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To be self sufficing is the greatest of al l wealth - Porphyry1 

*D Oim Leckie, Gil Masters, Harry Whitehouse, Li ly Young, Other Homes 
and Garbage, (San Francisco: Sierra Book Clubs). 
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Thes i s  S t a t emen t :  

Pas s ive  a l t e rna t e  ene rgy  i nvo lves  t he  use r  i n  a  pe rcep t ive ,  i n s t ruc t i ve ,  

and  pa r t i c ipa t i ve  manne r  a s  we l l  a s  i n t roduces  de f in i t i ve  pa rame te r s  

t ha t  gove rn  an  a r ch i t ec tu ra l  so lu t i on .  

Goa l :  To  suces s fu l l y  combine  f ea s ib l e  pas s ive  a l t e rna t e  ene rgy  sys t ems  

wi th  t he  a r ch i t ec tu re  o f  l i v ing  vo lumes .  

P ro j ec t :  A f i ve  un i t  mu l t i - f ami ly  dwe l l i ng  fo r  Bozeman .  



INTRODUCTION 



The American l ifestyle requires more energy than that of any other 

culture, technologically or agriculturally based, in the world. Blessed 

with abundant sources of natural energies, we have squandered and wasted 

valuable nonrenewable fossil fuels on a frivolous, energy-potent, way of 

1 i  f e. 

As fossil fuels dwindle in supply, we turn to the atom for salva

tion. Nuclear power offers promise of a new source of energy that would 

continue to supply our wasteful needs. Although this promise is a real 

one, available in the not too distant future, the atom brings along with 

energy salvation a new brand of pollution, which many scientists and 

speculators consider to have more disastorous affects than the spent 

fossil fuel particulants and gases that choke our air and stagnate our 

fresh water now. 

How simple our energy needs would be if we were members of a 

typical primevel society. A small, adequate, hut with a southernly 

orientation taking full advantage of the Sun's rays and microclimate 

in most cases provided a self-sufficient living unit for most primi

tive peoples. Energy efficient and environmentally conscious way of 

l iving has a romantic appeal for many, but this type of autonomous 

l iving demands many sacrifices, few are will ing to make. 

High technological uses of fossil fuel energies have provided many 

modern comforts, that one can not easily part with. It is difficult 

to ask society to do without spaceheating, electric lighting, hot water, 

air conditioning, dishv/ashers, washers, dryers, televisions, etc. 



Although life would be impossible to live without these amenities 

or at least seem impossible to live without them, (are all our techno

logical contrivances necessary?), there are two important ways we can 

reduce our dependence upon them. First, by taking advantage of the 

natural energies that are provided by the sun, wind, and environment, 

we can significantly reduce energy needs. Secondly, "efficient" use 

of energy consumptive machinery can further reduce energy requirements. 

These two methods of limiting energy consumption can be directly 

affected and implemented by architecture. Architectural decisions 

wholely or partially account for electrical generation, industrial, 

spaceheating, and transportation energy usages. 

20% of the energy produced by the United States is used in build

ings to sustain the interior environment, (spaceheating, cooking, hot 

water). Architectural decisions are solely responsible for the 

expenditure of this energy. Spaceheating is the most significant and 

costly for Bozeman. It is this area in particular that I will concen

trate my thesis. It is my intent to demonstrate how architecture can 

contribute to alleviating much of the spaceheating energy requirement, 

without involving fossil fuels or nuclear energy. 

B Wilson Clark, Energy For Survival, The Alternative to Extinction, 
(Garden City, New Vork: Anchor Press/DoubIeday). 



PASSIVE ALTERNATE ENERGY 

VERSUS 
TECHNOLOGICAL ALTERNATE ENERGY 



If primitive man was able to supply his space heating needs by 

using simple methodology and by understanding his immediate environment 

in relationship to shelter design and site planning, it would be reason

able to assume that 20th century architects could design buildings that 

use the same methodology and understanding combined with modern building 

techniques to satisfy present day space heating requirements. 

Because we have had to relearn these old ideas, which at one time 

were common knowledge to all, we have catalogued them under "alternative 

energy approaches to design". 

Alternative energy approaches follow one of two veins. Either 

that of passive alternative energy design or technological alternative 

energy design. 

Passive design is an approach where the architect takes advantage 

of a natural occurring energy source, (ie. insolation from the South), 

and modifies the structure by simplistic means, (ie. South facing glaz

ing) to capture and harness the energy source to provide useful energy 

for the particular volume. 

Technologically alternative design would modify the same naturally 

occurring energy source, (ie. insolation from the South), by technolo

gical means, (ie. glass covered wet collector system with a storage 

tank and heat exchanger) giving, the system a higher efficiency rating 

than the passive system. 

Technological systems, while they extract a maximum amount of 

energy from a natural renewable source, are often expensive and failure 

prone. Some technological alternative energy systems can cost up to as 



much as  25% the  to ta l  va lue  of  the  bui ld ing  and provide  only  70% to  80% 

of  the  hea t ing  needs ,  requi r ing  an  expens ive  back  up  sys tem in  conjunc-

4  
t ion  wi th  the  technologica l  sys tem.  

I f  one  ana lyzes  technologica l  sys tems and the i r  p lace  in  the  to ta l  

energy  p ic ture  i t  can  be  found tha t  the  energy  requi red  to  manufac ture  

the  sys tem would  supply  a  g rea t  dea l  of  the  space  hea t ing  needs  of  the  

bui ld ing  the  sys tem was  des igned  for ,  negat ing  the  or ig ina l  purpose  of  

the  sys tem,  to  conserve  energy .  

Pass ive  sys tems requi re  very  l i t t l e  maintenance  and  involve  mini 

mal  amounts  of  energy  to  manufac ture .  

Pass ive  sys tems do  demand human par t ic ipa t ion  and involvement  and  

a re  not  as  e f f ic ien t  as  technologica l  sys tems in  energy  ex t rac t ion .  

Eugene  Ecc l i ,  Low-Cost  Energy-Eff ic ien t  Shel te r  For  the  Bui lder  
and  Owner  (Emmaus ,  Pennsylvania :  KodalePress ,  Inc . ) .  



A comparison between technological alternate energy systems and 

passive alternate energy systems. 

Technological Systems 

Pi sadvantages 

1. Expensive. 

2. Payback on investment is not 
realized for several years. 

3. At 46° North Latitude the 
employment of a back up system 
is inevitable. 

4. Storage and collector systems 
take up valuable square foot-
ages within living unit. 

5. Failure prone. 

6. Require constant periodic 
maintenance. 

7. Initial energy to manufacture 
system is great. 

8. Dependent solely on weather 
conditions. (Cloud cover 
would seriously limit effec
tiveness) . 

Advantages 

1. Extracts a maximum amount 
of energy from the natural 
renewable source. 

2. Maintains a constant, non-
fluctuating interior tempera
ture. 

3. Requires little human 
participation with the system 
to make it work. 

4. Provides natural energy for 
1iving unit. 

5. System accurately gauges the 
potential of an incoming 
natural energy source and 
becomes activated when the 
energy reaches a sufficient, 
usable level. 

9. Technology further removes 
people from interacting with 
their environment. 



Pass ive  Sys tems 

Disadvantages  

Not  as  e f f ic ien t  as  technolo
g ica l  sys tems.  

Requi res  human in te rac t ion  and 
par t ic ipa t ion .  

At  46 '  Nor th  Lat i tude  the  em
ployment  o f  a  back  up  sys tem 
i s  necessary .  

Sys tems take  up  va luable  square  
footages  wi th in  l iv ing  uni t .  

Ef fec t iv i ty  re l ies  so le ly  on 
envi ronmenta l  condi t ions .  

User  awareness  of  the  envi ron
ment  i s  c r i t ica l .  

Sys tem works  e f fec t ive ly  only  
when the  user  i s  present .  

Advantages  

1 .  Ext rac ts  a  reasonable  por 
t ion  of  energy  f rom a  
renewable  source .  

2 .  Inexpens ive .  

3 .  Payback on  sys tem rea l ized  
in  a  shor t  per iod  of  t ime.  

4 .  Requi res  human in te rac t ion  
and par t ic ipa t ion .  

5 .  Requi res  l i t t l e  or  no  main-
ta inenance .  

6 .  Sys tem fa i lures  a re  ra re  or  
nonexis tan t .  

7 .  Br ings  people  in  c loser  con
tac t  and  awareness  of  the i r  
envi ronment .  

8 .  Sys tems a re  s imple .  



Conclusion 

"The most sensible ways of using solar energy are the simple ways. 

They are more efficient, more reliable, and less disruptive to the en

vironment low impact or soft technology approaches - south facing 

windows, insulating shutters, and thermal mass... Solar heat is trapped 

right inside the house, and no pumps or fans are needed to distribute it 

5 elsewhere." 

Simplicity, low maintenance, and human interaction with the imme

diate environment, were the primary reasons for my decision to select 

passive energy design as the alternative energy approach to be integrated 

in my project. 

I believe that technology, should simplify our life rather compli

cate it. Passive energy is simple and uncomplicating. Passive energy 

design avoids high technological machinery and creates an efficient, 

economical, energy source for buildings. 

Our lives have been sheltered and protected under a manmade skin, 

conditioned by technological means for so long that we have lost touch 

with our environment. The sun's warming effects have been abandoned in 

favor of fossil fuel devouring, heating mechanisms. Passive energy de

sign is an excellent way to regain contact with our natural surroundings 

and augment our lives with an attitude of selfsufficiency. 

5A Bruce Anderson, The Solar Home Book, page 115, (Harrisville, New 
Hampshire: Cheshire Books). 



PASSIVE ENERGY SYSTEMS USED IN PROJECT 



The fo l lowing pages  of fer  a  descr ip t ive  explanat ion  of  pass ive  

a l te rna te  energy  sys tems tha t  I  chose  to  employ in  my p ro jec t .  Each  

sys tem i s  analyzed  by  l i s t ing  d isadvantages  and  advantages  in  re la t ion

ship  to  man in te rac t ing  wi th  h is  dwel l ing  uni t  and  h is  envi ronment .  

The  compar isons  of  d isadvantages  versus  advantages  wi l l  no t  be  der ived  

by b iased  personal  conclus ions ,  bu t  ra ther  represent  an  accura te  as  

poss ib le  presenta t ion  of  tangib le ,  rea l i s t ic ,  cons idera t ions  and  how 

they  in te re la te  and a f fec t  each  o ther .  

Decis ions  for  the  implementa t ion  of  the  pass ive  sys tem wi l l  be  

based  on  my conclus ion  der ived  f rom these  compar isons .  

Fac tors  involv ing  mora l  and  psychologica l  appropr ia teness  of  the  

sys tem wi l l  a l so  come in to  p lay  in  de termining  the  se lec t ion  of  the  

sys tem.  These  fac tors  wi l l  be  l i s ted  and def ined .  

Al l  compar isons  and  fac tors  wi l l  be  cons idered  in  the  context  of  

the  envi ronment  of  Bozeman a t  46  Nor th  Lat i tude  and wi l l  adhere  par 

t icu lar ly  to  the  microc l imate  of  the  bui ld ing  s i te .  



At 46' North Latitude the sun follows an arc from east to west 

with the sun's noon time altitude angles ranging from 20° December 21st, 
g 

to 67° June 21st. Because of sun's path the most efficient shape for 

a housing development at this latitude is a unilateral organization.^ 

The length of the unilateral shape running East-West allowing for maxi

mum solar exposure for each of the living units. 

This organization is particularly advantageous for the Bozeman 

area. Bozeman winter winds primarily come from the West and Southwest. 

The exceptionally hard and cold winter winds are from the East. A 

development arranged with its major axis running East-West and its 

minor axis running North-South would expose only minimal amount of 

building surface to the cold winter winds, reducing heat loss. 

g 
G Charles Ramsey, Architectural Graphic Standards, page 73, New York: 

John Wiley and Sons, Inc.). 
7E Victor Olgyay, Design With Climate, page 89, Princeton, New Jersey: 

Princeton University Press). 



An argument for unilaterally organized building shapes. 

Pi sadvantages 

1. Shape may reduce the maximum 
number of living units that 
can be placed on a given por
tion of land. 

2. Unilateral shapes in certain 
instances would have trouble 
conforming to the urban topo
graphy. (ie. rectangular 
street grid; high rise build
ings). 

3. Because of the closeness of 
the units there is a lack of 
individual ism. 

4. Because of the closeness of 
the units there is a lack of 
privacy. 

Advantages 

1. Provides maximum solar ex
posure for each unit. 

2. There is a reduction in heat 
loss because of the buffer
ing of the units. 

3. Minimum exposed surfaces to 
the East and West reduce 
heat-robbing effects of the 
winter winds. 

4. Since the units are envir
onmentally planned there is 
a less dependence on other 
heating systems. 
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The sun's energy is intermittant, coming in contact with the 

earth sporadically with varying intensities and angles. Control of 

the sun's warming rays is needed to assure the full intensity of 

the sun's rays in the winter and to keep out the rays in the summer. 

Static architecture affords this basic type of sun control, by 

using overhangs, shading walls, and fixed louvers. Also plantings 

of deciduous trees provide solar control by supplying shade in the 

summer and allowing the sun to shine through in the winter. 

The sun's sporadic nature demands a more refined type of con

trol. There are summer days that require solar input and winter 

days that do not. An interior manually operated louver system can 

regulate the sun's input for a specific day. Louvers can be finely 

tuned to allow precise amounts of insolation into a space whenever 

needed. 

The louvers have an added benefit by having a secondary function 

as insulating shutters. 



An argument for moveable interior louvers to control incoming insolation. 

Pi sadvantages 

1. Requires human involvement. 1. 

2. Expense. 

3. Mechanism would require 
periodic maintenance to 2. 
assure operating ease. 

4. Requires human awareness 
of the environment for 3. 
accurate usuage of the 
louver system. 

4. 

Advantages 

The finely tuned control 
of incoming insolation, 
increases the energy effi
ciency of the space. 

Precision control of the 
insolation makes the space 
more inhabitable. 

It has potential as a 
pleasing architectural 
feature on the interior 
of the space. 

Louver panels can double 
as an insulating system 
reducing heat loss out the 
wi ndows. 

Requires human awareness 
of the changing environment. 
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Heat loss in a building is the greatest through the windows. A 

fiberglass insulated 2x4 stud wall has a thermal resistance of approxi

mately 16. A double glazed window has a thermal resistance of 1.45, 

about 13 times less than that of the 2x4 stud wall. 

Insulating shutters present an option that can not be ignored. 

Shutters of 1" thick polyurethane (R:6.25) or polystyrene (R:5.00)» used 

in conjunction with double glazing, can increase the thermal resistance 

to 8, almost one half that of the stud wall. 

Insulating shutters on a large amount of South facing glazing can 

increase its effectivity as a solar heat trap. The glazing permits a 

maximum input of insolation during the daytime and the shutters prevent 

the resulting thermal radiation from excaping at night, allowing the 

entire system to achieve a higher efficiency. 



An argument for interior insulating shutters. 

Pi sadvantages 

1. Expensive, high initial cost. 

2. Demands human participation for 
the proper employment of the 
shutter system. 

3. The operating mechanism en
croaches on the flexibility 
of the interior space. 

4. The mechanism requires perio
dic maintenance and care. 

5. People operating the system 
must be aware of environmental 
changes. 

Advantages 

1. Reduces heat loss through 
window. 

2. Payback on initial cost of 
the system realized in a 
short period of time. 

3. Lessens fossil fuel depend
ency. 

4. Shutters can augment the 
aesthetic value of an in
terior space. 

5. People operating mechanism 
must be aware of environ
mental changes. 
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The sun's rays consisting of longwave and shortwave radiation 

strike the glass surfaces of a house. The shortwave radiation passes 

through the glazing while the longwave radiation is absorbed. When 

the shortwave radiation strikes nonreflective surfaces of objects 

within the house, the radiation is absorbed and given off as longwave 

thermal radiation. Because the glass absorbs the longwave radiation, 

the longwave thermal radiation can not readily escape the confines of 

the house. Instead the radiation is distributed to other portions of 

the house by convection, radiation, and conduction, warming the entire 

house. 

Any object within the house can absorb the heat given off by the 

longwave thermal radiation. A "material absorbs heat as its tempera-
o 

ture rises and releases heat as its temperature falls." This means 

that any object inside the house, such as furniture, appliances, wall 

surfaces and furnishings, can serve as heat storage-transfer mediums. 

The greater the mass and the higher the specific heat of a parti

cular material, the more efficient the storage capacity. Concrete and 

water have high densities and high specific heats. "A cubic foot of 

water can store 62 Btu for a 1° F temperature rise while the same 

volume of concrete can store 32 Btu^, making water twice as efficient 

as concrete. 

It seems reasonable that, i f one were to consider passive solar 

design, a large mass of water, concrete, or some other suitable mater

ial, would be advantageous to store heat gained from the sun during 

the day and to radiate the stored heat into the house at night. 

A Bruce Anderson, The Solar Home Book, page 14, Harrisvil le, New 
Hampshire: Cheshire Books). 

A Bruce Anderson, The Solar Home Book, page 28, Harrisvil le, New 
Hampshire: Cheshire Books). 



Properly designed storage-transfer mediums can eject stored heat into 

a space for 2-3 days without any additional radiation input from the 

sun.10 

Although water has a higher efficiency in retaining heat than 

concrete, I chose concrete for a storage-transfer medium because of 

other tangible factors. The inherent structural , architectural, and 

plastic characteristics of concrete were the most important factors 

in determining this decision. 

Bruce Anderson, The Solar Home Book, (Harrisville, New 
Hampshire: Cheshire Books). 



An argument for a concrete wall storage medium located in the interior 

of the living unit. 

Pi sadvantages 

1. Expensive. 

2. A large amount of thermal radi
ation is lost to the exterior 
by convection, radiation, and 
conduction before it has a 
chance to be absorbed by the 
mass and stored as heat. 

3. Takes up valuable square foot-
ages within living volumes. 

4. Efficiency is about one half 
of that of water. 

5. Trombe wall offers the advan
tage of natural convection 
while interior concrete wall's 
convection is limited. 

6. Concrete wall may become an 
obstacle to design around, 
hindering the flexibility of 
the space. 

7. The process in which heat is 
stored and then given off by 
the concrete mass is a slow 
gradual process that involves 
many hours. Because of this, 
the mass keeps the house at 
very constant and stable tem
peratures which can only be 
tempered by venting or open
ing a window. 

Advantages 

1. Excellent heat storage-
transfer medium. 

2. Can serve as an architectural 
partition to divide and 
organize spaces. 

3. Offers sculptural qualities 
(i.e. formed designs in 
concrete). 

4. Acts as a structural element, 
supporting roof and floor 

systems. 

5. Allows occupants of l iving 
unit to enjoy sun's warming 
effect as well as successfully 
collecting its long wave 
radiation. 

6. In comparison to Trombe design, 
an interior concrete mass allows 
sufficient space to employ in
terior insulating shutters. 

7. Avoids expensive tank system 
that a water wall would require. 

8. Because of concrete's inherent 
plastic quality before solidi
fication, openings, involved 
shapes, and sculptural qualities 
are easy to achieve. 

9. Useful as a temperature moderator 
for v/ood stove. 

10. Serves as heat-extractor to rob 
heat from flue gases escaping 
from wood stove. 
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Scientists and technologists for centuries have been searching for 

ways to store the sun's intermittant energy. Nature had already solved 

the storage problem long ago. 

"Mature has been growing and decaying trees for hundreds 
of millions of years. The solar energy locked into chemical 
form in the plants through photosynthesis has been released 
mostly as heat during decay. By taking the wood and burning 
it in a stove, the heat is released in the home rather than 
on the forest floor. The stored energy ends up in the same 
form in either case; burning wood merely reroutes the energy 
through a house on its way back into the atmosphere and even
tually back into space."11 

All man has to do is gather and use the stored energy nature has 

given us. The Bozeman area has enough forests to keep the town of Boze-

man supplied with firewood indefinitely. 

Compared with oil and coal, wood as a fuel is virtually sulfur-

free and does not aggravate sulfuroxide air pollution. Wood also does 

not contribute to possible carbon dioxide pollution. 

Precut wood in the Bozeman area runs about $30.00 a cord. This 

comes to $2.25 for a million Btu's. Calculated with a 60% efficiency 

12 factor the cost comes to $3.75 per million useful Btu's. Compared 

13 to natural gas prices, wood is 28% cheaper than gas to heat a volume. 

Compared to electricity prices, wood is 70% cheaper to heat a volume.^ 

Heat from a wood fire is given off and dispersed throughout a 

volume by conduction, convection, and radiation. This heat for the 

most part is uneven due to the uneven burning character!*sties of wood. 

nF Jay Shelton, The Wood Burners Encyclopedia, page 10, (Waitsfield, 
Vermont: Vermont Crossroads Press). 

12F Jay Shelton, The Wood Burners Encyclopedia, (Waitsfield, Vermont: 
Vermont Crossroads Press). -

13 Prices taken from Montana Power Billing 1978. 
14 Prices taken from Montana Power Billing 1978. — 



A dense mass made of  concrete  or  masonry re ta ins  and moderates  heat  

from a wood f i re  to  keep the temperature  from f lucuat ing due to  the 

uneven burning.  

Wood s toves are  more eff ic ient  than wood f i replaces .  To make 

a  f i replace burn properly a  heavy draf t  i s  necessary.  The draf t  be

cause of  i t s  s t rength carr ies  much of  i t s  heat  outs ide the l iving 

volume.  A wood s tove does not  require  a  s t rong draf t  so more of  the 

heat  i s  re ta ined.  Also,  s toves are  general ly  of  metal  construct ion 

which i s  a  more eff ic ient  heat  radiator  than the typical  masonry 

constructed f i replaces .  



An argument for wood stove heat in a l iving unit. 

Pi sadvantages 

1. Requires periodic human atten
tion to assure proper function. 

2. Fire hazard. 

3. Discharges particulants in 
large amounts into the urban 
atmosphere. 

4. Ample fuel and energy needed 
to obtain wood, negating to 
some degree the energy savings. 

5. Needs a wood storage area. 

6. Takes up floor space within 
the l iving area. 

7. Expense of stove and installa
tion . 

8. Heat produced by stove is not 
self-circulating. A duct 
system must be employed to 
distribute heat throughout 
volume, or cold spots in 
l iving unit will result. 

Advantages 

1. Hood is a renewable resource. 

2. Wood stove heat has a 60% effi
ciency. 

3. At $30.00 a cord, wood heat is 
28% less expensive than natural 
gass and 70% less expensive 
than electrical resistance heat. 

4. A reasonable back-up system for 
passive design. 

5. The stove initiates a psycholo
gical warmth due to historical 
inferences and heating character
istics. 

6. Bozeman area supports large for
ests, capable of supplying wood 
for stoves in Bozeman indefinitely. 

7. Because of physical effort and 
amount of wood involved in heating 
a space, occupants become cons
ciously aware of the meaning of 
"energy conservation". 

Wood stoves burn unevenly, re
sulting in varied room temper
atures . 
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Heat extracters improve the heating efficiency of a wood stove 

system by extracting additional heat from the flue gases escaping 

through the stove pipe. Flue gases that are discharged from a wood 

1 Q 
stove have a temperature ranging from 800 F - 1200 F. Without 

a heat extracter most of this energy would be discharged outside the 

living unit. 

A heat extracter is composed of a container constructed with a 

series of tubes which allow the flue gases to flow through. Fresh 

air is blown into the container and passed over the heated tubes. 

The air extracts heat from the tubes and the heated air is then 

ducted to where desired. Increased efficiencies can range from 3% 

14 
to 20% resulting in 6% to 40% less wood being burned. 

13F Jay Shelton, The Wood Burners Encyclopedia, page 75, Waitsfield, 
Vermont: Vermont Crossroads Press). 

14F Jay Shelton, Thp Wood Burners Encyclopedia, page 75, Waitsfield, 
Vermont: Vermont Crossroads Press). 



An argument for a heat extractor to be implemented in conjunction with 

a wood stove. 

Disadvantages 

1. Expensive. 

2. Ducting systems are needed to 
distribute extracted heat. 

3. Requires electrically powered 
fan to eject heat at proper 
velocity. 

Advantages 

1. Increases the efficiency of 
the wood stove from 3% to 30%. 

2. Low initial cost and easy to 
install. 

3. The ducting system that is 
necessary for heat extractor, 
can be used to transmit heated 
air to cold spots created by 
wood stove. 

4. 6% to 40% less wood is burned. 
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After  inves t igat ing severa l  types  of  bui ld ing const ruct ion,  includ

ing,  concrete  b lock,  wood f rame and post  and beam,  I  found wood f rame to  

be  the  most  economical ,  energy ef f ic ient ,  and s imples t  to  erect .*  

An average 2x4 exter ior  s tud wal l  wi th  f iberglass  insula t ion has  a  

thermal  res is tance  of  16.  A 2x6 exter ior  s tud wal l  has  a  thermal  res is 

tance  of  24.  Const ruct ion cos ts  for  the  two sys tems are  a lmost  equal .  

The 2x6 members  a re  most  cos t ly  than the  2x4 members ,  because  of  the  

ext ra  board  fee t  involved,  bu the  2x6 's  can be  p laced 24"  on center  

due to  thei r  super ior  s t ructura l  capaci l i t ies ,  whi le  the  2x4 's  must  be  

p laced 16"  on center .  The d i f ference  in  spacing makes  the  cos t  of  the  

2x6 sys tem compet i t ive  wi th  the  2x4 sys tem.  The only  ext ra  expendi ture  

rea l ized i s  that  of  the  ext ra  2"  of  insula t ion placed in  the  2x6 s tud 

wal l .  The re la t ively  shor t  payback peiod involved makes  the  added 

insula t ion a  posi t ive  benef i t .  

•Data  der ived f rom my own s tudy concluded that  the  woodframe const ruct ion 
was leas t  expensive  for  a  two s tory  housing development .  The s tudy a lso  
proved tha t  pot  and beam const ruct ion was  more  expensive  to  erect ,  as  
wel l  as  requir ing a  greater  amount  of  board  fee t  to  f rame a  g l ven area .  



An argument for 2x6 stud wall wood frame construction. 

1. Not as fire resistant as con
crete or masonry. 

2. Higher initial cost in com
parison to a 2x4 stud wall 
system. 

1. Wood frame construction low
er in initial cost than con
crete or masonry. 

2. Primary building materials 
obtained from renewable sources. 

3. Good insulating capabilities 
reducing energy loads. 

4. Initial investment of added 
insulation has a short pay-
bacl heropd/ 

5. Most local contracters are 
familiar with this type of 
construction. 

6. Wood has a psychologically 
warmer and softer appeal than 
concrete or masonry. 



Architecture, as a fine art, has given freedom to designers to 

derive valid and sophisticated architecture by designing buildings in 

a sculptural mode. Undulating forms and volumetric penninsulas are 

ways to give meaning and identity to a structure. But how much of this 

meaning and identity are retained by the owner or leasee when the util ity 

bill is double of what i t could be? 

From a purely functional point of view, buildings should take on 

simple, environmentally derived shapes, that supply the interiors with 

a properly conditioned environment best suited for human occupation. 

The typical single family dwelling of today in the United States 

15 consists of 1200 square feet. In my design of a multifamily develop

ment I  reduced the effective size of the living areas down to 900 square 

feet and supplied the living unit with the same amenitites found in the 

typical single family home, with the exception of not supplying the 

unit with an extra bathroom. This was achieved by reducing sleeping 

and circulation areas and by enclosing the entire living unit within a 

simple, energy efficient rectangular volume. 

Heated air naturally rises to the top in a volume. By dividing a 

l iving unit into warm areas and cold areas I  was able to take advantage 

of this phenomena. I  considered bedrooms, bathroom, and circulation as 

cold, low activity areas. Dining room, kitchen, and l iving room were 

considered as warm, high activity areas. By using a two story volume 

for the living unit and placing warm, high activity areas on the upper 

floor and placing cold, low activity areas on the lower floor, I was 

15C Eugene Eccli, Low-Cost Energy-Efficient Shelter For the Builder 
and Owner, (Emmaus, Pennsylvania: Kodaie Press, Inc.;. 



able to take advantage of the natural gravitation effect of heated air. 

I implemented a small fan and duct system to increase the effective

ness of the rising heated air. Warmed air that has risen and collected 

at the peak of the roof would be taken through a duct system and ejected 

down into the cold areas by a fan, continuing the cycle. This warm air 

that collected at the peak of the structure would have otherwise been 

lost to the outside air. 



An a rgument  fo r  l iv ing  un i t  s i ze  reduc t ion .  

Disadvantages  

1 .  Conf l i c t s  wi th  Amer ican  a t t i 
tude  tha t  more  i s  bes t .  

2 .  Smal l  s i ze  h inders  the  f l ex i 
b i l i ty  of  the  space .  

3 .  Ca l l s  fo r  an  ad jus tment  in  
l iv ing  s ty le .  

Advantages  

1 .  In i t i a l  cos t  o f  cons t ruc t ion  
i s  lowered  because  o f  reduc
t ion  in  amount  o f  bu i ld ing  
mate r ia l s  and  l abor .  

2 .  Smal l  s i ze  increases  energy  
e f f i c iency .  

3 .  Because  o f  smal l  s i ze ,  qua l i ty  
ra ther  than  quan t i ty  of  space  
can  be  concen t ra ted  on .  

4 .  Al lows  more  open  space  on  
immedia te  s i t e .  

5 .  Cold  s to rage  mus t  be  moved  
ou t s ide ,  the re fore  reduc ing  
hea t ing  loads  needed  to  hea t  
these  unused  i t ems .  
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By maintaining simple, practical, condensed, volumes, the living 

unit becomes more efficient, due to the reduction of exposed surface 

area. People have always associated quality with quantity. This prin

ciple can be applied to architectural volumes. Spaciousness in a 

l iving unit is often associated with higher architectural quality. 

Excess volumes are heat wasters and other features have to be substi

tuted for architectural quality rather than spaciousness. Architec

tural quality can be accomplished by augmenting the impact of the 

interior volumes. Sculptural walls and varying ceiling heights can 

add more to a space than shear 'size. The house becomes a pure frame

work for more complex interior sculptural features, preserving the 

energy efficient volumetric design. 

This sculptural technique can be used on the exterior of the 

structure as well. Portions of the living unit that do not depend 

on space heating can become interesting shapes which need not adhere 

to the energy efficient simplicity of the occupied sections. 



An argument for the implementation of sculptural architectural features 

on the interior and exterior of energy efficient volumes. 

Disadvantages 

1. Expensive; cost of these items 
are purely by their visual im
pact. 

Advantages 

1. Raises the quality of life 
by enhancing a seemingly 
sterile environment. 

2. Allows volumes to be energy 
conserving while adding in
terest to the space. 
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Passive alternate energy systems, even though they are appropriate 

for the Bozeman climate, only supply 70% to 80% of a structure's yearly 

heating requirements. The temperature often dips below 0° F and there 

are weeks of overcast. These climatic conditions demand a substantial 

auxiliary back-up system. The wood stove is an excellent auxiliary 

heating system when the l iving unit is occupied, but a third, more re

liable system is necessary when the l iving unit is unoccupied. 

For the type of control that is needed when a l iving unit is un

occupied, a technological back-up system is the ultimate choice. Of 

all the technological systems I  investigated, the heat pump had the best 

energy efficiency. 

The heat pump can be used to heat or cool air. 

"In the heating mode, the heat pumps runs cold, evapor
ating freon through tubes exposed to the oustide air. The 
outside air, while cold, is not as cold as the freon, so net 
heat transfer is from the outside air into the freon. The 
freon is then compressed to a higher pressure - usually with 
an electrically driven compressor - and allowed to condense 
in tubes exposed to the inside air. Since the condensation 
process occurs at a much higher pressure, the freon tempera
ture is also much higher. Thus heat is transferred into the 
l iving space. 

A heat pumps ability to extract heat from a source and supply the 

heat to a volume, can be expressed in terms of coefficient of perform

ance (COP for short). 

rnp = Heat to l iving space 
Energy input to compressor 

16D Jim Leckie, Gil Masters, Harry Whitehouse, Lily Young, Other Homes 
and Garbage, page 145, (San Francisco: Sierra Book CIubs). 



If the outside temperature is 50° F and the inside is to be maintained 

at 70° F, the heat pump has a COP of 4.0. If the outside temperature 

is 10" F then the COP is 2.0. When there is a COP of 1.0, the heat 

pump has the same poor efficiency of an electrical resistance system.^ 

To increase the COP of the heat pump, one needs to build up the 

outside air temperature. A green house with a rock storage system 

works well as a temperature booster. Heat gained from the green house 

during the day can be stored in the rock bed, and utilized later as a 

low grade heat source for the heat pump, increasing it's COP. Since 

many heat pumps are designed to shut off at low outside air tempera

tures, the green house storage system is a real asset to increasing 

the operating time of the heat pump. 

•^n Mm iprkip Gil Master, Harry Whitehouse, Lily Young, Other Homes 
° and Garbage.page 146^ (San francisco: Sierra Book CluFsi: 



An argument for a heat pump to be used in conjunction with a green

house-storage system for a passive energy back-up. 

Pi sadvantages 

1. Expensive. Expense is augment
ed because of additional con
struction costs for the passive 
systems. 

2. Uses electrical power that may 
be produced by the burning of 
fossil fuels, negating energy 
conserving measures. 

3. Relys directly on greenhouse 
storage system to preheat air 
to make system viable in cold 
winter months. 

4. Some components of heat pump 
have a engineered l ife-expec
tancy and must be replaced at 
projected time intervals. 

5. Green house-storage, preheat 
mechanism, must be a large 
enough size to insure stored 
heat to supplement heat pump 
durino long periods of cloudy, 
winter days. 

Advantages 

1. Uses a minimal amount of 
energy to obtain high effi
ciencies. 

2. Provides a feasible back
up when l iving units are 
unoccupied. 

3. A proven system, that does 
work. 

4. Green house can provide a 
pleasant amenity for l iving 
development's occupants. 



PROJECT 



SPECIFICS: 

1. Five energy conscious living units respecting the site, 
(site is located between the Bozeman Creek and North 
Church Avenue, and between Cottonwood and Peach Streets), 
the built environment, and the sun's position. 

2. Heat loss from an end unit, for an average December day, 
(average temperature 25.2°F) is 437,856 BTU's. 

3. South facing glazing for the same unit would provide 
463,353 BTU's on an average December day (insolation: 
1478 BTU's per square foot of south facing vertical 
surface per December day). 

4. The concrete mass has 1116 cubic feet of storage area; 
allowing a potential of 35,377 BTU storage for every 
degree fahrenheit the mass is raised. 

5. Using December design conditions, and allowing the 
mass to lower its temperature 10°F (75°-65°), the mass 
could provide 19 hours of heat without employing any 
type of back-up system. If the temperature of the mass 
was allowed to drop 15°F, the mass could provide 29 hours 
of heat without a back-up. 
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CONCLUSION: 

The validity of my thesis statement was always strengthened and 
supported during two quarters of research. Human interaction 
with passive energy systems is necessary to make the systems 
work efficiently. 

Economics are the biggest hinderance limiting the effectivity 
of passive systems. There is a direct correlation between the 
money spent for a system and the energy received. In every 
passive system I investigated, the expense of the system increased 
directly with the energy output. 

Although many of the systems I have employed are expensive for 
this type of development, the fossil fuel energies they save 
justifies their usage. 
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