MONTANA

STATE UNIVERSITY

Home heating using a wood-fired boiler in conjunction with a heat storage unit
by Steven Richard Hagan

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
in Industrial Arts Education

Montana State University

© Copyright by Steven Richard Hagan (1978)

Abstract:
The purpose of the study was the design, construction and operation of a wood-fired boiler, used in
conjunction with a heat storage unit,to heat a single-family dwelling.

The system consisted of a fire tube type boiler to heat water that was stored in a 1500 gallon storage
tank. This hot water was used to heat the house through fin tube type radiators mounted under the floor
joists of the main floor of the house. The system was installed and tested in a house located near
Bozeman, Montana.

In order to evaluate the performance of the system, two variables were studied. One was the amount of
potential energy available in the fuel and the second variable was the amount of heat that was actually
realized in the house.

To compare the wood heating system's performance with a conventional heating system, electrical
baseboard heaters were used as a control. The two systems were operated alternating weekly, with the
wood heating system in operation for three weeks and the electrical heating system operating for two
weeks.

Measurements of the temperature both inside and outside the house were taken every hour using two
thermographs. This temperature difference was used to calculate the heat needed to keep the house at a
comfortable temperature. The wood that was consumed in the boiler was weighed to determine the
potential energy available and a watt hour meter was installed on the electrical heating system to record
the amount of electricity used.

It was found that the wood heating system provided heat for $1.75 per million Btuls and the electrical
heating system provided heat for $5.89 per million Btu's. The wood-fired boiler operated at an
efficiency of 55 percent.
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ABSTRACT

The purpose of  the study was the dcslgn construc¢tion
and -operation of a wood-Ffired b011er used in conjunction

‘with a heat storage unit,to heat a 51ngle—fam11y dwelling.

- The system consisted of a fire tube type boiler to heat
“water that was stored in a 1500 gallon. storage tank. This
hot water was used to heat thc house through fin tube type
radiators mounted under the floor joists of the main floor

of the house. The system was installed and tested in a
house located near Bozeman, Montana.

- In order to evaluate thc performance of @he system,
two variables were studied. One was the amount  of potential
energy available in the fuel and the second variable was
the amount of heat that was actually realized in the house.
To compare the wood heating system's pcrformance with a. con-
ventional heating system, electrical bascboard heaters were

-used as a control.. The two systems were opcratod alternat-

. ing weekly, with the wood heating system in operation for
three weeks and the elcctrical heating system opcrat1n5 lor
two weeks.

Measurements of the temperature both 1ns;dc and out-
side the house were taken every hour using two thermographs.
This temperature difference was used to calculate the heat -
needed to keep the house at a comfortable temperaturc. The.
wood that was consumed in the boiler was. weighed to deter-
mine the potential energy available and a. watt -hour meter
was installed on the electrical heatlng systcm to record the
amount of -electricity used.

It was found that the wood heating svstem provided heat
for $1.73 per million Btu's and the clectrical heating system
provided heat for $5.89 per million Btu's. The wood- fired
boiler operated at an eff1c1ency 01 55 percent




CHAPTER I
THE PROBLEM AND ITS SETTING

INTRODUCTION

'People are becomlng more 1ntcreqtcd in alternatlves to
the use of conventlonal heat sources to heat thelr homes.l
They may be concerned with the use of finjte fossil fuels
or, more probably, they are conécrned'with the increase in
the cost of heating their homes with conventighal fuels. ft
has been forecast that between 1972 and j985;'the cost 6f
No. 2 fuel oil wiil incrcase by 613%, clectlricity by 157%
and that by 1981, natural gas wiTl,incrcuse 409%;2. As_é
result, peoplé will be looking for alternate gneréy_sources
or ways ol rcducing conventional. energy consumpj.jon°

One ulternntjve'js the usc QT wood., Ip ﬁaﬁy barts 6f
thé couniry, there is ample wood on a rencwable hasis and;

L used wisely, this could. supply many fawmilies with their

home heating nceds. However, the problems involved .in using

wood 1o heat homes= have timited its use.

J'Al.uu L.,Hanond, "Tudividual SQI(—SU!(J(Lany
Energy," Scicnce 184, (April 19, 1974), p. 278.

£) . N
“Stewart Byene, Report fL: The Arkansas Story (Iolcdo,
. Ohio: Owens—Corning I"iberglass Corp., 1975 ), P .ﬁ
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+ When using wood to heat alhome; aicérfain aﬁoﬁnt35fT*

.inqonvenience.is ihvolyed, 1f a éonVentjdnaJIWOOd spaée
heater is used,-it'must be loaded a numbcf of times-during.
the day and the fate‘of.combustion must -be cqnfrolled in
order thén an even heat be prodﬁced. This createé an ad-
ditional problem of incompiete cbmbustipn'and.the prodgé—,-
tion. of large gmounts of smoke. These problems create a
need for a centrél.woqd héating system thét would be com-
pétitive with other alternative encrgy heating systems and
burn wood'efficiently thus producing less sﬁoke and miﬁif

mizing homeowner inconvenicnce.

STATEMENT OF THE PROBLEM.

The purpose of this study was to dcsign,gnd construct
a wood-fired boiler to be used in cohjunction.with a héat
storage unit to heat a single family dweliingx Tﬁe feasi-
bility of the wood heating system was thén:tq be compared to

a conventional electrical heatihg_system.

NEED I'OR THE STUDY

The need for a central heating system using wood as-

the fuel is threefold. First, with the projected increase

in the cost of conventional energy sources such as electricity,
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natural gas and fueiigil, homcowners'are looking fof'éﬁeapér
alternative sources of.heat. At today's prices, ﬁlS.OO
worth df wood provideé as many potential Btu's of'heat‘as~
$130.00 worth of electricity, $36.0Q worth of‘natufal gas
and $30 00 of fuel oil. ‘Thcqc'figures arc based on %30/éord
wood split and dellvered $0. 444/kwh electr1¢1ty, $. 003671/
cu, [t. natural gas and $0.42/gal. No. z fuel oil delivercd.
It must be noted that the figure for electricity cénnot be
dlrectly compared to the figures for wood, natural gas and
fuel oil because heat output from clectricity is 100%
efficient and the other fuel sources are- approximately equ51 
in efficiency and Much less.3 However, the cost of central
heating systemsion the market today that use wood as fuel

ig prohibitive to the avcrnge homcowner. Secondly, other
possible dltCPﬂltheS to the use of conventional energy
sources, such as sqlar’heat COl]LCthH.OF captgrlng the
energy of the wind, are not yet sufficiently ﬁerfecﬁed 1o be
economically feasible for use in an average home. The use
of wood can be an interim energy source until theée alter-
natives are perfected. ' Finally, the widespread use of wood

as a fuei would lead to increased air pollution which could

3Interv1ew with Lyne Martln . Montana Power Ropresenta—
tive, May 2, 1978.
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part:ally be alleviated with a system that burns the wood
more efficiently and does not emit large partlcu]atcs oI

car'bon°

OBJECTLVES

The Iollow1ng ob;ect]vcs wefe developed to accompllsﬁ
the purpose of. the study

1. To design a centrdl wood heatlng system that would
inelude~a WOOd—ilPed;bollCF and-a‘hcat.storage,unlt.

2. To test the efficiency. of the central wood heat-

‘ 1ng system.

3. To compare the ccntrd] wood healing system to- a’

conventional electrlcal heating system with respect'to {fuel.

costs.

ASSUMPTIONS

The nature of the_sfudy dictated that the'following
assumptlons be made | ‘ | ' '

1. 'That the current onergy shortase and 1ncrcase in
energy cost will contjnuc. |

2; That wood is a renewable cnergy source: and will be
available in many parts ‘of the country.’

3. That the wood used,will be'represehtqtive of its .
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species as to Btu's per pound.
4. That the data received will have 1mlecat10ns for
the fea31b111ty of using a wood—flred boiler and heat stor—
age unlt to heat a dwelllng. “

5. That the m01qture in the flrcwood used will be

uniform and will not affect the data collected. .

LIMITATIONS

The investigatof was aware ef fhe-foilowing 1imita—
tions in this study:

1. Only lodgepole pine will be ‘used to fuel thc b011er 
and therefore, no inferences can be madeé as to the per-
formance of other specics of wood used to 1uel the boiler.

2. bnly stending dead trecs of the Species iodgepole
ﬁine wili be'used_and there wil} be no aecount.fer the mois-—
ture content of the wood.

3. There will be no quantitative evaluation of the
contribution of solar infiltration thfough windows in the
house. | ‘

4. The data'will only be applied directly to one

house in one particular climatological location.
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DEFINITLON OF TERMS

Alternative energy heating system - a heqting:syStem'

using wood, wind or the sun as an energy source. .

Boiler - wéod—fired, watér—jackoted; firg'tube-typp
boiler hot designed to proﬂuée steam. |

Btu ;_British Thermai Unit which eqdals wcight'in
pounds tlmeq the changc in 1cmperaturc 1n dcglceq PdrenhCJt
-tlmes ‘the speclllc hcat of thc substance.

Conventional cnergy hoatlngfs)qtem_— a heat1n5 systom

using natural.gas, electr1c1ty, Iuel oil or.propane.aS‘an»
energy source.

Heat storage unit — loOO gallon steel tank flllod w;th

water, insulated with a minimum of 12 lncheq 0! flberglass
’ insulatiqnf
R value'-‘rééistaﬁcc to heat flow and quul to the
reciprocal of the U value. | - -
Eggjators_— 3/4” fin tubés instal]ed jus@ under the
floor joists of the maln floor of thc houxe.’x '

Bpe01f1c heat - thc number of Btu's requ;rcd to rdlse

'the temperature of 1 1b. of.the substance 1°F. The spec;flc

. \ . 4
heat of water 15 one.

4Char]es E. Dull Modevn Phy51cs (New York Henryﬂﬂolt
and Compdny, 1945), p. 230. x o

i
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System - boiler, heat storage unit, radlgtors anq ye_’ﬁ"
lated plumblng and w1r1ng excluslve of the electrlcal heat_

ing system,

Temperature dlfferentlal - dlffcrence between the -

temperature 1ns1de the-house and the temperature outside the
.house. | |

U value - hourly rate of.heat>fransfer for one'square
foot ef surface when.u.tempernthre_difference of 1°F exists

=~

- between the air on the two sides of the surfuce 2

Varlable costs ~ costs of operatlon of the wood heating

system 1nclud1ng fuel and mdlntenance.

PROCEDURE

Data Collection

In order to evaluate'fhe performance of the central
wood heafing,system'and compare it to e cohventional elec—
trical ﬁeéting system,‘three variahles were | recorded:
amount of Weod used in -the wood—fired boiler, qmeunt of;
.electricity used by the‘resistance“eieetricisl heaters, and
temperature inside and outside the house. The test period

extended for'five weeks. Each systein was in eperation singly

5Se1ch1 Kouzo, J. Raymond Carroll and "dTldnd D.

Bareither, Winter Air Condltlonl_g_(New York: = The Industrial

Press, 1958) p. 183.




on alternating weeks. S S

Wood ConSumptidn _

The conventionalrmethod of'meaquring the amount of wood .

is by volume. However, bOCdHGO this is very unrellahlc
when WOrklng w1th split or unsplit cord wood, thc wood was
weighed to evaluate the qmouqt'used, _All calpulations were
related to the Wéight of wood, then interpola@ions were:
made to volume. | |

A beam balance scale -was used to weigh the wood. A
réaéonable amount was weighed at the beginning of each weck
during the time the system was béing uséd'ns ﬁhe heat source.
Any wbod left in the stack at the Qnd of the test period
was weighed and subtrhcted from the total for that weéka.

Electricity Consumption

A conventlonal watt- hour.meter was used o record the
amount OI clectr1c1ty consumcd durlng the test period in-
‘which the.electrlcal resistance heaters were used to heat
the house. This méter recorded only the amount of elec- “
tricity used by the heaters and was isolafed ?roﬁ ofhef-
electrical needs of the house.

Temperature Differential

One thermograph was 1nqtdllcd 1ns1de the house to

graphically record the ingide temperaturco Another
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thérmggraphtwas;instulléd on. the éhaded sidé pfvtﬂe.ﬁbhsé‘in
a prgtective.béx;to gfaph.the'ambienf oufside'air-tcmpera-'
ture. .A'l;“the begihning of t‘l'le"fiv,e week test pe,ir"'i'od,“.é'ac'h'_ .
thermbgraph_was'célibrated-wifh aniaccﬁraté_mgrcury'bﬁlb.h‘-
thefmometéf;i The'thermographs‘were set fo.rug fbr 6he‘;.

 week with a sevén;day gfaph.inétailéd‘and,chapgedfweekly.'v<




CUAPTER 11

REVIEW OF LITERATURE AND RELATED -RESEARCII

WOOD AS FUEL

When cons1der1ng the use of wood as an energy source,
it must be establlshed that wood 15 avallable on a rénew;-
able basis for use in residential- heating. I@ has been.
stated that one-third df the world-is expéricncihg a short-
age of wood to be used for home heating and cgoking_.G In
fact, many areas of tﬁe world were said.to be treéless where
extensive forests once’érow. Arens_of_thc Indian sub-
continent, central Africa .and parts of Latin Qmerica were'
reported tb exhibit treeless regions which extend to:a 30
mile radius around larger pitieé.7 Howcvqr, these shortagés
seem to be a problem of local areas‘of high pgpﬁlation
densities having a lower standard of living. In other parts
of the world, there is ample wood for use as Quél; Eckholm

stated:

6E P. Eckholm, Losing Ground (New York: W.W. Morton,
1976), p. 103. -~ S

Jay W. Shelton, Woodburner' Enqyclopedla (Wd]tsflcld
 Vermont Crossrodds Press, 1976) p 7.
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"o, ., there is little p01nL in ca]ang thls a
world problem, Lor fucl wood qcar01ty, unlike oil - -
scarcity, is always Locallzed in idits apparent N
d1men<10ns " :

'Con51derable rebearch has been done to determlne “the-

. s

avalldblllty of . tlmber in the United States., Shelton‘felt.
thal ‘a wood shortagc in the Unltod States was not'iikely: .
to océur for three reasbnsg  First, the Uhiteg‘Stafesﬁhad‘"
‘mény sourées pf cnergy tb'chéose ffom,and thg#efore,wouid
never be whdlly déﬁéndent on one 6flthésé sources. - Seécond,
spme forests-exisféd QS'Qery Stablé:éCoéystemg and-thﬁs;
will be able to'take the.pr0ssures man QillAimese 0n,thém.,.
It has-béen.notéd ﬁhqt when these ccoioéically stable:fofésts
are cleared and then abaﬁQOHQd, the trees fe{urned-very '
quickly as if they wefe’ih‘rhct,weeds. Finally, 19gi$létidn
that briﬁgs about control of destructive fore%t practices
will beéome stfdngeng

Shelton went on to say that most oI thc :wood grown in

. the Unlted States is not used but decays a1d that "a con-

nlO

31derab]c expan81on of wood use is pOSblblC. A siudy )

done by the State_of‘Vepmont found that;the‘agtuél‘sdstaihed'

8Eckholm, p. 104.

“Shelton, p. 8.

lOIbld.,_pﬁ 7.
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growth in the forests of Vermont was ?o&éﬁly fi%o fi@&s the
current annual harvest. It was notéd thut‘thi$ area'ié a’
major lumber and pulpwood procducer. This Susfained"growth
rate of l/4~3/4 of a cord per‘ucre could be dbubied with
improved forest manaoemcnt proccdures such as thlnnlng,

.

cutting less productive 1nd1v16uul trees and harvestlng at
the most productive time.ll‘
Although shortawcs involving; qua]lty and size in cer-
taln timber species may occur, there seems tq beldmple wood
- in the United States that is suitable for use as fucl wood.
In a study conducted by-the Uﬁited States Forgst'SorViée;
reported in Gay, on the potential fuelwood available per
year‘in various regions of tho United Statés, it was reporied
that, after timber harvest aund nutufal mortality had been
accounted for, there was a net annual growth of Gl million
cords of hardwoods and 536 million cords of softwoods in the
eastern forests and 1.6 million cords of hardwood and 3.4
‘million cords of softwoods in the forests of the northern-

Rocky Mquntains,]‘2 When the amount of softwood alone for

llbtqto of Vermont, Report on the Governor s Task Porco
on Wood as a Source of Lnorgy, 1975.

12Larry Gay, The Complcte ‘Book of lleating With Wood,
(Charlotte, Vermont: Garden Way Publishing, 1974), p. T5.
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the northern Rocky Mountains was divided by 5 .cords per
year for an average American home, cnough cord wood was ob-

13

tained for.680,000 househol ds. It should be noted that

“some of this annual growth was in areas that are inaccess-

ible; however, these figures were reported after deducting
logging wastes,old age and disease losses,-ang.ﬁIOW'downé.
Much of this type of wood could be suitable fér fuel wood.-

It must also be established whether an ipcréase in the
use of timber for fuei WObd:would hinder fhe ;umber'industry.
Gay expléined:

" . . . taking wood Ior‘fuol from the forosts

should not compcte with the lumber industry at

all. On the. contrary, it should lead 1o much
greater production of quality timber."}

FUELWOOD COSTS VS.  CONVENTIONAL ENERGY BOURCES

In 1978, firewoéd in Montana variced in cnst_fromv
$15.00 per ccn“d.:ror' mill gcrap that is not delivered to
$140.00 per cord for cut, sSplit, (IO,'I..j\fOi‘Od and =stacked wood
that is purchased ncar 'Lh(; end of the heating :<(zz|s<)ﬂ. A

common price was $30.00 per cord for cord wood thatl is cut

Pypid. ,p. 16.

14Ihiduz
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and delivered. -The datum in Table 3, p, 16 was basced on
this average price.

Natural gaé in May of 1978 was pfidéd according to

the followihg schedule:

TapLE 119

NATURAL GAS PRICE SCIHEDULE

Increment : Price per

(M=thousand) - thousand cu.ft.
‘first 1000 cu. ft. $5.1619.
" next 99 M cu. fi. 2.2234
‘next 200 M cu. f(t. : 1.8928

next 700 M cu. ft. ‘ 1.6934

If has been found that therc are 950 Btu's per:cubic foot
of natural gas,l7 B
Electricity was sold in May of 1978 accondingrtb the

following schedule:

15Boz,oman Dally Lhronlcle Mhrch 1, 1978, p. 29'~*

. ]6[nterv1ew w1th Lync Martln Montana Power Roprcscnt—
ative, May 2, 1978. : .

Ibldn
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ELECTRICITYTPRICE SCHEDULL

Price per

. Increment } _ e kiioWatt'héur'
 first-20 kwh - . .. $0.0169 .
next 80.kwh . 0.0538
. next-100 kwh =~ . 0.0376
-additional kwh . . 0.0188
19 -

One Riloﬁaf£uhouriﬁas reported to ¢0niain 5413 Btu's.,
Both No. 2 fuel oii‘énd ﬁrqpaﬁe wcre.prigéd‘ét $O.4é\

.per gallbﬁ in May, 1978. Fuej pil.éoﬁtﬂins 146,000 Btu's .

per gélloﬁ-ahd pfopéﬂé cdnthins 98;600 Bfu'S'pef galldn;ao

The. costs of these purchased fuels are reported in Table 3.

Brpia.

19Grofr Conklin, The Weather Conditioned iouse (Neiv
York: Reinhold Publishing Corp., 1958),‘p,»1§7._ .
2OMartin;". '
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TABLE 3
COMPARATIVE PRICES OF SELECTED FUELS

Price of one

_ Fuel' million Byu's
Wood (lodgépole pine) $1.71
Natural gas o 5.42
Electricity ‘ 10.15
Fuel 0il (No. 2) 3.00
Propane : '4.59'

It should be noted that the efficiency of electric
heaters is 100% and the effiéienqy of the furnaces that QSe

the other fuels in the table ranged from 50% to 80%.

FUELWOOD PROPERTIES

Different species of fuelwood have different Btu rat-
ings per cord, This is primarily due to the fact that dif-
ferent species‘of.wood have different depsities.':It has
been found that most woods héve the same number of Btu's

. 3]
per pound of ovendried wood."‘l

As a result, the most
accurate method of determining the number of Btu's in a

quantity of wood is by weight.

2lpavia Lyle, The Lange Stove Caféloé and Wood Heat
Guide (Alstead, N.H.: Scandinavian Stoves, Inc., 1976) p. 15.

—————.
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1t has been'rcportcd by a number of authore Thai.tho

P

energy given off durlng combuqtlon of one- -pound of dry wood

was about 8600 Btu s.22'

Thlb held true for d}l woods except-
those'with high reqin‘contert- Tab]e 4 was pyepared ffoﬁ.
research data developed by She]ton "and Ly]e which 11515

densities and Btu s per pound Jor leIcrcnt woods fouﬁdvin

" the West.2

, TABLE 4
POTENTIAL ENERGY OF VARIOUS WOOD SPLCTL%

' . Specific T o  million

Species : ' . Gravity - lbs/cu.fp. Btu/cord
~ Alder, red S 25.5 ° 17.5
Ash, Oregon .55 o 34.27 . .23.6
Aspen, Quaking - .38 23.67 16.3
Cottonwood, black . - ~ .35 - - . '21.81 15,0
Oak, white . .68 12.36 29.2
Cedar, western red : .32 ..19'94 13:6
Douglas fir, lnterior - .50 31.15 21 .4

West - :

Pine, Jack . . 43 26,79 . 20.6
Lodgepole . 4L . 25.5 7.5
| Ponderosa .40 . 24.92 17.1
Redwood L0 24.92 17.1
Spruce, Engelman : .35 21;81 15.0

Sitka .40 . 24,92 17.1

>’Iyle, p. 15; Gay, p. 39; Shelton, p. 18.
23Shelton, pp. 18-21; Lyle, -p. 17.




-18~

BOILER AND HEAT STORAGE UNIT DESLGN

The designlof a boiler and heat storage uhit for a

_ residential building iS'dependentlon a number of factors.
The firét consideration is the amounti of heat loss through
thé building materials used in the building. A:heéting',_
system must be able.to provide this amouht of heat to make
up for the heat loss. Using this value of hegt ioss and a
specified period of time, a“determinatjon can he‘mude as to
the amount of heat that is necded in étorage. The éizé-of
the fire box can then be. computed on the hnsis.oflthclnumber
of Btu's nceded to be transferred to storage and tﬁe number
of Btu's thaf are avaiiable in the speécics of woéd béiﬁg
used. The boiler must have ithe necessar& hecat absoﬁption
area tojfransfer fhe available enefgy in thé Qood to the

heat storage unit.

BUILDING HEAT 1.05S

Numeroug methods have beén developed to cdléulatc'thc
heat loss in‘a_dwélling. The generally accepted method
was one reported by~Konzo,-Cafroll and Baricther using thi s

formula:24

24Seichi Konzo, J. Raymond Carroll, and Harland D.
Bareither, Winter Air Conditioning (New York: The Industrial
Press, 1958), p. 183."




.. a reported heat loqs COCfflCJOHt

19~

B! AU ()

where:

the deqlgn heat loss in Btu/hr _

the area through which heat loss takes

" place, in square feet. :

~the coefficient of heat transfer =

. = the temperature’ dlfierence assumed
between indoor- air and outdoor-air
temperatures, under deglgn cond1t1ons

it n

e’

. Heat Loss Area

The area of all'Surfaceq where heat loss occurs suéh
as celllngs, walls, w1ndows and doors is Jtcmlaed and re-

corded on a work sheet Por each of thcsc areaq there waq
5 ) .

Heat Loss Loeff1c1ent '

: Different'ﬁeterial$ are reported,tothhre differcntrheat
loss coeffibieﬁtq.h-Table 5,.p. 20 'wes-derelqped frdm:in—
formatlon by Conklln and the Rurdl Electrlllcdtlon Admlan—
Itratlon and llsts all ‘the materlals that are used in tho

- house reported in thls.study.zo

351bid"

26Conklln, pp. 19- 22 u.s. Dopartmeht of'Agriculture,
.~ Rural Electrification. Adm1n1qtrat10n, Electric Houqe Heatlng,
_ REA Bullctln 142 l (1960) pp. A5-16. T -
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TABLE 5

HEAT LOSS COEFFICIENTS OF .VARIOUS BUILDING MATERIALS -

Thickness . Resistance
Material (in.) (R)
Sheetrock 1/2 .45
“Plywood 1/2. .63
Plywood 1 1.25
Wood liber boar 1 2.38
Building paper: Y
.vapor-permcable felt - .06
vapor seal, plastic film 0.00
Concrete: sand and gravel or stone . 1 .08,
aggregate (not dried)
Roofing: wood shingles, doublic 1.19
Insulation: Blanket or batt, glass 1 3.70
fiber _
Windows: ~double glass, 1/4" air 1/4 1.64
space : -
Doors: stcel sheét, foam core 19.0.

The number of square fcet of each surface in the build-

ing that wili lose heat was multiplicd by its particular

- heat loss factor_(R)_and the design temperature difference in

order tg establish the total heat logs per hopr in the

(3]

puilding.="

2%k onzo, Carroll,. and Bareither, p. 183.




Desigﬁ Temperature bifferencc

leferent areas of the Unlted btatos have a dlilerept '
low annual average temperdture, dnd the partlgular deQ1gn'
. temperature for the locallty under Study needed to be
,1dent1f1ed Table 6 developed from 1nformat10n by Jennlngs,
lists some dealgn temperatureq of areaq dpplluable to tth

study and others to be used as comparison.

TAB[E 635

' OUTDOOR DESIGN TEMPERATURb

' State and‘City ' Design Temp. {F)'
Montana . . o
Billings- . -~ . - =25
Butte. . =20
Havre =30 .
- Helena o -20
" Maine : . L
~ Eastport o -10
'Lewistqn ‘ _ -15 -

- .Minnesota . EEN |
Duluth I L)
Minneapolis - =200
St. Paul > . - =20 -

- Arlaond S S
Plagstaff . : —-10-

" Phoenix o 25
Tucson * = 25

. - 28Burgess H. Jennjngs, Heatlng and Air Condltlon]ng C
(Scranton Internatlonal Textbook Lompany, 1956), pp, 148-50-.
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With the deqighrteﬁperature of thc 1ocality-ku0wn, it:
was then poss1ble to calculatc the de81gn temperdture d11~;
. ference (t. d in the Iormula on pawe 19) The-accepted
: comfortable inside temperature was reported to be 70 F J
~The difference in the de51gn temperature for ;n51de the

dwelllng and the design tempcrature for the partlcular lo—

' callty equalled the deelgn temperaturc dllference.

‘iHeat Loss tollnf;ltratlone
| Heat loss through air-infiltrat{eu Qas rgpprted to be
.uanother significant contributor to heai'loss‘in a builuing.'
_infiltratieh was deqcribed to be the:inflow 6f cold air
through cracks around w1ndows and ‘doors and 1hr0ugh spaces
jbetween building mater;a]s. ‘
The-coefficient of heat loss (U) is found by multiply-
~ing fhe.specific heai of air (0.24) times thée density of :
air (0.075) to equal 0.018.  The U valuc of tpc.air>is tucn,

multlpl]ed by the volume of air that entered the hou&c each

heur.‘ Thlh method was reported by_Conklln.go One comp]ete_ Co

.air change per hdur~byrvolume inside theé house was repqrted

to be a rough estimate.;l

29F.W..Hutchinson,‘Design'of Heatiné and Ventilating’~

Systems (New York:  The Indusfrial Press, 1953), p. 25.

SQCenklin, p. 38,

31Ko‘nze, Carrol,\and_Baréifher,_p.mle.
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In summary, it should be noted that, cven with careful
consideration of each detail, calculation of heat loss in
a building can only be considered an estimate.

"No heatl loss calculation, no matter how care-

fully made, can be more 1lhan an approximation.

Even under the best conditions . . . it is

doubtful whether. any design heat loss value is =0
within 10 percent of the truc heat loss figure.®

HEAT STORAGE UNTT

The heat storage unit must be able to storc enough
heat to heat the housce al the design temperature for a speci-
fied peribd of time. I'or thjs study water was used as a
‘heat storage medium due to the fuct'tha{ it was cpeap and
that there was equipment available tb be used witﬁ Water'fof
_heat transfer in the system. .In addition, water has a high
specific heat and therefore can siore a high amount of-heatl

by vo].ufne.‘33

BOILER MEAT ABSORPTION AREA

The litcrature that rclated to boiler design was Limited

to steam production and in most cases was written around tihe

32y :
Ibid., p. 184.

3BCharles E. Dull, Modern Physics (New York: llenry
Holt and Company, 1945)7 p. 230.
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turn of the century. IHowever, the reported datla wereiappli—
cable to this study because the principles of heat tranéfer
have not changed. ”

The older method of detérmining the number of Btu's
that were absorbed through steel walls of a boiler used a
cdncept of horsepower. The method of determining the number
of horsepower in a particular boiler involved dividing the

34

inside surface area of the boiler by 10. This figure

was then multiplied by a constant for a particular thickness
of carbon steel to find the number of Btu's per hour that

x4
the boiler would extract from the burning fuel,go

A later method of calculating the heal absorbed in a

boiler used a formula developed by the Babcock and Wilcox

Company:36

Q = UdS.At

.34Theodore H. Taft,AElémentury Enginéefing Thermo—

dynamics (New York: The Industrial Press, 1955), DP. 29.

3SOtto de Lorenzi, Combustion Engineering (New York:
Combustion Engineering Company, Inc., 1933), p. 158.

36The Babcock and Wilcox Company, Steam, Its Generation
and Use (New York: The Babcock and Wilcox Company, 1963),
p. 3-7. . '




where:

Q = conductive heat lransfer in Btu's per
hour :
Ud = conductance of the material used in
Btu's per square-foot per hour
S

= surface area
t = temperature difference cansing heat
flow
A close approximafion can then be made as to the surface

area inside the boiler exposed to heat transfer.




CHAPTER III
SYSTEM DESIGN

When consideration is given to the‘design of a hcating
system for a domestic building, the firgst unkpowﬁ that must
be found is the total heat loss in the.buildiﬁg. Using
this figure, the siée of the heat storage unit and the size

of the boiler éan then be found.

BUILDING HEAT LOSS

The location and types of building materials that are
subject to heat loss in.the house under study appeér inA
Table 7, p. 27. The data in this table summarize the num-
bers of square feet of each building system (walls, ceiling,
etc.) that have a similar coefficient of heat loss. These
figures were then used in Table 8 to find the total heat .
loss through each building system. The total pumber of
square feet was multiplied by the coefficiqnt-gf heat ioss
for that éysfem. The U factor for each buildigg system was'
found by adding the U factors for all the components used in
each'building system. For example, the U factor for the
ceiling is an addition of the sheetrock used (E=.45) and the

fiberglass insulation (R=3.70 per inch or A4.4 for 12 inches)




, ‘ TABLE 7
SQUARE FOOTAGE OF BUILDING SYSTEMS IN THE HOUSE

Ceiling Floor Walls(ext.)Doors(ext.) Windows

(sq. ft.) (sq. ft.) (sq. £ft.) (sq. ft.) (sq.ft.)
Family Room | 204 . 204 144 0 a2
Kitchen 120 . 120 - 96 0 17
Study _ 108 108 200 -0 .16
Utility Room 150 150 . 208 20 17
Living Room 5325 325 " 480. 0 90
Master Bedroom 180 180 256 0 46
Bedroom #2 115 115 - 96 0 20
Bedroom #3 130 130 48 0 20
Hall | .39 39 0 0 0
Master Bathroom : 120 120 144 0 8
‘Bathroom 62 2 48 o .8
Entry R 129 - 129 48 _ 20 - 9

TOTAL . _ 1682 1682 221 40 ' 293
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for a total R value of 44.85. The R valuc symbolizcs the
resistance to heat flow and is the reciprocal of the U value
(heat loss coeffiéient). As a result, 44.85 (B value for
the ceilings) is divided into one, giving the ﬁ vaiue for
the ceiling building sysﬁem° The proéucf of tbe aréa‘and
fhe heat'loss coefficient is then muliiplied by the design
temperature difference to equal the heat loss per houf_thfough

each separate building system.

TABLE 8

TOTAL HEAT LOSS IN BTU PER HOUR BY
TRANSMISSION AND INFFILTRATION

Area or " Design ) Heat

Volume “Temperature Loss

(sq.ft. U Difference Per Hour
Structure or cu. ft.) Tactor (°rF) (Btu)
ceilings . 1682 sq.ft. .022 90 .  3330.36
floors ‘ 1682 " .168 10 2825.76 . -
walls - 1768 " .040 90 6364.8
doors 40 " .050 90 ©180.0
windows 293 " .609 - 90 16059.33
infiltration 3364 cu.ft. .018 90 . 5449.68

TOTAL Heat Loss in Btu/br. 34209.93

The design temperaturc difference in Table 8 is cal-
culated by subtracting the low.anriual average for the local-

ity of the study (—BOOF) {rom a comfortable home interior
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temperature (70°F). This giﬁes the design temperufﬁre
difference for all building systems exposed to the outside,
It should be noted that the design temperature diffe}ence
for the floors is.much lower because the basement iéltb be
heated. _The products of the area, U factor apg design
temperafure difference are then totaled fd find the total
heat loss in the house used in the study.

The amount of air infiltration is found by finding the
total volume of air in the house and using one-fourth of
that figure (one-fourth of the air is.displaceﬂrevery|hour),
A new home may have one-half of the air displaced every
hour.37 However, due to the fact that the houge used during
the study has.an uninférrupted plastic film as a vapor
barrier, magnetically sealed steel doors aﬁd windows that
were insfalled and insulated with care, a val@e of one-
fourth of the volume being displaced every hour was used.

It should be noted tha% even though the window area
was a small fraction of the total afea exposed to heat loss,
the heat loss through the windows is almost equal to that |
of the otﬁer areas combined (windbws—*16059.33 Btu per hour

heat loss, combined other areas——18150.60 Btu per hour heat

37Burgess H. Jennings, Heating and Air Conditioning
(Scranton: International. Textbook Co., 1956), p. 152..
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loss, data from Table 8, p. 28). The windows used were
Anderson thermopane windows and their heat loss could be

greatly reduced through the use of additional storm windows.

HEAT STORAGE UNIT

Having found the total heat loss in the house (34209.93
Btu per hour), it is possible to calculate the size of the
heat storage unit needed. Two factors are involved when
determining the size of the heat storage unit. First it was
determined that the heat storage unit should hold enough

O i :
heat to keep the house at 70" with an outside temperature

=

of -20°F for at ledst 36 hours, Using a temperature differ-
ence of lOOOF in-the tank (lOOOF minimum for effective
heating to a maximum of ZOOOF), it was then possible to
calculate the size of the storage tank. The following for-

mula was developed by the researcher for this purpose.
(Hyes) BT AN =y (BN (M

FAt)(W)(S) T

B -q
v

where:

V = volume of heat storage medium

"1qu: heat loss per hour in house (34209.93
Btu/hr)
At = temperature difference in tank, maxi-

mum minus minimum (100°TF)
W = weight in pounds of storage medium (wntcr
= 8.3 1lbs/gal)
H = heat loss per hour in house (34209. 03 Btu/

S
* hr')
<\ ( s

-\
.

SR, |
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S = Speclrxc heat of storage medium (sp001—
fic heat of water = ] .00)

S0

v - (34209.93) (36)
— (100)(8.3)(1)

Using this figure for lhe number of gallons in storage,

= 1483.8 gal.

a -tank measuring four feet in diameter and sixteen feet in
length was ordered. Thig tank was calculated to have a

1504.03 gallon capacity.
BOJLER

The size of the firc box was of initial concern because
it was thought that it should hold enough wood to hcat the
water in the stlorage unit 100°F. As a result, only onc
loading and firing would be necessary for a day and a_ﬁulf
of heat for the house. The following formula was developed

to find the size of the fire box.

v _ Btuload
£ T (W) () (k

where:
Vfb = volume of the firec box in cubic feet
Btu10 d = nunber of Btu's per Joad
W = we:ght of lLodgepolce per cubic foot (24
© 1bs/L13) :

H = number of Biu's of beatl in a pound of dry
wood (B6G00 Btu/lb)
I = cstimated efficicncy ol the boiler (.50)
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In order to find the number of Btu's per load needed
"to heat the water in the storage unit 100 degrees, a simple
célculation was used. The temperature difference (lOOOF)
is multiplied by the number of pounds of water in the tank
(1500 gailons at 8.3 pounds per gallon = 12,4§O‘pounds).
Tﬁerefore 100°F multiplied by 12,450 will equal 1,245,000
Btu's in storage, This figure was used in the formula as
the number of Btu's per load.

Using the formula for the volume of the fire box, its
dimensions wére.célculated:

_ 1,245,000 4_
b. = (24) (8600) (.50)

Ve - 12.0639 cubic feet -
Because sheet steel is obtainable in varying lengths

and widths of four feet, it could be made four feet:lqng’

with less waste. The final dimensions of the fire‘box were

then calculated to be 27 inches high by 22 inches widesby

46 inches long, giving a total Voiume of 15.8 éubic,feet.

When split wood is stacked, there is actually only 80%

actual wood in the total volume dué to the air'spaces. Eighty

percent of 15.8 is 12.64 cubic feet oflgptuél wood in the

fire box. Burning this amount of wood Shéuld Produce the

necessary Btu's to raise the water in the heatistdrage unit

100 degrees.
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After the size of the firebox was calculated, it was
necessary to find the amount of heat absorption_érea needed
to transfer the heat from the burning wood to.the water'for
heat storage and distribution. The followinglforﬁula was -

used for this calculation:
(Hp) Btu/hr

A K

where:

surface area exposed to heat transfer in

squ. ft.

constant for heat transfer through 1/4"

hot rolled steel (33,475)

Btu/hr = total number of Btu's avallable in
one loading of the fire box divided
by an estimated time for the com-
bustion of the wood (7 hrs.):

H = a factor for converting the area of

P absorption to boiler horsepower (10)

A
K

SO

Sl%%*é%é7 .857) = 53.13 square feet

Thé original design for the boiler was a simple cylih—
der inside a larger cylinder. However, it was found that
this design did not have enough surface area fgr heat absorp-
tion. As a result, a design was used that ianrporateq fire
tubes that would greatly increase the area for heat transfer.
Table 9, p. 34, lists the Ssizes of areas of thglboiler that

are subject to heat transfer.
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TABLE 9
AREA OF HEAT ABSORPTION IN THE BOILER

_ Part Dimensions ‘Area
Top (fire box) 2' x 4' - 8 8q.ft.
Sides (fire box) (2' x 4")2 16 "
Back (fire box) 2" x 2! 4 n
Fire tubes (3"dia.,33"long)18 ' 38.88"
TOTAL, . '66.88

The fire tubes are mounted horizontally above the fire
box so that the burning gases pass out the back of the fire
box and enter the fire tubes (refer to figure 1, p. 35).

- The gases then move forward through the fire tubes and uﬁ

the flue at the front of the boiler. The complete fire box
(excluding the door) is'jacketed witﬁ water and in addition,
a water reservoir surrounds the fire tubes. Three one-inch
inlets are fitted at the base of the boiler for coolAwaﬁer
returning from the heat storage unit and one three—inch'out—
let at the top of the boiler near the flue for waterHconvecf—
‘ing to the heat storage unit.

Access doors were provided to the ends of the fire tubes

due to the fact that they are subject to sooting.which re-

duces the efficiency of heat transfer. It is a simple
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FIGURE 1.

Fire tube boiler (side view).

BN i e




~-36-

matter to remove one of these doors'and run a cileaning rod
down the tubes to remove the soot.: |

When using hot rolled steel that will be exposed fo
high heat, there is a possibility of warping. To alleviate
this problem in the clean-out doors, a lining of 3/8" as-
besfos"sheet, four layers thick, was installed to insulate
the sheet metal from the heat. These doors and the firé
box door were also reinforced around the periphery with

ahgle iron. This creates a heavy but very stable unit.

HEAT CIRCULATION AND DISTRIBUTION

Basically, thefe are two cirbuits in the circulating
system. One circuit commnects the boiler to the_heat'stor—
age unit. The other circuit connects the heat storage unit
to the radiators that transfer the heat from the water to
‘the air that heats the house (refer to figure’2, p. 37).

The boiler to heat stofage unit circuit is simple,ih
design. It consists of one three—ihch lige that conneéts
the.bottom of the heat storage unit to the bottom of the
boiler. The other three-inch line connects’the top of the :
boiler to the top of the heat storage unit. Three-inch
plumbing was used to allow a large volume to fiow and there

are no valves or pumps in the circuit. The principle o'f\~
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-38~
convectlon (hot water, being less dense and llghter; rlses)
is .used to transfer water from the boiler to the heat stor—
age unit. A pump or valve 1nsta11ed in the circuit could
cause a constriction in the line through loss of electricity
to the pump or inadvertent closing of the valve. This con-
striction would allow steam to be produced in the boiler and
create the possibility of increased pressure'wﬁich the,
system could not handle.

The other circuit is used to transfer hot water to the

radiators from the heat storage unit. It consists of a

large line that is plumbed.to the top of the heat storege

unit to pick up hot water for the radiator system. This

iine is divided into separate circuits at a manifold.that
distributes the hot water to different areas of the house.
There are three sub-circuits, one going to the family room
and utility room, one going to the'liVing room, and one heat-
ing the master bathroom. Each of these circuits is fitted
with a valve that adjusts the flow to each circuit. The
sub~circuit used to heat the liviﬂg room also passes through
a coil installed in‘'a concrete slab in the floor of the.

entryway.

The radiators used in these sub-circuits are conven-

"tional fin tubes, suspended just under the flqer joists..
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They are designed to heat the floor of the room above.
' The return line from these sub-circuits then cSnﬁects
. to another manifold that is connected to the b@ttom‘off
the heat storage unit. |
A hot water circulating pump ﬁas fitted between the
manifold and the heat storage unit and‘thén wired to a
thermostat in the house. ‘As the house §ools off, the pump.
circulates water to the radiators raising the éir tempera-
‘ture in the.house, and shuts off when the air in the'house
reaches the pre-set temperature on the thermostat.
| Thg inlet and outlet of heat circulation circuit and
boiler circﬁit are plumbed to the storage tank in such a
way that the water in the heét_storagé tank can be somewhat
isolated,.'This may be desirable if the water in the storage
unit is cold and there is a demand for heaf in the house.
A fire can be built in the boiler and the hot water willl
passlinto the tank and directly into the heat distribution |
- system for quick heat in the house.
The water pressure in the whole system is regulated
b& three means. First, a pressure reducer valve was fitted .
~which serves to fill the system with water. This valve
isolates the doﬁestic water ffom the water in the heating

system and maintains the pressure in the heating system at




r
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about six pounds. As the pressure in the heating systen

'drops.below this pre-set pressure, the reducer valve allows

water to flow from the domestic water éﬁpply to the heating
system until it returns to pressure. | ' |

A second means of limiting the pressure in the heatihg
system is the use of an'expansion tank. As the water in the
system gets hottér, it expands and the expansion tank pro-
vides a place for this extra volume without increasing'the
pressure above a safe limit. The expansion tank is basié—
ally an air cushion in the system; as the water expands, it
begins filling the éxpansion tank thus compréssihg tﬁe air

in the tank. The size of the expansion tank was computed

.by finding the expansion of the volume of water used in the

system. With a température increase of 150°F (SOOF incoming
water, to a high of 200°F water temperature in the system
after heating), the water was fqund to expand in volume by
56.96 gallons.,38 Because the system could not tolerate a
substantlal increase in pressure, a 160 gallon expans10n
tank was used. This will increase the pressure in the sys—

tem 6-8 pounds which is within the pressure limits of the

system.

S8Louis Allen Harding and Arthur Cutts Willard, Heating
Ventilation and Air Condltlonlng (London: Chapman and Hall,
1937), p. 20. '
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- If the pressure should increase tb a point tﬁat threat—
ens the components of the system) a pressure relief va;ve.-
will open and allow the pressure tq dfob, This valve is
plumbed into the top of the tank and is fitted with a bleed-

off line to a drain.




CHAPTER 1V
" PRESENTATION OF DATA

INTRODUCTION

The purpose of evaluating the wood heating system was .
to determine its efficiency with respect to wood ‘consump-
tion and to compare it to a conventional electrical heating
system. In order to perform thié evaluation, a number of
variables were stﬁdied.

First, the amount of heat loss through the building
materials for each week was calculated. Then the amount of
energy that was used during each week waé totaled. From
this, the efficiency of the wood heating system could be
calculated and a comparison to electrical heating made..

Primary interest was focused on how much heat was

realized by the amount of wood or electricity that was

used.

BUILDING HEAT LOSS CALCULATION

The process developed by the researcher to find the -
amount of energy consumed each week was as follows:
Average temperature difference (inside to outside)

per day X building heat loss coefficient per hour
X 24 hours X 5 days = Total Heat Loss PerTest Period
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The average temperature difference for each day was
found by averaging the temperatures recorded by thermo-
gfaphs at each hour and then subtracting the outside read-
ings from the inside readings.. The temperatures were re-
corded in degrees Celsius and converted to‘degrees Farenheitg
as current methods use the lattef for calculation. Table 10,
page 44, is a listing of the temperature differénce for each
day of the week during the study périod. This average
temperature difference for each hour of the day was then
multiplied by the heat loss coefficients for‘the building
systems in thé house and then multiplied by 24 to find the
heat loss for that day. These heat losses were totaled to
find the heat loss for the five days undef study.‘ The five -
day period was used to allow two days between ?uns'for time
"to switch from one heat source to the other..

It is revealed in Table 10, page 44, that the weather"
was reasonably uniform throughout the five week test period.
During the weeks in which wood was ﬁsed as a heat source,
the temperatures were slightly lower thus creating a higher
‘heat loss in the house.

| These figures shéw the heat loss from the houseJdnly
and do not account for heat loss in the bagemeﬁf or through

the floor. These additional heat loss figures were added




TABLE 10
DATLY AVERAGE TEMPERATURE DIFFERENCE AND HEAT LOSS IN GROUND FLOOR OF HOUSE.

24 Hr. 24 Hr. 24 Hr.
Ave. Temp. Heat Am.k@. Heat Ave. Temp. Heat
Date Diff.(F°) Loss Btu |Date Diff.(F ) Loss Btu |Date Diff. (F®) Loss Btu
Wood 3/20 31.17 260,864.4 4/3 35.55 297.519.36 4/16 29.34 245,549.76
Heat 21 31.52 263,793.6 4 26.45 221,361.12 17 35.05 293,337.36
22 33.82 283,042.56 5 31.09 260,193.36 18 29.63 247,976.88
23 34,97 292,667 .04 6 35.40 296,263.92 19 24.33 203,620.56
24 32.96 275,845.2 7 37.70 315,512.88 20 26.03 217,826.4
~ TOTAL 1,376,212.8 TOTAL 1390,850.5 TOTAL 1208,310.9
Electrical3/27 28.49 238,434.0 3/10 26.32 220,273.2
Heat 28 28.06 234,835.2 11 30.67 256,678.56
29 25.07 209,811.84 12 35.17 294,339.12
30 21 .24 177,758.4 13‘ 32.71 273,751.2
3L 23.59 197,425.44 14 29.47 246,635.52
TOTAL 1,058,264.8 TOTAL 1,291,677.6
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to the total for each week as the conditions in the house
changed with each shift in the heat source. During the
weeks in which electricity was used to heat the house, thé
basement was not heated and the heat loss through the
floor was added to the total loss through.fhe.rest of the
house. The basemént was considered to have a temperaturé
equal to that of the surrounding ground (45°F) and the
temperature differential was determined using the heat loss
coefficient of the flooring system and a temperature dif-
ference of 25°F (70°F - 45°F).

During the weeks in which wood was used as a heat
source, the basement was heated along with the house. This
was due tolthe fact that radiators for the hot water system
were suspended from the floor joists and there waé no insul -
ation under them to isolate the heat and force it to con-
duct through the floor. As a result, the heat loss through
the uninsulated concrete walls was added to the heat loss.
in the house. This heat loss is considerable in compérison

to the total loss from the house, as noted in Table 11, p. 46.
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TABLE 11

TOTAL HEAT LOSS PER WEEK, HOUSE AND FLOOR OR BASEMENT

Heat Loss ' Heat Loss
House Floor or Basement
. Veek Btu/wk Btu/vwk Total
Mar. 20-24 1,376,212.8 . 4,821333640‘ 6,197,548.8
Mar. 27-31 1,058,264.8 22,412.65 1,080,677.4
CApr. 3-7 1,390,850.6 4,821,336.0 6,212,186.6
Apr. 10-14 1,291,677.6 22,412.65 1,314,090.2
Apr. 16-20 6,029,644.8

1,208,308.8 4,821,336.0

and end of each week.

ciency of the heating system.

ENERGY USE CALCULATION

These totals are shown in Table 12, page 47.

| 39

Conklin, p. 167.

The total heat loss for each week can then be compared

with the amount of energy used that week to show the effi-

The amount of electriqity used during each week that -
the electric baseboard heaters were used to heat the house
is a simple calculation. The kilowatt hour meter isolating
the electric baseboard heaters was read at the beginning
The difference in readings from
beginning to end was then,multiplied by 3,41359 to give_

the number of Btu's in electrical energy used that week.
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The amount of energy used during the weeks that the
wood-fired boiler was used to heat the house was found by
weighing all the wood used that week. Because all wood
has 8,600 Btu's per pound (with the exéeption of higﬁiy
resinous wood), the total weight of wood consumed could be
converted into Btu's used that week. These totals are

also presented in Table 12.

TABLE 12
TOTAL HEAT LOSS VERSUS ENERGY USED

Wood _ Electricity
Total Amt.  Energy Amt.  Energy
Heat Loss Used Used Used Used
Week ~ (Btu/wk) (1bs) (Btu) (kwh) (Btu)
Mar. 20-24 6,197,548.8 894 7,688,400
Mar. 27-31 1,080,677.4 ° " | 228. 778,164
Apr. 3-7 6,212,186.6 902 7,757,200
Apr. 10-14 1,314,090.2 . 275 938,575

Apr. 16-20 6,029,644.8 976 8,393,600

During the weeks of March 27-31 and April 10-14 when‘
the electrical system was in use, the'amount of electricity
needed in Btu's was less than what was actually lost in “
the house. The electric resistance type heaters ﬁséd are
100% efficient and no account was made for othér sources of»

heat such as sun infiltration and cooking. The sun
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infiltration on an uncurtained window can be a significant
cbntributor.4o

It should also be noted thaf the energy-used calcula-
tions do include the two days between the testing period
while the total heat loss is only calculated on the five
day testing period. This occurred because there was con-
siderable overlap on the heating sources due to the fact
that it was difficult to start and stop each system abrﬁptly.
There was also considerable residual. heat left in the house
at the end of a test period that would be included in the
next test period. However, these figufes are used in a'
comparative sense and should not affect'the results because

the same method was used for each energy source period.

BOILER EFFJICIENCY

The efficiency of the boiler in thé‘nﬁmber of Btu's
that it can éxtract from the burning wood vérsus‘the poten—
tial number of Btu's that are available in the wood can be
calculated from the data in Table 12, page 47. Table 13,
p. 49, preéents the appropriate;data describing the effi;

ciency of the wood fired boiler.

40Conklin, p. 34.




~49-

TABLE 13
EFFICIENCY IN PERCENT OF THE WOOD FIRED BOILER

Total Heat Potential % Heat Total Heat Efficiency '
Recorded Heat of Contributed Extracted of :
in House Wood Used by Other by Boiler

(Btu) (Btu) Sources (Btu) B01ler(Btu) - (%)

18,439,379 23,839,200  28.31  13,219,191.0  55%

Data in Table 13 reveél the total heat recorded in the
house is an addition of the heat losses in the‘house for
the three weeks that wood was used as-the heat séurée. .The
potential number of Btu's available in the wood was foﬁnd'
by adding thélpounds of wood used for the;three,weéké and
then multiplying by the nuﬁber of Btu's in a.pound of ‘wood.

Because there were other contributors of heat during
the test period such as sun infiltration, cooking, and heat
from people in the house, only part of the total heat loss
recorded in fhe house was contributed by the wddd heating
system. Due to the fact that the electrical reSistanée
heater is 100% efficient, the additional amount of Btu's
recorded in the housé during the test peribds,which used
electricity can be used to find the pércentage of heatAcon—
tributed by other sources of heat. It was found that' the
electrical heaters accounted for 71.69% of the tofal heat

recorded in the hduse during the electrical heating test




-50-
period (1;716,739 divided by 2,394,767.6 multiplied by 100;
data from Table 12, p. 47); therefore 28.31% was.contributed
by unrecorded heat sources.

When 28.31% of the heat recorded in the house is sub-
tracted from the total heat recorded, the total heat.re-
corded in the house that was contributed by the wood heat-
ing system is found. The efficiéncy can then be calculated
using this adjusted heat recorded datum (13,219,191.0.
divided by 23,839,200 multiplied by 100, or 55% boiler

efficiency).

| WOOD VS. ELECTRICITY: COST ANALYSIS

Using current rates for both electricity and wood; a
direct comparison can be made of the energy sources used in
this study. This information is summarized in‘Table 14,
page 51 . |

Thé amount of wood or electriéity used and the corre-

sponding number of Btu's that were actually realized in the

heating of the house are taken from Table 12, p. 42 1In the

case of wood, the three weeks during which wood was used as
-the heat source were added together. Likewise,-the two

weeks during which electricity was used as the heat source

were added.




| TABLE 14
ENERGY SOURCE USE AND WOOD VS. ELECTRIC COST COMPARISON
Energy Source/ Cost of
Amount Used Energy Source Cost Comparison
Wood Electricity Wood Electricity Wood Electricity
(1bs/Btu) -(kwh/Btu) ($/1b.) ($/kwh) ($/mil .Btu) ($/1 mil.Btu)
2772 503 ‘ ‘ ,
18,439,379 2,394,767.6 .0114889 .02803* 1.727 5.89

*On 503 kwh pro—rated
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The cost of wood as an energy source in Table 14, p. 51
was calculated by first finding the volumé in cubié.feet in
a cord of wood. Because part of that volume is due to air
spaces in the stack, 80% of the total volume was used.

Therefore a cord of 128 cubic feet (4' x 4" x 8') is mul-

tiplied by 80% to find the actual amount of wood in the

cord. - This figure (102.4 cubic feet) is then multiplied by
25.5 pounds per cubic foot to give the'number Qf pounds in
a cord of lodgepole (2611.2 pounds). At $30.00 per cord
of firewood, the cosf.of a pound of firewood.can-be,found
by dividing $30.00 by 2611.2 pounds, resulting in $0.0114889
per pound of lodgepole. | '

The cost of electricity recorded in Table 14, p. 51,
was found by using the total kilowatt hours used during the
two week test period and applying this total to the current

rate schedule:

TABLE 15 .
SCHEDULE FOR CALCULATING COST OF ELECTRICITY USED

Kwh. Rate(¢/kwh)’ Cost($)
first 20 kwh .0169 .338
next 80 kwh .0538 4.304
next 100 kwh .0376 3.760
any add. 303 kwh .0188 5.6964

TOTAL 503 kwh . $14.0984
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Therefore, for 503 kilowatt hours, 2,394;767;6 Btu's
were realized in the house and they:cost-$l4.10; .The cost
of $0.02803 per kwh reported in fhe table is a division of
503 kwh by $l4.0§84 to find the cost per kilowatt hour for
this study and is only true if 503 kilowatf,hoﬁrs are used,

The cost of each energy source is found by multiply-
ing the cost of each per pognd or kilowatt hour by the |
number of pounds or kilowatt hours used. The result is then
divided by the number of million Btu's realized in the |
house in each case. Thus the cost per‘million'Bfu's of .wood
was found to be $1.73 and the cost per million Btu's of

electricity was found to be $5.89.

CONCLUSION

The major purpose of this chapter was to evaluate the
performance of the wood-fired ﬁoiler in terms 6f‘effiéiency
and to compare it to an electrical heating system...To accom-
plish this, the amount of heat that was realiged in the
house was compared to the actual energy input té each heating
system. These figures were then translated into cost of
each energy source to find whether a wood heating éystem
was competitive'with an electrical heating‘systém. "The

efficiency of the wood-fired boiler was determined by
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measuring the potential energy ﬁnput and comparing it to the
energy that was transferred to Ehe water for héétiﬁg the
house. |

In summary of the data presented in this chapter, the
wood heating system provided heat at $1.73 per million
Btu's, the electrical heating system provided heat at $5.89
per million Btu's and the boiler operated at an efficiéncy

of 55%. Therefore, a dollar's worth of wood is equal to

$3.40's worth of electricity.




CHAPTER V
CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS
FOR FURTHER STUDY

CONCLUSIONS

1. The wood heating system providés heat for the house
at a cqstuof $1.73 per million Btu's.

2. The electrical heating system provides heat for
the house at a cost of $5.89 per million Btu's.

3. The efficiency of the boiler has been found to

‘be 55%.

IMPLICATIONS

As a result of the reported data, the researcher pre-
sents the following implications: '

1. Central wood heating éystem variable costs are
competitive with conventional heating‘systems. |

2. Central wood heating éystems can be built that
minimize homeowner inconvenience and provide a comfortable
heat.

3. Central wood heating systeﬁs can be designed such
that fhey can be built by ;ocal welding shops and equipped

through local supply houses.
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4. Central wood heating system installationicosts
are competitive with other alternative energy systems.

5. Wood heating systems can be designed to minimize

the amount of air pollution produced.

RECOMMENDATIONS FOR FURTHER STUDY

Through the development and testing of the heating .
system in this study, the researcher makes'the follewing '
recommendations for further study: |

1. The efficiency of a wood flred b011er be. studled
utlllzlng a closely controlled env1ronment to m1n1m1ze ex—
traneous variables and to evaluate the effects of tempera-
ture of incoming air, temperature of the water in the eoiler,
and the effect of forced draft |

2. Studies be made regarding the effects of conduc—
tive heating through a wood flooring system in terms of
actual heat transmission and detrimental effects to the
floor coverings (tile, carpet, adhesives, etc.).

3. Studies be made of water treatment chemicals‘that
would minimize corrosion of system parts.

4. The use of the wood heatlng system to preheat the

domestlc hot water be studled
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5. The amount and type of emitted chemicals and
particulates be studied in relation to the temperature and

amount of the incoming draft air.
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Fig. 3.Temperature Graph for March 20-24
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Temperature Graph for March 27-31

Fig-. 4.
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Temperature Graph for April 3-7
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Fig. 6. Temperature Graph for April 10-14
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Fig. 7. Temperature Graph for April 16-20
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