i ng performance esti

mates, and 1 ater be pleasantly surpri sed by actual performance, than it is to 

overestimate performance and be disappointed thousands of dollars later. 

Predicting Passive Solar Addition Temperatures 

The calculations previously given work well for a greenhouse where the 

temperature is to be kept relatively constant. This may not always be the 

case for a greenhouse and is never the case for solar heat units. In these 

cases, different techniques are needed. 

If all the heat in the greenhouse example used previously had been kept 

in the greenhouse, rather than vented, the greenhouse's temperature wou 1 d 

have exceeded 65 degrees. Th is warmer temperature can be esti mated wi thout 

much difficulty if steady-state conditions are assumed (that is, if it is 

assumed that the indoor and outdoor temperatures and the rate of heat gai n 

and loss are constant throughout the day). 

The heat loss was calculated to be 77,603 Btu's/day and the LlT was 36.6 

degrees Fahrenheit. If the LlT were twice as large, the heat losses would be 

twice as great. In general, the heat losses will be equal to: 

77,603 = 2,120 Btu's/day-OF 
36.6 
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Under steady-state conditions, the total heat gain is equal to the total heat 

loss. The total heat gai n for thi s greenhouse in Homer on an average March 

day is 86,739 Btu's, as was already calcuated. We can thus find the following: 

HEAT GAIN = HEAT LOSS 

86,739 = (2,120) x (~T) 

Solving this equation, we find ~T = 86,739/2,120 = 40.9 degrees Fahrenheit. 

The ~T is the difference between indoor and outdoor temperatures. Therefore, 

if the outdoor temperature is the average 28.4 degrees Fahrenheit for March 

in Homer, the average indoor temperature must be 28.4 + 40.9 = 69.3 degrees 

Fahrenheit. 

Of course, steady-state conditions do not really ex i st. Both indoor and 

outdoor temperatures are usually higher duri ng the day than at ni ght. Heat 

g ai ns and losses are not the same ei ther; the gai ns are greater than the 

losses when the greenhouse is heati ng up, and vi ce versa when cool i ng off. 

Because of this, there are some inaccuracies in the calculations. The results 

are probab ly accurate enough though for most pract i ca 1 app 1 i cati ons. Even if 

the equations used were perfect, the inaccuracies in the information used 

(especially insolation levels, ambient temperatures, and infiltration rates) 

would result in a less-than-perfect answer. 

Solar Heat Unit Performance 

The thermal behavi or of a solar heat uni tis very comp 1 ex, thus accurate 

modeling of this behavior would be very difficult and is almost certainly not 

worth the effort for practical applications. The following method contains 

numerous simp 1 ifyi ng assumptions, but can be usefu 1 for rough ly est i mati ng 

solar heat unit performance. It would be of great help if the results 

predicted by this method could be checked with actual results from real solar 

heat units; unfortunately, this has not been done to any great extent. The 

method is probably more accurate for determining which of two designs will 

work better than it is for determining exactly how a particular design will 

work. While it is not mathematically difficult, it is a tedious method. The 

use of a computer or programmable calculator to perform the repetitive 

calculations would save a lot of work. 

There are three principal ways in which a solar heat unit can reduce the 

heating load of the building to which it is attached. The most obvious is due 

to the hot air produced in the solar heat unit and vented or blown into the 
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building. The second is that the wall of the building that faces into the 

so 1 ar heat uni t wi 11 have small er conducti on losses than otherwi se, since the 
temperature in the solar heat unit is normally greater than ambient 
(outdoor). The third reduction is that the solar heat unit itself acts as a 
thermal "buffer"--an extra insulating 1ayer--to the part of the attached 
buil di ng wh i ch it covers. The me~hod presented addresses all three of these 
effects. There can also be a reduction in infiltration of cold air into the 
building due to the solar heat unit's acting as an "arctic entry" or vesti
bule. The opposite effect can occur, however, if vents or other openings into 
the solar heat unit are added to the building's wall. The effect of changed 
infiltration is not considered in the following method; the designer can use 
his own judgment regarding this. 

In order to calculate how much hot air can be vented from the solar heat 
unit into the adjoining building, calculate the temperature inside the solar 
heat unit for every daylight hour, for each month of the heating season. Hot 
ai r is drawn from the so 1 ar heat uni t duri ng the hours its temperature 
exceeds a certain level, the "fan operation temperature" (e.g., 80 degrees 
F ahrenhei t ) . 

The amount of heat gai ned from vented hot air is cal cu 1 ated as fo 11 ows 
(agai n assumi ng steady-state condit ions). At the predi cted temperature, and 
without vents or fans operating, the energy balance is as before: 

Qso1ar = Qheat loss @ predicted 6T 

If, instead, the solar heat unit temperature is kept at 80 degrees Fahrenheit 
by venting the excess heat, the heat balance equation is: 

Qso1ar = Qheat loss @ (800-ambient) + Qvented hot air 

Since Qso1ar is the same in both cases, the right sides of these two 
equations are equal. Combining these equations and simplifying, we find: 

Qvented hot air = Qheat loss @ 6T' 

where: 6T' = predicted T - 800 

In other words, the amount of heat vented is the difference between what the 
heat loss from the solar heat unit would have been at the predicted tempera
ture and the heat loss is when the temperature is kept at 80 degrees. It must 
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then be decided whether the vented hot air will actually benefit the 

adjoining building at the specific time of the year it is available; the 

building might not need the heat in summer, for instance. 

In order to cal cul ate the other two benefits of the so 1 ar heat unit-

increasing the temperature that the covered part of the adjoining building is 

exposed to and providing a "buffer" with some insulating value--the predicted 

so 1 ar heat unit temperatures are needed agai n. The two features can be 

combined into one calculation (with a small loss in accuracy) using the 

following method. 

First the heat losses from the part of the building covered by the solar 

heat unit are cal cul ated by the standard method, as if the so 1 ar heat unit 

were not there (i.e., as if exposed to ambient temperatures). Then these heat 

losses can be calcul ated agai n by using predicted sol ar heat unit tempera

tures instead of ambient ones and by increasing the "R" value of all parts of 

the wall slightly. The higher temperatures and greater "R" values will result 

in smaller heat losses than before and the difference is the saving provided 

by the solar heat unit. Note that when solar heat unit temperatures are above 

room temperatures there wi 11 be heat g a ins, not losses, through the wall. 

Also remember that when predicted solar heat unit temperatures exceed 80 

degrees Fahrenheit, assume that the temperature ~ 80 degrees Fahrenheit 

because it will be held there by venting excess heat. 

Approximate "R" value equivalents for passive solar additions have been 

determi ned. These are shown in Tab 1 e 9 and can be used for i ncreasi ng the "R" 

value of the building wall in the calculations described above. These "R" 

value equivalents were calculated by finding (for steady-state conditions) 

how much warmer the passi ve so 1 ar addi t ion woul d be than outdoors (due to 

havi ng a heated room behi nd the back wa 11 ), how much th is elevated tempera

ture would reduce heat losses from the building's wall, and finally, to what 

increase in "R" value this reduction is equivalent. 
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Table 9 

. Approximate Insulating Value of an Attached Passive Solar Addition to a 
Building Wall 

Sunspace Type 

Well-built greenhouse, open 
Well-built greenhouse, shuttered 
Minimally built greenhouse, open 
Minimally built greenhouse, shuttered 
Well-built solar heat unit, open 
Minimally built solar heat unit, open 

"R" Value Equivalent 

2.5 
4.3 
1.5 
1.9 
0.9 
0.7 

Notes: "Well-built" greenhouse has R-19 insulation in roof and end walls, 
1 air change per hour, and R-12 shutters. 

"Minimally built" greenhouse has R-ll insulation in roof and end 
walls, 3 air changes per hour and R-7 shutters. 

"Well-built" solar heat unit has 1 air change per hour and double 
glazing on all surfaces (roof and three walls). 

"Minimally built" solar heat unit has 3 air changes per hour and 
double glazing on all surfaces (roof and three walls). 

An example solar heat unit performance calculation is shown in Table 10 
for a clear day in Fairbanks in February. Refer to this example to clarify 
the procedure. The large 6T calculated in the table (139.4 degrees 
Fahrenheit) wou 1 d probab ly never be reached ina real solar heat unit for a 
number of reasons. These reasons include infiltration with this large a 
temperature difference, not i ceab 1 e losses through the back wall, the fact 
that steady-state conditions do not exist, and the possibility of significant 
radi ati ve heat losses with the 1 arge temperature difference. All of these 

reasons would tend to make the heat loss equation used to calculate ..6.T 
incorrect. However, since the temperature difference wi 11 be 1 i mi ted ina 

rea 1 solar heat uni t by vent i ng, the heat loss rate fi gure wi 11 be accurate 
enough if calculated as previously described. 

The calculation in Table 10 would have to be repeated using insolation 
figures for all hours of the day to get a total dai ly benefit from the 

solar heat unit on clear February days. It would have to be repeated again, 
using different insolatinn and ambient temperature figures, for other months. 
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Table 10 

Example 8' x 20' Solar Heat Unit Performance Calculation 
Fairbanks, Clear Day, February 21st, 11 a.m. (or 1 p.m.) 

Assume: Heat loss rate from solar heat unit* = 145 Btu/hr-oF 

Heat loss rate from portion of building covered by solar heat 
unit* = 12.6 Btu/hr-oF 

Same as above, adjusted for increased "R" value due to solar heat 
unit* = 9.7 Btu/hr-oF 

Solar heat unit glazing area (vertical, S-facing) = 135 ft2 

Ambient temperature (Feb. average, see Appendix A) = -2.2°F 

~T Calculation: (solar heat unit vs. ambient) 

(197 Btu/ft2-hr)**(135 ft2){0.76) t 

145 Btu/hr-oF 

Solar Heat Unit Predicted Temperature = Ambient + ~T = 137.2°F 

Hot Air Vented: (145 Btu/hr-OF){139.4 - 80°F){1 hr) = 8,613 Btu 

Heat Losses: From covered portion of building if solar heat unit was not 
there. (12.6 Btu/hr-OF){68-{-2.2)OF){1 hr) = 885 Btu 

From covered portion of building wi\~ solar heat unit in 
place. (9.7 Btu/hr-OF)(68 - 80°F) (1 hr) = -116 Btu q, 

Building Benefit from Reduced Heat Losses: 885 - (-116) = 1,001 Btu 

Net Benefit from solar heat unit = 8,613 + 1,001 = 9,614 Btu 

*Conduction and infiltration 

**Inso1ation from Appendix A @ 64°N latitude 

tTransmissivity from Table 8 

ttSo1ar heat unit is kept at 80°F by venting excess heat. 

~Negative value indicates heat is gained, not lost, through the wall. 
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The sample calculation in Table 10 is for a clear day and obviously not 

a 11 days are clear. In addit ion, the net benefit from the solar heat uni t 

might not always be useful (e.g., summer months). Adjustments must be made, 

then, for cloudy days and for periods when heat is not needed. 

An idea of the number of sunny days that can be expected can be found 

from the SOLMET and ASHRAE insolation figures in Appendix A. The SOLMET 

tables, for example, might show only half as much insolation on an average 

October day as the ASHRAE tab 1 es show for a clear October day. One way to 

adjust the solar heat unit performance estimate is to use half the values 

(for this example) of hourly insolation in the ASHRAE tables when performing 

the calculations. Another way is to use the ASHRAE clear day values, but for 

only half the month, and then calculate heat losses for the rest of the month 

assuming no solar gain at all. The former method results in an underestima

tion of solar heat unit performance; the latter results in an overestimation. 

Other methods can be invented which would result in performance estimates 

somewhere between these two. 

To determine when the adjoining building needs the heat produced in the 

solar heat unit, and the amount of heat needed, heating load calculations 

should be made, at least for the questionable months. It can probably be 

assumed that all the solar heat unit's heat will be useful in mid-winter. Due 

to its internal gains (from 1 ights, people, machinery, etc.) which provide 

some heat all of the time, a typical small building might not need additional 

heat until the outdoor temperature drops below 55 degrees or so. This figure 

mi ght be greater for a warehouse or gymnas i um and smaller for a super

insulated building. Even when the building needs heat, the solar heat unit 

wi 11 not be ab 1 e to provi de the heat at ni ght or on cloudy days, si nce there 

is no heat storage. Therefore, it is unlikely that a solar heat unit will 

ever be ab 1 e to supp ly more than about a quarter of the buil di ng' s heat i ng 

load during the short term (monthly); the contribution will be less than this 

over the whole year. 
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SUMMARY 

The conclusion of this study is that in the Alaskan climate the energy 

savings potential from classic solar greenhouses and solar heat units is not 

great enough to justify their expense. In the vast majorities of cases, 

energy savings do exist (although rarely) for heated greenhouses except when 

compared wi th con venti ona 1 additi ons, but the value of the energy savi ngs is 

not great enough to be the sole justification to someone contemplating 

building one. 

67 





BIBLIOGRAPHY 

BOOKS AND PUBLICATIONS: 

Biological Management of Passive Solar Greenhouses, an annotated 
bibliography and resource list, National Center for Appropriate Technology, 
Publication No. B008 (Butte, Montana) 1979. 

Modern Carpentry, Willis Wagner, Goodheart-Wilcox Publishers, 1978. 

Passive Solar Design Handbook, vol. 1; Passive Solar Design Concepts, 
National Technical Information Service, 337 pp. $13.25. 

Passive Solar Design Handbook, vol. 2; Passive Solar Design Analysis, 
National Technical Information Service, 1980, 418 pp. $14.00. 

ASHRAE Handbook and Product Directory, American Society of Heating, 
Refrigerating, and Air-conditioning Engineers, Inc., 1227 pp., 1977. 

The Passive Solar Energy Book, Edward Mazria, Rodale Press, 1979, 447 pp., 
$12.95. 

Energy Primer: Solar, Water, Wind, and Biofuels, Richard Merrill and Thomas 
Gage, Portola Institute, 1978,256 pp., $7.95. 

The Solar Greenhouse Book, James C. McCullagh, editor, Rodale Press, 1978, 
328 pp., $8.95. 

The Food and Heat Producing Solar Greenhouse, Bill Yanda and Rick Fisher, 
John Muir Publ., 1980,208 pp., $8.00. 

Solar Input Data for Alaska, Bruce T. Maeda and Skip Roy, Alaska Renewable 
Energy Associates, Anchorage, Alaska, 30 pp., $3.50. 

A Solar Greenhouse Guide for the Northwest, Ecotope Group, 1978. 

Solar Age Magazine, P.O. Box 4934, Manchester, New Hampshire 03108, 
$20. OO/yr. 

A Solar Design Manual For Alaska, Richard D. Seifert, Institute of Water 
Resources, University of Alaska, Fairbanks, Alaska 99701, $12.00 

SUPPLIERS AND CATALOGS: 

Solar Catalog, Solar Components Corp., P.O. Box 237, Manchester, New 
Hampshire 03105, Phone 603-668-8186, $3.00. 

Solar Age Catalog, Solar Vision Inc., Manchester, New Hampshire. $8.50. 

People's Solar Sourcebook, Solar Usage Now, Box 306, Bascom, Ohio 44809, 
352 pp., $5.00. 

68 





GREENHOUSE SUPPLIERS: 

The following companies have extensive catalogs carrying all types of 
greenhouse products and accessories. 

Alaska Greenhouses, Inc. 
1301 Muldoon Road 
Anchorage, Alaska 99504 

Alaska Industrial Resources 
1800 Hoteco Avenue 
Anchorage, Alaska 99502 

Bell's Nursery 
7653 Cranberry 
Anchorage, Alaska 99502 

National Greenhouse Company 
Pana, Illinois 62557 

George J Ball, Inc. 
Box 335 
West Chicago, Illinois 60185 

Four Seasons Greenhouses 
910 Route 110 
Farmingdale, New York 11735 

Solar Room Company 
Box 1848 
Taos, New Mexico 87571 

(Phone 333-6970) 

(Phone 276-8888) 

(Phone 243-1020) 

(Phone 516-694-4400) 

(Phone 505-758-9344) 
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APPENDIX A 

Insolation Data for Alaskan Locations 
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Solar Intensitv and Solar Hest Gain Factors· for 64 D~ North Latitude, Conventional Units 
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HALF DAY TOTALS 29 30 33 89 244 446 578 617 560 .11 212 66 30 29 29 29 106 
Mar 21 7 95 • II • 7 7 • 90 91 79 '3 17 • • • • • • • 9 , 

8 185 9 10 46 11l US In 170 13' 78 .. 9 9 9 9 9 9 32 4 
9 227 Il Il 16 n "9 203 2" 194 "3 M 

" 
Il Il 13 Il Il 59 3 

10 249 16 16 16 35 122 190 126 228 194 130 42 16 16 16 16 16 84 1 
II 260 11 17 17 18 60 I .. 209 ll6 228 184 109 2' 11 17 17 17 99 1 
12 263 11 11 II II 19 I' 161 221 ll9 221 161 I' 19 II II II '0' 12 

HALF DAY TOTALS 61 74 ISO 3].1 596 154 984 "I n9 S04 m 104 61 61 61 61 m 
Apr 21 , 27 8 18 24 27 26 20 12 2 I I I I 1 1 I 1 2 7 

6 I3l 12 59 102 127 132 118 84 3' I I I 8 I I I 8 21 6 
7 194 14 41 11l 163 189 lIS "3 96 25 13 13 II II Il Il 13 " , 
I 221 17 19 79 "3 201 211 201 1S3 79 19 17 17 11 11 17 17 I' 4 
9 248 21 21 32 111 110 219 l2S 197 III " 22 21 21 21 21 21 116 3 

10 260 II II 24 " 1].1 194 l2S 221 I.' 118 31 24 II II II II 140 2 
II 266 24 24 24 26 61 1 .. 202 22' 21' 171 99 29 24 24 24 24 ISS 1 
12 261 25 25 2S lS 27 Il 1S9 201 124 201 "9 13 27 25 2S 2S 160 12 

HALF DAY TOTALS III 218 410 671 _943 l1SO 1186 1036 763 .., 273 149 121 120 120 120 6" 
May 2. 4 " 30 .. " " 43 21 I 3 3 3 3 3 3 3 3 10 6 I , 132 .. " 1lS III IlS 96 SO 11 9 9 9 9 9 9 9 11 26 7 

6 18' 21 97 ISO 111 113 lSI 109 40 " " " " " " " " " 6 
7 218 21 63 131 119 211 201 161 94 24 19 19 19 19 19 19 19 90 , 
I 239 II 21 97 167 209 220 198 146 68 lS II II II II II II 124 • 
9 252 26 27 45 122 183 2" 2lS 184 III 46 27 26 26 26 26 26 1S2 3 

10 261 21 28 30 61 IlS 188 212 205 167 102 36 28 21 28 28 28 174 2 
11 265 30 30 30 12 72 '" 188 207 195 '54 87 33 30 30 30 30 188 1 
12 267 30 30 30 30 33 78 ,46 189 204 189 146 78 33 30 30 30 192 12 

HALF DAY TOTALS 247 'lS 680 950 1177 J291 1218 91' 708 465 288 191 169 168 168 176 911 
Jun21 • 93 53 83 96 94 78 50 14 7 7 7 7 7 7 7. 7 21 16 , 154 62 "' 148 lSI '" 110 55 14 12 12 12 12 12 12 12 .. 39 7 

6 '94 36 107 162 191 192 163 110 39 11 17 17 17 17 17 17 18 71 6 
7 221 24 71 145 193 m 200 ,,8 89 lS 22 22 22 22 22 22 22 105 5 
8 ll9 25 33 ,a. 110 201 216 192 ll9 62 27 25 25 lS lS 25 25 137 • 
9 251 28 29 '1 124 111 210 201 '" lIS 43 29 28 28 28 2J 28 165 3 

10 lSI 30 30 32 63 1].1 113 204 19S 117 94 36 30 30 30 30 30 186 2 
11 262 32 32 32 ].I 72 137 110 196 184 144 12 35 32 32 32 32 199 1 
12 263 32 32 32 32 3' 76 131 179 193 179 131 76 3' 32 32 32 203 12 

HALF DAY TOTALS 322 533 101 1061 IlS3 U17 1195 946 679 4" 296 211 192 190 191 2ll 1021 
lul21 4 53 32 47 " 54 46 29 9 4 4 4 4 4 4 4 4 II • I , 128 49 94 III I3l '24 " SO 11 10 10 10 10 10 10 10 11 28 7 

6 179 30 96 148 In 110 ISS '06 39 16 " " " " " " " 57 6 
7 211 II M 137 186 207 197 137 92 25 20 20 20 20 20 20 20 92 , 
I III 24 30 97 163 20' 2" 193 .. 2 67 26 24 24 24 24 24 24 124 • 
9 245 27 28 47 121 110 211 211 119 120 46 28 27 27 27 27 27 1S2 3 

10 253 29 29 31 62 1].1 lIS 201 200 1M 100 37 29 29 29 29 29 174 2 
II 257 31 31 31 33 n ll9 "' 202 191 lSI 86 ].I 31 31 31 31 117 1 
12 259 31 31 31 31 ].I 78 143 lIS 200 ISS 143 78 ].I 31 11 31 192 12 

HALF DAY TOTALS 251 0].1 614 946 1163 1269 1193 96' 697 462 292 191 In '" '" "' 911 
Aul21 5 29 9 20 27 30 28 II Il 2 2 2 2 2 2 2 2 2 3 7 

6 III Il 'I 97 121 125 111 10 ].I 9 9 9 9 9 9 9 9 II 6 
7 III " 02 109 117 110 176 10' 92 26 14 14 14 10 I. 10 10 53 , 
I 210 19 21 71 I .. 193 201 192 107 76 21 19 19 19 19 19 19 17 0 
9 134 l2 II ].I 109 170 211 217 119 I3l " II II II II II 21 117 3 

10 146 25 25 26 '2 U1 In 217 210 171 114 39 lS 25 lS 25 2S 140 2 
11 lS2 26 26 26 28 69 144 196 217 '1JTI 166 97 31 26 26 26 26 154 I 
12 134 27 27 27 27 29 12 ISS 201 217 201 "5 12 29 27 27 27 "9 12 

HALF DAY TOTALS 142 126 410 657 914 1109 1141 997 740 478 275 lSI 131 130 130 130 636 
Sell 21 7 n 0 10 39 61 70 7l 63 .. " 0 0 0 0 4 4 0 I 5 

I 163 10 10 43 103 103 160 154 III 71 14 10 10 10 10 10 10 31 4 
9 206 10 10 17 13 148 119 200 111 133 61 " 10 10 10 10 10 57 3 

10 ll9 16 16 17 II 116 179 2ll 210 183 III 01 17 16 16 16 16 11 2 
11 240 11 11 11 19 59 101 191 124 216 170 104 26 18 II 11 11 96 I 
12 244 19 19 19 19 21 12 160 209 ll7 209 160 12 21 19 19 19 101 12 

HALF DAY TOTALS 71 n 102 307 547 717 910 191 731 480 249 106 72 71 71 71 324 
Oct 21 I 17 I I 3 10 14 16 16 13 • 2 I I I 1 I I I 0 

9 III 5 , 6 40 12 109 118 110 13 42 6 , , , 5 5 13 3 
10 176 9 9 9 II 13 III 163 169 147 102 36 9 9 9 9 9 29 2 
11 201 II II 11 II 43 116 167 191 186 1S2 92 20 II 11 11 11 01 I 
12 201 II II II 11 II 70 140 184 199 184 140 70 II 11 II 11 46 12 

HALF DAY TOTALS 31 31 ].I 86 231 420 542 no 527 388 202 66 32 31 31 31 101 
Noy 21 10 23 I I I I 10 17 21 II 20 14 , I I I 1 I I 2 

11 79 3 3 3 3 " ... 63 7l 70 61 37 8 3 3 I 3 6 I 
12 97 0 4 4 4 4 31 66 17 93 17 66 32 4 4 4 0 8 12 

HALf DAY TOTALS , , 5 6 26 79 120 101 140 117 74 II 6 , 5 , 11 
Doc: 21 11 0 0 0 0 I 2 3 0 4 3 2 0 0 0 0 0 0 1 

12 16 0 0 0 0 I , 11 14 " 10 11 5 I 0 0 0 I 11 
HALF DAY TOTALS 0 0 0 0 I 5 9 II II 10 3 0 0 0 0 I 

N NNW NW WNW W WSW SW SSW 5 SSE SE ESE E ENE NE NNE HOR rM 
Half Day Totals compu1ed by Simpson's R.we with lime interval equal to IOminules. 
-Total Solar Hcat Gains for OSA Sheet Glau. 
Based on a around reflectance 0(0.20 and values in Tables I and n. 

SOURCE: ASHRAE, Handbook of Fundamenta 1 s, 1981 : Reprinted by permission 
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SOLMET 
RADIATION DATA 

These data were "manufactured" from local weather data and then correlated 
with similar weather conditions in the Lower 48. In the case of coastal sites in 
Alaska, the correlations were done using data from Seattle. If the sites were con· 
tinental or arctic climates, the correlations were made using data from Great 
Falls, Montana. These are not ideal data, but they are in a useful format. Tapes of 
SOLMET data are available from the National Climatic Center, NOAA, Asheville, 
NC 28801. 

To convert solar radiation in BTU per square foot to kilojoules per square meter, 
multiply by the conversion factor 0.088 KJ/m'/BTU/ft'. To convert solar radiation 
data in BTU per square foot to langleys (calories per square centimeter), multiply 
by the. conversion factor 0.271246 langleys/BTU/ft'. 

SOURCE: A Solar Design Manual for Alaska by Richard D. Seifert 



> 
I 

"'" 

TABLE Bl: ANNETTE SOLMET DATA. 

. 

Incident Solar Radiation BTU/day·tt2 Degree Me,n 
Horizontal l. Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North OF-day OF 

Jan 177.9 448.4 180.6 0 976 33.8 
Feb 374.7 660.7 353.6 0 792 37.4 
Mar 717.1 851.6 603.2 0 828 39.2 
Apr 1.149.5 886.7 846.7 0 666 42.8 
May 1.473.1 880.6 1.025.8 138.7 484 50.0 
Jun 1.465.6 803.3 983.3 286.7 319 55.4 
Jul 1.439.2 816.1 977.4 232.3 230 57.2 -
Aug 1.162.3 790.3 822.6 71.0 211 59.0 
SeP 812.2 766.7 613.3 0 329 53.6 
Oct 422.2 603.2 361.3 0 562 46.4 
Nov 218.6 493.3 216.7 0 752 39.2 
Dec 122.5 325.8 122.6 0 902 35.6 
Annual' 794.6 694.2 593.7 61.1 7.051 45.7 

1 All are annual means except degree days; this value is the yearly total. 

TABLE B3: BETTLES SOLMET DATA. 
I 

Incident Solar Radiation, BTU/day-ft2 Degree Mean 

Horizontal I Vertical Surface DaYI Temperature 

Month Surface I South I EastlWest I North OF-day OF 

Jan 10.0 119.4 19.4 0 2,425 ·13.0 
Feb 172.3 717.9 253.6 0 2,038 ·7.6 
Mar 615.6 1,364.5 793.5 0 1,969 1.4 
Apr 1,228.3 1,393.3 1,240.0 0 1,336 21.2 
May 1,698.7 1,238.7 1,425.8 0 722 41.0 
Jun 1,857.2 1,166.7 1,453.3 0 270 55.4 
Jul 1,562.6 1,032.3 1,222.6 19.4 230 57.2 
Aug 1,075.1 890.3 893.5 0 407 51.8 
SeP 672.2 926.7 653.3 0 751 39.2 
Oct 252.1 735.5 309.7 0 1,395 19.4 
Nov 40.3 366.7 73.3 0 1,993 ·2.2 
Dec 0 0 0 0 2,392 ·13.0 
Annual' 765.4 828.2 696.2 1.6 15,926 21.3 

1 All are annual means except degree days; this value is the yearly total. 

SOURCE: A Solar Design Manual for Alaska by Richard D. Seifert 

TABLE B2: BETHEL SOLMET DATA . 

Incident Solar Radiation BTU/day-tt2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EastIWest I North OF-day OF 

Jan 96.8 432.3 129.0 0 1,858 5.0 
Feb 316.7 850.0 378.6 0 1,589 8.6 
Mar 738.5 1,238.7 800.0 0 1,661 12.2 
Apr 1,200.4 1,136.7 1,040.0 0 1,215 24.8 
May 1,453.2 948.4 1,074.2 48.4 772 39.2 
Jun 1,518.4 886.7 1,073.3 206.7 401 51.8 
Jul 1,289.7 787.1 909.7 206.5 319 55.4 
Aug 920.0 661.3 667.7 87.1 394 51.8 
SeP 700.7 753.3 573.3 0 599 44.6 
Oct 370.3 729.0 367.7 0 1,078 30.2 
Nov 135.2 493.3 163.3 0 1,435 17.6 
Dec 48.7 235.5 64.5 0 1,879 5.0 
Annual 1 732.4 766.8 803.8 46.0 13,201 28.7 

1 All are annual means except degree days; this value is the yearly total. 

TABLE B4: BIG DELTASOLMET DATA, 

Incident Solar Radiation BTU/day-ft2 Degree Mean 
Horizontal t Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North °F·day OF 

Jan 45.9 309.7 71.0 0 2,167 -4.0 
Feb 247.1 832.1 328.6 0 1,724 3.2 
Mar 711.3 1,409.7 851.6 0 1,634 12.2 
Apr 1,244.3 1,300.0 1,166.7 0 1,067 30.2 
May 1,669.7 1,161.3 1,329.0 0 580 46.4 
Jun 1,782.6 1,083.3 1,336.7 56.7 257 57.2 
Jul 1,613.8 1,032.3 1,225.8 29.0 182 59.0 
Aug 1,229.0 996.8 1,000.0 0 322 55.4 
Sep 766.9 983.3 703.3 0 643 42.8 
Ocl 326.1 803.2 364.5 0 1,235 24.8 
Nov 92.6 540.0 140.0 0 1,742 6.8 
Dec 9.1 51,6 12.9 0 2,146 ·4.0 
Annual 1 811.5 874,2 712.9 7.12 13,700 27.5 

1 All are annual means except degree days; this value is the yearly total. 
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TABLE B5: FAIRBANKS SOLMET DATA. 

Incident Solar Radiation, BTU/day·ft2 Degree Mean 

Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North OF-day of 

Jan 30.1 206.5 45.2 0 2.383 ·11.2 
Feb 221.4 778.6 300.0 0 1.890 ·2.2 
Mar 674.2 1.361.3 819.4 0 1.721 10.4 
Apr 1.193.9 1.256.7 1.126.7 0 1.084 28.4 
May 1.603.6 1.122.6 1.280.6 0 549 46.4 
Jun 1.751.9 1.073.3 1.323.3 63.3 211 59.0 
Jul 1.542.5 993.5 1.171.0 58.1 148 60.8 
Aug 1.118.0 900.0 900.0 0 304 55.4 
Sep 709.4 906.7 653.3 0 617 44.6 
Oct 292.6 729.0 329.0 0 1.235 24.8 
Nov 74.1 466.7 116.7 0 1.867 3.2 
Dec 2.5 9.7 3.2 0 2.336 ·11.2 
Annual 1 767.8 816.4 673.9 10.1 14.344 25.7 

1 All are annual means except degree days; this value IS the yearly total. 

TABLE B7: HOMER SOLMET DATA. 

Incident Solar Radiation, BTU/day-tt2 Oegree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North OF-day OF 

Jan 121.6 496.8 151.6 0 1,352 21.2 
Feb 333.9 807.1 364.3 0 1,123 24.8 
Mar . 759.3 1,145.2 725.8 0 1,159 28.4 
Apr 1.248.3 1,100.0 1,006.7 0 900 35.6 
May 1,582.6 1.019.4 1,171.0 0 704 42.8 
Jun 1.750.6 1,003.3 1,250.0 4.0 490 48.2 
Jul 1,598.0 964.5 1,151.6 3.3 394 51.8 
Aug 1,188.7 877.4 893.5 0 391 51.8 
Sep 791.4 860.0 650.0 0 540 46.4 
Oct 437.1 871.0 438.7 0 857 37.4 
Nov 175.3 636.7 213.3 0 1,103 28.4 
Dec 64.0 267.7 77.4 0 1,352 21.2 
Annual 1 837.6 837.0 676.2 7.3 10,364 36.5 

1 All are annual means except degree days; this value is the yearly total. 

SOURCE: A Solar Design Manual for Alaska by Richard D. Seifert 

TABLE B6: GULKANA SOLMET DATA. 

Incident Solar Radiation BTU/day-tt2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EasllWest I North °F-day OF 

Jan 72.8 374.2 103.2 0 2,241 ·7.6 
Feb 286.4 839.3 357.1 0 1,712 3.2 
Mar 757.7 1,390.3 864.5 0 1,564 14.0 
Apr 1.304.4 1,316.7 1.190.0 0 1,044 30.2 
May 1,614.4 1,083.9 1,238.7 0 657 44.6 
Jun 1.757.8 1,043.3 1,290.0 93.3 333 53.6 
Jul 1.612.0 1,006.5 1,196.8 58.1 254 57.2 
Aug 1.251.4 980.6 990.3 0 365 53.6 
Sep 795.0 956.7 700.0 0 643 42.8 
Oct 390.0 900.0 422.6 0 1,184 26.6 
Nov 116.3 503.3 153.3 0 1.768 6.8 
Dec 28.5 148.4 35.5 0 2,173 ·5.8 
Annual 1 832.2 878.4 713.2 12.6 13,937 26.8 

--

lAIl are annual means except degree days; this value is the yearly total_ 

TABLE B8: JUNEAU SOLMET DATA. 

Incident Solar Radiation, BTU/day·ft2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North OF-day OF 

Jan 116.3 354.8 125.8 
. 

0 1,287 23.0 
Feb 282.4 542.9 278.6 0 1,037 28.4 
Mar 610.0 771.0 529.0 0 1,026 32.0 
Apr 1,045.9 850.0 793.3 0 783 39.2 
May 1,291.3 806.5 909.7 4.9 503 46.4 
Jun 1.414.4 806.7 970.0 7.9 355 53.6 
Jul 1,278.4 758.1 880.6 7.3 288 55.4 
Aug 984.5 690.3 703.2 2.9 331 53.6 
Sep 638.8 610.0 486.7 0 473 50.0 
Oct 320.4 480.6 280.6 0 718 41.0 
Nov 148.6 386.7 156.7 0 976 32.0 
Dec 61.9 183.9 64.5 0 1,168 26.6 
Annual 1 682.7 603.6 515.9 23.0 9,005 40.3 

----_.- -
1 All are annual means except degree days; this value is the yearly total. 
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TABLE B9, KING SALMON SOlMET DATA. 

Incident Solar Radiation. BTU/day-tt2 Degree Mean 

Horizontall Vertical Surface Days Temperature 

Month Surface r South 1 EastIWest I North OF-day of 

Jan 146.4 571.0 180.6 0 1.600 14.0 

Feb 377.3 907.1 410.7 0 1.355 15.8 

Mar 799.1 1.180.6 754.8 0 1.382 21.2 
Apr 1.205.6 1.026.7 950.0 0 1.004 32.0 
May 1.482.3 938.7 1.071.0 2.2 695 42.8 

Jun 1.540.5 876.7 1.070.0 6.7 428 50.0 
Jul 1.383.6 822.6 964.5 6.3 326 53.6 
Aug 1.045.4 745.2 758.1 1.9 347 53.6 
50p 777.9 810.0 623.3 0 531 46.4 
Oct 474.0 925.8 471.0 0 974 33.8 
Nov 203.7 710.0 246.7 0 1.287 21.2 
Dec 91.0 396.8 112.9 0 1.652 12.2 
Annual' 793.9 824.7 635.3 17.1 11.583 33.2 

1 All are annual means except degree days; this value is the yearly lotal. 

TABLE Bll, KOTZEBUE SOlMET DATA. 

Incident Solar Radiation BTU/day·tt2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface I South I EastIWest I North OF-day OF 

Jan 8.5 19 6.5 0 2.130 ·3.7 
Feb 164 382 157 0 1.940 4.3 
Mar 594 990 590 0 2,031 ·0.5 I 

Apr 1.181 1,136 1.026 0 1.560 13.0 
May 1,642 1,139 1,268 100 1,060 30.8 
Jun 1,836 1,136 1,336 320 645 43.5 
Jul 1,528 971 1,080 387 375 52.9 
Aug 1,044 748 751 245 443 50.7 
Sep 648 670 523 0 717 41.1 
Oct 256 439 239 0 1,283 23.6 
Nov 33 90 30 0 1.719 7.7 
Dec 0 0 0 0 2,136 ·3.9 
Annual

' 
745 643 583 88 16,039 20.9 

tAli are annual means except degree days; this value is the yearly total. 

SOURCE: A Solar Design Manual for Alaska by Richard D. Seifert 

TABLE Bl0, KODIAK SOlMET DATA. 

Incident Solar Radiation, BTU/day-tt2 Degree Mean 

Horizontal I Vertical Surface Days T emperatur. 
Month Surface r South I EastlWest I North OF-day OF 

Jan 149.3 496.8 171.0 0 1.073 30.2 
Feb 355.9 753.6 364.3 0 941 32.0 
Mar 781.9 1,090.3 716.1 0 1,021 32.0 
Apr 1.207.8 1,006.7 936.7 0 842 37.4 
May 1.376.3 854.8 974.2 4.2 677 42.8 
Jun 1,529.9 863.3 1,053.3 7.2 459 50.0 
Jul 1,408.2 829.0 977.4 6.4 338 53.6 
Aug 1,164.2 829.0 851.6 0.5 313 55.4 
50p 794.0 810.0 626.7 0 450 50.0 

Oct 489.2 909.7 474.2 0 752 41.0 

Nov 206.5 630.0 233.3 0 905 35.6 

Dec 97.1 358.1 112.9 0 1,087 30.2 

Annual1 796.7 785.5 625.2 18.3 8.860 40.7 

1 All are annual means except degree (lays; this value is the yearly total. 

TABLE B12, MATANUSKA SOlMET DATA. 

Incident Solar Radiation. BTU/day·h2 Oegree Mean 
Hori zantal I Vertical Surface Days Temperature 

Month Surface I South I EastlWest I North OF-day OF 

Jan 119.3 777.4 193.5 -0 1.645 12.2 
Feb 339.3 1,053.6 435.7 0 1,285 19.4 
Mar 893.5 1,748.4 1,058.1 0 1,240 26.6 
Apr 1,313.0 1,306.7 1,186.7 0 859 35.6 
May 1.606.5 1,071.0 1,222.6 0 558 46.4 
Jun 1,703.3 1,003.3 1,236.7 126.7 302 53.6 
Jul 1,506.5 932.3 1,096.8 119.4 232 57.2 
Aug 1,158.1 883.9 890.3 0 304 53.6 
50p 730.0 823.3 616.7 0 518 46.4 
Oct 367.7 774.2 380.6 0 947 33.8 
Nov 140.0 620.0 186.7 0 1,328 21.2 
Dec 54.8 403.2 87.1 0 1,627 14.0 

Annual 1 830.1 946.6 638.0 20.9 10.847 35.0 

1 All are annual means e)(ce~t degree days; this value is the yearly total. 
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TABLE B13: McGRATH SOLMET DATA. 

Incident Solar Radiation, BTU!day-h2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface 1 South I East/West I North OF-day of 

Jan 57.9 319.4 83.9 0 2.291 ·9.4 
Feb 258.5 782.1 325.0 0 1.825 ·0.4 
Mar 692.7 1.264.5 790.3 0 1.739 8.6 
Apr 1.187.8 1.186.7 1.073.3 0 1.156 26.6 
May 1.488.2 1.003.2 1.135.5 154.8 648 44.6 
Jun 1.586.7 950.0 1.153.3 160.0 284 55.4 
Jul 1.379.7 864.5 1.003.2 0 220 59.0 
Aug 1.019.1 774.2 780.6 0 396 53.6 

Sep . 659.0 810.0 600.0 0 635 44.6 
Oct 317.0 687.1 332.3 0 1.231 24.8 
Nov 100.2 466.7 136.7 0 1.800 5.0 
Oec 19.5 109.7 25.8 0 2.300 ·9.4 
Annual 1 733.5 767.4 620.8 26.3 14.487 25.2 

lAII are annual means except degree days; this value is the yearly total. 

TABLE B15: SUMMIT SOLMET DATA. 

1----... Incident Solar Radiation, BTU/day-tt2 Oegree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface 1 South I East/West I North OF-day OF 

Jan 55.9 341.9 83.9 0 1.966 1.4 
Feb 250.9 77B.6 321.4 0 1.634 6.8 
Mar 698.0 1.309.7 809.7 0 1.669 10.4 
Apr 1.239.4 1.270.0 1.143.3 0 1.246 23.0 
May 1.632.8 1.119.4 1.277.4 0 857 37.4 
Jun 1.632.9 983.3 1.196.7 136.7 481 4B.2 
Jul 1.411.2 890.3 1.035.5 135.5 403 51.8 
Aug 1.043.4 803.2 806.5 0 508 48.2 
Sep 703.3 836.7 616.7 0 752 39.2 
Oct 344.3 819.4 380.6 0 1.271 24.8 
Nov 106.8 580.0 156.7 0 1.660 10.4 
Oec 16.5 100.0 22.6 0 1.924 3.2 
Annual' 761.3 818.4 655.3 22.7 14.369 28.3 I 
lAIl are annual means except degree days; this value}s the yearly total. 

SOURCE: A Solar Design Manual for Alaska by Richard D. Seifert 

TABLE B14: NOME SOLMET DATA. ! 

Incident Solar Radiation BTU/day·tt2 Degree Mean 
Horizontal I Vertical Surface Days Temperature 

Month Surface -I South I EastlWest I North OF-day OF 
I 

Jan 30 58 23 0 1.829 6.0 
Feb 224 471 207 0 1.674 5.2 
Mar 631 897 568 0 1.786 7.4 
Apr 1.186 1.057 967 0 1.383 18.9 
May 1.573 1.048 1.151 219 936 34.8 
Jun 1.753 1.063 1.230 390 585 45.5 
Jul 1.414 877 958 458 462 50.1 
Aug 993 677 680 312 490 49.2 
Sep 673 633 513 0 687 42.1 

Oct 306 493 264 0 1.132 28.5 

Nov 65 143 53 0 1.482 15.6 
Dec 3 3 3 0 1.879 4.4 

Annual 1 738 618 551 115 14.325 25.6 

1 All are annual means except degree days; this value is the yearly total. 



Yrs. 

INSOLATION ON A HORIZONTAL SURFACE (MEAN RECORDED VALUES) 

All Figures in BTU/Ft2 - Day 

CITY ANNETTE BARROW BETHEL FAIRBANKS 

of Observation 20 11 16 30 

Jan. 203 34 136 59 
Feb. 435 144 413 265 
Mar. I 878 664 1010 785 
Apr. 1309 1142 1622 1383 
May 1622 1910 1685 1726 
Jun. 1615 2009 1641 1884 
Jul. 1600 1593 1372 1633 
Aug. 1191 966 940 1176 
Sep. 863 442 737 682 
Oct. 417 151 424 302 
Nov. 206 18 162 103 
Dec. 133 0 85 22 

Annual* 874 759 853 837 

*Mean average 

Source: Climates of the U.S., Vol. 2, NOAA, U.S. Dept. of Commerce, Water 
Information Center, Inc., Port Washington, N.Y. 11050 
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Appendix B: Design Data 
Source: u.s. Army Corps of Engineers. unpublished 

Heating Wind, mph Heating Wind, mph 
Temperature, 'F degree Prevailing Temperature .. of degree Prevailing 

Elev. Abs. Mean Abs. days Mean Elev. Abs. Mean Abs. days Mean 
Slation (ft.) min. ann. max. ('F·day) Dir. speed Station (It.) min. ann. max. ('F·day) Dir. speed 

Arctic Slope Region Fort Yukon 413 ·75 20.4 100 16279 
Galeno 120 ·61 23.6 92 15111 

Anaktuvuk Pass 2100 ·56 13.3 91 18870 Gilmore Creek 959 ·52 24.9 92 14637 
Barrow WSO AP 31 ·56 9.3 78 20265 E 11.9 Healy 1350 -46 30.0 90 12775 
Barter Island WSO AP 39 ·59 10.1 75 19994 E 13.0 Holy Cross 200 -62 29.2 93 13067 NW 
Cape Lisburne 45 -47 18.1 74 17119 E 13.0 Hughes 545 -68 23.2 90 15257 N 
Galbraith Lake Camp 2700 11.2 78 19637 

Indian Mountain 1220 -65 23.5 89 15148 ENE 5.8 
Happy Valley Camp 1000 ·55 10.8 81 19783 Manley Hot springs 265 ·70 24.5 91 14783 N 
Point Lay 10 ·55 12.5 78 19783 McKinley 2070 ·54 26.9 89 13878 SE 
Prudhoe Bay ·62 76 NE 10.0 Mountain Village 44 -44 27.8 80 13578 
Unitat 337 -63 10.3 85 19966 W 7.7 Nenana 356 -69 25.1 98 14539 E 5.3 
Wainwright 

North Pole 475 -66 22.8 95 15403 (not FI. Wainwright) 29 ·56 10.9 80 19747 E 
Prospect Creek 1100 -80 13.2 87 18907 

Northwest Region Rampart 375 -68 22.1 97 15659 NE 
Richardson 890 -63 28.0 98 13505 E 

Candle 15 ·60 19.9 85 16462 N Rock Landing 1268 -65 24.5 94 17783 
Cape Thompson 33 ·45 18.8 68 166863 

Russian MIssion Connell 95 ·45 25.9 86 14272 50 -48 27.6 86 13651 

Gambell 25 ·30 24.2 61 14892 N 16.8 SI. Mary's 25 ·44 29.2 83 13067 

Golovin 12 ·40 26.8 80 13943 NW Tanacross 1500 ·75 22.8 90 15403 WNW 
Tanana 232 ·76 23.5 92 15116 NE 6.5 

Kobuk 140 ·64 20.8 90 15133 The Harris's 2070 ·41 23.3 86 15221 
Kotzebue WSO AP 10 ·52 20.9 85 16039 E 13.0 Wiseman 1286 ·65 22.0 89 15695 N 
Moses Point FAA 15 ·49 24.9 87 14637 NNE 
Nome WSO AP 13 ·17 25.6 86 14325 E 11.0 Southwest Region 
Noorvik 68 ·51 87 

Northeast Cape 38 ·36 25.5 68 t4418 N 12.9 Aduk 15 3 40.8 75 8833 W 14.5 

Point Hope 13 ·49 18.5 72 16973 Alaknagik 70 ·36 33.1 88 11644 

St. Michael 50 ·55 25.9 77 t4272 N Almak Bay 12 ·3 40.0 79 9125 

Savoonga 35 ·55 25.9 77 14272 N Amchitka 226 15 38.7 65 9600 None 20.6 

Shaktoolik 15 AUu 70 2 30.0 77 9190 WSW 12.7 

Shishmatef 12 ·48 20.3 78 16316 N Bethel 125 ·52 28.7 86 13203 NNE 12.9 
Shungnak 138 ·61 22.3 90 15586 Cape Newhenham 475 ·28 32.3 75 t1936 SE 9.6 
Tellet 15 ·45 23.8 82 15038 E Cape Romanzoff 434 ·26 28.8 79 t3213 NE 13.7 
Tin City 269 ·41 21.0 74 t6060 N 17.5 Cape Sari chef 175 ·5 38.7 74 9600 
Unalakleet WSO 15 ·50 26.4 87 14027 E 12.7 Chernofski Harbor 25 10 40.2 77 9052 

Wales 9 ·44 21.2 75 15987 NE 
White Mountain 50 ·55 27.8 89 13578 N Chignik 30 ·12 37.6 76 10001 SEW 

Cold Harbor ·12 39.0 80 9490 

Yukon Region Cold Bay WSO AP 96 ·13 37.9 78 9865 SSE 17.0 
Crooked Creek 125 ·59 28.2 94 13432 

Akulurak 33 ·49 27.3 75 13761 Dillingham 50 ·41 34.1 92 11279 N 
Allakaket 600 ·72 19.5 97 16608 E 
Arctic Village 2020 ·68 14.5 80 18433 Dri It wood Bay NW 9.3 
Bettles WSO AP 666 ·68 21.3 92 15925 NNW 6.7 Dutch Harbor 13 8 40.5 80 8943 SE 11.0 
Big Delta FFA AP (FI. Grly.) 1268 ·63 27.5 92 13698 ESE 8.2 Egegik 50 ·21 31.3 75 12301 

Boundary 2600 ·50 22.3 87 15586 Farewell FAA AP 1499 ·61 25.4 86 14454 

Canyon Village 990 66 17.5 89 17338 Hooper Bay 35 

Cathedral Bluffs 1550 ·59 23.9 84 15002 
Central #2 960 -66 19.7 92 16535 Iliamna FAA AP 145 ·47 33.3 91 11571 E:3E 10.4 

Chalkyitsik 560 ·69 19.3 94 16681 Intrieare Bay 170 ·47 33.6 84 11461 
Kalskag ·48 28.5 79 13323 NE 

Chandalar Lake 1840 ·64 16.4 84 17739 Kanatak 85 ·20 41.8 75 8468 
Chena Hot Springs 1195 ·59 22.8 87 15403 King Salmon WSO AP 49 ·42 33.2 88 11582 N 11.0 
Chisana 3170 ·59 21.7 85 15805 
~ircle Hot Springs 935 ·60 22.0 94 15671 SW Kitoi Bay 15 ·12 38.9 83 9527 
:;Iear 580 ·62 23.0 96 15330 Kodiak NAS 21 ·12 40.7 86 8860 NW 10.0 

::;Iear Water 1100 ·71 23.8 93 15038 Lake Netka 65 ·49 31.2 94 12337 

~oldfoot Camp 1100 ·74 15.5 88 18068 Larsen Bay 15 ·5 39.9 83 9162 

:Aileen River 900 15.5 82 18068 McGrath WSO AP 344 ·67 25.2 90 14487 N 4.9 

:ollege Magnetic 
Nikolai 425 ·61 23.7 86 15075 Observatory 621 ·66 26.5 94 14053 

Jelta Junction 1190 ·58 26.0 86 14235 Nikolski 83 NW 15.9 

Jietrich Camp 1950 ·70 12.3 85 19236 Nunivak 44 ·a8 29.3 76 13031 

Jot Lake 1100 ·62 26.2 88 11162 Nyac 450 ·49 30.6 87 12556 

:agle 850 ·75 23.9 95 15002 Old Harbor 20 0 41.4 76 8614 

::ilson 547 ·64 25.1 93 11564 
'airbanks WSO AP 136 ·66 25.7 99 14345 
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Heating Wind. mph Heating Wind, mph 

Temperature, of degree Prevailing Temperature, of degree Prevailing 

Elev. Abs. Mean Abs. days Mean Elev. Abs. Mean Abs. days Meal 

Station (ft.) min. ann. max. ('F-day) Dir. speed Station (ft.) min. ann. max. ('F-day) Oir. spee, 

Platinum 20 ·34 31.8 82 12118 N Latouche 45 ·3 41.4 82 8614 

Port Alsworth 260 ·55 33.2 86 11607 Matanuska 

Port Heiden 92 ·25 35.7 87 10695 SE 14.6 Agricultural Exp. 150 ·41 35.2 91 10849 NE 

port Moller 37 34.3 11206 5 10.0 Matanuska Valley #15 350 ·42 35.4 84 10804 
May Creek 1500 ·64 25.6 88 14381 

St. George Island 100 ·7 36.3 63 10476 McCarthy 1380 ·57 32.4 87 11899 

St. Paul Island WSO AP 22 ·26 34.5 64 11119 NW 18.4 McKinley View 650 34.1 96 
Sand Point 32 1 39.6 70 9271 

·34 11279 

Scotch Cap 20 9 40.5 74 8943 
Middleton Island FAA 39 6 42.3 72 8286 ESE 13.8 

Shearwater Bay 10 ·1 40.2 86 9052 
Moose Pass 485 ·48 34.0 90 11315 
Moose Run-

Shemva WSO AP 122 7 38.3 63 9735 WSW 18.6 
Ft. Richardson GC 395 ·23 35.4 84 10804 

Sitkinak 53 3 39.7 76 9235 
Nikiski Terminal 110 ·35 34.7 86 11060 

Sleetmute 285 ·50 28.2 85 13432 
Ninilchik 5 NE 205 ·20 33.9 74 11352 

Sparrevohn 1580 ·47 29.4 82 12994 S 5.6 
North Dutch Island FAA 33 0 40.8 79 8833 

Tatalina 964 ·41 28.1 91 13469 ENE 4.6 
Old Well Road EP 370 ·27 33.8 88 11388 
Old Edgerton 1320 ·58 24.4 92 114819 

Ugnik 50 ·3 40.8 85 8833 
Palmer AAES 225 ·38 342 87 11242 

Umnak 130 12 39.2 73 9417 Palmer 1 N 220 ·35 35.7 90 10667 

Woody Island 101 0 41.9 82 8432 Palmer 2 ESE 125 -41 32.1 83 t0667 
Palmer 4 SSE 175 -44 34.6 64 11096 

South Central Region Palmer 5 NW 630 -42 34.7 87 11060 
Paxson Lake 2750 ·59 23.1 85 15294 

Adult Conservation Camp 825 ·29 34.1 89 11279 
Alpine Inn 455 ·43 33.8 90 11388 Portage 35 ·37 36.8 85 10293 

Alyeska 251 ·20 34.6 88 11096 Puntilla 1832 ·47 25.8 88 14308 

Anchorage 4 ESE 180 ·42 32.7 83 11790 Seldovia Dock 31 ·10 37.5 73 10038 

Anchorage Park Strip 85 ·50 34.4 87 11169 Seward 70 ·20 39.6 88 9242 N·S 

Anchorage WSO AP 114 ·52 35.0 92 10911 N 6.7 
Sheep Mountain 2280 ·36 28.4 85 13359 

Anderson Lake 475 ·44 31.3 85 12301 Skwentna 153 ·5t 32.0 90 12045 

Beacon Park 160 ·34 31.8 83 12118 Slana 2200 ·51 27.9 93 13542 

Bear Cove 75 ·32 35.1 84 10914· Slide Mountain 2450 ·53 23.5 87 15148 

Ben's Farm Market 100 ·45 33.6 90 11461 Snowshoe Lake 2410 ·63 22.1 85 15659 
Soldotna 113 ·39 32.5 89 11863 

Big Lake 220 ·44 32.8 89 11753 
Birch Road 460 ·28 33.4 85 11534 South Fork 1100 ·23 34.0 88 11315 

Cape Hinchinbrook 185 ·15 41.4 81 8614 Sterling 180 ·52 31.8 90 12118 

Cape St. EI ias 58 0 42.4 78 8239 Summit Lake 3230 ·53 22.7 79 15440 

Caswell 290 ·47 31.0 93 12410 Summit Nike Site 3980 ·62 28.4 75 13359 
Summit WSO 2401 ·45 25.5 89 14368 NE 9.7 

Chickaloon 929 ·42 32.7 90 11790 
Chistochina 1857 ·55 27.1 93 Susitna -48 35.6 87 10731 

Chitina 600 ·58 29.0 91 13140 Susitna Meadows 750 ·56 28.6 96 13286 

Chulitna River Lodge 1250 ·25 28.8 87 13213 Talkeetna WSO 345 ·48 32.8 91 11708 

Cooper Lake Project 445 ·25 36.1 84 10549 Thompson Pass 2500 ·39 28.5 75 13323 

Coopers Landing 2147 
Tolovankorga 470 ·44 31.9 85 12082 

Copper Center 1000 ·74 25.9 96 14272 Tonsina Lodge 1500 ·61 25.7 90 14345 

Copper Valley School 1030 ·62 27.0 88 13870 Trappers Creek Camp 500 ·36 32.5 92 11863 

Cordova· KLAM 25 ·23 40.2 81 9052 Tri·Nal Acres 325 ·40 30.3 85 12666 

Cordova FAA AP 41 ·33 38.2 84 9765 Tsaina Lodge 1650 -46 25.8 83 14308 

Creekside Public School 260 ·53 33.0 88 11680 
Tyonek 50 ·27 36.3 91 10476 

Curry 544 ·42 34.9 86 10987 Valdez 49 ·28 36.0 87 10545 

Devils Club 360 ·17 37.8 79 9928 Vent a 150 ·20 37.1 76 10184 

Eagle River 750 ·26 83 Wasilla 2 NE 500 ·39 34.2 87 11242 

Eklutna 27 ·47 34.9 91 10987 Wasilla 3 S 50 ·50 35.1 90 10914 

Eklutna Lake 882 ·54 31.2 90 12337 
White's Crossing 251 ·46 28.3 89 13396 

Eklutna Project 38 ·41 33.3 92 11571 Whittier 15 ·29 38.7 88 9600 

EI mend or! AFB· 192 -43 35.1 86 10905 N 4.6 Willow Lake 1400 ·56 24.6 90 14746 

Ernestine 1836 ·48 26.7 85 13980 Willow Trading Post 600 ·48 41.2 90 8687 

Eureka 3326 ·44 24.2 85 14892 Yakataga FAA 27 ·11 34.1 78 11279 ESE 7.1 

Gakona IN 1460 ·57 23.8 89 15038 Southeast Region 
Girdwood 20 ·27 36.3 82 10476 
Glennallen 1456 ·60 24.2 90 14892 Angoon 15 ·10 41.6 83 8511 SE 

Goose Bay Nike Site 100 ·42 34.5 93 11133 Annette WSO AP 110 ·4 45.7 90 7053 SSE 10.8 

Gulkana WSO 1570 ·65 26.8 91 13938 SE 6.8 Annex Creek 24 ·18 39.8 84 9187 SE·N 

Gunsight 2960 ·59 20.4 82 16279 
Auke Bay 42 ·15 40.6 87 8906 
Baranof 20 ·10 41.3 78 8651 

High Lake Lodge 2398 ·44 27.3 77 13761 
Homer WSO 67 ·21 36.5 80 10364 NE 6.5 Beaver Falls 1 44.2 88 7592 

Homer 5 NW 1000 ·17 36.0 81 10585 Bell Island 10 ·10 43.6 90 7011 

Iniskin 300 ·28 33.9 84 11352 Calder 20 ·9 43.1 85 7994 

Kasilof 75 ·44 34.1 87 11279 
Canyon Island 175 ·21 39.2 86 9417 

N Cape Decision 39 0 43.6 81 7816 W 
Kasitsna Bay 12 ·7 37.5 75 10038 
Kenai FAA Municipal AP 86 ·48 33.1 93 11644 N 6.6 Cape Spencer 81 ·1 42.0 79 8391 

Kennecott 2210 ·50 30.2 84 12702 Chicflagof 10 ·10 41.9 86 8432 

Kenney Lake 1200 ·65 26.1 86 14199 Coffman Cove 10 
Craig 13 ·2 44.9 86 7337 SE 
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Heating Wlnd,mph 
Temperature, of degree Preyaillng 

Eley. Abs. Mean Abs. days Mean 
Station (It.) min. ann. max. ('F-day) Olr. speed 

Eldred Rack 55 ·20 41.3 86 8651 SW 

Five Finger Light 30 1 42.9 77 8067 SSE 
Fortmann Hatchery 132 ·23 43.3 93 7921 
Glacier Bay 50 ·4 39.6 76 9271 
Guard Island 20 0 45.9 81 6972 SE 
Gull Cove 18 ·2 41.2 80 8687 

Gustavus 17 ·25 40.9 87 8797 
Haines Terminal 175 ·16 40.4 90 8979 SE 
HolliS 15 9 45.1 87 7264 
Hydaburg 25 ·3 45.8 88 7008 
Hyder 9 ·8 41.3 89 8651 

Juneau #2 25 ·10 42.8 87 8106 
Juneau WSO AP 12 ·22 40.3 86 9007 ESE 8.6 
Juneau 9 NW 120 ·22 37.7 73 9964 
Kake 30 ·4 42.1 88 8359 
Kasaan 28 

Ketchikan 15 ·8 46.2 96 6885 SE 
Klukwan ·36 36.3 94 10476 
Lincoln Rack Light 25 ·5 44.8 85 7373 
Linger Longer 700 ·29 36.3 94 10476 
Little Part Walter 14 0 42.8 81 8069 N 

Mendenhall 85 14 40.0 78 9125 
Moose Valley 400 ·40 35.8 93 10656 
Pehean 75 ·3 40.8 84 8833 
Petersburg 50 ·19 41.9 84 8409 SW 
Paint Retreat Light 20 ·15 41.9 86 8432 

Porcupine Creek 1600 ·42 34.5 95 11133 
Part Alexander 18 4 43.9 80 7702 
Aadioville 15 ·3 45.0 89 7300 
Seclusion Harbor 20 ·2 43.2 92 7957 
Sitka FAA AP 15 ·1 44.1 85 7629 

Sitka Magnetic 67 .a 42.7 87 8132 E 
Skagway #2 10 ·15 40.8 92 8833 
Snettisham Project 42 ·16 36:6 83 10366 
Speel River 15 
Tenakee Springs 20 ·9 42.1 93 8359 

Tree Point Light 36 ·11 .45.7 96 7045 
View Cove 13 5 46.3 88 6826 
Wrangell 37 ·10 43.0 92 8010 SE 
Yakatat WSO AP 28 ·24 38.8 86 9533 E 
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R-Values of Building Materials 





Thermal Properties of Typical Building and Insulating Materials-(Design Values)' 
(For Industrial Insulation Design Values, see Table 38). These constants are expressed in Btu per (hour) (square foot) (degree 

Fahrenheit temperature difference). Conductivities (k) are per inch thickness, and conductances (C) are for thickness or construction stated, 
not per inch thickness. All values are for a mean lemperalure of 7S f, except as nolrd by an aslerisk (.) which han been reported al 

45 F .The Sl units for Resislance (Iasllwo columns) were calculaled by taking the 
values from the two Resistance columns under Customary Unit, and multiplying by the factor 11k (r/in.) 

and IIC (R) for the appropriate conversion factor in Table 18. 

Desc:ril!lion Customa!! Unil 

Densily Condur- Condur· Resistaneeb(R) Specific 
(Ib/fll) 11.lly tanee Heal, 

(k) (C) Per inch For Ihlck· Btu/(lb) 
Ihickness ness listed (deg F) 

(ILk) (lLC) 

BUILDING BOARD 
Boards, Panels, Subnoorlng, Shealhlng 

Woodboard Panel Products 
Asbeslos-cernent board ....................... 120 4.0 0.2S 0.24 
Asbestos-cernenl board .•••••••....••••. 0.125 in. 120 33.00 0.03 
Asbestos-cernent board ••••.•..•••••••••• 0.25 in. 120 16.S0 0.06 
Gypsum or plaster board ••••• , ••••••••• 0.37S in. SO 3.10 0.32 0.26 
Gypsum or plaster board .•••••••••••••••. O.S in. SO 2.22 OAS 
Gypsum or plaster board .•••••••••••••• 0.625 in. SO 1.78 0.S6 
Plywood (Douglas Fir) •.••••••••••••••••••••.. 34 0.80 1.2S 0.29 
Plywood (Douglas fir) .•••••••••••.••••. 0.25 in: 34 3.20 0.31 
Plywood (Douglas Fir) ••••••••.••.•••.• 0.37S in. 34 2.13 0.017 
Plywood (Douglas Fir) ..••••••••••••••••• 0.5 in. 34 1.60 0.62 
Plywood (Douglas .Fir) •••••••••••••••.• 0.625 in. 34 1.29 0.77 
Plywood or wood panels ................. 0.75 in. 34 1.07 0.93 0.29 
Vegetable Fiber Board 

. 1.32 Sheathing, regular density ..•.••••••.•••. O.S in. 18 0.76 0.31 
........... 0.78125in. 18 0.49 2.06 

Sheathing intermediate density ..••••••••• 0.5 in. 22 0.82 1.22 0.31 
Nail-base sheathing ...•........•.•.•••. 0.5 in. 25 0.88 1.14 0.31 
Shingle backer ..•••.••••••.•.••••... 0.375 in. 18 1.06 0.94 0.31 
Shingle backer •..••.••.•.•..•••••.• 0.3125 in. 18 1.28 0.78 
Sound deadening board ................ 0.5 in. IS 0.74 US 0.30 
Tile and lay-in panels, plain or 

acoustic ............................... 18 0.40 2.50 0.14 
..•••••••.•••.•.•••••••••••• 0.Sin. 18 0.80 J.2S 

.•.•.••••••••.•••••••••••••. 0.75 in. 18 0.53 1.89 
Laminated paperboard ...................... 30 0.50 2.00 0.33 
Homogeneous board from 

repulped paper .......................... 30 0.50 2.00 0.28 
Hardboard 

Medium density ........................... SO 0.73 1.37 0.31 
High density, service temp. service 

underlay ............................... 5S 0.82 1.22 0.32 
High density, std. tempered .................. 63 1.00 1.00 0.32 

Particleboard 
Low deusity •••••.••••••••••• , ••••••••.••. 37 0.54 1.8S 0.31 
Medium density ........................... SO 0.94 1.06 0.31 
High density .............................. 62.S 1.18 0.85 0.31 
Underlaymeut ...................... 0.625 in. 40 1.22 0.82 0.29 

Wood subfloor ........................ 0.75 in. 1.06 0.94 0.33 

BUILDING MEMBRANE 
Vapor-permeable felt ........................ 16.70 0.06 
Vapor-seal, 2 layers of mopped 

15-1b felt •••.•.•..•..••••••••••••••••••••. 8.3S 0.12 
Val!!!r-seal,l!lastic film ••..••••••••••.•••••.• N~. 

FlNISH FLOORING MATERIAlS 
Carpet and fibrous pad ....................... 0.48 2.08 0.34 
Carpet and rubber pad •••••••••••••••••••••••• 0.81 1.23 0.33 
Cor" tile ............................ 0.125 in. 3.60 0.28 0.48 
Terrazzo ..••••••••..•••.•••••.•.••••.•• 1 in. 12.50 0.08 0.19 
Tue-asphalt, linoleum, vinyl, rubber •••.•••••••• 20.00 O.OS 0.30 

vinyl asbestos •..•.•...•.•...•.••••.•••••.. 0.24 
ceramic •.....••....•....•••...•...•...... 0.19 

Wood, hardwood finish ................. 0.7S in. 1.47 0.68 

INSULATING MATERIALS 
BLANKET AND BATT" 

Mineral Fiber, fibrDus form processed 
from rock, slag, or glass 

0.091 lid approx.· 3-3.S in ......................... 0.3-2.0 
approx.· 5.50-6.S •••••••••• , ••••••••••••• 0.3-2.0 0.053 19d 
approx .• 6-7 in .......................... 0.3-2.0 0.045 22d 
approx.· 8.5-9 in ......................... 0.3-2.0 0.033 3()d 
al!l!rox. 12 in .•••..••....••..••.••.•.•..• 0.3-2.0 0.026 38d 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permi ssion 

C-1 

SI Unit 

Resislanceb(R) 

(m·K) (m1'K) 

W W 

1.73 
O.OOS 
0.01 
0.06 
0.08 
0.10 

8.66 
O.OS 
0.08 
0.11 
0.19 
0.16 

0.23 
0.36 
0.21 
0.20 
0.17 
0.14 
0.24 

17.33 
0.22 
0.33 

13.86 

13.86 

9.49 

8.46 
6.93 -
12.82 
7.3S 
5.89 

0.14 
0.17 

0.01 

0.02 

0.37 
0.22 
O.OS 
0.01 
0.01 

0.12 

1.94 
3.35 
3.87 
S.28 
6.69 



Thermal Prol!ertles of TIl!ical Building and Insulating Materials-(Deslgn Values)' 

Descril!tion Customa!! U nil SIUnil 

Density Condue- Condue- Resistanee'(R) SpeclOe Resistanee' (R) 
(Ib/ft3) Ilvity tanee Heat, 

(Ie) (C) Perlncb Fortbick- Btu/(lb) (m'K! (m1'K) 
thickness ness listed (degF) W W 

(lLk) (lLC) 

BoARD ANO SLA8S 
Cellular glass ............................... 8.5 0.35 2.86 0.18 19.81 
Glass fiber, organic bonded .................... 4-9 0.25 4.00 0.23 27.72 
Expanded perlite, organic bonded ••••••••••••••• 1.0 0.36 2.78 0.30 19.26 
Expanded rubber (rigid) ....................... 4.5 0.22 4.S5 0.40 31.53 
Expanded polystyrene extruded 

0.25 Cut cell surface .••••.•••••.•••••••••••••••• 1.8 4.00 0.29 27.72 
. Smooth skin surface •••••••••••••••.•••••••• 1.8-3.5 0.20 5.00 0.29 34.65 

Expanded polystyrene, molded beads ••••••••••••• 1.0 0.20 26.3 3.8 
1.25 0.25 27.8 4.0 
1.5 0.24 29.1 4.2 
1.75 0.24 29.1 4.2 
2.0 0.23 29.8 4.3 

Cellular polyurethane f (R-Il exp.Xunfaced) ••••••• 1.5 0.16 6.25 0.38 43.82 
(Thickness I in. or greater) ••••••••••••••••••• 2.5 
(Thickness I in. or greater-hish 
resistance to JIIS permeation facing) •••••••••••• 1.5 0.14 

Foil-faced, glass fiber-reinforced cellular •••••••••• 
Polyisoc:yanurate (R-Il exp.)' •.••••••••••••.••• 2 0.14 7.04 0.22 48.79 

Nominal 0.5 in. • ••••.••••••••••••••••••••. 0.278 3.6 0.63 
Nominal 1.0 in. • •••.••••••••••••.••••••••• 0.139 7.2 1.2.7 
Nominal 2.0 in. • •••.•.•••••••••.•••.•••••• 0.069 14.4 2.53 

Mineral fiber with resin binder •••••.•••.•••••••• IS 0.29 3.4S 0.17 23.91 
Mineral fiberboard, wet felted 

Core orroof insulation •.•••••••••....•....•• 16-17 0.34 2.94 20.38 
Acoustical tile ..••.•.••••..•••••••....•...• 18 0.35 2.86 0.19 19.82 
Acoustical tile •.•.•••...••...••••..•••••.•. 21 0.37 2.70 18.71 

Mineral fiberboard, wet molded 
Acoustical tile' .•.••.•••••.•••••••••••••••• 23 0.42 2.38 0.14 16.49 

Wood or cane fiberboard 
Acoustical tile' ....................... 0.5 in. O.SO I.25 0.31 0.22 

, Acoustical tile' ....... _ .............. 0.75 in. 0.53 1.89 0.33 
Interior finish (plank, tile) ..................... IS 0.35 2.86 0.32 19.82 
Cement fiber slabs (shredded wood 

with Ponland cement binder •...•.•...•......• 25-27 0.50-0.53 2.0-1.89 13.87 
Cement fiber slabs (shredded wood 

with ma&!!esia ox~u1fide binder! .••••••• : .••.• 22 0.57 1.75 0.31 12.16 

LOOSE FILL 
Cellulosic insulation (milled paper or 

2.3-3.2 0.27-0.32 3.13-3.70 wood pulp) ............................... 0.33 21.69-25.64 
Sawdust or shavings •••••••.••••••.••.•..•.... S.0-IS.0 0.45 2.22 0.33 15.39 
Wood fiber, softwoods •••••..••••.••••••••••• 2.0-3.5 0.30 3.33 0.33 23.08 
Perlite, expanded •.•••.•••• , •••••••••..•••..• S.O-S.O 0.37 2.70 0.26 18.71 

2.0-4.1 0.27-0.31 3.7-3.3 
4.1-7.4 0.31-0.36 3.3-2.S 
7.4-11.0 0.36-0.42 2.S-2.4 

Mineral fiber (rock, slag or glass) 
appro".' 3.75-5 in .......................... 0.6-2.0 11 0.17 1.94 
appro".' 6.S-S.7S in ........................ 0.6-2.0 19 3.35 
appro".' 7 .5-1 0 in .......................... 0:6-2.0 22 3.87 
appro".' 10.25-13.75 in ...•....••••.••...... 0.6-2.0 30 5.28 

Vermiculite, exfoliated ...••.•....•..•.•...•... 7.O-S.2 0.47 2./3 3.20 14.76 
4.0-6.0 0.44 2.27 15.73 

RooF INsvunoN~ 
Preformed, for use above deck 

Differen! roof insulations are available in different 0.36 2.7 0.49 
thicknesses to provide the desisn C values listed. h to /0 /0 
Consult individual manufacturers for actual ,0.05 20 3.52 
thickness of their material .....•....••.•...••. 

MASONRV MATERIALS 
CoNCRETES 

Cement mortar ...............•.....••••...•• 116 5.0 0.20 1.39 
Gypsum.fiber concrete S7.SI)'. gypsum, 

12.51)', wood chips ......................... 51 1.66 0.60 0.21 4.16 

SOURCE: ASHRAE, Handbook of Fundamenta 1 s, 1981 : Reprinted by permission 
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Thermal Prol!erties of Tll!ical Building and Insulating Materials (Design Values)· 

Ihsc:ril!tion Customary Unit SI Unit 

Density Condue- Condue- Resistaneeb(R) Specific Resistanceb (Ii) 
(lb/rtJ) livily tanee Heat, 

(Ie) (C) Per Inch For thick- Btu/(lb) (m·K) (m2 'K) 
thickness ness listed (deg F) 

W W 
(lLk) (lLC) 

Lightweight aggregates including ex· 120 5.2 0.19 1.32 
panded shale, clay or slate; expanded 100 3.6 0.28 1.94 
slags; cinders; pumice; vermiculite; 80 2.5 0.40 2.77 
also cellular concretes 60 1.7 0.59 4.09 

40 1.15 0.86 5.96 
30 0.90 1.ll 7.69 
20 0.70 1.43 9.91 

Perlite, expanded ............................ 40 0.93 1.08 7.48 
30 0.71 1.41 9.77 
20 0.50 2.00 0.32 13.86 

Sand and gravel or stone aggregate 
(oven dried) .....•..••••....•..••..•••.••• 140 9.0 O.ll 0.22 0.76 

Sand and gravel or stone aggregate 
(not dried) ............................... 140 12.0 0.08 0.55 

Stucco .................................... 116 5.0 0.20 1.39 

MASONRY UNITS 
Brick, common i ..••••••••••••.•.••.••••••••. 120 5.0 0.20 0.19 1.39 
Brick, faeei ................................ 130 9.0 O.ll 0.76 
Oay tile, hollow: 

I cell deep ............................ 3 in. 1.25 0.80 0.21 0.14 
I cell deep ............................ 4 in. 0.90 1.1l 0.20 
2 cells deep •.. : .••.••••••..•••.•••••••. 6 in. 0.66 1.52 0.27 
2 cells deep ............................ 8 in. 0.54 1.85 0.33 
2 cells deep ........................... 10in. 0.45 2.22 0.39 
3 cells deep ........................... 12 in. 0.40 2.50 0.44 

Concrete blocks, three oval core: 
Sand and gravel aggregate .•.......•..•••. 4 in. 1.40 0.71 0.22 0.13 

................ 8in. 0.90 1.1l 0.20 

............... 12 in. 0.78 1.28 0.23 
Cmder aggregate ..•••••••••..•.••••..•. 3 in. 1.16 0.86 0.21 0.15 

....................... 4in. 0.90 1.11 0.20 

....................... 8in. 0.58 1.72 OJO 

...................... 12in. 0.53 1.89 0.33 
Lightweight aggregate ..................... 3 in. 0.79 1.27 0.21 0.22 

(expanded shale, clay, slate .••••••..•.•••• 4 in. 0.67 1.50 0.26 
or slag; pumice) ••.••.••••••••..••••••.• 8 in. 0.50 2.00 0.3S 

....................... 12in. 0.44 2.27 0.40 
Concrete blocks, rectangular core. • j 

Sand and gravel aggregate 
2 eore, 8 in. 361b. t ....................... 0.96 1.04 0.22 0.18 
Same with filled eoresi' •••••••..•••••••••. 0.52 1.93 0.22 0.34 

Lightweight aggregate (expanded shale, 
clay, slate or slag, pumice): 
3 core, 6 in. 19Ib.k ' •••••••••••••••••••••••• 0.61 1.65 0.21 0.29 
Same with filled cores. 0 ••••••••••••••••••••• 0.33 2.99 0.S3 
2eore, 8in. 24lb. k ......................... 0.46 2.18 0.38 
Same with filled cores.' .•••••••••..••••••••• 0.20 5.03 0.89 
3 eore, 12 in. 38Ib. t •••••••••••••••••• , ••••• 0.40 2.48 0.44 
Same with rilled eores.· ••••••••••••••••••••• 0.17 S.82 1.02 

Stone, lime or sand ........................... 12.50 0.08 0.19 O.SS 
Gypsum partition tile: 

3 x 12 x 30in. solid ........................ 0.79 1.26 0.19 0.22 
3 x 12 x 30 in. 4-ccU ........................ 0.74 1.3S 0.24 
4 x 12 x 30 in. 3 .. ell .................... , •••. 0.60 1.67 0.29 

METALS 

PLASTERING MA TERlALS 
Cement plaster, sand aggregate .•.•..••••••...•• 116 5.0 0.20 0.20 1.39 

Sand aggregate ..................... 0.375 in. 13.3 0.08 0.20 0.01 
Sand aggregate •••••.••••.•••..•••.•. 0.75 in. 6.66 0.15 0.20 0.03 

Gypsum plaster: 
Lightweight aggregate .•.••••...••.•••• • 0.5 in. 45 3.12 0.32 0.06 
Lightweight aggregate ...•..•••.••••.. 0.625 in. 45 2.67 0.39 0.07 
Lightweight agg. on metal lath ..••••..•• 0.75 in. 2.13 0.47 0.08 
Perlite aggregate ..•.•.••.••••••.•.••••.•••• 45 1.5 0.67 0.32 4.64 
Sand aggregate •...•••.•..•••••.•••••••••... lOS 5.6 0.18 0.20 1.25 
Sand aggregate ....•••.•.•.••..•••..•. O.S in. 105 11.10 0.09 0.02 
Sand aggregate ..................... 0.62S in. lOS 9.10 0.11 0.02 
Sand aggregate on metal lath .....•..••.. 0.7S in. 7.70 0.13 0.02 
Vermiculite assresate ....................... 45 1.7 0.S9 4.09 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981 : Repri nted by permission 
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Thermal Prol!erties of Tll!ical Building and Insulating Materials-(Design Values)" 

Descril!tion CU5tom!2 Unit SI Unit 

Densll}' Conduc- Conduc- Reslstanceb(R) Specific Resistanceb (R) 
(Ib/fl3) tivity tance Heat, 

(k) (C) Per Inch For thick· Btu/(Ib) (m'K) (m1'K) 

tblckness ness listed (dec F) W W 
(ILk) (ILC) 

ROOFING 
Asbestos-cement shingles .••••..•.•••••.••••.•• 120 4.76 0.21 0.24 0.04 
Asphalt roll roofing •••.•.••..•••.••...••••••• 70 6.50 O.lS 0.36 0.03 
Asphaltshingles •..•••.••••..•••..•.•..•.•.•• 70 2.27 0.44 0.30 0.08 
Built-up roofing •••••••..••••••.•••••• 0.375 in. 70 3.00 0.33 0.35 0.06 
Slate ••••••.•••••••.••••..•••••••••••• 0.5 in. 20.00 O.OS 0.30 0.01 
Wood shinSles, Elain and Elastic film faced •..•••.• 1.06 0.94 0.31 0.17 

SIDING MATERIALS (ON FLAT StJRfACE) 
Sbingles 

120 Asbestos-cement ........................... 4.75 0.21 0.04 
Wood,16in., 7.5 exposure ................... 1.15 0.87 0.31 O.lS 
Wood, double, l6-in., 12-in. exposure •••••••••• 0.14 1.19 0.28 0.21 
Wood, plus insul. backer board, 0.3125 in ........ 0.71 1.40 0.31 0.25 

Siding 
4.76 0.21 Asbestos-cement, 0.25 in., lapped •.•••••••••••• 0.24 0.04 

Asphalt roll sidinS ••.•••••••••••••••••••••• 6.50 O.IS 0.35 0.03 
Asphalt insulating siding (0.5 in. bed.) •••••••••• 0.69 1.46 0.35 0.26 
Hardboard siding, 0.4375 in •••••••••••••••••• 40 1.49 0.67 0.28 4.65 
Wood, drop, I x 8 in ........................ 1.27 0.79 0.28 0.14 
Wood, bevel, 0.5 x 8 in., lapped ••••.•••••••••• 1.23 0.81 0.28 0.14 
Wood, bevel, 0.75 x 10 in., lapped .•••••••..••• 0.95 1.0S 0.28 0.18 
Wood, plywood, 0.375 in., lapped ..••.•.•••... 1.59 0.S9 0.29 0.10 
Aluminum or Steelm, over sheathing 

Hollow-backed .......................... 1.61 0.61 0.29 O.ll 
Insulating-board backed nominal 

0.375 in •.......•....•.•.••..•••••.••• 0.55 1.82 0.32 0.32 
Insulating-board backed nominal 

0.375 in., foil backed .................... 0.34 2.96 0.S2 
Architectural Slass ........................... 10.00 0.10 0.20 0.02 

WOODS',' 
Maple, oak, and similar hardwoods •••.••..•••••• 45 1.10 0.91 0.30 6.31 
Fir, pine, etc. .- ........................... 32 0.80 1.2S 0.33 8.66 

...................... 0.7Sin. 32 1.06 0.94 0.17 

................ 1.5 in. 0.53 1.88 0.33 

....•••...••... 2.Sin. 0.32 3.12 O.SS 

.........••...• 3.5 in. 0.23 4.38 0.77 

.••.••.•••••.•. 5.5 in. 0.14 7.14 1.26 

......••.•..•• 7.25in. -.11 9.09 1.60 
....••••. " .•• 9.25 in. 0.09 1I.ll 1.96 
............. 11.25 in. 0.07 14.28 2. IS 

Not .. lor Table 3.\ 
"Representative values lor dry materials were s.lected by ASHRAE TC 4.4. Thermal Insulation and Moistur. Retarders (Total Thermal Performance Design 

Criteria). They are ~ntended as design (not specification) values (or materials in nonnal use. Insulation rJlaterials in actual service may have thermal values which vary 
from design values dependinS on their in~situ properties such u density and moisture content. For properties of a panicular product, use the value supplied by the 
manufacturer or by unbiased tests. 

bResistance values are the reciprocals of C before roundins off C to two decimal pl ..... 
e Also see Insuladnl Materials. Board. 
d Does not includ. paper backins and facinl, if any. Wh .... insulation forms a boundary (reflectly. or otherwis.) of an air spac., see Tables 1 and 2 for th. in

sulating value of air space (or the appropriate effective eminance and temperature conditions of the space. 
CConductivity varies with fiber diameter. (See Chapter 21. Thermal Conductivity section. and Fig. I) Insulation is produced by different densities; therefore. there 

is a wide variation in thickness for the same R-value among manufacturers. No efCon should be made to relate any specific R-value to any specific thickness. 
Commercial thicknesses generally available range from 2 to 8.5. . 

fYalues are for aged. unfaced. board stock. for change in conductivity with age of expanded urethane. see Chapter 20. factors Affecting Thermal Conductivity. 
J Insulating values of acoustical tile vary. depending on density of the board and on type. size. and depth of perforations. 
h ASTM C~8SS-77 recognizes the specification of roof insulation on the basis of the C-vaJues shown. Roof insulation is made in thicknesses to meet these vaJues. 
IFace brick and common brick do not always have these specific densities. When dCDsity is different from that shown. there will be a change in thermal con-

ductivity. 
j Data on reaangular core concrete bloc:ks differ from the above data on oval core blocks. due to core configuration. different mean temperatures. and possibly 

differences in unit weights. Weight data on the oval core bloc:ks tested are not available. 
kWeights of units approximately 7.62' in. high and 15.75 in. long. These weights are given as a means of describing the blocks tested. but conductance values arc 

all for I ft 2 of area. . 
I Yermiculite. perlite. or mineral wool insulation. Where insulation is used, vapor barriers or other precautions must be considered to keep insulation dry. 
mYalues for metal siding applied over nat surfaces vary widely. depending on amount of ventilation of air space beneath the siding; whether air space is reflective 

or nonreOective; and on thickness, type, and application of insulating backin8~board used. VaJues given arc averages for use as design guides. and were obtained 
from s.veral guarded hotbox ,ests (ASTM C236) Or calibrated hotbox (BSS 77) on hollow·backed types and types mad. using backing·boards of wood fiber. foamed 
plastic, and slass fiber. Departures 0(:1:'0 .. , or mOre from the values given may occur. 

nTime-aged values for board stock with gas~barricr quality (0.001 in. thickness or greater) aluminum foil (acers on two major surfaces. 
0Forest Products Laboratory Wood Handbook. U.S. Dept. of Agriculture #72. 1974, Tables 3 and 4. 
PL. Adams: Supporting cryogenic equipment with wood (Ch.m;cal Eng;n",r;ng. May 17. 1971). 

SOURCE; ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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Thermal Conduclivily (k) of Induslriallnsulalion (Design Values)' (For Mean Temperalures Indica led) 
uprn,.,pd In Btu ptr (hClurHsq.u" fuuUfdqrft .·.h,.nhfil tfmp«atu ... dirtfl'ftln' Pft' in.) 

BLANKETS & FELTS 
MINERAL FIBER 

Ma •• rial Composilion 

(Rock, slag or glass) 
Blanket. metal reinforced 

Mineral fiber, glass 
BlankCl, n""ible, fine-fiber 
organic bonded 

BlankCl, ne.ible, I""tile-fiber 
organic bonded 

Felt, semirigid organic bonded 

Laminated & felled 
Without binder 

VEGETABLE & ANIMAL FIBER 
Hair Felt or Hair Felt plus Jute 

BLOCKS, BOARDS & PIPE INSULATION 
ASBESTOS 

Laminated asbestos paper 
Corrugated & laminated asbestos 

Paper 
4-ply 
6-ply 
8-ply 

MOLDED AMOSITE & BINDER 
85~ MAGNESIA 
CALCIUM SILICATE 

CELLULAR GLASS 
DIATOMACEOUS SILICA 

MINERAL FIBER 
Glass, 
Orsanic bonded,block and boards 

Nonpunkinc binder 
Pipe insulation, sial or glass 

Inorsanic bonded-block 

Pipe insulation slag or glau 

MINERAL FIBER 
Resin binder 

RIGID POLYSTYRENE 
Extruded, Refrig .. anl 12 ""p, smooth 

skin surface 
Extruded CUt c:eII surf .... 
Molded beads 

RIGID POLYISOCY ANORA TE" 
Cellular, foil-faced glass fiber 
reinforced, Refrigerant II exp 

POLYURETHANE'" 
Refriserant II e.p (un faced) 

RUBBER, Rigid Foamed 
VEGETABLE & ANIMAL FIBER 

INSULATING CEMENTS 
MINERAL FIBER 

Accepl-
ed Mal< Typical Typical Conduclivily k al M.an TempF 

Temp for 
Use,F* 

1200 
1000 

350 

350 

0100 
850 

1200 

ISO 

700 

300 
300 
300 

1500 
600 

1200 
1800 
900 

1600 
1900 

0100 
1000 
350 
500 

1000 
1100 
1000 

170 
170 
170 

250 

210 
150 

180 

1800 
1200 

Density i 

75 \ 100 200 300 500 1700 900 (lb/f.3)f-IOO -75 -50 -lSI 0 lS 50 

6-12 
2.5-6 

{

less 
than 
0.75 
1.0 
1.5 
2.0 
3.0 

0.26 0.32 0.39 0.54 
0.24 0.31 0.40 0.61 

0.25 0.26 0.28 0.30 0.3310.36 0.53 
0.24 0.25 0.27 0.29 0.32 0.34 0.48 
0.23 0.24 0.25 0.27 0.29 i 0.32 0.43 
0.21 0.22 0.23 0.25 0.27 10.28 0.37 
0.20 0.21 0.22 0.23 0.2510.26 0.33 
0.19 0.20 0.21 0.22 0.23,0.24 0.31 

0.65 0.27 0.28 0.29 0.30 0.31 0.32 0.50 0.68 
0.75 0.26 0.27 0.28 0.29 0.31 0.32 0.48 0.66 
1.0 0.24 0.25 0.26 0.27 0.29 0.31 0.45 0.60 
1.5 0.22 0.23 0.24 0.25 0.27 0.29 0.39 0.51 
3.0 0.20 0.21 0.22 0.23 0.24 0.25 0.32 0.41 

3-8 0.24 0.25 0.26 0.27 0.35 0.44 
3 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.35 0.55 

7.5 0.35 0.45 0.60 

10 0.26 0.28 0.29 0.30 

30 

11-13 
15-17 
18-20 
15-18 
11-12 
II-IS 
12-15 

8.5 
21-22 
23-25 

3-10 
3-10 
3~ 

3-10 
10-1S 
15-24 
10-1S 

15 

2.2 
1.8 

1 
1.25 
1.5 
1.75 
2.0 

2 

U-2.5 
4.5 

20 

24-30 
30-40 

0.40 0.45 0.50 0.60 I 

0.54 0.57 0.68 
0.49 0.51 0.59 
0.47 0.49 0.57 

0.32 0.37 0.42 0.52 0.62 0.72 
0.35 0.38 0.42 

0.27 0.28 0.29 0.30 0.31 0.32 0.33 

0.38 0.41 0.44 0.52 0.62 0.72 
0.631.0.74 0.95 

0.35 0.36 0.42 0.49 0.70 1.03 
0.64 0.68 0.72 
0.70 0.75 0.80 

0.16 0.17 0.18 0.19 0.20 0.22 0.24 0.25 0.26 0.33 0.40 
0.26 0.31 0.38 0.52 

0.20 0.21 0.22 0.23 0.24 0.29 
0.20 0.22 0.24 0.25 0.26 0.33 0.40 

0.33 0.38 0.45 0.55 

I 
0.32 0.37 0.42 0.52 0.62 0.74 
0.33 0.38 0.45 0.55 

0.23 0.24 0.25 0.26 0.28 0.29 

0.16 0.16 0.17 0.16 0.17 0.18 0.19 0.20 
0.17 0.18 0.19 0.20 0.21 0.23 0.24 0.25 0.27 
0.17 0.19 0.20 0.21 0.22 0.24 0.25 0.26 0.28 
0.17 0.18 0.19 0.2010.22 0.23 0.24 0.25 0.27 
10.16 0.17 0.19 0.20 0.21 0.22 0.23 0.24 0.26 
10.16 0.17 0.18 0.19 0.20 0.22 0.23 0.24 0.25 
10.15 0.16 0.18 0.19 0.20 0.21 0.22 0.23 0.24 

0.12 0.13 0.14 0.15 

.16 0.17 0.18 0.18 0.18 0.17 0.16 0.16 0.17 
0.20 0.21 0.22 0.23 

0.28 0.30 0.31 0.33 

I 
10.49 
:0.75 

0.55 0.61 0.73 0.85 
0.80 0.85 0.95 I 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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LOOSE FILL 
Cellulose in.ulation (milled pulverized 

paper or wood pulp) 
Mineral fiber. slag. rock or glas. 
Perlite (expanded) 
Silica aerogel 
Vermiculite (expanded) 

2.5-3 
2-5 
3-5 
7.6 
7-8.2 
4-6 

0.26 0.27 0.29 
0.19 0.21 0.23 0.25 0.26 0.28 0.31 

0.22 0.24 0.25 0.27 0.28 0.30 0.31 0.33 0.35 
0.13 0.14 0.15 0.15 0.16 0.17 0.18 
0.39 0.40 0.42 0.44 0.45 0.47 0.49 
0.34 0.35 0.38 0.40 0.42 0.44 0.46 

"Representative values for dry material. as .elected by ASHRAE TC 4.4. 17rmnal lrrsuk,,;on and MoislUn R.tardtn /Total 17rmnal Pu/ormancr Design 
Criltria,j. They are intended as desisn (not specification) values for materials of bulldinl consuuction for normal use. Insulation materials in actual service may have 
thermal values which vary from design values depending on their in .. situ propenies such as density and moisture content. for thermal resistance of a panicular 
product. use Ihe value .upplied by tho manufacturer or by unbiased tesu. 

*These temperatures are generally accepted as maximum. When operating temperature approaches these limits·follow the manufacturer's recommendations. 
·"'me-I,cd values for board stock with gas-barrier quality (0.001 in. or arealer) aluminum foil facers on two major surfaces. 
···Valu .. are for ased. unfaced. board Slock. For chan,e in conductivity with as. of refri,crant-blown expanded urethane .... section on Thermal ConductivilY. 

a..pler 20. 
Not.: Som. polyurethan. foams are formed by m ..... which produce a ... bl. product (with respect 10 k). but most are blown with rcfri,etant and wiD chans. with 

lime. 

Table 3C Insulation Materials Manufactured In-situ 
Espraood la Bla per (hour) (":"Ullft foot) (d ..... F_lMIllcm".,.lare per 10.) 

A«epl-
ed Mill Typical Typ~ CoHucUoity k 01 M ... T_pF 

F_ M.terI~1 ComposlU ... 
T_pfor o.auty __ ~ __ ~~ __ ~ __ ~~~~ __ ~ __ ~ __ ~~ __ ~ __ ~~~~ __ ~~~~~~_ 
Use." (lb/flJ ) -100 -75 -50 -15 0 15 50 75 100 200 300 500 700 900 

FOAMED IN PLACE 
Polyurethan. 

Urcaformaldchyd. 

Phenol formaldehyde 

SPRAYED ON SUBSTRATE 
Cellulo.ic fiber bas. 

Cemcntitious/fiber 
and perlite or 
vermiculite base 

Mineral fiber base 

{ 

110 1.5·2-' 

100 0.7·1.6 

120 

1000 

2000 

24-36 

12·14 

(0.16-
\ 0.18 

(
0.22-

0.28 

(
0.24-

0.30 

0.S2-
0.77 

0.30 

-These temperatUres are aenera11y accepted u muimum. Wben Opaatinl temperature approaehcs these limits follow the manufaaurct's rccommeactations. 

N01. rorT ..... 3C 
The maceriallistcd above ate fabritated in-situ and are especially sensitive to installation and fabrication technique. They are subject 10 variations in density. dimensional stability, and moisture 

content. Thermal da,.IiSted arc not to be usN as absolute values and are (or luidanceonly. Oearadat.lons (or installed performance of up to 50.,. or!isted values are possible. CAUTION: for aU 
materials manufactured in the field, follow the manufaaurcr', precautions and recommendations. 

Table 3D Abbreviated Reference of Previously Listed Insulating Materials 
This table is included as a guide for determining the thermal performance of existing constructions. Most of Ihe materials below ue DO 
longer commercially available. The table was abstracted from Heatins. Ventilating. Air Conditioning Guide. 1939. pp. 95. 97. 98. 

Esp",ssed In Btu por (ho.r)(.q .... foot)(degree F.hrenhcillemperalUre difference per in.) 

Mo. 
DelIsI",. temp, 

Mltori.1 Descrlpdon Ib/flJ F 

INSULA TI01'~-BLANKET 
OR FLEXIBLE TYPES 
Fiber Typical 

Chemically treated wood fibers held between 
layers of strong paper-- 3.62 70 

Eel grass between strong paper-· 4.60 90 
Of If If Of 3.40 90 

flax fibers between strong paper-· 4.90 90 
Chemically treated hog hair between kraft 

paper 
, 

S.76 71 
Chemically trealed hog hair between kraft 

paper and asbestos paper-· 7.70 71 
Hair felt between layers of paper-- 11.00 7S 
Kapok between burlap or paper·· 1.00 90 
Jute fiber·· 6.70 7S 
Ground paper between tWO layers. each 3/8· 

in. thick made up of two layers of kraft 
paper (sample 3/4·in. thid) 12.1 75 

INSULATION-St:MI· 
RIGlI) TY Pt: 
Fiber relied cal!lc hair" 13.00 90 

11.00 90 
Fla . ..:-- 12.10 70 
Fla:.. and rye" 13.60 90 
Felled hair and asbestos·· 7.80 90 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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• or 
C 

0.27' 

0.25 
0.26 
0.25 
0.28 

0.26 

0.28 
0.25 
0.24 
0.2S 

0.4Ot 

0.26 
0.26 
0.30 
0.32 
0.28 

11k 
or 

IIC 

3.70 

4.00 
3.8S 
4.00 
3.57 

3.85 

3.S7 
4.00 
4.17 
4.00 

2.S0 

3.84 
3.84 
3.33 
3.12 
J.S7 

Ref 
(

below) 

4 



Abbrevialed Reference of Previously Lisled Insula ling Malerials (Concluded) 

INSULATION-LOOSE 
FILL OK BAT TYPE 
Fiber 

Glass wool 

Granular 

Gypsum 

Mineral wool 
Kegranulated cork 
Kockwool . 

Sawdust 
Shavings 

INSUlATION-RIGID 
Corkboard 

Fiber 

BUILDING BOARDS 
Asbestos 

75-:-, hair and 2~'i. jutC'·· 
.50'i, hair and SOli, jUlr·· 
JUlr·· 
Felted jute and asbestos·· 
Compressed peat moss 

Made (rom caba fibers·· 

Fibrous malerial made from dolomite and 
silica 

Fibrous material made from slag 
Fibrous material 25 to 30 microns in dia

meter I made from virgin boule glass 
Made from combined silicate of lime and 

alumina 
Made from expanded aluminum .. magnesium 

silicate 
Cellular dry . . 
Flaked, dry and nuffy·· 

If """ 

.. 
" 

All forms typical 
AbouI3/16-in. panicles 
Fibrous material made from rock 

Rock wool with a binding agent 
Rock wool with flax. straw pulp, and binder 
Rock wool wilh vegetable fibers 
Various 
Vario\Js from planer 
From maple, beech and birch (coarse) 
Redwood bark 
Redwood bark 

Typical 
No added binder 

Asphaltic binder 
Typical 
Chemically treated hog hair covered with rtlm 

of asp hall 
Made from com ,talks 

• exploded wood fibers 
• hard wood fibers 

Insullltini plaster 911().in. thick applied to 
3/B-in. plaster board base 

Made from licorice roolS 

" 85'" magnesia and 15'" asbestos 
• shredded wood and cemenl 
• sugar cane fiber 

Sugar cane fiber insuillion blocks encased in 
asphalt membrane 

Made (rom wheat suaw 
wood fiber 

Compressed cement and asbestos sheets 
Corrugated asbestos board 

I U.S. Bureau of Standards. tnts baled on samples submitted by manufacturers. 

6.30 
6.10 
6.70 

10.00 
11.00 

1.90 
1.60 

1.50 
9.40 

1.50 

4.20 

6.32 
30.00 
24.00 
18.00 
12.00 
34.00 
26.00 
24.00 
19.80 
18.00 

8.10 
21.00 
18.00 
14.00 
10.00 
14.50 
14.50 
11.50 
12.00 
8;80 

13.20 
3.00 
5.00 

14.00 
10.60 
7.00 
5.40 

14.50 

10.00 
15.00 
17.90 
15.20 

54.00 
16.10 
19.30 
24.20 
13.50 

13.80 
17.00 
15.90 
15.00 

8.50 
15.20 
16.90 

123.00 
20.40 

lA.C. Willard. L.C. Lichty, and L.A. Hardin •• tesisconducted I' the UnivcrsilY of IlIinoil. 
lJ.C. P~bln. tests conducted at Armour Insliculco(TcchnolOlY, based on samples submilled by manuCactURrS. 
"F.B. Rowley, tests conducted.t the University of Minnesola. 
·Rccommcnd~ conductivities and conduaances (or campuliR, heat transmission coefficients. 
··Not compressed. 
tFor thickness stattd or used on construction, not pet I·in. thic:kncu. 

90 
90 
75 
90 
70 

75 
75 

75 
103 

75 

72 

86 
90 
90 
90 
90 
90 
90 
75 
90 
75 

90 
90 
90 
90 
90 
77 
7S 
72 
90 
90 
90 
90 
75 

90 
90 
90 
90 
90 

75 
71 
78 
70 

" 81 
86 
72 
70 

70 
68 
72 
70 
52 
72 

90 

86 
110 

SOWRCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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0.27 
0.26 
0.25 
0.37 
0.26 

0.23 
0.24 

0.27 
0.27 

0.27 

0.24 

0.29 
1.00 
0.77 
0.59 
0.44 
0.60 
0.52 
0.48· 
0.35 
0.34 
0.27· 
0.31 
0.30 
0.29 
0.28 
0.27· 
0.33 
0.38 
0.31 
0.41 

0.41 
0.36 
0.31 
0.26 

0.30· 
0.34 
0.30 
0.27 
0.25 
0.32 
0.33" 

0.28 
0.33 
0.32 
0.32 

I.On 
0.34 
0.51 
0.46 
0.33 

0.30 
0.33 
0.33 
0.33 
0.33 
0.29 
0.33 
0.34 

2.70 
0.48 

3.70 
3.85 
4.00 
2.70 
3.84 

4.35 
4.17 

3.70 
3.70 

3.70 

4.17 

3.45 
1.00 
1.30 
1.69 
2.27 
1.67 
1.92 
2.08 
2.86 
2.94 
3.70 
3.22 
3.33 
3.45 
3.57 
3.70 
3.03 
2.63 
3.22 
2.44 
2.44 
2.78 
3.22 
3.84 

3.33 
2.94 
3.33 
3.70 
4.00 
3.12 
3.03 

3.57 
3.03 
3.12 
3.12 

0.93 
2.94 
1.96 
2.17 
3.03 

3.33 
3.03 
3.03 
3.03 
3.03 
3.45 
3.03 
2.94 

0.37 
2.08 

1 
I 
3 
I 
3 

3 
3 

3 
I 

3 

3 
I 
I 
I 
I 
I 
I 
3 
I 
3 

I 
I 
I 
I 
I 
I 
3 
3 
1 
I 
I 
I 
3 

3 
3 
4 
3 

3 
3 
I 
3 
3 

3 
3 
3 
3 

3 
3 
I 

I 
2 



Position 
of 
Air 

Sp.ce 

Horiz. 

45· 
Slope 

Vertical 

45· 
Slope 

Horiz. 

Surface Conductances and Resistances for Air"~" 
AU conductance values expressed in Bluth' fl 2 . F. 

A surface cannot lake credit for both an air space resiSlance value and a surface 
resistance value. No credit for an air space value can be taken for any 

surface facing an air space of less than 0.5 in. 

Position of 
Surface 

STILL AIR 

Direclion 
of Heat 

Flow 

Horizontal ....• Upward 
Sloping-45 deg Upward 
Vertical ........ Horizontal 
Sloping-45 deg Downward 
Horizontal ..... Downward 

MOVING AIR 
(Any Position) 
15·mph Wind Any 

(for winter) 
7.5·mph Wind Any 
(for summer) 

Surface Emittanc~ 

Non- Reneclive Renecli .. 
renecliv. l = 0.20 l = 0.05 
l = 0.90 

1.63 0.610.91 1.100.76 1.32 
1.60 0.62 0.88 I.U 0.73 1.37 
1.460.68 0.74 1.350.59 1.70 
1.320.760.60 1.670.452.22 
1.08 0.92 0.37 2.70 0.224.55 

ha R ha R ha R 

6.00 0.17 

4.00 0.25 

aFor vcntilated attics or spaces above ceilings under summer conditions (heat 
flow down).ee Table 6. 

bConduClanc:es arc for surfaces of the stated emittance facing vinual 
blackbody surroundings at the same temperature as thc ambient air. Values are 
based on a surface·air temperature difference of 10 des F and for surface 
temperature of 70 F. 

cSee Fig. 1 for additional data. 

Thermal Resistances of Plane' Air Spacesd ••• 
SECTION A 

All resistance values expressed in ft1 • F • h/Btu 
Values apply only to air spaces of uniform thickness bounded by plane. smooth. parallel surfaces with no leakage of air to or from the 
space. These conditions are nOI normally present in standard building construction. When accurate values are required. use overall U-

factors determined for yow particular construction through calibrated hot box (BSS· 77) or Buarded hot box (ASTM-C-236) testing. 
Thermal resistance values for multiple air spaces must be based on careful estimates of mean temperature differences for each air space. 

See the Caution secti"on, under Overall Coefticients and Their Practical Use. 

Direction AirSpace 0.5·i •• Air Spaced 0.75·1 •• Air Spaced 
of M .. n Temt 

Hea. Temp,b 0111. Value of Eb.c Value of Eb.c 
Flo .. (F) (d", F) 0.03 0.05 0.1 0.5 0.81 0.03 0.05 0.1 0.5 0.81 

90 10 1.13 2.03 1.51 0.99 0.73 2.34 2.22 1.61 1.04 0.75 

t 
50 30 1.61 1.57 1.29 0.96 0.75 1.71 1.66 1.35 0.99 0.77 
50 10 2.13 2.05 1.60 1.11 0.84 2.30 2.21 1.70 1.16 0.87 Up 0 20 1.73 1.70 1.45 1.12 0.91 1.83 1.79 1.52 1.16 0.93 
0 10 2.10 2.04 1.70 1.27 1.00 2.23 2.16 1.78 1.31 1.02 

-50 20 1.69 1.66 1.49 1.23 1.04 1.77 1.74 1.55 1.27 1.07 
-50 10 2.04 2.00 1.75 1.40 1.16 2.16 2.11 1.84 1.46 1.20 

90 10 2.44 2.31 1.65 1.06 0.76 2.96 2.78 1.88 1.15 0.81 

Up/ 50 30 2.06 1.98 1.56 1.10 0.83 1.99 1.92 1.52 1.08 0.82 
50 10 2.55 2.44 1.83 1.22 0.90 2.90 2.75 2.00 1.29 0.94 
0 20 2.20 2.14 1.76 1.30 1.02 2.13 2.07 1.72 1.28 1.00 
0 10 2.63 2.54 2.03 1.44 1.10 2.72 2.62 2.08 1.47 1.12 

-50 20 2.08 2.04 1.78 1.42 1.17 2.05 2.01 1.76 1.41 1.16 
-50 10 2.62 2.56 2.17 1.66 1.33 2.53 2.47 2.10 1.62 1.30 

90 10 2.47 2.34 1.67 1.06 0.77 3.50 3.24 2.08 1.22 0.84 
50 30 2.57 2.46 1.84 1.23 0.90 2.91 2.77 2.01 1.30 0.94 
50 10 2.66 2.54 1.88 1.24 0.91 3.70 3.46 2.35 1.43 1.01 

Horiz.~ 0 20 2.82 2.72 2.14 1.50 1.13 3.14 3.02 2.32 1.58 1.18 
0 10 2.93 2.82 2.20 1.53 1.15 3.77 3.59 2.64 1.73 1.26 

-50 20 2.90 2.82 2.35 1.76 1.39 2.90 2.83 2.36 1.77 1.39 
-SO 10 3.20 3.10 2.54 1.87 1.46 3.72 3.60 2.87 2.04 1.56 

Ij() 10 2.48 2.34 1.67 1.06 0.77 3.53 3.27 2.10 1.22 0.84 
SO 30 2.64 2.52 1.87 1.24 0.91 3.43 3.23 2.24 1.39 0.99 

Down X SO 10 2.67 2.55 1.89 1.25 0.92 3.81 3.57 . 2.40 1.45 1.02 
0 20 2.91 2.80 2.19 1.52 1.15 3.75 3.57 2.63 1.72 1.26 
0 10 2.94 2.83 2.21 1.53 1.15 4.12 3.91 2.81 1.80 1.30 

-SO 20 3.16 3.07 2.52 1.86 1.45 3.78 3.65 2.90 2.05 1.57 
-50 10 3.26 3.16 2.58 1.89 1.47 4.35 4.18 3.22 l.21 1.66 

90 10 2.48 2.34 1.67 1.06 0.77 3.55 3.29 2.10 1.22 0.85 
50 30 2.66 2.54 1.88 1.24 0.91 3.77 3.52 2.38 1.44 1.02 

~ 
SO 10 2.67 2.55 1.89 1.25 0.92 3.84 3.59 2.41 1.45 1.02 

Down 0 20 2.94 2.83 2.20 1.53 1.15 4.18 3.96 2.83 1.81 1.30 
0 10 2.96 2.85 2.22 1.53 1.16 4.25 4.02 2.87 1.82 1.31 

-SO 20 3.25 3.15 2.58 1.89 1.47 4.60 4.41 3.36 2.28 1.69 
-50 10 3.28 3.18 2.60 1.90 1.47 4.71 4.51 3.42 2.30 1.71 

I 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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Coefficients of Transmission (U) for Wood Doors," Btuth • ftl • F 

Winterb Summer< ----
Door No Wood Metal No 

Thickness, Storm Storm Storm Storm 
ID.d Descri~tion Door DOD'" Door' Door 

1-3/8 Hollow core flush door 0.47 0.30 0.32 0.4S 
1-3/8 Solid core flush door 0.39 0.26 0.28 0.38 
1-3/8 Panel door with 7/I6-in. panels 0.57 0.33 0.37 0.54 
1-3/4 Hollow core flush door 0.46 0.29 0.32 0.44 

with single glazing. 0.56 0.33 0.36 0.54 
1-3/4 sOlid core flush door 0.33 0.28 0.15 0.32 

With single glazing. 0.46 0.29 0.32 0.44 
With insulating glass' 0.37 0.25 0.27 0.36 

1-3/4 Panel door with 7/16-in. panelsh 0.54 0.32 0.36 0.52 
With single glazing! 0.67 0.36 0.41 0.63 
With insulating glass! 0.50 0.31 0.34 0.48 

1-3/4 Panel door with 1-1I8-in. panelsh 0.39 0.26 0.28 0.38 
With single glazingi 0.61 0.34 0.38 0.58 
With insulating glassi 0.44 0.28 0.31 0.42 

2-1/4 Solid core flush door 0.27 0.20 0.21 0.26 
With single glazing. 0.41 0.27 0.29 0.40 
With insulating glass. 0.33 0.23 0.25 0.32 

·Values for doors are based on nominal J 'S" )( 6 '8" door size. Interpolation and moderatC' extrapolation arc pcrmiued {or glazing areas and door thicknesses other than those spt'Cified. 
b 15 mph outdoor air velocity; 0 F outdoor aJr; 70 F inside air temp natural convection. 
c'.S mph outdoor air yelocity; 89 F outdoor air; 7.5 F inside air natural convection. 
dNominaJ thickness. 
eVaJues for wood stonn door arc appro,umalcly ~O.,. ,lass arca. 
rValucs (or metal storm door arc for any percent of ilas5 arca. 
, l,fT. exposed glass arca; insulalina glass contains 0.2.5 inch air space. 
~ ".,. panel area. 
Ill'1l alass area; 22'" panel area; insula,ina &lass contains 0.2$ inch air space. 

Coeffieients of Transmission (U) for Steel Doors 
Btu/h' fll . F 

Thickness Steel Doorl4 No Storm Door 

I.7S in. 
Aa 
Bb 
C' 

0.59 
0.40 
0.47 

a A _ MineraJ fiber core (2Ib/ftl). 
b B - Solid urethane foam core wilh thermal break. 
cC _ Solid Polynyrene core with thermal break. 

0.58 
0.39 
0.46 

SOURCE: ASHRAE, Handbook of Fundamentals, 1981: Reprinted by permission 
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Appendix 0 

UNIT CONVERSIONS 

Energy 

1 BTU = 1.05506 kJ 
1 Therm = 105.506 MJ 
1 cal = 4.1868 J 
1 kW-hr = 41.86 kJ/m2 

Power 

1 BTU/hr = 0.29307 W 
1 ton (refg) = 3.51685 kW 
1 kcal/hr = 1.163 W 
1 hp = 0.74570 kW 

Energy Flux 

1 BTu/hr-fP = 3.15469 W/m2 
1 langley/hr = 11.6277 W/m2 
1 cal/cm2-min = 697.4 W/m2 
1 BTU/hr-fP-F = 5.67826 W/m2-C 
1 BTu/hr-ft-F = 1.70307 W/m-C 

NUMERICAL VALUES OF SOME PROPERTIES 

Air 

Water 

Rock 

o..ntifreeze 
50-50 ethylene 
~Iycol/water) 

Density 

1.204 kg 1m 
0.07516 Ibltt> 

1000 kg/m3 

62.42 I b/ft> 
8.341b/gal 

2400 kg/m3 
1501b/ft" 

1065 kg/m3 
66.50 Ib/ft> 

Specific Heat 

1012 J/kg-C 
0.241 BTU/lb-F 

4190 J/kg-C 
1.00 BTU/lb-F 

838 J/kg-C 
0.2 BTU/lb-F 

3350 j/kg-C 
0.80 BTU/lb-F 

0-1 
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APPENDIX E 

CONSTRUCTION, DRAWINGS AND MATERIALS LISTS 

The following documents are designed for concrete foundations. In areas of 
permafrost, ask a local builder or supplier for advice on floor and 
foundation systems. The drawings and materials lists will be the same for 
the walls, roof and glazing, regardless of the type of floor system used. 

The drawings have been reduced from full size blueprints and are not to the 
scales noted. 

Provided by AREA 
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MATERIALS LIST FOR A 10' X 40' FREESTANDING GREENHOUSE 

Description 

Roof 

-TJI Roof Rafters 
-TJI for Blocking 
-COX Plywood Sheathing 
-15 lb. Felt Paper 
-3 tab, Square Butt 

Asphalt Shingles 

-Roof Sub-Fascia 
-Roof Fascia 
-Soffit Nailer 
-Soffit Plywood 

Walls 

-Hem-Fir Studs 
-Hem-Fir Plates 
-Cedar or AWWF 

Bottom Plates 
-Filon Fiberglass 

Clear Glazing 
-Glazing Spacers 
-Glazing Trim 
-Glazing Trim 
-Plywood Siding 

-Hem-Fir Studs 
-Hem-Fir Plate 
-Ceda r or AWWF 

Bottom Plate 

_"Z" Metal Flashing 

-Interior Furring 
-Interior Plywood 

(other finish may be used) 

-Fiberglass Insulation 
-Fiberglass Insulation 
-Fiberglass Insulation 

-"Thermax" Insul-Sheathing 

-6-Mil Polyethelene 
Vapor Barrier 

Materials List provided by AREA 

Dimension 

9!" X 12' 
9i" x 20' 
i"x4'x8' 
600 square feet 

525 squa re feet 

I" X 10" X 12' 
I" x 12" X 12' 
2" x 4" X 12' 
3/8" x 4' x 8' 

2" X 6" X 8' 
2" X 6" X 10' 
2" X 6" X 10' 

300 square feet 

l"x2"x8' 
I" x 2" X 8' 
I" X 2" X 16' 
5/8" x 4' x 8' 

2" X 8" X 8' 
2" X 8" X 16' 
2" x 8" X 16' 

60 lineal feet 

2" X 2" X 10' 
i" X 4' X 8' 

6" thick 
g" thick 
4" thick 

3/4" to I' 
x 4' X g' 

E-2 

Quantity 

160 
400 

1100 

1000 

(21) 
( 4) 
(17) 

(10) 
(10) 
( 6) 
( 3) 

(40) 
(20) 
( 4) 

(28) 
(18) 
( 5) 
(23) 

(38) 
(11 ) 
( 4) 

(30 ) 
(17) 

sq. 
sq. 
sq. 

(17 ) 

sq. 

ft. 
ft. 
ft. 

ft. 



MATERIALS LIST FOR A 10' x 40' FREESTANDING GREENHOUSE cont. 

Description 

-Polyethelene Tape 

-Insulated Metal Door 
-Roofing Nail s 
-8d Galvanized 
-16d Galvanized 
-Brass Glazing Screws 
-Butyl Rubber or Sil icone 

Caulking Compound 
-Panel Adhesive 

(for Rigid Insulation) 
-Damproofing for Foundation* 
-Custom Galvanized Flashing 

at Wall/Foundation* 
-Sill Sealer* 
-Rigid Styrene (below grade) 

Dimension 

as needed 

3' x 7' 
as needed 
as needed 
as needed 
as needed 
as needed 

as needed 

2" x 2' x 8' 

Quantity 

( 1) 

400 sq. ft. 
100 lineal ft. 

100 lineal ft. 
(50 ) 

NOTE: Material for bends are not included here, nor for the actual concrete 
and concrete block required for foundation work in non-permafrost areas. 
Contact your local mason for material and price quotes. 

*For concrete foundation only- (not permafrost). 

Materials List provided by AREA 
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MATERIALS LIST FOR AN 8' x 20' ATTACHED GREENHOUSE 

Description 

Roof 

-TJI Roof Rafters 
-TJI for Blocking 
-COX Plywood Sheathing 
-15 lb. Felt Paper 
-3 tab, Square Butt 

Asphalt Shingles 
-Roof Rafter Ledger 
-TJI Joist Hangers 
-Galvanized "L" Flashing 
-Roof Sub-Fascia 
-Soffit Nailer 
-Soffi t Plywood 
-Bevel Plate 
-Roof Fascia 

Walls 

-Hem-Fir Studs 
-Hem-Fir Plates 
-Cedar or AWWF 

Bottom Plates 
-Filon Fiberglass 

Clear Glazing 
-Glazing Spacers 
-Glazing Trim 
-Glazing Trim 
-Plywood Siding 

-Hem-Fir Studs 
-Hem-Fir Plate 
-Ceda r or AvJ~JF 

Bottom Plate 
-Hem-Fir Plates 
-Plywood Siding 
_"Z" Metal Flashing 
-Interior Furring 
-Interior Plywood Finish 

(other finish may be used) 
-Fiberglass Insulation 
-Fiberglass Insulation 
-"Thermax" Insul-Sheathing 

-Exterior Lap Siding 
-6-Mil Polyethelene 

Vapor Ba rri er 

Dimension 

nil x 10' 
9i" X 24' 
i" X 4' x 8' 
250 square feet 
225 square feet 

2" x 10" X 20' 

3" X 3" 22' 
1" X 10" X 12' 
2" x 4" X 12' 
3/8" X 4' x 8' 
2" X 4" X 20' 
1" X 12" X 12' 

2" X 6" X 8' 
2" x 6" X 10' 
2" X 6" X 10' 

48" w. x 50' 
(Ro 11 ) 

1" X 2" X 8' 
1" x 2" X 8' 
1" X 2" X 16' 
5/8" X 4' x 8' 

2" X 8" X 8' 
2" x 8" X 16' 
2" X 8" X 16' 

2" X 8" X 10' 
5/8" X 4' x 8' 
16 lineal feet 
2" x 2" x 8' 
5/8" X 4' x 8' 

9" thick 
4" thick 
3/4" to 1" 

X 4' X 8' 
3/4" X 10" 

Materials List provided by AREA E-4 

Quantity 

(11 ) 
( 1) 
(7) 

2 squa res 

( 1) 
( 9) 
( 1) 
( 4) 
( 6) 
( 2) 
( 1) 
( 4) 

(13 ) 
( 4) 
( 2) 

1 Roll and 16' 

(13 ) 
( 9) 
( 2) 
( 1) 

(14 ) 
( 2) 
( 1) 

( 4) 
(7) 

(10 ) 
(12) 

210 sq. ft. 
500 sq . ft. 

( 7) 

300 L. F. 
500 sq. ft. 



MATERIALS LIST FOR AN 8' x 20' ATTACHED GREENHOUSE cont. 

Description 

-Polyethelene Tape 
-Insulated Metal Door 

-Roofing Nails 
-8d Galvanized 
-16d Galvanized 
-Brass Glazing Screws 
-Butyl Rubber or Silicone 

Caulking Compound 
-Panel Adhesive 

(for Rigid Insulation) 

-Damproofing for Foundation* 
-Custom Galvanized Flashing 

at Wall/Foundation* 
-Sill Sealer* 
-Rigid Styrene (below grade) 

Dimension 

as needed 
3' x 7' 

as needed 
as needed 
as needed 
as needed 
as needed 

as needed 

2" X 2' X 8' 

Quantity 

( 1) 

144 sq. ft. 
36 lineal ft. 

36 lineal ft. 
(18) 

NOTE: Material for bends are not included here, nor for the actual concrete 
and concrete block required for foundation and slab work in non-permafrost 
areas. Contact your local mason for material and price quotes. 

Material for electric wiring is not included here. 

Materials for heat storage systems and interior furnishings are not 
included here. 

*For concrete foundation only (not permafrost). 

Materials List provided by AREA 
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APPENDIX F 

Absorption and Reflectance of Building Materials 





Reflective surfaces 
White, smooth surfaces 
Grey to dark grey 
Green, red and brown 
Dark brown to blue 
Dark blue to black 

Appendix F 

Percentage of Solar Radiation 
Absorbed by Various Surfaces 

20% 
25 to 40% 
40 to 50% 
50 to 70% 
70 to 80% 
80 to 90% 

Most building materials have an Emissivity of 0.90, 
meaning they radiate 90% of the thermal energy possi
ble at a given temperature. Polished metals have low 
Emissivity (e.g., galvanized steel, 0.13; aluminum foil, 
0.05). 

Reflectance of Commonly Used Building Materials" 

Material 

White plaster 
.Mirrored glass 
Matte white paint 
Porcelain enamel 
Polished aluminum 
Aluminum paint 
Stainless steel 

*Mazria. 
* *Yanda and Fisher. 

Reflectance 

90 to 92% 
80 to 90% 
75 to 90% 
60 to 90% 
60 to 70% 
60 to 70% 
55 to 65% 
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APPENDIX G 

Sun Path Charts 





SUN PATH CHARTS 

It is possible to predict the position of the sun at any time (Figures 
G-3 thru G-11). The path and the position are both a result of the latitude 
of the site. A sun path diagram is a graphic representation of the path of 
the sun in the sky for virtually any time of the year. This type of sun 
path diagram is useful for architectural insights, since a horizon can be 
sketched onto it to indicate solar obstructions. This is accomplished by 
sketching in obstacles on the horizon in their true angular elevations of 
obstacles. Page G-2 shows an example of a horizon sketched onto a sun path 
diagram. 

Sketching the horizon onto the chart enables the prospective solar 
user to identify the major obstructions that will shade the collector from 
the sun. In the example (Page G-2), the trees are the major obstruction. 
Identifying such obstructions by location can also indicate how much sun is 
actually blocked by the obstruction. Let us examine the situation in March. 
Using the March 21 sun path we can see what happens during the day. Beyond 
74°east of south, the sun is blocked by the hills to the southeast of the 
site, so sunrise is delayed until the sun clears the hills. This delay is 1 
hour 20 minutes on March 21. From 7:20 a.m. until 1:20 p.m., the sun is 
unobstructed. The trees to the southwest of the site obstruct the sun 
duri ng the ent ire afternoon; the site gets vi rtua lly no di rect afternoon 
sun after 1:20 p.m. 

This can be quantified by checking the solar position and hourly 
radiation chart in Appendix A, p. A-2. Using the chart for 64°N, the amount 
of solar radiation vertical surface for March 21 can be determined for each 
hour. zThe hours of 2, 3, 4, and 5 p.m. receive 194, 14~, 78, and 17 
BTU/ft, respectively. This is a total of 432 BTU/ft. Since the 
hourly radiation chart also gives us the amount of radiation for the whole 
day, we can determi ne the percent of solar energy lost by obstructi ons. 
Thus 432/1558 = 27.7 percent of the day's radiation is lost--a substantial 
amount. 

This suggests the need to do whatever one could to remove significant 
obstructions. Moving the neighboring house is not practical, but the trees 
could be cut. If the trees have high aesthetic or privacy value for the 
property, you may wish to change the azimuth of the collector eastward (or 
the azimuth of the structure if using a passive solar design) to take 
greater advantage of the morning sun. Increasing the size of collection 
area is also an option and the increase should correspond to the percentage 
of blocked solar gain (about 28 percent in this case). 

SOURCE: A Solar Design Manual by R. Seifert, pages 48 and 60. 
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