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THE WRITINGS OF ABRAHAM MASLOW EXPLAIN ABOUT NEEDS AND THEIR
HTERARCHICAL ORDER. THE MOST BASIC, PRIMARY NEEDS, DEAL WITH SURVIVAL,
AND ARE COMMON TO ALL PECPLE., SOME OF THESE PHYSICAL NEEDS ARE:
ATR, FOOD, WATER AND HEAT. MASLOW SAYS THAT WHEN A BODY RUNS SHORT
OF ONE OF THESE PHYSICAL NEEDS THERE BUILDS UP IN THE BODY A PRIMARY
DRIVE THAT MOTIVATES YOU TO SATISFY THAT NEED. THIS IS RELEVANT TO
MY PROJECT IN THAT THE PRIMARY NEEDS MUST BE MET IF WE ARE TO
CONTINUE TO PKOGRESS., MY THESIS DEALS WITH PROVIDING HEAT AND
SHELTER FOR SURVIVAL., WHEN THERE WAS A THREAT OF ATOMIC WARFARE
WE BUILT AIR-RATD SHELTERS. NOW, WITH THE THREAT ON AN ENERGY
CRISIS, I WANT TO BUILD AN ENERGY SHELTER. T DON'T MEAN FOR THIS
TO SOUND LIKE SOME FORM OF AUTONOMUS LIVING.

IN MY THESIS I AM PULLING TOGETHER LOW TECHNOLOGICAL WAYS
OF CONSERVING ENERGY AND AM ATTEMPTING TO USE THEM MOST EFFICIENTLY.
T WILL ALSO NAME ANY ALTERNATIVES I MAY FIND WHICH MIGHT EASE THE
PRESSURE ON THE HOME OWNER BY REDUCING THE HIGH COST OF LIVING, I.E.,
UTILITTES.. THIS IN TURN, ON A SMALL SCALE, WILL EASE THE FRESSURES
ON OUR COUNTRY'S NATURAL RESOURCES AND OUR EVER INCREASING DEMANDS
FOk FOREIGN OIL. I HOPE THAT WITHOUT RAISING THE COST OF A SMALL
HOUSE I CAN DECREASE THE ENERGY CONSUMPTION BY AT LEAST ONE-HALF.

MY DESTRE TO ACCOMPLISH THIS STEMS FROM MY INTEREST IN THE DESIGN-

BUItD CONCEPT AND MY EXPERIENCE IN CARPENTEY AND CONSTRUCTION.



MY PLANS UPON GRADUATION ARE TO DESIGN AND BUILD A FEW HOUSES
AND I'M USING MY THESIS TO GAIN AS MUCH UP-TO-DATE KNOWLEDGE AS I
POSSIBLY CAN. AS T SEE IT, THESIS PROJECTS ARE NOT JUST THE FINAL
REQUIREMENT FOR GRADUATION, BUT SHOULD BE INTERESTING, FUN, EXCITING,

USEFUL AND WORTHWHILE FOR THE PERSON DOING THE PROJECT AND OTHERS AS

WELL.

THE IMPORTANCE OF WHAT I AM DOING IS THE PRESENTING OR PULLING
TOGETHER OF FACTS WHICH I HAVE FOUND IN MANY TEXTS, MAGAZINES,
PERIODICALS AND INTERVIEWS. THINGS HAVE BEEN CHANGING VEKY RAPIDLY
DURING THE LAST FEW YEARS AND THE STANDARDS AND COMMONLY ACCEPTED
METHODS THAT ARE USED TODAY IN THE BUILDING PROFESSION WERE VALID
ONLY WHEN CHEAP ENERGY WAS AVAILABLE. THE ENERGY PICTURE NOW HAS
NOT BEEN FIXED BUT IS CONSTANTLY CHANGING AND, AS OF YET, DCES NOT

SHOW ANY SIGNS OF IMPROVING.




THESIS :

TO EXPLORE

THE RELATIONSHIPS

BETWEEN FUTURE ENERGY DE -

MANDS & MY

ARCHITECTURAL

DESIGN SOLUTIONS.
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SINCE EARLY HISTORY MAN HAS DEALT WITH SURVIVAL. PRE-HISTORIC
MAN FACED DATLY ENERGY CRISES IN HIS EFFORT TO STAY ALIVE. ALL
HIS ENERGIES WERE SPENT TRYING TO SATISFY HIS MOST BASIC NEEDS FOR
FOOD, WATER AND A SAFE SHELTER.

THROUGHOUT EISTORY MAN HAS INVENTED TOOLS TO MINIMIZE HIS
LABOR AND INCREASE HIS LEISURE. HE TOOK SLAVES TC DO THE DIRTY,
DEMEANING, TEDIOQUS WORK. AFTER MANY CENTURIES OF SLAVERY CIVIL-
IZED MAN DECIDED IT WAS NOT HUMANE TO CONTINUE HUMAN SLAVERY.

THE ANSWER TO THE PROBLEM OF HOW TO CONTINUE PROGRESS WAS THE
MACHINE- MECHANICAL SLAVERY,

AROUND THE 18L40's A VALUABLE LESSON IN CONSERVATION AND
MECHANICAL EFFICIENCY WAS DEMONSTRATED. COAL FIRED STEAM ENGINES
WERE THE LATEST THING. VISIONS OF USING THIS ENGINE TO SAIL
AROUND THE WORLD WERE MANIFESTED IN THE "FIRST GREAT IRON SHIP".
THE ENGINE OF THIS SHIP WAS SO INEFFICIENT THAT IT WOULD REQUIRE
THREE TIMES MORE COAL FOR FUEL THAN THE SHIP COULD CARRY TO SAIL
FROM BRITAIN TO AUSTRAILIA, THIS STEAM POWERED IRON SHIP HAD
EXCEEDED ITS "CARRYING CAPACITY", "CARRYING CAPACITY" CAN BE
EQUATED TO AMERICA TODAY. HISTORY HAS SHOWN THAT WHEN A SOCIETY
DCES NOT CONTAIN WITHIN IT THE ENERGY NECESSARY TO SUSTAIN IT

THAT SOCIETY CANNOT SURVIVE,
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TCDAY THE WORLD IS DEPENDENT UPON MACHINES. WE HAVE BECOME
A HIGH ENERGY BASED SOCIETY AND WE NOW SUBSTITUTE MACHINES FOR
THINKING AND DESIGN, I.E., WE CAN TURN ON MORE LIGHT, HEAT OR
ATR CONDITIONING ANY TIME WE WANT TO. UNFORTUNATELY, THE MOST
POWERFUL MOVING FORCE IN AMERICA HAS NOT BEEN INNER HUMAN SPIRIT
BUT MECHANICAL POWER AND TECHNOLOGY. WE ARE NOW APPROACHING THE
END OF THE FOSSIL FUEL ERA AND AGAIN WE LOOK AT THE NECESSITY
FOR SURVIVAL, THE PEOPLE WHO EXPERIENCED THE NATURAL GAS SHORTAGE
IN NEW YORK AND OHIO THIS WINTER DEFINATELY THOUGHT ABOUT ONE OF
THE BASIC HUMAN NEEDS--HEAT --SURVIVAL. PROBABLY THE MOST CHALLENG-
ING EXPERIENCE FOR AMERICAN PEOPLE WILL BE THE TRANSITION FROM A

HIGH-ENERGY -BASED SOCIETY TO A RELATIVELY LOWER-ENERGY-BASED SOCIETY.
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TO AVERT SOCIAL AND ECONOMIC DECLINES SOLUTIONS MUST BE
FOUND. WE MAY FIND OURSELVES ADAPTING TO ENERGY SYSTEMS THAT
TODAY SEEM NOVEL OR UNIMPORTANT. FOR EXAMPLE, WHO WOULD HAVE
EXPECTED FIVE YEARS AGO THE IMPORTANCE THAT COAL WOULD PLAY IN
AMERICA'S FUTURE?

PEOPLE TODAY ARE STILL SOMEWHAT SKEPTICAL THAT CUR FUTURE

ENERGY DEMANDS ARE A PROBLEM., THEY THINK NUCLEAR ENERGY WILL

PROVIDE THE POWER AND TECHNOLOGY WILL FIND THE SOLUTIONS., MOST
PEOPLE ARE WILLING TO DISMISS THE MOST THREATENING PROBLEMS WITH

THE SUGGESTION THAT SOMETHING WILL TURN UP. THERE ARE TWO MAIN

PROBLEMS: TIME AND DANGER.

TIME: NUCLEAR ENERGY WILL NOT BE ABLE TO SUPPLY AMERICANS .

WITH THE POWER WE NEED WHEN WE NEED IT- NOW. IN 1970 NUCLEAR
ENERGY SUPPLIED ,1% OF OUR TOTAL ENERGY. BY 1990 IT IS HOPED
NUCLEAR ENERGY WILL SUPPLY US WITH 12% OF OUR POWER. THAT IS
NOT ENOUGH. WE WILL STILL NEED APPROXIMATELY 30% FROM OIL,
(18% IMPORTED), 1L% FROM COAL AND 12% FROM NATURAL GAS.
DANGER: NUCLEAR FISSTON IS FATL-SAFE ONLY IF IT WORKS
PERFECTIY. NUCLEAR FUSION IS A THEORY THAT HAS NOT YET BEEN

PROVEN TO WORK. THE WASTE PRODUCT OF FISSION REACTORS IS

PLUTONIUM 239. THIS IS SO DEADLY THAT ONE TEN-THOUSANDTH OUNCE

OF SMOKE WOULD KILL A PERSON THROUGH RADIOLOGICAL DESTRUCTION OF

10¢



LUNG TISSUE. I DON'T KNOW HOW MANY TONS OF DEADLY PLUTONIUM 239
THERE ARE BUT I HAVE BEEN TOLD THAT THERE ARE MANY. THE SKETCH
SHOWS THE TIME FACTOR ATTACHED TO THIS POISON. ONE TON OF PLUTON-
IUM 239 HAS THE POTENTTAL OF KILLING 320 MILLION PEOPLE, MORE

THAN THE CURRENT POPULATION OF THE UNITED STATES. THIS IS ONLY A
HY POTHETICAL SITUATION BECAUSE THE NUCLEAR PHYSICISTS TELL US

THIS COULD NEVER HAPPEN.

11
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I BELIEVE WE ARE DOOMED ONLY IF WE CHCOSE TO BE. MY BELIEF
IS THAT TO AVERT SOCIAL AND ECONOMIC DECLINE DUE TO AN ENERGY
CRISIS IS TO ADAPT TO SCALED DOWN, RENEWABLE ENERGY SYSTEMS
DESIGNED FOR LOCAL ENVIRONMENTS, APPROPRIATE LOCAL DESIGNS, DE-
CENTRALIZED POWER, WASTE LESS, CONSERVE. IF WE ARE TO DO SOMETHING
IT SHOULD BE DONE NOW WHILE WE CAN STILL AFFORD TO- NOT IN TﬁE
MIDDLE OF AN ECONOMIC DEPRESSION OR ENERGY CRISIS WHEN WE CANNOT.
GOVERNMENT FUEL STAMPS FOR PERSONS IN HARD HIT AREAS DOES NOT
CHANGE THE CAUSE OF THE PROBLEM. ECONOMIC INCENTIVE WOULD HELP
CORRECT THE PROBLEM BUT LOWER FEES FOR SMALL, EFFICIENT CARS,
LOWER UTILITY RATES FOR VERY CONSERVATIVE USERS AND TAX BREAKS
FOR RENEWABLE ENERGY SYSTENS WILL.

I SEE HEW HOMES BEING BUILT IN BOZEMAN, MONTANA THAT WINTER
UTILITY BILLS OF $50/MONTH FOk 1200sq. ft. OF LIVING SPACE. I
KNOW WE CAN DO BETTER THAN THIS. AS ARCHITECTS WE SHOULD BE
LEADING THE WAY, BUT WE'RE NOT. I SEE THE SAME THING HAPPENING
WITH COMMERCIAL DESIGN. AS I HAVE PREVIOUSLY STATED, IN THE
INTRODUCTTON, MY INTERESTS IN DESIGN-BUILD AND PLANS TO BUILD

UPON GRADUATION HAVE LED ME TO MY GOAL STATEMENT.

13
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A GOAL STATEMENT IS MADE TO HELP ONE CONCENTRATE ON REACHING
A FEASTBLE, DESIRED END, IT IS LIKE A ROAD SIGN WHICH POINTS
THE DIRECTION OF YOUR JOURNEY. FOR A STATEMENT TO QUALIFY AS A
GOAL IT MUST SATISFY THESE FOUR CHARACTERISTICS:

1. IT MUST BE WRITTEN DOWN.

2. IT MUST BE SPECIFIC AND PERMIT OBJECTIVE INTERPRETATION
AND EVALUATION.

3. IT MUST HAVE A TIME DIMENSION TO TELL WHEN THE GOAL IS
REACHED.

L. IT MUST FOCUS ON A RECEIVING SYSTEM-HAVE A PURPOSE.

I HAVE BRIEFLY LISTED HOW THE GOAL MIGHT BE ACHIEVED., I
HAVE FIVE ELEMENTS WHICH SEFMED ESSENTIAL TO ACHIEVE MY GOAL.
OF THESE FIVE ELEMENTS I LISTED PHYSICAL PARTS OF THE DESIGN
WHICH WERE DIRECTLY RELATED TO EACH ELEMENT. THEN EVALUATING
THESE PHYSICAL PARTS, I FOUND THE HEATING SYSTEM TO BE DIRECTLY
RELATED TO-ALL FIVE ELEMENTS. THEREFORE, I DECILCED THE HEATING
SYSTEM TO BE THE MOST IMPORTANT AND I BEGAN RESEAICH THAT WAS

DIRECTLY KELATED TO MY THESIS PROJECT.

15
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THERE ARE TWO CLASSIFICATIONS OF FUEL: RENEWABLE AND NON-
RENEWABLE. MY PLANS ARE TO USE A RENEWABLE RESOURCE FUEL AS MY
PRIMARY HEAT SOURCE AND A NON-RENEWABLE RESOURCE FUEL FOR BACK-UP.
OF THE MAN-ORGANTZING OF RENEWABLE FUELS WOOD AND SOLAR WERE THE
ONLY TWO CHOICES. WOOD WAS CHOSEN OVER SOLAR FOR FIVE REASONS.

1. MY SITE IS LOCATED APPROXIMATELY FOUR MILES SOUTH OF
BOZEMAN, CLOSE TO HYLITE MOUNTAINS wﬁICH HAS MORE CLOUL COVER
THAN BOZEMAN AND IS CLOSE TO THE FOREST WOOD SUPPLY (APPROX. 2.5
MILES).

2. USING WOOD INTTIALLY AND OVER A FIVE YEAR PERIOD IS LESS
EXPENSIVE THAN A SOLAR MECHANICAL SYSTEM.,

3. THE SIMPLICITY OF BURNING WOOL AS OPPOSED TO THE COMPLEX-
ITY OF A SOLAR SYSTEM.

L. OUR KNOWLEDGE OF WOOD AND ITS HEATING PROPERTTES ARE KNOWN
AND UNDERSTOOD AS OPPOSED TO SOLAR. |

S. BY USING WOOD IT IS POSSIBLE TO RECEIVE ALMOST 100% OF THE

HEAT REQUIRED., USING SOLAR THE BEST WE COULD DO TODAY IS ONLY 60%.

ELECTRICITY TS MY CHOICE FOR A BACK-UP FUEL. THROUGH EVALUATION
OF THE DIFFERENT ELEC'i'RICAL HEATING SYSTEMS I FOUND THAT THE HEAT
PUMP WOULD BE THE MOST EFFICIENT. ALSO INTERESTING TO NOTE IS THE
COST COMPARISON OF WOOD WITH FOSSIL FUELS IN BOZEMAN, MONTANA IN

FEBRUARY 1977.

7
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THE AMOUNT OF WOOD HARVESTED ANNUALLY HAS BEEN DECREASING
SINCE 1900 DUE TO LESS AND LESS FIREWOOD BEING BUKNED. WE HAVE
A MYTH ABOUT NOT HAVING ENOUGH WOOD FOR INDUSTRY. THERE ACTUALLY
TS AN ABUNDANCE OF WOOD., THE FACT IS, THERE ARE 500 MILLION ACRES
OF COMMERCIAL FOREST LAND IN THE CONTINENTAL UNITED STATES WITH
AN ANNUAL GROWTH OF APPROXIMATELY 350 MILLION CORDS OF WOOD.
RIGHT NOW, INDUSTRY IS USING 150 MILLION CORDS WHICH LEAVES 200
MILLION CORDS THAT HAVE THE POTENTIAL OF HEATING 2/3 OF ALL THE
HOMES IN THE U.S., OR LO MILLION HOMES(BASED ON AN AVERAGE OF 5
CORDS TO EVERY HOME). THIS COULD NEVER HAPPEN THOUGH BECAUSE
MOST OF THESE HOMES ARE LOCATED TOC FAR FROM THE FOREST SUPPLIES,
WHICH LEAVES EVEN MORE WOOD FOR THOSE WHO DO LIVE CLOSE ENOUGH TO
FEASTBLY TRANSPORT THE WOOD, SUCH AS, THOSE WHO LIVE IN BOZEMAN.
IN ADDITICN, THERE ARE 250 MILLION ACRES OF NON-PRODUCTIVE FOREST.

ANOTHER ISSUE TO BE CLARIFIED IS POLLUTION. THERE IS NO NET
INCREASE OF POLLUTION (CARBON DIOXIDE).FROM BURNING WOOD. THIS
IS BECAUSE TREES NATURALLY DECAY IN THE FOREST AND PRODUCE CARBON
DIOXIDE WHICH SOMETIMES CAN BE SEEN AS A HAZE ABOVE THE FOREST.
THIS HAZE IS SO PRONOUNCED THAT THIS IS HOW THE SMOKEY MOUNTAINS
GOT THEIR NAME. THIS DECAYING PROCESS IS CALLED SLOW OXIDATION
AND WHEN WOCD IS BURNED THE PROCESS IS KNOWN AS FAST OXIDATION.

WHETHER THE WOCD DECAYS IN THE FOREST OR IS BURNED IN THE HOME




THERE IS NO NET INCREASE OF CARBON DIOXIDE. ALSO, WOOD DOES NOT
RELEASE THE POISONOUS POLLUTANTS SULFUR OR NITROGEN DIOXIDE AS DO
OIL AND COAL.

THE USE OF WOOL AS A PRIMARY HEATING SYSTEM DOES NOT APPEAL
TO EVERYONE. I DON'T ADVOCATE THAT EVERYONE SHOULD BURN WOCD.
WOCD MUST BE CUT, SPLIT, STACKED AND THE SUPPLY REPLENISHED, ALL
OF WHICH TAKES AWAY FRCM LEISURE TIME. IT IS ALSO SOMEWHAT MESSY
IN THE HOUSE. THIS TYPE OF HEATING SYSTEM IS NOT FOR EVERYONE,
BUT IT DOES APPEAL TO SOME PEOPLE, LIKE MYSELF, WHO KNOW OF ITS
ADVANTAGES- THE MOST OBVIOUS BEING ECONOMICS. THE WASTE PRODUCT,
WOOD ASH, CAN ALSO BE UTILIZED AROUND THE BASE OF TREES AND IN
THE GARDEN.

WOOD STOVES ARE MORE EFFICIENT AND CHEAPER THAN FIREPLACES.
LARRY GAY'S BOOK "HEATING WITH WOOD" EXPLAINS THE DIFFERENCES
BETWEEN THE MODELS OF WOOD STOVES AVAILABLE TODAY. I PREFER THE
NORWEGIAN BOX STOVES FOR THEIR EFFICIENCY AND SIMPLICITY. THE
JPTUL BOX STOVE HAS AN EXTREMELY HIGH EFFICIENCY RATING BECAUSE
IT IS AN AIR-TIGHT, CAST-IRON STOVE WITH A CONTROLLED INTAKE ATR
SYSTEM WHICH BURNS THE GAS VIOLATES FROM THE WOOD. THIS STOVE
BURNS FOR MANY HOURS (8-12) BECAUSE IT IS AIR TIGHT, HAS CONTROL-

LABLE ATR INTAKE, AND BURNS WOOD FKOM END TO END LIKE A CIGAR.
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ALTHOUGH A FIREPLACE IS VERY INEFFICTENT THERE ARE CERTAIN
QUALITIES THAT MAKE IT WORTHWHILE., FIREPLACES TODAY HAVE BEEN
DECREASING IN EFFICIENCY SINCE THE EARLY DAYS WHEN THEY WERE USED
AS THE HEATER FOR THE HOUSE. FIREPLACES TODAY ARE SYMBOLIC BUT
NOT FUNCTIONAL. THERE ARE STANDARDS TODAY WHICH SPECIFY HOW A
SAFE FIREPLACE THAT WON'T SMOKE CAN BE BUILT. THESE FIREPLACES
WON'T HEAT EITHER. SOME WILL SUCK YOUR MECHANICALLY HEATED AIR
OUT OF THE HOUSE AND THEREFORE, COST YOU MORE WHEN YOU USE THEM
INSTEAD OF LESS. THIS DOES NOT HAVE TO BE SO IF YOU UNDERSTAND
WHY THIS HAPPENS. TO MAKE THE FIREPLACE SAFE AND ALLOW YOU TO
BURN LARGE FIRES STANDARD FIREPLACES ARE VERY DEEP., THIS IS
WRONG BECAUSE IT DOES NOT ALLOW ANY OF THE RADIANT HEAT TO WARM
YOU. 1IN THIS CASE, MOST OF THE HEAT GOES UP THE CHIMNEY, WHEN
THIS HAPPENS, THE ONLY WAY TO CAPTURE SOME OF THE HEAT IS WITH
A HEAT-A-LATOR OR OTHER SIMILAR DEVICE, BUT THIS IS AN AFTER-THE-
FACT SOLUTION. IN ORDER TO RADIATE HEAT OUT INTO THE ROOM THE
FIREPLACE SHOULD BE VERY SHALLOW AND THE SIDE WALLS SHOULD BE
ANGLED, THE FRONT HEARTH SHOULD BE MASONRY AND BOTH WIDF.“. AND
DEEP ENOUGH IN CASE A LOG SHOULD ROLL OUT OF THE FIRE. STANDARD
FIREPLACES OF TODAY LOWER THE FRONT OPENING IN ORDER TO REDUCE

THE POSSIBILITY OF SMOKING. WHAT THIS ALSO DOES TS HIDES THE

]




FLAMES AND RESTRICTS THEM FROM HEATING THE ROOM. THIS SHOULD NOT
BE DONE. THE OPENING SHOULD BE AS HIGH AS IT IS WIDE SO AS TO
EXPOSE ALL OF THE FLAME TO THE ROOM. THE PROBLEM OF FIREPLACES
SMOKING IS INCREASING TODAY WITH MODERN CONSTRUCTION. HOUSES
TODAY ARE BUILT MUCH MORE TIGHTLY THAN 100-200 YEARS AGO AND THEY
DON'T ALLOW ENOUGH AIR TO INFILTRATE AND FEED THE FIREPLACE WITH
THE ENORMOUS AMOUNT OF OXYGEN WHICH IT NEEDS, THEREFORE, THE
FIREPLACE SMOKES., THIS IS SOLVED BY LOCATING A FRESH AIR VENT
FOR THE SINGLE PURPOSE OF FEEDING THE FIREPLACE. THERE ARE MANY
MORE OLD RULES WHICH SHOULD BE FOLLOWED FOR THE CONSTRUCTION OF
FIREPLACES. COUNT RUMFORD LISTS THEM ALL IN HIS BOOKS DATING
BACK TO 1795. TWO MORE INTERESTING POINTS ABOUT FIREPLACES: THE
HEARTH SHOULD BE LOCATED AT FLCOR LEVEL, NOT RAISED AND THE
FIREPLACE SHOULD BE IOCATED NEAR THE CENTER OF THE HOUSE FOR

BEST EFFICIENCY.
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IN COMPARISON, THE WOOD STOVE CAN ONLY TRANSFER HEAT TWO WAYS:
RADIATION, THE INTENSITY DECREASES WITH DISTANCE, AND BY CON-
VECTION OF AIR MOVEMENT. THE SKETCHES SHOW HOW AIR CAN BE MOVED
OTHER THAN BY DRAWING IT ACROSS THE FLOOR. LOCATION IS ALSO
IMPORTANT. 1IT IS BEST IF THE STOVE IS LOCATED IN THE CENTER OF
THE PLAN AND ATTENTION GIVEN TO HOW THE HEAT IS MOVED VERTICALLY.
IF IN THE "LOFT MODEL" A STOVE WERE LOCATED AT LEVEL "A" THE
SAME TEMPERATURE THROUGHOUT WOULD BE EXPERIENCED. IF THE STOVE
WERE LOCATED AT "B" THE LOFT AREA WOULD BE 10-15 DEGREES F.
WARMER THAN THE DOWNSTAIRS. OBVIOUSLY, THE PLAN OF THE BUILDING
IS AN TMPORTANT ELEMENT IN HOW SUCCESSFUL THE HEATING SYSTEM IS.
THOUGHT MUST BE GIVEN TO HOW THE HOT AIR WILL NATURALLY FLOW

BOTH HORIZONTALLY AND VERTICALLY.
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ELECTRICITY WILL BE THE FUEL FOR THE FUTURE AND THE HEAT
PUMP IS THE MOST EFFICIENT WAY TO USE ELECTRICITY TODAY FOR
HEATING, THE HEAT PUMP WORKS LIKE A REFRIGERATOR IN REVERSE.
THE HEAT PUMP HAS A C.0.P. OF 2.6, THIS MEANS ‘THAT IT PRODUCES
APPROXIMATELY 2% TIMES MORE HEAT THAN IT TAKES TO RUN IT. THIS
IS BECAUSE THE HEAT PUMP IS CAPABLE OF DRAWING HEAT FROM OUTSIDE
ATR. THE HEAT PUMP USES FREON GAS WHICH, WHEN COMPRESSED, WILL
INCREASE THE TEMPERATURE OF HEAT TT HAS COLLECTED FROM OUTDOCRS.
IN MONTANA OUR WINTER NIGHT ATR CAN BECOME SO COLD THAT THE
HEAT PUMP CANNOT COLLECT ANY HEAT FROM IT SO IN THE HEAT PUMP
UNIT THERE ARE ONE OR TWO ELECTRICAL »cons WHICH WILL ADD HEAT
WHEN IT IS NEEDED. ADAPTIONS HAVE BEEN MADE TO INCREASE THE C.O.P.
OF THE HEAT PUMP. THE SOLAR HEAT PUMP HAS HAD C.0.P. RATINGS OF
BETWEEN 6&8. THIS IS POSSIBLE BECAUSE THE SOLAR ADDITION INCREASES
THE STORAGE TEMPERATURE WHERE THE HEAT PUMP COLLECTS ITS LOW GRADE
HEAT (50 DEGREES) TO PRODUCE A HIGH GRADE HEAT (70 DEGREES)., IT
STANDS TO REASON THAT THE HIGHER THIS COLLECTED HEAT IS THE EASIER
IT IS TO PRODUCE HIGH GHADE HEAT. IT IS MY INTENTION TO USE THE
HEAT PUMP AS A SECONDARY HEATING SYSTEM, THE PRIMARY BEING FROM

BURNING WOOD,
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THE AMOUNT OF HEAT THAT CAN BE GAINED FKOM THE SUN HAS IN
THE PAST ONLY BEEN CONSIDERED FOR SUMMER CONDITIONS WHEN IT IS
UNDESIRABLE, DURING THE WINTER MINIMIZING HEAT LOSSES WERE AND
STILL ARE PRIMAKY CONCERNS., HEAT CAN BE GAINED FROM THE SUN
EVEN ON VERY COLD DAXS.‘ THE KRADIATION CHART SHOWS THAT HEAT
CAN BE GAINED IN THE WINTER FROM SOUTHERN SUNSHINE. IT ALSO
SHOWS WHERE THE GREATEST AMOUNTS OF SUMMER SUN COME FROM. VICTOR
OLGYAY HAS STUDIED ALL TYPES OF CLIMATE DATA AND MAKES SUGGEST-
IONS FOR OPTTIMUM ORIENTATIONS AND SHAPES FOR A HOUSE IN VARIOUS
CLIMATES, ALTHOUGH VICTOR OLGYAY DID A VERY FINE JOB, HIS
CRITERION DID NOT INCLUDE POSSIBLE WINTER SOLAR GAINS NOR DID |
HE USE THE BEST EXAMPLE SHAPE HOUSE FOR TESTING. TODAY WE WOULD
NOT CONSIDEK A HOUSE VERY ENERGY CONSERVATIVE IF IT USED SINGLE
PANE GLASS AND HAD AN AVCRAGE INSULATION "R" VALUE OF 7.7 WHICH
IS APPROXIMATELY EQUAL TO 2% INCHES OF FIBERGLASS. A SQUARE
HOUSE FOR THIS COLD CLIMATE MAY NOT BE OPTTIMUM AS VICTOR OLGYAY
SUGGESTS. I FEEL THAT A HOUSE WHICH IS LONGER ON AN EAST-WEST
AXTS WITH DOUBLE OR TRIPLE PANE GLASS ON THE SOUTH SIDE FOR
COLLECTING HEAT FROM THE SUN WOULD BE A BETTER EXAMPLE HOUSE.
THERE IS PROBABLY AN QPTIMUM PROPORTIONAL RELATTONSHIP BETWEEN
GLASS AND INTERIOR SPACE, BUT AS OF THAIS TIME I AM NOT AWARE OF

ONE. I DID A HYPOTHETICAL CALCULATION FOR THIS COLD CLIMATE

31



AND FOUND THAT WE COULD RECEIVE TWO TIMES MORE B.T.U.'S IN 9 HOURS
OF SUNSHINE THAN WOULD BE LOST OVER 2l HOURS THROUGH TRIPLE PANE

GLASS WINDOWS WITH A SOUTHERN EXPOSURE.

i
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IN TERMS OF ENERGY CONSERVATION IT IS EQUALLY IMPORTANT TO
CONTROL THE HEAT GAIN IN. SUMMER WHEN IT IS UNDESIRABLE, EVEN IN
COLD CLIMATES LIKE MONTANA. ROOF OVERHANGS WORK VERY WELL ON
SOUTH EXPOSURES AND EFFECTIVELY CONTROL SOLAR GAINS ON VARYING
PROPORTIONS OF THE HOUSE. ROOF OVERHANGS DO HAVE LIMITATIONS
AS TO THE AMOUNT THEY CAN SHADE. THEIR EFFECTIVENESS CAN BE
INCREASED WITH THE ADDITION OF VINES AND TRELLISES. VINES CAN
BE USED TO BOTH ADMIT SUN WHEN DESIRED AND FILTER IT OUT WHEN
DESIRED. VINES CAN BE EXTENDED OUT FROM BUILDINGS SO THAT THE
HORIZONTAL SURFACE IN FRONT OF THE BUILDINGS CAN ALSO BE SHADED.
THIS HELPS TO LOWER TEMPERATURES TREMENDOUSLY BECAUSE TWO TIMES
MORE RADTATION FALLS ON HORIZONTAL SURFACES THAN ON VERTICAL ONES.

TREFS ARE PRIMARILY IMPORTANT FOR CONTROLLING LOW SUN ANGLES
AND THEREFORE, SHOULD BE PLACED EAST TO SOUTHEAST AND WEST TO
SOUTHWEST.

PLANTS, "IN GENERAL, ARE GOOD SOLAR CONTROL DEVICES BECAUSE
THEY ARE FLEXIBLE TO SEASONAL WEATHER VAKIATTONS. PLANTS SERVE
THREE FUNCTTONS IN TERMS OF ENERGY: SNOW CONTROL, TEMPERATURE
VARTATION AND WIND PROTECTION. IN COLD CLIMATES WINL PROTECTION
IS PROBABLY THE MOST IMPORTANT OF THESE FUNCTIONS. EXAMPLES OF
SHELTERBELT DESIGNS CAN BE FOUND IN "PLANTS, PEOPLE AND ENVIRON-

MENTAL QUALITY" BY G.O. ROBINETTE.
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THE SINGLE MOST IMPORTANT ELEMENT IS INSULATION. THE AMOUNTS
OF INSULATION USED TODAY AKRE HIGHLY INADEQUATE AS ARE THE CODES
WHICH GOVERN TEEIR INSTALLATION., NOT ONLY WILL THE USE OF MORE
INSULATION LOWER THE AMOUNT OF ENERGY USED FOR SPACE HEATING AND
COOLING BUT IT WILL PROVIDE A MOKE COMFORTABLE INTERIOR LIVING
SPACE, WARMER IN WINTER, COOLER IN SUMMER. BRIEFLY, THIS IS
ACHIEVED BY LESS VARTATION OF AIR TEMPERATURE BETWEEN FLOOR AND
CEILING AND WARMER WALL SUﬁFACE TEMPERATURES WHICH WILL NCT
CONLDUCT BODY HEAT THE WAY THAT COOLER WALLS DO.

MOST HEAT LOST IN STANDARD HOUSES DURING THE WINTER IS LOST
THROUGH WINDOWS, NORTH, EAST AND WEST RESPECTIVELY. THE NEXT
LARGEST PROPORTION OF HEAT LOSS IS DUE TO INFILTRATION OF COLD
ATR. 1IN SMER MOST HEAT IS GAINED THROUGH WINDOWS, WEST, EAST
& SOUTH, RESPECTTVELY. THIS SHOWS THE EFFECTS OF LOCATING WINDOWS
ON SPECIF]'Q SIDES OF THE HOUSE, THE IMPORTANCE OF PREVENTING
DRAFTS AND THAT USING STANDARD SINGLE PANE GLASS WINDOWS IS NOT
GOCD ENOUGH. ALSO IMPORTANT TO NOTE ABOUT SAVING ENERGY, IS
THE DIFFERENCE BETWEEN THE PERFORMANCE OF A MINIMUM STANDARD
F.H.A, CODE HOUSE AS OPPOSED TO ONE THAT IS BUILT WITH ENERGY
CONSERVATION IN MIND, USING MUCH MORE INSULATION AND DOUBLE

GLAZED WINDOWS.

2




TO CLARIFY THE DIRECTION WHICH THIS RESEARCH IS LEADING,
I'LL LIST BRIEFLY THE KEY ELEMENTS:

1. THE AMOUNTS OF INSULATION USED ARE VERY IMPORTANT,

2. DOUBLE PANE WINDOWS ARE MINIMUM AND TRIPLE PANE SHOULD
BE STANDARD.

3. THE ORIENTATION OF THE HOUSE AND THE LIVING SPACES WITHIN
ARE VERY IMPORTANT. ‘ '

L. LOCATING WINDOWS ONLY WHERE THEY DO THE MOST GOOD AND

OTHERWISE OMITTING THEM, WHEN FEASIBLE, SHOULD BE A GUIDELINE.

40
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THE PREVIOUS EXAMPLES SHOW IMPORTANT ENERGY CONSERVING
FACTORS. TO ILLUSTRATE THIS, "THE ARKANSAS HOUSE" USES 2X6 CON=-
STRUCTION WITH 6 INCHES OF INSULATION IN THE WALL AND FLOOR, AND
12 INCHES IN THE CEILING. AN ALTERED TRUSS WAS USED SO THAT THE
CEILING INSULATION DOES NOT HAVE TO BE COMPRESSED OVER THE WALLS
TO ALLOW FOR ROOF VENTILATION. DOUBLE PANE WINDOWS WERE USED AND
NONE WERE LOCATED ON EITHER THE EAST OR WEST ENDS OF THE HOUSE.
HEATING AND COOLING CONSUMPTION WAS REDUCED BY 1/3 AND THE CON-
STRUCTION COST WAS VERY LITTLE MORE THAN AN AVERAGE HOUSE.

"THE LO-CAL HOUSE" WENT A FEW STEPS FURTHER AND USED A
STAGGERED STUD WALL WHICH ALLOWED FOR 8% INCHES OF INSULATION
IN THE WALLS. TRIPLE PANE WINDOWS WERE USED AND 85% OF THEM
LOCATED ON THE SOUTH WALLS. HEATING CONSUMPTION WAS REDUCED
BY 2/3 AND THEIR CALCULATIONS SHOWED THAT 80% OF THIS SAVING WAS
DUE TO THE SUPERIOR INSULATION AND THE REST DUE TO ORIENTATION
AND WINDOW LOCATION.

"THE CHARLES WING HOUSE" SHOWS WHAT CAN HAPPEN WHEN MASSIVE
AMOUNTS OF SOUTH FACING WINDOWS ARE USED. DUE TO THE LARGE AMOUNT
OF SOLAR GAIN THROUGH THE WINDOWS HE MUST VENTILATE HIS HOUSE
FROM NOON TO 2 P.M. AT TIMES DURING THE WINTER. THE HOUSE ALSO

USES A WOOD BOX STOVE TO HEAT IT OVER-NIGHT.
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PART - TWO




PEOPLE WOULD ASK ME WHAT I WAS DEALING WITH IN MY THESTS—
MY ANSWER: "AN ALTERNATE ENERGY SOLUTION", BY ALTERNATE I MEAN
DIFFERENT OR A VARTATION OF THE WAY WE LIVE, BUTLD AND USE
ENERGY TODAY. MY SOLUTION DEALS WITH NOT ONE BUT MANY ENERGY
SAVING IDEAS. T AM INCORPORATING AS MANY IDEAS AS POSSIBLE,
WITHIN REASON, MY HEAT SOURCE IS A WOOD STOVE, WHICH WILL
SUPPLY THE ENTIRE HOUSE WITH HEAT, AT THIS POINT I AM NOT SURE
IF ONE OR MORE STOVES ARE NEEDED. MY OTHER SOURCE OF HEAT WILL
BE THE SUN. I PLAN TO USE THE SUN'S HEAT WHEN IT IS AVAILABLE
DURING THE DAY. MY INTENTIONS ARE NOT TO COLLECT THE SUN WITH
FLAT PLATE COLLECTORS OR OTHER DEVICES AND STORE HEAT, BUT TO
USE MY WINDOWS FOR MAXTMUM HEAT GATN AND MINIMUM HEAT LOSS AND
THEREFORE, ORTENTATION AND WINDOW PLACEMENT ARE VERY IMPORTANT,

THE PROGRAM T AM WORKING ON TS FOR A SMALL HOUSE: 2 BED-
ROOM, 1 BATH, KITCHEN, EATTING AND LIVING AREAS, APPROXTMATELY
1000 5Q. FT, WITH A DETACHED GARAGE AND GREENHOUSE. THERE IS NO
BASEMENT BUT USEABLE ATTIC SPACE SHOULD BE PROVIDED,

MY FIRST DESIGN WAS ONE WHICH HAD THE ENTIR: SOUTH FACING
WALL COVERED WITH WINDOWS AND ONE WOOD STOVE FOR HEATING., I WAS
ALSO TRYING TO INCORPORATE THIS STOVE FOR COOKING AND HOT WATER

HEATING, AFTER T BUILT A STUDY MODEL TO SEE IF CNE STOVE WOULD

L6,



BE ENOUGH AND HOW MUCH GAIN THE WINDOWS PROVIDED, IT WAS FOUND
THAT ON CLEAR WINTER DAYS I HAD A GREAT DEAL OF HEAT GAIN FROM
THE WINDOWS BUT ON CLOUDY WINTER DAYS WHICH IS ABOUT 50% OF THE
TIME, FOR THIS AREA, THE HEAT LOSS EQUALLED THE GATN, THE ONE
STOVE DID A GOOD JOB OF HEATING THE ENTIRE HOUSE., THIS IS
POSSIBLE BECAUSE IT IS A SMALL HOUSE AND I AM USING 'LARGE
AMOUNTS OF INSULATION, IN TERMS OF A PLEASTING SPATIAL SOLUTION
THIS DESIGN LEFT SOMETHING TO BE DESIRED. SINCE THE IDEA OF THE
WINDOWS AND THE SPACE PROVIDED DID NOT WORK VERY WELL I DROPPED
THIS APPROACH.

WORKING WITH ENERGY CONSERVATION SEEMED TO DEMAND CERTAIN
THINGS WHICH WERE NOT SPATTALLY RICH. I DECIDED THAT THE GOAi,
I HAVE SET AND OTHER IMPORTANT THINGS LIKE THE SPACE CREATED
WERE OPPOSITES AND SEEMED TO CONTRADICT ONE ANOTHER., T MIGHT
FIND A BETTER SOLUTION IF I WERE TO DO THE TWO OPPOSITES SEPARATELY
AND THEN COMBINE THE IMPORTANT ELEMENTS OF BOTH.

MY SECOND ENERGY CONSERVING DESIGN WAS. MORE CR LESS BUILT
AROUND A WOOD STOVE AND ALONG THE SOUTH WALL OF THE DESIGN WAS
PLACED A GREENHOUSE FOR HEAT COLLECTION, THE GREENHOUSE WAS
SEPARATE FROM THE HOUSE SO THAT WHEN IT WAS NO'i‘ GAINING HEAT

IT COULD BE CLOSED OFF SO AS NOT TO DRAW HEAT FROM THE HOUSE.,
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THTS DESIGN HAD DOORS WHICH COULD BE OPENED OR CLOSED TO ALLOW
THE HEAT TO MOVE INTO DIFFERENT AREAS. AGAIN ONE STOVE WAS
USED AND WAS CENTRALLY LOCATED.

IN MY THIRD AND MORE SPATTAL HOUSE DESIGN I WAS CONCERNED
WITH PLANNING SPACES SO THAT THEY COULD BE CONNECTED OR SHARED
PHYSTCALLY OR VISUALLY BOTH HORTZONTALLY AND VERTICALLY, THE DESIGN
WAS MUCH MORE INTERESTING. THE EXTERTOR WAS SIMILAR IN CHARACTER
T0 THE FIRST BUT THE TNTERIOR WAS VERY MUCH DIFFERENT: BALCONYS,
HALF-WALLS, 2 STORY SPACES, PATIO DOORS, OUTSIDE UPPER DECK AND
WALK THROUGH GREENHOUSE WERE INCLUDED. ALSO, A DISSECTING GRID |
OR INTERSECTING AXTSES WERE USED.

AFTER TUESE STUDY MODELS WERE BUILT AND COMPARED MY EVAL-
UATTON WAS THAT THE SPATTAL DESIGN WAS SO MUCH MORE SATISFYING
THAT TT WOULD Bf NECESSARY TO KNOW TTS PERFORMANCE BEFORE
RATTONAL DECTSTONS COULD BE MADE. TT WAS FOUND THAT WITH
I{INOR ADJUSTUENTS THE HOUSE WOULD FUNCTION REMARKABLY WELL. TIE
STOVE WOULD BE PLACED IN THE CENTER AT THE INTERSECTION OF THE
3 AXISES.

THE ADJUSTMENTS WHICH WERE MADE FOR THE FINAL DESIGN WERE
THE REMOVAL OF PATIO DOORS AND THE OUTSIDE UPPER DECK, THINGS
ADDED WERE DOORS FOR HEAT CONTROL, WINDOWS INSTEAD OF A BALCONY,

AND WATER BARRELS FOR HEAT STORAGE IN THE GREENHOUSE,




THE 3 CROSS AXISES MENTIONED BEFORE ARE SHOWN DRAWN ON THE
PLAN, ABOVE IS USABLE ATTIC SPACE., A RECTANGULAR BOX STOVE IS

LOCATED APPROXIMATELY IN THE CENTER OF THE PLAN,

L9.




MY DESIGN

-z.—*
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I e s e @ 2

RURAL SITE APPROK. 5 MILES FROM TOWN
SIZE APPROX. | ACRE

BURIED UTILITIES — PHONE & ELECT. NO GAS
WELL®S 40-45" ©TeepP

SEPTIC TANKS €& DRAIN FIELDS

NO BAD SO\L CONDITIONS

WATER TABLE APPROK. \& DEEP
GRAVELN ROCK BED 3’ pEEF
PREVAILING WINDS FEOWM <S.W.

SOME WIND FROM  N. IN WINTER
TREEsS LOCKVED FOR WIND PROTECTION
HOUSE TURNED T TACE TRUE =OJThH.
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IN ADJITION TO TH: BASIC STTH TNFORMATION COLLECTLY I HAVE
ORIENTED MY HOUSE TO A TRUE SOUTH %)RIENTATION v LHES TH.BESH
FOR GREENHOUSES AND ALSQ FOLLOWS WITH MY THEME OF "ENERSY
CONSCIOUSNESS", THE GARAGE RELATHS TO THE OTREET AN'Dv THE
AUTOMOBILE, TN TERMS OF WIND PROTECTION THE GARAGE ACTS AS A
DEFLECTOR TO THE PREVAILING SOUTH-WEST WIiDS AND THE SORUCE
TREES PROVIDE ADDITICNAL PROTECTION FOR THE HOUSE FROM THE
STRONG WINDS. THE WIND'S WFFECT IS WORTH CONSIDIRING AND THR
ADDED HEAT I,OSLSF DUE TG STRONG WINDS COULD BE REDUCED TC APPROX-

TMATELY 1/3 BY PROTECTTNG THE BUILDING.
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WIND EFFECT

DURING A 35 NMPH WIND IN AN UNPROTECTED
LOCATION AN AVERAGE HOUSE MIGHT

REQUIRE 926.12 BTUS/HR. MORE DUE
TO THE WIND. WHILE A PROTECTED

HOUSE MIaHT ONLY REQUIRE 3692.95 Bvu‘s/uz.

THESE FIGURES WERE DERWED FROWM L

Q = AT LUZS 1Q === UNPROTECTED
AND

Neon)
Q= AT (\3) 108U proTECTED

#
WHICHR WERE EOUND N5 TEQ - -BOL 77,
' SHELTERBELTS f;, SORFACE PARRIER EFFECTS



IN ADDITION TO GARAGE AND TREE PLACEMENT T HAVE A FENCE
THAT FUNCTIONS SIMILARLY TO A SNOW FENCE WHICH DEFLECTS THE
WIND SLIGHTLY AND COLLECTS SNOW ON THE LEEWARD SIDE (IN THE
TREES), THE FENCE ALONG WITH THE WALK RAISES THE SURROUNDING
TEMPERATURE IN THE WINTER THROUGH RADIATION.

OVERHAN(S WERE DESIGNED TO PROVIDE CONTROL THE DIRECTION OF
ADMISSION OF THE SUN'S RAYS. ' .

WINDOW PLACEMENT PROVIDES FLOOR TO WINDOW RATIOS OF 8% IN
BEDROOMS AND 15/ IN LIVING AREAS RATHER THAN THE STANDARD 10%.
CONSCIQUS WINDOW PLACEMENT CAN RESULT IN LESS HEAT LOSS AND

MORE OR LESS HEAT GAIN, AS DESIRED. (SEE PAGE 50).




HEAT LOSS

WINTER DAY WINTER NIGHT
OQUTSIDE TEMP. OUTSIDE  TEMP,
20°F | - 30" F
INSIDE  TEMP. INSIDE  TEMP.
&5 F 65 °F
% APROX. BTUQ'S/ APROX. BTL's/ >
Er/ HR. FT*/ HR,
WINDOWS 5.0 WINDOWS 1.8
ROOF I.2 ROOW 2.2
WALLS g WALL=S 2.0
FLOOR 0.9 T FLo0R 1.5

NOTE = AN AVERAGE DAYTINNE GAIN AT /0:00 AM
IN DECEMBER. WITH 50 % (CLOUD COVER
WOouLD BE 76 BTVS/ FT?/ HR. ON A
YERTICAL WINDOW .
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HEAT GAIN

GREENHOLUSE 3

MY DEsiaN BOOK VALUES

BOOK VALUES WERE USED TO OMPUTE GAINS,
MY DESWUN FOR THE GQREENHDUSE aNesS

ABOUT 2% BETTER TRANSMITTANCE OF S0LAR
RADIATION .

TOTAL HEAT GQAIN S5 44 044 BTO/HR. CLEAR SKY
* WITH SO% CLOOD CNER. 2z 022 BT | HE.
TOTAL  HEAT \LO=5 15 18,7192 BWU/HE.
LEAVING 3,230 BTU/HrR. EXTRA

THE SDOTH SIDE ROOMS (FAMUN & KITCHEN)

NEED 3,230 BTU[HR WIH TEMPEKATUEES
OF O OU\".':!DE AND 70° INSIDE.
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HEAT LOSS CALCULATIONS WERE DONE AND VERY G-OD RESULTS
WERE OBTAINED, THIS, I FEEL, IS DUE TO BETTER TNSULATION,
GOOD WINDOW TREATMENT AND SMALLER HOUSE AREA TN BOTH PLAN AND
VOLUME,I,E., 7'-3" CEILINGS WERE USED, THE PREVIOUS SXETCH
SHOWS THE PRDPORTIOﬁAL RELATIONSHIPS BETWLEN THE FLOOR, WALL,
ROOF AND WINDOWS OF MY DESIGN., THE GREENHOUSE HEAT GAIN WAS
ALSO CALCULATEﬁ. ON CLEAR DAYS TIE HEAT GAIN IS ENORMOUS BUT
ON CLOUDY DAYS THE GAIN IS MUCH LESS. EVEN AFTER LOSSES THERE
IS STILL ENOUGH HEAT FROM THE GRAENHOUSE TO SUPPLY APPROXIMATELY
1/2 THE HEATING NEEDS FOR THE HOUSE.

INSULATTON STANDARDS HAVE REICINTLY BYEN INCREASED. F.H.A.
NOW REQUIRES "RM VALUES OF 38, 19 & 22 IN THE CETILING, WALL;
AND FLOOR, RESPECTIVELY, OF NEW HOUSES, THIS TS VERY WISE AS IT
SAVES MUCH ENERGY AND PROVIDES A MORE E\rEN TEMPERATURE COMFORT
ZONE, L
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EXTRA COST

COMPARED WITH NEW FHA STANDARDS (MAY 197)
12‘. OF INSULATION IN THE cCEILING ,
@' INTHE WALL & 65 IN THE FLOOR .
MY DESIGN USES 94" OF INSULKTION IN
THE WALL.

LIFE — €HCLE COSTING STODM > EVALUKNTE =
|. OPERATION & MAINTENANCE
Z DEBT & INTEREST TWRKE
2. ENER &Y =AVED
4 LIFE BEXPECTANCY

IN MY STuby | ONKY EVALLATED PART 3.
ENERGYM SAVED S

WITH ADDITIONAL INSOLATION APPRO% .

Z,347 BTV = /HOUR ARE SAED .

UVsING DeaREE - DANS (T > FOUND =
©,158 , 935 BTV 'S /qemz AN BE DAED .

KT TODAMS ELECT. RATES THIS WOULD cosT
ONLM =3, .81 A YeRR BUT AT PROSPECTED
\980 RNE= THS WOULD cost ¥|\(. 1=
WITH EXPECTED ELECTRK RANIE [NCEEASES
(T WOULD TAKE 4= YEARS To PAY FOR
THE EXTRA INSULKTIDN .
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How e  ENERGY SMIED Wi
Raurep 2

WML B=3B Lovd APPROX. B I\5 BIU/ ke, MINE

WAL R-19 Loos APPRON. S4-61. BTu/HR_. . FHA
DIFE. = S4er—21s = Z347 »TufHR.

R = Hexr Lows / Pearee OF TEMP. DIFF.
HeAT LoS5 < 2247 . "
Tr-To 65—~ (c10)

S BB PV

B

S~ SEADOUAL HERTINA 2 QUIRED
24 ® (vears ©MD)

24 [ B.%) Do .
S T VA Lk

Boz. = 900

U

n.

| kwWh = D 4eo BTO :
i s TGP e e L BBPA, e

ElecTRIC RATES o

W 4 4 ol = #7;1.64
\NoVv. 17 . 0Lb = 51.69
6% s L0%6 x9S
29 LlpFw W DL :
O " ‘ C ey ,-’_} W) c :
198 o5e “grc_ ’ &« Ne N‘g&nf\\\ .

DEF. Bemveen T u}mﬁﬁﬂﬂwb s
ba,21 — 5.29 = 2,02/, Lvere FeeT

WITH ApoRo~., |59 k/NEAC FEET
fw.  Pace Diees = T2 8007
LABOR = APPROR U/, oF MATERRS

s . +40.09 + l20.P4 _-.—#’560./3

Iy ESTIMATED RATED 1T wWevLd TAKE
44 yere> To PAY OFF .
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‘ AT THIS POINT I DID A WALL SECTION ANALYSIS TO DETERMINE
WHICH SECTION TO USE., I CHOSE A DOUBLE WALL BUILT OF 2xly AND
2x6 STUDS WITH 9 1/2" OF FIBERGLASS INSULATION WHICH HAS A 30 "RM
VALUE, USING THE "R" VALUE FROM NEW TABLES (3.85/INCH) 36.5 "R"™
(.027 "UM COEFFTCIENT) IS ACHIEVED, I CHOSE THIS GIECTION BECAUSE
IT IS THE BEST VALUE ECONOMICALLY WITH A HTGH "R VALUE.

TO SHOW PEOPLE THAT IT IS WORTHWHILE TO INVEST MONEY

TODAY ON BUYING EXTRA TNSULATTON I DID A COMPARATIVE COST ANALYSTS

'WHICH SHOWED THAT IN L 1/2 YEARS THEIR ENERGY SAVINGS WOULD PAY
FOR THE EXTRA INSULATION kcos*rs. THIS COST ANALYSIS WAS FOR
MONTANA WITH ESTIMATED PRICE INCREASES. FOR NEW YORK OR OTHER
PLACES WITH HIGHER UTILITY RATES THE SAVINGS WOULD PAY FOR THE
INSULATION IN APPROXIMATELY 2 YEARS. I DID NOT FIGURE COST
ANALYSIS FOR THE 13" OF INSULATION IN THE CEILING AND THE 6 1/2"
IN THE FLOOR BECAUSE THEY DO NOT EXCEFD THE NEWLY ADOPTED
STANDARD (MAY 1977).




WOOD STOVE

ONE WOOD STOVE , MODEL |18 J¢To\_~
TESTED IN NORWAY PRODUCED '3

A4 500 BTU"b/HR. MAXIMUM
22,500 BTU'S/ HR. PEAK EFFICIENCY

¥ ASSUMED BIRCH WOOD WAS USED
S RESULTS WICH EASTERN WHITE PINE
WOOLD BE APROX @

27,786 BTL's / HR. MAXIMUM
14,049 BTOS/ UR. PEAK EFFICIENCY

THIS HOULU=E AT -0°F REQUIRES APRDNK.
10,000 BTV'S /[ HR. TO MAINTAIN 657 F.
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T CHOSE TO NSE A J@TUL MODEL 118 WOOD STOVE FOR MY DESTGN.
THE J@TUL PEOPLE PRODUCE A VERY FINE LOOKING AND PERFORMTNG
CAST mou BOX STOVE, WITH THE POTENTIAL TO HEAT A LARGER
VOLUME THAN T HAVE, BUT FOR PEACE OF MIND T PREF/R A SLIGHTLY
OVERSIZED STOVE. THIS TS THE ONLY HEATING ELEMENT INTTTALLY
PROVIDED IN THE HOUSE WHTCH WILL ALLOW FOR TESTING W0OD STOVE
HEATING, TO TNCREASE THE BURNING EFFICIENCY OF A WOOD STOVE I
AM PROVIDING AN ATR CTROULATION SYSTEM CONSISTING OF NOTHING
MORE THAN FLOOR VENTS THAT COLLECT COOL ATR AT THE PERTMGTER
OF THE HOUSE AND PULL TT TOWARD THE STOVE TO BE RE-HEATED. AIR
IS MOVED BY SWALL FANS INSIDE THS DUCT WHICH OPSRATE ONLY WEEN
THE THERMOSTATS CALL FOR MORE HEAT TO THAT SPACE, THE THERM-
OSTATS CAN BE DEACTIVATED BY TURNING THETR POWER OFF AT A
CENTRAL LOGATION. L
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MODEL EXPERIMENT

T

THE MODEL SHWOWED AWR CIRCOLATION ."THIS
WAS DEMONSTRATED BN WARMING OiL
UNTIL T SMOKED. THE SMOKE ROSE <=iIMILAR
TO THE WAM HEAT WOULD. SEVERAL DIFF.
PATIERNS DeVELOPED BA<ED UPON Dief.
CONDIMIDNS . T PATIERN =HDWS A
BLANKET OF =Tl AR IN THE HIGH CEILING
SPALE. THS BLANKET ACTED WKE A
COSAIDN WHEN THE AR WAS CRCULAYED
B4 THE FAN “THRU HE TLOOR VENT.

N
N
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IN ORDER TO CHECK THE CIRCULATION SYSTEM T BUILT A LARGE

MODEL OF MY HOUSE DESIGN, I HAD A SCALED, ELECTRICALLY HEATED

WOOD STOVE, FLOOR VENT, DUCT WORK AND A SCALED ELLCTRIC FAN TO MOVE

THE AIR. THE MODEL WAS AS AIR TIGHT AS POSSIBLE. I PLACE OTL
IN THE STOVE, WHTCH, WHEN HEATED ENOUGH WILL SMOKE, THIS

SMOKE RISES AND MOVES THROUGH THE INTERIOR SPACES TN MUCH

THE SAME WAY THAT HEAT FROM A STOVE WOULD., BY INTRODUCING

SMOKE INTO THE HEATED ATR ONE IS ABLE T0 WATCH THE HEAT MOVERENT.
T HAD PLACED FIOOR VENTS IN TWO LOWER AND ONE UPPER SPACE, THE
DIAGRAMS SHOW MY OBSERVATIONS, FOR DIFFERENT CONDITIONS. T FEEL
THAT THE MODEL EXPERTMENT SHOWED THAT THE SYSTEM DOES WORK. THE
NEXT STEP WOULD BE TO STZE FANS THAT WOULD MOVE THE AIR AT THE
CORRECT RATE, ’
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TEST RESULTS

&8 FEET

T

CON VECTIDN RADIATION & CONVECTION

THE HERT > MDUED TO THE LEFT BY ONETION
— AR MOVEMENT . THIS S AN EVEN HEK(.

THE HEKT 1© MONVED T© “WE RIGHT MAINWY BY
RADIKTION BT ALSD BN CONECTIOM o THIS
= AN UNBVEN WEAT , NDL WOULD> BE WARM
ON THE FRONT &€ COLD oN T™E BACK.,

IN POOR\WN WSOLATED MOUSES FLOOR T CEIL—~
ING TEMPERKIURES VARY G&GREATLY
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I PERFORMED A CASE STUDY THIS WINTER OF THE HOUSE WHERE I
AM NOW LIVING, MY ONE BEDROOM LIVING QUARTERS OF APPROXIMATELY
900 5Q. FT. WAS HEATED ALMOST ENTIRELY BY ONE WOOD BURNING
- STOVE., THE OLD HOUSE IS VERY POORLY INSULATED AND BADLY -PLANNED
FOR A WOOD STOVE DESIGN BUT BECAUSE OF A MILD WINTER AND OUR
MODIFIED LIFESTYLE WE ROUGHED IT THROUGH. BY ROUGHING IT I MEAN
WE WORE SWEATERS AROUND THE HOUSE,LAID A BLANKET ACROSS OUR LAPS
WHEN SITTING IN THE LIVING ROOM, SLEPT IN A COOL BEDROOM (WOULD
BRING GOOSE BUMPS TO BARE SKIN) AND SAT ON COLD TOILET SEATS.
ALL IN ALL WE FOUND IT NOT HARD TO GET INTO THE SPIRIT OF THE
STTUATION AND WERE VERY SATISFIED WITH THE RESULTS AND SAVINGS,

OUR EFFORTS PRODUCED VERY LOW GAS AND ELECTRICITY BILLS
WHICH AVERAGED AROUND $11.50/MONTH, THE HIGHEST BEING $13.00.
DUE TO THE POOR INSULATION THE FLOOR TO CEILING TEMPERATURE
DIFFERED 12 DEGREES (80-68 DEGREES), DUE TO THE PLAN OF THE
HOUSE AND LOCATION OF THE WOOD STOVE ALMOST NO RADIANT HEAT
ENTERS THE HOUSE WHICH IS HEATED BY NATURAL CONVECTION OF '
WARM ATR CIRCULATION., THIS METHOD OF HEAT TRANSFER (CONVECTION)
IS MORE COMFORTABLE THAN RADIANT TRANSFER AND PRODUCES MORE

EVEN TEMPERATURES.

Tl.




MY DESIGN

-z~

Family

e e

Greenhouse

16 FT. RAD. HEATING CIRC(CLE

12
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ON THE CASE STUDY ILLUSTRATION (PAGE 69) I HAVE DRAWN A
HEATING RADIUS AND AVERAGE TEMPERATURE AT THAT DISTANCE, WITHIN THE
16! RADIUS I MAINTAINED 7L DEGREES F. MY DESIGN HAS A CIRCLE ‘
DRAWN ON IT WITH A 16' RADIUS TO SHOW HOW MUCH BETTER THE PLAN
IS ADAPTED TO HEATING WITH A WOOD STOVE.

ANOTHER IMPORTANT WAY TO SAVE HEAT IS BY ZONING: THAT IS,
CLOSING OFF PARTS OF THE HOUSE THAT ARE NOT BEING USED AT THAT
TIME. FMY THESIS DESIGN HOUSE DOES EVEN BETTER THAN MY CASE STUDY
HOUSE BECAUSE IT ALLOWS FOR LARGER AREAS TO BE CLOSED OFF WHICH

CUT DOWN THE HEATING NEEDS BY ABOUT 1/3.

The



75

ISOQAHNITID ACSOHOH

. dINNd L1v3IH



. ;m d u N WEVM

& o K R T AoV D 2

* 30
“NFEAD 30 ENIKD 4L N
SO NOUDITIOD &ia. AN3H

76

*NYL 3nL

JIAANN A00TA  ISOQUNIIAS
ML NO DT TV IAVA
ENISAIATR D AISTAAAWD L
*SINQD NALLOA T SWNA

Tom¥IH O SHL aoNdg AV Wavm

3Rl S3IAOW NYD ASnunxa 3kl

3COQHNIIAD NI NV4  ISOVHXI




7S WAS STATED EARLIER A HEAT PUMP SYSTEM WOULD BE ADDED
LATER TO BE USED AS A BACK-UP OR PRIMARY SYSTEM, IF DESTRED.
THE ABSORBING COILS OF THE HEAT PUMP ARE LOCATED TN THE GREEN-
HOUSE NEAR THE CEILING WHERE THEY WILL COLLECT THE MOST HEAT,
THE HEAT TS THEN PUMPED TO THE CHAMBER UNDER THE STOVE WHERE IT
IS RELEASED UPWARD AND THE HEAT CIRCULATES THE SAME WAY THAT
THE HEAT FROM THE STOVE DID. '

e
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MY DESIGNS ARE PRODUCTS OF EARLY IMAGES AND IDEAS THAT ARE
RESPONDANT TO MY OWN BACKGROUND REFERENCES, INCLUDED IN THOSE BACK=-
GROUND REFE{ENCES FOR THIS PROJECT WAS THE KNOWLEDGE THAT THIS
HOUSE WAS TO BE DESIGNED WITH A WOOD BURNING HEATING SYSTEM,

ALSO, THE DESIGN WOULD REFLECT MY CAPABILITIES AND LIMITATIONS

AS A BUILDER AT THIS TIME. THE EXTERIOR CHARACTER ACHIEVED

SHOWS A MIXTURE OF MY NEW ENGLAND INFLUENCES AND MY INTERPRETATION
OF SOME BOZEMAN HOUSES, I.E., ROOFS, SHAPES, DETAILS.

THE THEME OF THIS HOUSE IS BURNING WOOD, AND THE WHOLE IDEA
AROUND THAT TYPE OF LIFESTYLE, IT IS A STEP BACKWARD, IN A SENSE,
WHICH THE CHARACTER OF MY BUILDING EXPRESSES.

REFLECTING BACK TO MY THESES STATEMENT "EXPLORING RELATION=-
SHIPS,.." I FEEL I HAVE LEARNED A GREAT DEAL, I HAVE A MUCH
MORE ACCURATE PICTURE OF WHAT RESULTS FROM THE DECISIONS I MAKE
IN MY DESIGNS, BUT PERHAPS THE MOST IMPORTANT LESSON I HAVE
RELEARNED IS THAT I, AS A DESIGNER, MUST START WITH CREATIVITY,
NOT FUNCTION, TO BE SATISFIED WITH MY ARCHITECTURAL DESIGN
SOLUTIONS==== FOR I AM A PRACTICAL FUNCTIONING PERSON,

. THE PAGES THAT FOLLOW ARE MEANT TO BE A HELPFUL GUIDE THAT
COULD BE APPLIED TO DIFFERENT DESIGN PROGRAMS, IT HAS TAKEN ME

MUCH TIME TO COME TO THESE UNDERSTANDINGS,

83,



ORIENTATION

VICTOR OLavNAN 12° E. OF SDUTH

OPTIMUM

GRAPHIC STANPAEDS _— MAGNETIC NORTH

1&° E.OF SOUTH
FOR. BOZEMAN

TRUE SOUTH

TRUE NORTH - SOUTH
USE WINTER SUN




WIND

PLACE BARRIER L. To coo WINDS

BARRIER DENSMY VERY IMPORTANT
ALSO CONSIDER <=OLID BARRIERS IEs

FENCES  \WALS € BUILDINGS
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SOLAR CONTROL

CALCULKTE SUN ANGLES AND USE
PROPER CNERHANGS |

ANIOWS FOR LESS HEKT IN SOMMER
AND MDRE HEAT IN WINTER
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WINDOWS

RADIATION  CHART 'bTO/ r-r‘/DH

WINTER SOMMER
EAST 4l 1314 &
SoUTH -3 1374 979
WEST AlG 1314 &
NORTH 83> 432
ROOF 654 2536 ¢

PAME WINDDWS 2
MAINLY ON <oUuTH <DE  LWING SPACES
USE 1S /o OF FLOOR AREA
SOME ON EAST <ibE LINING SPACES
FEW TON EAST <=WDE |NACTWE SPACES

FEW TO0 NONE ON NORTH SIDE INACTNE
SPARCES USE B8) oF

FLOOK AREA FOR. N ACTNE
SPRCES |[E. BEPROOMS

NONE ©ON WEST SITE IF POSSIBLE

REMEMBER. DURING CLENE WINTER DAYS 4
TIMES MORE HEKT |19 RECENEP THAN
> ot THRL WINDOWS

BUT ON ClOUDM PAYD THE REOFCRUDN 1S | TO |

87



INSULATION

1 Tzf
HEAT MOVEMENT GOOD CONDITION
MOVEMENT 15 UPWARD THIS 1 HOW
PARRIERS WILL FORCE INSOLATION  SHOULD
THE WEAT TO MOVE BE PLACED FOR
OUTWARD ALSO - A BALANCED CON-

DITION . (v oPmicN)

%,
= |

IDEA L pPEsSiaN
THIS 15 PROBABLY AN CTHS 5 WHAT | fAVE
IDEAL CONDIMION BUT ONE .

MAY NOT BE A DE -
SIRADLE <HAPE .
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WOOD STOVE HEAT

RADIANT

WARM ZONE

REFLECT or ARSORS ¢ STORE

. K S e
H e "v’, >
< ""l~\-)

i \\_

s

CONVECTION

Tt
C :—).C) o s T

. PRAFT FREE Floor

a0



ZONING

DEsiaN WITH ZONING IN MIND
IN ORDER TO CLOSE OFF
AREAS WHEN NOTU NEEPED
SIMILAR To ELECT.

\"l,

C)? g| TURN orF
B e WHEN NOT UaING

PLUMBING

USE COMMON WET WALS
CENTRALIZE FIKTURES
SAVE MONEY & HOT WATER O

SPRAY FOMM
HOT WHTER PIPES

19

=rRAY FOAM WNTER HEKTER
WITH EBRTRA  INSULKTION
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